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1.0 INTRODUCTION

The U.S. Environmental Protection Agency (EPA), in November 1989, included the
200 Areas of the Hanford Site on the National Priorities List (NPL) under the
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) of
1980. Inclusion on the NPL initiates the Remedial Investigation (RI) and Feasibility Study
(FS) process for characterizing the nature and extent of contamination, assessing risks to
human health and the environment, and selection of remedial actions.

This report presents the results of an aggregate area management study (AAMS) for
the Z Plant Aggregate Area located in the 200 Areas of the U.S. Department of Energy
(DOE) Hanford Site in Washington State. The study will provide the basis for initiating
RI/ES under C™XCLA or under the Resource Conservation and Recovery Act (RCRA)
Facility Investigations (RFI) and Corrective Measures Studies (CMS). This report also
integrates RCRA treatment, storage or disposal (TSD) closure activities with CERCLA and
RCRA past practice investigations.

This chapter describes the overall AAMS approa: for the 200 Areas, defines the
purpose, objectives and scope of the AAMS, and summarizes the quality assurance (QA)
program and contents of the report.

1.1 OVERVIEW

The Hanford Site is organized into numerically designated operational areas including
the 100, 200, 300, 400, 600, and 1100 Areas (Figure 1-1). The 100, 200, 300, and 1100
Areas have been listed on the EPA’s NPL. The 200 Areas, located near the center of the
Hanford Site, encompasses the 200 West, East and North Areas which contain reactor fuel
processing and waste management facilities.

Under the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement), signed by the Washington State Department of Ecology (Ecology), DOE, and
EPA (Ecology et al. 1990), the 200 NPL Site is divided into 8 waste area groups largely
corresponding to the major processing plants (e.g., B Plant and T Plant), and a number of
isolated operable units located in the surrounding 600 Area. Each waste area group is
further subdivided into one or more operable units based on waste disposal information,

1-1
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1.1.2 Hanford Site Past Practice Investigation Strategy

The Hanford Past-Practice Strategy was developed between Ecology, EPA, and DOE
to streamline the existing RI/FS and RFI/CMS processes. A primary objective of this
strategy is to develop a process to meet the statutory requirements and integrate CERCLA
RI/FS and RCRA Past Practice RFI/CMS guidance into a singular process for the Hanford
Site that ensures protection of human health and welfare and the environment. The strategy
refines the existing past practice decision-making process as defined in the Tri-Party
Agreement. The fundamental principle of the strategy is a bias-for-action by optimizing the
use of existing data, integrating past practice with RCRA TSD closure investigations,
focusing the RI/FS process, conducting interim remedial actions, and reaching early
decisions to initiate and complete cleanup projects on both operable-unit and aggregate-area
scale. The ultimate goal being the comprehensive cleanup or closure of all contaminated
areas at the Hanford Site at the earliest possible date in the most effective manner.

The process under this strategy is a continuum of activities whereby the effort is
defined based upon knowledge gained as work progresses. Whereas the strategy is intended
to streamline investigations and documentation to promote the use of interim actions to
accelerate cleanup, it is consistent with RI/FS and RFI/CMS processes. An important
element of this strategy is the application of the observational approach, in which
characterization data are collected concurrently with cleanup.

For the 200 Areas the first step in the strategy is the evaluation of existing
information presented in AAMSR. Based on this information, decisions will be made
re;~~ling which strategy path(s) to pursue for further actions in the aggregate area. The
strategy includes three paths for interim decision making and a final remedy-selection process
that incorporates the three paths and integrates sites not addressed in those paths. As shown

gure 1-2, the t . iths for d on king are:

o Expedited response action (ERA) path, where an existing or near-term
unacceptable health or environmental risk from a site is determined or
suspected, and a rapid response is necessary to mitigate the problem

o Interim remedial measure (IRM) path, where existing data are sufficient to
indicate that the site poses a risk through one or more pathways and additional
investigations are not needed to screen the likely range of remedial alternatives
for interim actions; if a determination is made that an IRM is justified, the
process will proceed to select an IRM remedy, and may include a focused FS,
if needed, to select a remedy

1-3
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. Limited field investigation (LFI) path, where minimum site data are needed to
support IRM or other decisions, and can be obtained in a less formal manner
than that needed to suppt a final Record of Decision (ROD). It may be
determined that data generated from a LFI is sufficient to directly support
interim ROD. R« irdless of the scope of the LFI, it is a part of the RI
process, and not a substitute for it.

The process of final remedy selection must be completed for the aggregate area to
reach closure. The aggregation of information obtained from LFI and interim actions may be
sufficient to perform the cumulative risk assessment and to define the final remedy for the
aggregate area or associated operable units. If the data are not sufficient, additional
investigations and studies will be performed to the extent necessary to support final remedy
selection. These investigations would be performed within the framework and process
defined for RI/FS or Rl 'CMS programs.

1.2 200 NI~ SI"~ AGGREGATE AREA MANAGEMENT STUDY PROGRAM

The overall approach and scope of the 200 Areas AAMS program is based on the Tri-
Party Agreement and the Hanford Past-Practice Strategy.

1.2.1 Overall Approa

As defined in the 1991 revision to the ..i-Party Agreement, the AAMS program for
the 200 Areas consists « conducting a series of ten AAMS for eight source (Figures 1-3 and
1-4) and two groundwater aggregate areas delineated in the 200 East, West, and North
Areas. Table 1-1 lists the aggregate areas, the type of study and associated operable units.
With the exception of 200-IU-6, isolated operable units associated with the 200 NPL site
(Figure 1-5) are not included in the AAMS program. Generally, the quantity of existing
information associated with isolated operable units is not considered sufficient to require
study on an aggregate area basis prior to work plan development. Operable unit 200-1U-6
will be addressed as part of the B Plant AAMS because of similarities in waste management
units (i.e., ponds).

The eight source AAMS are designed to evaluate source terms on a plant-wide scale.
Source AAMS will be conducted for the following aggregate areas (waste area groups) which

largely correspond to the major processing plants including the following:

. U Plant
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o Z Plant

° S Plant

o T Plant

o PUREX

o B Plant

o Semi-Works
o 200 North.

The groundwater beneath the 200 Areas will be investigated under two groundwater
AAMS on an Area-wide scale (i.e., 200 West and 200 East Areas). Groundwater aggregate
areas were delineated to encompass the geography necessary to define and understand the
local hydrologic regime, and the distribution, migration and interaction of contaminants
emanating from source terms which is considered an appropriate scale for developing
conceptual and numerical groundwater models.

The Department of Energy, Richland Operations Office (DOE-RL) functions as the
“lead agency" for the 200 AAMS program. Depending on the specific AAMS, EPA and/or
Ecology function as the "Lead Regulatory Agency" (Table 1-1). Through periodic (monthly)
meetings information is transferred and regulators are informed of the progress of the AAMS
such that decisions established under the Hanford Past-Practice Strategy (e.g., is an ERA
justified?) (Figure 1-2) can be quickly and collectively made between the three parties.

meetings will continually  ine the scope of AAMS as: v information is ‘aluated,

ns are mar  and actions tal 1. Con _ etion milestone for AAMS are defined in
Ecology et al. (1991) and duplicated in Table 1-1. All AAMSR will be submitted as
secondary documents.

1.2.2 Process Overview
Each AAMS will be conducted in three steps: 1) the analysis of existing ¢ 1 and
formulation of a conceptual model, 2) identification of data needs and evaluation of remedial

technologies, and 3) conduct of limited field characterization activities and report
preparation.

1-5
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The first and primary task of the AAMS investigation process involves the search,
2 g compilation and evaluation of existing data. Information that will be collected for these
3 purposes include the following:

4

5 o Facility and process descriptions and operational histories for waste sources

6

7 I o Waste disposal records defining dates of disposal, waste types, and waste

8 quantities

9

10 o Sampling events of waste effluents and effected media
11 -

12 o Site conditions including the site physiography, geology, hydrology,

13 meteorology, ecology, demography, and archaeology
14

15 o Environmental monitoring data for affected media including air, surface water,
16 sediment, soil, groundwater and biota
17

18 Collectively this information will be used to identify contaminants of concern,
19 determine the scope of future characterization efforts, and to develop a conceptual model of
20 the aggregate area. Although data collection objectives are similar, the types of information
21 collected will depend on whether the study is a source or groundwater AAMS. The data
22 collection step serves to avoid duplication of previous efforts and facilitates a more focused
23 investigation by the identification of data gaps.
24
25 svpical reports referred to as Technical Baseline Reports will be initially prepared to
26 summarize facility information. These reports will describe individual waste management
27 units and unplanned releases contained in the aggregate area as identified in the Waste
28 Information Data System (WIDS) (WHC 1991a). The reports are based on review of current
29 and historical Hanford Site reports, engineering drawings and photographs and is
30 supplemented with site inspections and employee interviews. Information contained in the
31 reports will be summarized in the AAMSR. Generally, other topical reports will be
32 generated for environmental monitoring or sampling data which have not been previously
33 compiled or summarized, or when existing reports are outdated or inadequate.
34
35 Information on waste sources, pathways, and receptors will be used to develop a
36 conceptual model of the aggregate area. If the conceptual understanding of the site is
37 considered inadequate, limited field characterization activities can be undertaken as part of

38 the study. Field screenii _ activities planned under the AAMS include the following:

1-6
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o Expanded groundwater monitoring programs (non Contract Laboratory
Program) at approximately 80 select existing wells to identify contaminants of
concern and refine groundwater plume maps

° In situ assaying of gamma-emitting radionuclides at approximately 10 selected
existing boreholes per aggregate area to develop radioelement concentration
profiles in the vadose zone.

Wells, boreholes, and analytes will be selected based on a review of existing
environmental data which will be undertaken early in the AAMS process. Field
characterization results will be presented in the AAMSR and/or topical reports.

After the conceptual model is developed, preliminary applicable or relevant and
appropriate requirements (ARARs), and potential remedial technologies will be identified. In
cases where the existing information is sufficient, the Hanford Past-Practice Strategy allows
for a focused FS or CMS to be initiated prior to the completion of the study.

Data needs will be identified by evaluating the sufficiency of existing data and by
determining what additional data are necessary to adequately characterize the aggregate area,
refine the conceptual model and ARARs, and/or narrow the range of remedial alternatives.
Determinations will be made regarding the level of uncertainty associated with existing data
and the need to verify or supplement the data. If additional data are needed, the intended
data uses will be identified, data quality objectives established and data priorities set.

Each AAMS will result in management recommendations for the aggregate area
including the following:

° «ueneed for ..\, ... M, and LFI

o Definition and prioritization of operable units
. Prioritization of work plan activities

o Integration of RCRA TSD closure activities

° The conduct of field characterization activities
° The need for treatability studies.

1-7
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Based on the AAMSR, a decision is made on whether the study has provided
sufficient information to forego further field investigations and prepare a FS. If further field
investigations are required, a RI/FS work plan is developed and executed. The scope of
future work plans will be largely limited to that of a sampling and analysis plan. The
background information normally required to support the p aration of a work plan (e.g.,
site description, concep 1 model, data quality objectives, etc.) is developed in the AAMSR
and can be referenced accordingly.

All ten AAMS are scheduled to be comple by September 19. _. This w  acilitate
a coordinated approach to prioritizing and implementing future past practice activities for the
entire 200 Areas.

1.3 PURPOSE, SCOPE, AND OBJECTIVES

The purpose of conducting an AAMS is to compile and evaluate the existing body of
knowledge and conduct limited field characterization work to support the Hanford Past
Practice Strategy decision-making process for an aggregate area. The AAMS process is
simi  in nature to the RI/FS scoping process prior to work plan development and is
intended to maximize the use of existing data to allow a more limited and focused RI/FS.
Deliverables for an AAMS consist of the AAMSR and health and safety, project
management, and data management plans.

Specific objectives of the AAMS include the following:

o Assemble and interpret existing data including operational and environmental
data

° Describe site conditions

° Conduct nited new site characterization work if data or interpretation

uncertainty could be reduced by the work
o Develop a conceptual model
o Identify contaminants of concern, and their distribution

o Identify ;| liminary ARARs

1-8
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o Define preliminary remedial action objectives, screen potential remedial
technologies, and if possible provide recommendations for focused FS

. Recommend treatability studies to support the evaluation of remedial action
alternatives

o Define data needs, establish data quality objectives and set data priorities

° Provide recommendations for expedited, interim or limited actions

o Refine and prioritize operable unit boundaries

o Define and prioritize work plan and other past practice activities with emphasis

on supporting early cleanup actions and records of decisions
* Integrate RCRA TSD closure activities with past practice activities.

Depending on whether an aggregate area is a source or groundwater aggregate area,
the scope of the AAMS will vary. Source AAMSs focus on source terms, and the
environmental media of interest include air, biota, surface water, surface soil, and the
unsaturated subsurface soil. Accordingly, detailed descriptions of facilities and op: tional
information are provided in the source AAMSR. In contrast, groundwater AAMSs focus on
the saturated subsurface and on groundwater contamination data. Descriptions of facilities in
the groundwater AAMS are limited to liquid disposal facilities and reference is made to
source AAMS for detailed descriptions. The descriptions of site conditions in the source
AAMSR concentrate on site physiography, meteorology, surface water hydrology, vadose
zone geology, ecology, and demography. Groundwater AAMSRs summarize regional
geohydrologic conditions and cor © "n detailed information regarding the local geohydrology
on an Area-wide scale. Correspondingly, other sections of the AAMSR vary depending on
the environmental media of concern.

1.4 QUALITY ASSURANCE

A limited amount of field characterization work will be performed as part of the
AAMS. To help ensure that data collected are of sufficient quality to support decisions, all
work on the Hanford Site is subject to the requirements of DOE Order 5700.1A, Quality
Assurance (DOE/RL 1983), which establishes broadly applicable QA program reqi ements
in compliance with American National Standards Institute/ American Society of Mechanical

1-9
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1 ° Section 7.0, Preliminary Remedial Action Technologies, identifies and screens
2 potential remedial technologies and establishes remedial action objectives for
3 environmental media.
4
5 ° Section 8.0, Data Quality Objectives, reviews QA criteria on existing data,
6 identifies data gaps or deficiencies, and identifies broad data needs for field
7 characterization and risk assessment. Data quality objectives and data
8 priorities are established.
9
10 . Section 9.0, Recommendations, provides guidance for future past practice
11 activities based on the results of the AAMS. Recommendations are provided
12 for ERA at problem sites, IRM, LFI, refining operable unit boundaries,
13 prioritizing work plans, and conducting field investigations and treatability
14 studies.
15
16 ° Section 10.0, References, list reports and documents cited in the AAMSR.
17
18 o Appendix A, Supplemental Data, provides supplemental data supporting the
19 AAMSR.
20
21 The following plans are included and will be used to support past practice activities in

22 the aggregate area:

23

24 o Appendix B: Health and Safety Plan

25

26 o Appendix C: Project Management Plan

27

28 . Appendix D: Data Mana_ :nt Plan

29

30 Community relations requirements for the Z Plant Aggregate Area can be found in the
31 Community Relations Plan for the Hanford Federal Facility Agreement and Consent Order
32 (Ecology et al. 1989).

33

34 SECT-1.fr

1-11



" DOE/RL-91-58
Draft A

This page intentionally left blank.

1-12



~

DOE/RL-91-58

Draft A
Washington (
.._.___.ﬁ
=
.
p State Highway 24 H
L.
N\ 100H l
Arsa
A,
"3 =L
5 l M
P O
E %% , I
5= Route 114 2 '
00 West Area 200 East Area :
resa D —1.
Yakima \‘ Washington

Pubiic
Power
Supply
System

Route 28

0 S Miles
T —

o 5 Kilomelers 3000 Arsa

Richland i

M9106036.3

Figure 1-1. Hanford Site Map.

1F-1
















O



DOE/RL-91-58
Draft A

Table 1-1. Overall Aggregate Area Management Study (AAMS) Schedule for
the 200 NPL Site.

AAMS Title

erable
nits

AAMS Type

Lead
Regulatory
_Apency

M-27-00
Interim Milestones

Z Plant

U Plant

200-UP-1
200-UP-2
200-Up-3

Source

Ecology

M-27-02, January 1992

P

200-ZP-1
200-ZP-2
200-ZP-3

Source

EPA

M-27-03, February 1992

S Plant

200-RO-1
200-RO-2
200-RO-3
200-RO-4

Source

Ecology

M-27-04, March 1992

T Plant

Source

EPA

M-27-05, April 1992

PUREX

Source

Ecology

M-27-06, May 1992

B Plant

Source

EPA

M-27-07, June 1992

| Semi-Works

Source

Ecology

M-27-08, July 1992

| 200 North

Source

EPA

M-27-09, August 1992 |

200 Ware

Ground Water

EDA/Ecology

200 East

Ground Water

EPA/Ecology

M-27-10, September 1992
M-27-11, September 1992
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2.0 FACILITY, PROCESS AND OPERATIONAL HISTORY DESCRIPTIONS

Section 2.0 of the aggregate area management study (AAMS) presents historical
data on the Z Plant Aggregate Area and detailed physical descriptions of the individual
waste management units and unplanned releases. These descriptions include historical
data on waste sources and disposal practices and are based on a review of current and
historical Hanford Site reports, engineering drawings, site inspections, and employee
interviews. Section 3.0 describes the environmental setting of the waste management
units. The waste types and volumes are qualitatively and quantitatively assessed at each
site in Section 4.0. Data from these three sections are used to identify contaminants of
concern (Section 5.0), potential applicable or relevant and appropriate requirements
(ARARs) (Section 6.0) and current data gaps (Section 8.0).

This section describes the location of the Z Plant Aggregate Area (Section 2.1),
summarizes the history of operations (Section 2.2), describes the facilities, buildings, and
structures of the Z Plant Aggregate Area (Section 2.3), and describes Z Plant Aggregate
Area waste generating processes (Section 2.4). Section 2.5 discusses interactions with
other aggregate areas or operable units. Sections 2.6 and 2.7 discuss interactions with the
Resource Conservation Recovery Act (RCRA) program and other Hanford programs.

2.1 LOCATION

The Hanford Site, operated by the DOE, occupies about 1,450 km? (560 mi?) of
the southeastern part of Washington State north of the confluence of the Yakima and
Columbia Rivers (Figure 1-1). The 200 West Area is a controlled area of approximately
8.3 km? (3.2 mi®) near the middle of the Hanford Site. The 200 West Area is about 8 km
(5 mi) from the Columbia River and 11 km (6.8 mi) from the nearest Hanford boundary.
There are 18 operable units grouped into four aggregate areas in the 200 West Area
(Figure 1-4). The Z Plant Aggregate Area (consisting of operable units 200-ZP-1,
200-ZP-2, and 200-ZP-3) lies in the northwest corner of the 200 West Area of the
Hanford Site (Figure 1-4).

Locations of 2-2 through 2-4 and 2-7 through 2-12 unplanned releases are shown
on Figure 2-13. The location of the buildings and waste management units are shown on
Figures. Plate 1 shows the topography of the Z Plant Aggregate Area. The media
sampling locations are depicted on Plate 2.
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2.2 HISTORY OF OPERATIONS

The Hanford Site, established in 1943, was originally designed, built, and operated
to produce plutonium for nuclear we: | ns using production reactors and chemical
reprocessing plants (DOE/RL 1988). In March 1943, construction began on three
reactor facilities and three chemical processing facilities. After World War I, five more
reactors were built. Beginning in the 1950s, waste management, energy research and
development, isotope use, and other activities were added to the Hanford operation. In
early 1964, a presidential decision was made to begin shut down of the reactors. Seven
of the reactors were ut down by 1971 (DOE/RL 388). The N Reactor operated in
steam production mode from about 1971 to 1980 for electricity production, in weapons
grade material production mode from 1980 to 1987; and was placed on cold standby
status in October 1989, and was retired in 1991. Westinghouse anford Company
(Westinghouse Hanfc 1) was notified September 20, 1991, that they should cease
preservation and proceed with activities leading to a decision on ultimate
decommissioning of the reactor. These activities are scoped within the N Reactor
shutdown program which is scheduled to be completed in 1999.

Operations in the 200 Areas (West and East) are mainly related to nuclear fuel
separation. Spent nuclear fuel is fuel that has been withdrawn from a nuclear reactor
following irradiation. The 200 West Area consists of four main processing areas (Figi
1-4):

° S Plant REDOX) and T Plant, where initial processing to separate
uranium and plutonium from irradiated fuel rods took place.

U Plant, where uranium recovery operations toc  place.
° Z Plant, where plutonium conversion and scrap recovery took place.

The 200 Areas also contain nonradioactive support facilities, including transportation
maintenance buildings, service stations, and coal-tired powerhouses for process steam
production, steam transmission lines, raw water treatment plants, water-storage ks,
electrical maintenance facilities, and subsurface sewage disposal systems (DOE/RL 1988).

Construction of the nuclear reactors in the 100 Areas began in 1943. Irradiated
fuel rods from the 100 Areas were shipped to separations facilities in the 200 Areas for
initial processing to separate plutonium and uranium. Between 1945 and 1949, the
output of this process, a plutonium nitrate solution, was concentrated into a plutonium
nitrate paste in Z Plant before being shipped to Los Alamos for refinement into metallic
plutonium. Beginning in 1949, plutonium finishing was conducted at the Z Plant

Ay ‘-egate Area. .
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The major processes conducted in the Z Plant Aggregate Area included producing
metallic plutonium, and recovering plutonium and americium from plutonium scrap
solutions. A Z Plant Aggregate Area process timeline is schematically illustrated on
Figure 2-1.

The Plutonium Isolation Facility operated within the Z Plant Aggregate Area from
approximately 1945 to 1949. The primary Z Plant Aggregate Area facility is the 234-5Z
Building. This building housed the Plutonium Finishing Plant (PFP) and operated
continuously from 1949 to 1973 and intermittently between 1985 and 1988.

Beginning in 1955, additional process equipment was installed at the Z Plant
Aggregate Area to recover plutonium from PFP liquid waste streams. Two separate
types of plutonium separation operations occurred within the Z Plant Aggregate Area.
They included RECUPLEX and the Plutonium Reclamation Facility (PRF). The
RECUPLEX plutonium recovery process operated inside the 234-5Z Building from 1955
to 1962, at which time it was terminated after a criticality event (uncontrolled nuclear
reaction within the PFP). In 1964, a replacement scrap solution recovery facility, the
Plutonium Reclamation Facility (PRF), was brought on line in the 236-Z Building. The
PRF operated from 1964 to 1979 and from 1984 to 1987. The PRF was scheduled to
reactivate in 1991.

An additional Z Plant Aggregate Area recovery process operated in the 242-Z
Building between 1964 and 1976 to recover americium from the PFP waste stream. The
americium recovery process was shut down in 1976 atter an explosion occurred in one of
the recovery units.

Operations of the PFP Remote Mechanical C (RMC) line and the PRF are
currently suspended. Pending completion of the PRF readiness review and regulatory
approval of the PFP Wastewater Sampling and Analysis Plan, operation of the PRF will
resume to stabilize scrap special nuclear material solutions. These solutions will then be
processed through the RMC line to produce stable Plutonium Oxide for long-term
storage. Future operations at PFP will be evaluated via National Environmental Policy
Act documentation to be prepared after the stabilization campaigns.

2.3 FACILITIES, BUILDINGS, AND STRUCTURES

The Z Plant Aggregate Area contains a large variety of waste disposal and storage
units in addition to its plutonium finishing and recovery facilities and support facilities.

High-level wastes were discharged to the soil column through cribs, trenches, and
other facilities. Low-level wastes such as cooling and condensate water were allowed to
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infiltrate into the ground through ponds and open ditches. These waste types are defined
in DOE Order 5820.2:

High-level waste is highly radioactive waste material that results from the
reprocessing of spent nuclear fuel, including liquid waste produced direc '
in reprocessing and any solid waste derived from the liquid, that contains a
combination of transuranic waste and fission products in concentrations as
to require permanent isolation.

Transuranic waste is defined as: without regard to source or form,
radioactive waste that at the end of institutional control periods is
contaminated with alpha-emitting transuranium radic iclides with half-lives
greater than 20 years and concentrations greater than 100 nCi/g. .
Regarding the Waste Isolation Pilot Plant, high-level waste and spent
nuclear fuel as defined by this Order are specifically excluded by this
definitic

Low-level waste is radioactive waste not classified as high-level waste,
transur: ic waste, spent nuclear fuel, or byproduct material as defined by
the Order.

Based on construction, purpose, or origin, the Z Plant Aggregate Area waste
management units fall into one of ten subgroups as follows:

Plants, 1ildings, and Storage Areas (Section 2.3.1);

Tanks and Vaults (Section 2.3.2);

Cribs and Drains (Section 2.3.3);

Reverse Wells (Section 2.3.4);

Ponds, Ditches, and Trenches (Section 2.3.5);

Septic Tanks (Section 2.3.6);

Transfer Facilities, Diversion Boxes, and Pipelines (Section 2.3.7);
Basins (Section 2.3.8);

Burial Sites (Section 2.3.9); and
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° Unplanned Releases (Section 2.3.10).

Table 2-1 presents a list of the waste management units within the aggregate area.
The locations of these waste management units are shown on separate fiy ‘es for each
waste management group (Figures 2-2 through 2-4 and 2-7 through 2-13). Figure 2-1
summarizes the operational history of each of the waste management units. Tables 2-2
and 2-3 summarize data identified regarding the quantity and types of waste disposed of
to the waste management units. These data have been compiled from the Waste
Information Data System (WIDS) inventory sheets (WHC 1991a) and other sources as
specifically noted. The data presented in Tables 2-2 and 2-3 include all of the
contaminants reported in the databases, but do not necessarily include all of the
contaminants disposed of at each site. In the following sections, each waste management
unit is described within the context of one of the waste management unit types.

No plants or buildings within the Z Plant Aggregate Area will be remediated as
part of the general aggregate area study. However, the Z Plant plutonium separation/
recovery process buildings (231-Z, 234-5Z, 236-Z, and 242-Z Buildings) and the Z Plant
laboratories generated liquid wastes within the Z Plant Aggregate Area and will be
described in Section 2.3.1.

Prior to 1977, liquid wastes generated in Z Plant Aggregate Area were generally
disposed of to the soil column via various cribs, trench drains, reverse wells, trenches, and
tile fields. Subsequently, various engineering measures, not discussed in this report, were
developed to reduce the overall volume of wastes generated. Atter 1977, high level and
mixed liquid wastes were generally routed to the Tank Farms. Process condensates have
not been discharged to cribs since 1972, and are currently transferred to 200 Areas tank
farms for storage following treatment in the 241-Z Treatment Tank (Section 2.3.2.3).
Non-process wastewater, e.g., non-contact cooling water and sanitary wastewater from
standby activities is discharged to the soil column via the 216-Z-20 Crib and the 216-Z-21
Seep: : Basin. The Seepage Basin is discussed in Section 2.3.8.2, and the 216-Z-20 Crib
is discussed as part of the U Plant AAMS report (DOE/RL 1992). Sanitary wastes
generated in the Z Plant cc  plex are also disposed ot to the soil column through septic
tanks and associated drain fields. Solid wastes generated within Z Plant Aggregate rea
and at other Hanford Site facilities are disposed of in the 218-W Burial Grounds.
Accidental spills or releases (e.g., resulting from pipe leaks, overflows, or fires) of waste
materials (unplanned releases) also occurred at various times and locations.

2.3.1 Plants, Buildings, and Storage Areas

Plants and buildings are not generally identitied as past practice waste
management units according to the Tri-Party Agreement and will generally be addressed
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Wastes discharged to the 216-Z-1 and 216-Z-2 Cribs, 216-Z1A Tile Field, 216-Z-3
Crib, and 216-Z-12 Crib were routed through the 241-Z-361 Settling Tank prior to
discharge. Some of the process waste was also routed through the 241-Z Treatment
Tank (241-Z Building) prior to disposal.

The 216-Z-19 Ditch is discussed in the U Plant report.

In addition to the plutonium processing lines, the 234-5Z Building houses office
space, analytical and development laboratories, workshops, storerooms, and locker
rooms.

Currently, there are 80 potential contributors to the liquid effluent waste stream
(Jensen 1990). Potential contributors include equipment cooling water drains; heating,
ventilation, and air conditioning (HVAC) drains (condensate). This wastewater is
disposed of to the 216-Z-20 Crib, which is an active unit covered in the U Plant AAMSR.

23.1.2 "71-Z Building. The 231-Z Building was the site of the Plutonium Isolation
Facility (PIF). The PIF operated from approximately 1945 to 1949 to condense the
plutonium nitrate solution from the separation process facilities into plutonium paste
prior to additional off-site processing. Several waste management units including the
216-Z-4 Trench, 216-Z-5 and 216-Z-6 Cribs, and the 216-Z-10 Reverse Well began
receiving liquid waste from the 231-Z Building in 1945.

After 1949, the 231-Z Building was used for metallurgical labs and offices for
research on plutonium and alloys. It is a 1,860 m* (20,000 ft*) structure which currently
houses inactive process cells and occupied otfice space. It is the only Z Plant building
located outside of the PFP Complex Protected Areas exclusion fence. Liquid process
wastes containing radioisotopes, dissolved metals, and other compounds were disposed of
from this facility via the 231-W-151 Sump to the following waste units:

21€ 7 4 Trench;

216-Z-5 Cribs;

216-Z-6 Crib;

216-Z-7 Cribs;

216-Z-16 Crib;

216-Z-10 Reverse Well; and
216-Z-17 Trench.

The 231-W-151 Sump has also been identified as the 231-Z-151 Diversion Box and
the 241-W-151 Sump Tank.
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Liquid wastes from the Americium Recovery process line consisted of
concentrated nitric acid with traces of transuranic elements and metals. DBBP was also
used in the americium recovery process. This waste stream was routed to the 241-Z-361
Settling .unk and then discharged to the 216-Z-1A Tile Field and the 216-Z-18 Crib.
Beginning in 1973, these wastes were routed to the 242-T Evaporator.

Currently, there are no routine eftluent contributors from this building. The
building has been idle since 1962. A single piping drain header carries condensate
effluent from this building to the 216-Z-20 Crib (discussed in U Plant AAMSR, DOE/RL
1992).

2.3.1.5 241-Z Building. The 241-Z ..eatment Tank, also referred to as Tank D-5 and
TK-5, is an active waste management unit located inside the 241 7 Building. The 241-Z
Building is located south of the 234-5Z Building (Figure 2-2). The building houses the
241-Z Treatment Tank and four waste sumps. The 241-Z Building structure is also
referred to as a storage tank pit. The General Electric Co. drawing shows the 241-Z
Building as a subsurface structure with a concrete floor, side walls, and internal walls
separating each tank compartment. The structure has a ground-level concrete cover, and
above-ground sheet-metal housing for utility piping and electrical components. The 241-
Z (D-5) Treatment Tank is the easternmost of the tanks within the building.

2.3.1.6 Other Buildings and Facilities.

23.1.6.1 232-Z Incinerator. The 232-Z Incinerator is an inactive Aggregate Area
waste management unit located on the southwest side of the 234-5Z Building (Figure 2-
2). The 186 m’® (2,000 ft*) building housed the dry waste incinerator from 1961 to 1973
to incinerate plutonium-contaminated solid wastes in preparation for plutonium recovery.
The building also housed equipment used for supporting operations such as offgas
treatment and leaching. The first floor contained a storage room, electrical equipment
room, a process room containing waste handling equipment, a chemical mixing room, and
a change room. The second story housed the building heating and ventilation equipme
The building has been inactive since 1973 and there are currently no routine contributors
to the effluent waste stream. The 232-Z Incinerator Building is scheduled for
decommissioning in Fiscal Year 1999 under the Hantord Surplus Facilities Program.

Historically, the 216-Z-1A Tile Field received aqueous wastes from the 232-Z
Incinerator, but the nature and quantity of these wastes is unknown.

A piping drain header leads from this building to the 216-Z-20 Crib. There is no
process solution contact with the 216-Z-20 Crib eftluents under normal operating
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2.3.1.6.5 2736-ZB Building. The 2736-ZB Building, constructed in 1983, was used
for plutonium product handling operations. The 1,950 m? (21,000 ft*) building is
separated into a front section and a back section. The front section consists of
administrative areas. The back section was where storage and handling of the finished
plutonium product occurred. This process included the storage and handling of
radioactive solid waste product material.

Routine effluents from the building currently are limited to cooling and
condensation wastewater from HVAC equipment and air compressors. There are no
potential contributors to the effluent waste stream.

2.3.1.6.6 Waste Receiving and Processing (WRAP) Facility. The proposed
WRAP will be a permitted RCRA TSD facility designed to process existing drummed
mixed waste. The first phase of the project, drum recovery and repackaging is expected
to come online in mid-1993. A second phase of the project will include constructing a
mixed waste incinerator and incinerating the repackaged drums. The proposed WRAP
facility will be located in the general vicinity of the Radioactive Mixed Waste Storage
Facility, west of the 218-W-2 Burial Ground (Figure 2-2).

No wastes are currently associated with this proposed facility.

2.3.2 Tanks and Vaults

Tanks and vaults were constructed to handle and store liquid wastes generated by
uranium and plutonium processing activities. Several types of tanks are present in the Z
Plant Aggregate Area including settling tanks, septic tanks, and a treatment tank. Septic
tanks are discussed in Section 2.3.6. No vaults were identified with the Z Plant
Aggregate Area.

Z Plant tanks are fully enclo 1 above-ground or underground containment
vessels. The liquid waste settlement and treatment tanks were generally connected by
underground pipelines to other Z Plant waste management units.

WHC (1991a) identifies two liquid waste holding (settling and treatment) tanks
within the Z Plant Aggregate Area, the 241-Z-361 Settling Tank and the 241-Z
Treatment Tank. A review of Hanford drawings identified a third tank, commonly
referred to as the Silica Gel Settling Tank which has been designated as the 216-Z-8
Settling Tank for the purposes of this report.

Sections 2.3.2.1 through 2.3.2.3 describe the history, construction, and operation of
each of these facilities.
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No known releases are directly associated with the 241-Z Treatment Tank. An
unplanned release, UN-200-W-79 (Table 2-5), occurred when an intluent pH line (D-6
transfer line) failed adjacent to the 241-Z Treatment Tank. Section 2.3.10 describes e
unplanned release in more detail.

2.3.3 Cribs and Drains

The cribs and drains were designed to inject or percolate wastewater into the
ground without exposing it to the open air. The locations of cribs and drains in the Z
Plant Aggregate Area are shown on Figure 2-4. Cribs are shallow excavations that are
either backfilled with permeable material or held open by wood structures. Both types of
cribs are covered with an impermeable layer. Water flows directly into the backfilled
material or covered open space and percolates into the vadose zone soils. A typical crib
is illustrated on Figure 2-5. French drains inject wastewater into the ground at a greater
depth than the cribs. They are generally constructed of steel or concrete pipe and may
either be open or filled with gravel. A typical French drain is illustrated on Figure 2-6.
The 216-Z-1A Tile Field is similar in design and operation to the cribs and is thus also
discussed in this section.

WHC 1990a identifies nine cribs, four french drains, and one tile field within the
Z Plant Aggregate Area. The cribs, drains, and tile fields identified include the following:

216-Z-1 and 216-Z-2 Cribs
216-Z-3 Crib

216-Z-5 Crib

216-Z-6 Crib

216-Z-7 Crib

216-Z-12 Crib
~76-Z-16 Crib
216-Z-18 Crib

216-Z-8 French Drain
216-Z-13 French Drain
216-Z-14 French Drain
216-Z-15 French Drain
216-Z-1A Tile Field

Sections 2.3.3.1 through 2.3.3.14 describe the history, construction, and operation
of each of these facilities. Tables 2-2, 2-3, and 2-4 present available information
regarding sources of and inventories of wastes disposed of to these waste management
units. Locations of these waste management units are identitied on Figure 2-4.
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The 216-Z-5 Crib received 231-Z Building process waste via the 231-W-151 Sump.
The 216-Z-5 Crib was used to dispose of liquid waste to the soil column from June 1945
until February 1947. Use of the 216-Z-5 Crib was discontinued when sludge in the waste
plugged the soil. The cap on the 216-Z-5 Crib has reportedly weakened (WHC 1991a)
creating a cave-in potential.

No unplanned releases were associated with this crib.

The 216-Z-5 Crib has also been identified as the 231-W-1 and 231-W-2 Cribs and
the 231-W Sumps.

23.3.4 216-Z-6 Crib. The 216-Z-6 Crib is an inactive waste management unit located
approximately 91.5 m (300 ft) east of the 231-Z Building and 61 m (200 ft) north of 19th
Street. ..ie Crib consists of a wooden box 15.3 m (50 ft) long by 2.0 m (6.5 ft) wide by
0.6 m (2 ft) high, placed in a 2.4 m (8 ft) deep excavation.

The 216-Z-6 Crib received process waste from the 231-Z Building via the 2: -W-
151 Sump for one month in June 1945. Use of the crib was discontinued due to plugging
of the surrounding soil by process sludge and precipitates. The cap on the 216-Z-6 Crib
has reportedly weakened (WHC 1991a) creating a cave-in potential.

No unplanned releases were associated with this crib.

The 216-Z-6 Crib has also been identitied as the 231-W-4 Crib, the 226-W-4 Crib,
and the 231-Z-6 Crib.

2.33.5 216-Z-7 Crib. The 216-Z-7 Crib is an inactive waste management unit located
approximately 152.5 m (500 ft) east of the 231-Z Building and about 137.3 m (450 ft)
north of 19th Street. The 216-Z-7 Crib consists of two parallel wooden structures 45.7 m
(150 ft) long by 1.5 m (5 ft) wide by 0.6 m (2 ft) high, placed in a 1.5 m (5 ft) deep
excavation. ~ ich wooden structure was constructed of three overlapping tiers. A 45.8 m
(150 ft) long 7.5 or 10 cm (3 or 4 inch) diameter pertorated distribution pipe runs above
the second tier. Each of the two trenches is covered by 503.3 m (1,650 ft) of 5 cm (2-
inch) planking, then tar paper. The excavation was backfilled with gravel.

The 216-Z-7 Crib received process waste from the 231-Z Bu ling via the 231-W-
151 Sump from February 1947 to February 1967. The 216-Z-7 Crib replac.  the i 5-Z-5
Crib. It also received Hanford Laboratory waste from the 231-Z Building, via the 231-W-
151 Sump. In addition, the site received waste from PNL operations in 231-Z Building,
and 300 Area laboratory waste from the 340 Facility (WHC 1991a). In tot: the site
received an estimated 79,900,000 liters ot liquid waste.
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2.33.8 216-Z-18 Crib. The 216-Z-18 Crib is an inactive waste management unit located
approximately 183 m (600 ft) south of the 234-5Z Building which received wastes via the
241-Z-361 Settling Tank. The 216-Z-18 Crib consists of five paralle]l excavations, each
63.1 m (207 ft) by 3.1 m (10 ft) with depths ranging from 4.6 to 5.5 m (15 to 18 ft). A
91.5 m (300 ft) long 7.5 cm (3 inch) diameter steel pipe runs east and west, bisecting the
length of each excavation. Two 30.5 m (100 ft) long, 7.5 cm (3 inch) diameter,
perforated, fiberglass-reinforced epoxy pipes exit each side of the steel pipe in each
excavation (2 lines north, 2 lines south). The distribution pipes are 0.3 m (1 ft) above
the crib bottom in a 0.6 m (2 ft) thick bed of 3.8 to 7.5 cm (1.5 to 3 inch) ; vel. Each
excavation was backfilled to grade.

From April 1969 to May 1973, the 216-Z-18 Crib received both extraction column
solvent and acidic aqueous waste from the PRF in the 236-Z Building. The WIDS
(WHC 1991a) indicates that the 216-Z-18 Crib received 3.86 million liters « high salt,
acidic, organic liquid waste. The wastes disposed of to the crib included approximately
175,000 kg of carbon tetrachloride, 22,000 kg of tributyl phosphate, and 15,000 kg of
DBBP (Stenner et al. 1988). Approximately 23,000 grams of plutonium were disposed of
to the 216-Z-18 Crib. '

No unplanned releases are associated with this crib.

This waste management unit has not been identified by any other designation than
the 216-Z-18 Cirib.

2.3.3.9 216-Z-8 French Drain. The 216-Z-8 French Drain is an inactive liquid waste
management unit located 41.5 m (300 ft) east of the 234-5Z Building and 61 m (200 ft)
south of 19th street. The 216-Z-8 French Drain consists of two 90 cm (36 inch) diameter
tile culverts stacked on end in a 5.2 m (17 ft) deep gravel-backfilled excavation. The unit
received neutral to basic RECUPLEX process waste via the adjacent 216-Z-8 Settling
Tank (Silica Gel Tank) between July 1955 and April 1962.

No unplanned releases are associated with the 216-Z-8 French Drain.

The 216-Z-8 French Drain has also been identified as the 234-5 RECUPLEX
French Drain, "216-Z-9", and the 216-Z-8 Crib.

23.3.10 216-Z-13 French Drain. The 216-Z-13 French Drain is an active non-contact
wastewater management unit located 58.0 m (190 ft) south of the 234-5Z Building on the
southeast side of the 291-Z Building. The 216-Z-13 French Drain consists of two 90 cm
(36 inch) diameter tile culverts stacked on end in a 4.6 m (15 ft) deep gravel-backfilled
excavation. The unit has operated continuously from 1949 to present (Figure 2-1). The
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216-Z-13 French Drain receives steam condensate from the ET-8 Exhaust fan turbine
and floor drainage from the 291-Z Building.

No releases of hazardous materials or radionuclides have been reported for this
unit. However, due to accidents or unusual events in the process areas, Owens (1981)
reports that low level contamination can be assumed.

This waste management unit has not been identified by any other designation than
the 216-Z-13 French Drain.

233.11 216-Z-14 French Drain. The 216-Z-14 French Drain is an active non-contact

wastewater management unit located 58 m (190 ft) south of the 234-5Z Building on the

southwest side of the 291-Z ventilation equipment building.. The 216-Z-14 French _ra

consists of two 90 centimeter (36 inch) diameter tile culverts stacked on end in a 4.6 m

(15 ft) deep gravel-backfilled excavation. The unit has operated continuously from 1949

to present (Figure 2-1). The 216-Z-14 French Drain receives steam condensate from the
9 Exhaust fan turbine and floor drainage from the 291-Z Building.

No releases of hazardous materials or radionuclides have been reported for this
unit. However, due to accidents or unusual events in the process areas, Owens (1981)
reports that low level contamination can be assumed.

This waste management unit has not been identified by any other designation than
the 216-Z-14 French I 1in. '

2.3.3.12 216-Z-15 French Drain. The i 5-Z-15 French Drain is an active non-contact
wastewa dispc | unit located 15.3 m (50 ft) south of the 234-! Building on t.  north
side of the 291-Z ventilation equipment building. The 216-Z-15 French . rain consists of
two 90 centimeter (36 inch) diameter tile culverts stacked on end in a 4.9 m (16 ft) deep
gravel-backfilled excavation. ..ie unit has operated continuously frc 1949 to present
(Figure 2-2). The 216-Z-15 French Drain receives drainage from the S-12 evaporator
cooler.

No releases of hazardous materials or radionuclides ive been reported for this
unit. However, due to accidents or unusual events in the process areas, Owens (1981)

low level contamination can be assumed.

This waste management unit has not been identitied by any other designation than
the 216-Z-15 French Drain.
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2.3.3.13 Other French Drains. A "french drain/dry well" (0.92 m [3 ft] diameter) is
reportedly located north of the 234-5Z Building and west of the 241-Z Building. The dry
well is connected to piping leading beneath an adjacent fire suppression water tank and
may be a drainage structure for the tank overflow. No other information was identified.

2.3.3.14 216-Z-1A Tile Field. The 216-Z-1A Tile Field is an inactive waste management
unit located about 152.5 m (500 ft) south of the 234-5Z Building and immediately south

of the 216-Z-1 and 216-Z-2 Cribs. The 216-Z-1A Tile Field consists of a 85.4 m (280 ft)
long north-south running trunk with seven pairs of 21.4 m (70 ft) laterals spaced at 10.7

m (35 ft) intervals in a herring-bone pattern (WIDS; WHC 1991a). The tile field piping
consists of 20 cm (8 inch) diameter perforated vitrified clay pipe placed on a 1.5 m (5 ft)
deep gravel bed, 5.8 m (19 ft) below ground surtace (Figure 2-10).

The 216-Z-1A Tile Field's active life was from June 1949 to April 1969. As
originally constructed, the 216-Z-1A Tile Field received liquid waste as overflow from the
216-Z-1 and 216-Z-2 Cribs. In later years, liquid waste was routed directly to the tile
field. Available information indicates that the discharge history of the 216-Z-1A Tile
Field proceeded roughly as follows:

SERVICE DATES
FROM TO FUNCTION

6/49 6/52  216-Z-1 and 216-Z-2 Cribs and the 216-Z-1A Tilc Field received process,
analytical, and development lab wastes from 234-5Z Building via the 241-Z-
361 Scttling Tank.

6/52 3/59  216-Z-1 and 216-Z-2 Cribs were bypassed. 216-Z-1A Tile Field received
the above wastes via overflow from 216-Z-3 Crib.

3/59 5/64  All portions of this site werc inactive.

5/64 8/64  216-Z-1 and 216-Z-2 Cribs were still inactive. 216-Z-1A Tile Field
received aqueous and organic waste tfrom PRF (236-Z Building).

8/64 5/66  Same as above plus received 242-Z Building Waste and Americium
Recovery (242-Z) waste.

5/66 6/66  216-Z-1 and 216-Z-2 Cribs and 216-Z-1A Tile Field received 236-Z
Building aqueous and organic waste and 242-Z Building waste while the
distribution point in 216-Z-1A Tile Field was moved trom the A section
30.5 m (100 ft) down the main trunk to the B scction.
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(Brown and Ruppert 1950). Therefore, by 1954, all reverse wells at the Hanford Site
had been removed from service; associated wastes were re-routed to cribs and other
types of ground disposal units (Fecht et al. 1977).

One reverse well, the ~ " 6-Z-10 Reverse Well, is located within the Z Plant
Aggregate Area (Figure 2-7). Sources of waste disposed of to the reverse well are
summarized in Table 2-1. Tables 2-2 and 2-3 summarize available information regarding
quantities and types of chemical constituents disposed of to this waste management unit.

The 216-Z-10 Reverse Well is an inactive, wastewater management unit. It is a

145.8 m (50 ft) deep underground injection well constructed of 15.2 cm (6 inch) diameter
schedule 50 steel pipe. The 216-Z-10 Reverse Well is located 30.5 m (100 ft) east of the
231-Z Building and 122 m (400 ft) north of 19th Street. The reverse well received 231-Z
Building process and laboratory waste via the 231-W-151 Sump tor four months between
February and June 1945 (Figure 2-1). Brown and Ruppert (1948) reported that the well
received about 1,000,000 liters of transuranic-contaminated process waste at the rate of
about 75 liters (20 gallons) per minute. The well was deactivated after it became
plugged with sludge. The pipeline to the well was capped west of the 231-W-151 Sump.

No unplanned releases are associated with the 216-Z-10 Reverse Well.

The 216-Z-10 Reverse Well has also been identified as "216-Z-2", 231-W Reverse
Well, and 231-W-150 Dry Well or Reverse Well.

2.3.5 Ponds, Ditches, and Trenches

The Z Plant Aggregate Area includes two ditches and three trenches as shown on
Figure 2-8. There are no ponds within the Z Plant Aggregate Area. The two ditches,
the 6-Z-1(D) Ditch a1 the ~"6 )~ tch are U Plant /  -egate Area waste
management units and will not be discussed herein. Table 2-1 lists salient features of
each of the trenches, which are Z Plant Aggregate Area waste management units.
Tables 2-2 and 2-3 summarize information identified with respect to radionuclide and
chemical wastes received by each unit.

23.5.1 216-Z-4 Trench. The 216-Z-4 Trench is an inactive waste management unit
located 152.2 (500 ft) north of the 2704-Z Building. The 216-Z-4 Trench consisted of a
3.1 by 3.1 by 4.6 m (10 by 10 by 15 ft) deep unlined excavation.

The 216-Z-4 Trench received process and laboratory waste from the 231-Z
Building for one month in June 1945. The site was deactivated and backfilled when the
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No unplanned releases were associated with this crib.

The 216-Z-9 Trench has also been identitied as the 216-Z-9 Crib, the 216-Z-9
Cavern, the 234-5 RECUPLEX Cavern, and the 216-Z-10 Crib.

23.53 216-Z-17 Trench. The 216-Z-17 Trench is an inactive waste management unit
located about 76.3 m (250 ft) north of 19th Street and 91.5 m (300 ft) east of the 231-Z
Building. The 216-Z-17 Trench consisted of a 61 by 3.1 by 2.4 m (200 by 10 by 8 ft)
deep excavation with 1:1 side slopes. It was parallel to and 12.2 m (40 ft) west of the
216-Z-1 Ditch. The 216-Z-1 Ditch is an inactive waste site associated with the U Plant
Aggregate Area (see DOE/RL 1992). The site was deactivated and backfilled when the
effluent flow exceeded the infiltration capacity of the pit.

The 216-Z-17 Trench received laboratory waste from PNL operations in the 231-Z
Building for a one-year period between February 1967 and February 1968. The WIDS
indicated that the 216-Z-17 Trench received 36.8 million liters of neutral/basic liquid
waste which contained 0.05 kg of plutonium. The trench remained open for about seven
years before being backfilled in 1975. Field surveys measured in the 216-Z-17 Trench
before backfilling indicated 2,000 dis/min of alpha activity.

No unplanned releases were associated with this crib.

The 216-Z-17 Trench has also been identified as the 216-Z-17 Ditch.

2.3.6 Septic Tanks and Associated Drain Fields

Five septic tanks and their associated drain fields were identified within the Z
Plant Aggregate Area.

2607-Z Septic Tank

2607-Z-1 Septic Tank
2607-WA Septic Tank
2607-WB Septic Tank
2607-W-8 Septic Tank

The locations of these waste management units are shown on Figure 2-9.

2.3.6.1 2607-Z Septic Tank and Drain Field. The 2607-Z Septic Tank and Drain Field is
an active waste management unit located about 33.6 m (110 ft) east of the 236-Z

Building. The site receives sanitary wastewater and septic waste from 234-5Z and 2704-Z
Buildings at a nominal rate of 23 m*/day. The drain field is located 18.6 m (61 ft) east of

2-23






O ~1 N bW -

DOE/RL-91-58
Draft A

2.3.7 Transfer Facilities, Diversion Boxes, and Pipelines

Transfer facilities (also referred to as process lines or process sewer lines) connect
the major processing facilities with each other and with the various waste dispos: and
storage facilities. Most lines are 7.6 cm (3 in.) diameter stainless steel pipes with welded
joints. Process lines are generally enclosed in steel reinforced concrete encasements and
are set below grade. The major process lines in the Z Plant Aggregate Area, and the
facilities that they connect are shown on Figure 2-10. The pipelines are not waste
management units according to the Tri-Party Agreement and they will be addressed in
detail under the Hanford Surplus Facilities program.

Diversion boxes or sumps house the switching facilities where waste can be routed
from one process line to another. They are concrete boxes that were designed to contain
any waste that leaks from the waste transfer line connections. The diversion boxes
generally drain by gravity to nearby catch tanks where any spilled waste is stored. There
are three diversion boxes in the Z Plant Aggregate Area:

° 241-Z Diversion Box No. 1
° 241-Z Diversion Box No. 2
° 231-Z-151 Sump

Various pipelines carried high level, mixed, and sanitary wastes from Z Plant
process buildings to on-site and off-site disposal units. Flow of liquid process wastes to
many of the cribs was channeled through several diversion boxes.

Z Plant pipelines are concentrated in the vicinity of Z Plant processing buildings
(e.g., the "31-Z and 234-5Z Buildings). As shown on Figure 2-10, a process waste
discharge line exited the east side of the 231-Z Building, running due east to the 231 ™
151 Sump. Stainless steel and, in later years, PVC pipe, connected the sump to the 216-
Z-4 Trench; the 216-Z-5, 216-Z-6, and 216-Z-7 Cribs; the 216-Z-10 Reverse Well; the
216-Z-16 Crib; and to the 216-Z-17 Trench.

An unplanned release, UN-200-W-130, was identified near the 216-Z-151 Sump in
January 1967. The unplanned release involved a leaking waste line from the 231-Z
Building. The WIDS indicated that the waste line was repaired; soil cleanup activities, if
any, were not identified.

Also as shown on Figure 2-10, various process waste lines ran from the 234-5Z

Building to the 216-Z-1 and 216-Z-2 Cribs; the 216-Z-1A Tile Field, the 216-Z-3 Crib;
the 216-Z-9 Crib; the 216-Z-12 Crib; and the 216-Z-18 Crib. The process line
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conveyance ditch which is a U Plant Aggregate Area waste management unit. Figure 2-1
shows the period of use of the 207-Z Retention Basin.

No releases are associated with this waste management unit.

The 207-Z Retention Basin has also been identified as the 207-Z Sump, 207-Z-
Pond, and 207-Z Retention Pond. Hanford drawings also identify the 206-Z Retention
Basin as the 241-Z Retention Basin.

2.3.8.2 216-Z-21 Seepage Basin. The 216-Z-21 Seepage Basin is an active waste
management unit located approximately 100 m east of the 234-5Z Building and 40 m
south of the 216-Z-9 Crib (Figure 2-11). The 216-Z-21 Seepage Basin was constructed in

‘the 1980s for discharge of non-contact condensate from the 234-5Z HVAC system and

storm water runoff. It also received wastewater from inlet air washing. The seepage
basin was constructed following backfilling of the 216-Z-19 Ditch system and construction
of the 216-Z-20 Crib. The seepage basin was constructed to alleviate backup of the 216-
Z-20 Crib from HVAC condensate and storm water runoft originally routed to the latter
crib. Storm drain lines connecting to the seepage basin run from catch basins on the
north side of the 234-5Z Building, and trom an overtlow line  »m the water tank
described at e location of the "French drain/dry well" north of the 234-5Z Building (see
Section 2.3.3.6). A storm drain connection from the cast side of the 234-5Z Building is
also present. The draft Carbon Tetrachloride ERA Proposal (DOE/RL 1991b) indicated
that wastewater is discharged to the unit at a rate of approximately 9.8 x 107 liters/yr.
The draft ERA proposal concluded that seepage trom this basin could have an impact on
groundwater levels in the underlying unconfined aquiter.

Historical information indicative of radionuclide or hazardous chemical waste
discharges to this site was not found in our review of available documents.

The 6-Z-21 Seep: : Basin has also been identitied as Seepage Basin 207-Z.
2.3.9 Burial Sites

The Z Plant Aggregate Area solid waste burial sites were established
independently of the main Z Plant process facilities and have operated from
approximately 1944 to present. The location of the burial sites are shown on Figure
2-12. The burial sites have received wastes from the Z Plant and from various sources
throughout the Hanford Site. Solid waste disposal facilities include caissons and various
types of burial trenches. Burial grounds generally consist of one or more of these solid
waste disposal facilities. Caissons consist of concrete/steel chambers set below ground
surface with an associated steel riser pipe through which waste packages were dropped
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monitoring or activity level monitoring to identify loose contamination, contamination
spread, and radioactivity uptake in plant life. These monitoring programs are described
in Section 4.0.

Sections 2.3.9.1 through 2.3.9.14 describe available data regarding the use and
operational history of each of these facilities. Tables 2-2 and 2-3 summarize available
information regarding the inventory of radioisotopes and other chemical compounds
disposed of at the burial ground facilities. Table 2-4 presents a partial inventory of
hazardous constituents disposed of to the 218-W-3A, 218-W-3AE, 218-W-4C, and
218-W-5 Burial Grounds.

23.9.1 218-W-1 Burial Ground. The 218-W-1 Burial Ground is an inactive waste
management unit located on the east side of Dayton Avenue opposite the Radioactive
Mixed Waste Storage Facility. The 158.9 m (521 ft) by 139.7 m (458 ft) site consists of
15 trenches running in an east-west direction. Twelve of these trenches are 2.4 m (8 ft)
deep, 1.5 m (5 ft) wide at the bottom, and 4.9 m (16 ft) wide at ground level. The other
three are 2.7 m (9 ft) deep flat bottom trenches with a 7.3 m (24 ft) surface width.
There are two gravel roads running east-west through the burial ground. The site has
been retired and stabilized.

The 218-W-1 Burial Ground received transuranic and mixed solid waste from 1944
to 1953.

An unplanned release, UPR-200-W-11, is associated with this waste management
unit (Table 2-5). In 1952, a fire released plutonium contamination to 200,000 dis/min
inside and 30,000 dis/min outside the burial ground (WHC 1991a). No other releases are
associated with this waste management unit.

The 218-W-1 Burial Ground has also been identitied as the Dry Waste Burial
Ground No. 001 (Elder et al. 1987).

23.9.2 218-W-1A Burial Ground. The 218-W-1A Burial Ground is an inactive waste
management unit located in the northeast part of the Z Plant Aggregate :ea, near the
218-W-6 Burial Ground. This site contains approximately 10 trenches. There are also
several areas used as individual burial holes, but definite locations are not known. Total
reported depths are only available for Trench 6, which is 1.5 m (5 ft) deep, and trench 7,
which is 6.1 m (20 ft) deep.

The 218-W-1A Burial Ground received industrial wastes including some

radioisotopes from 1944 to 1954. This burial ground was the first large equipment burial
site used in the 200 West Area. Most of the equipment was buried in wooden boxes
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with the upper surface at ground level. After use, soil was shoveled into these wells to
absorb the high gamma radiation given off by the wastes deposited.

The 218-W-4A Burial Ground received transuranic/mixed solid waste from 1958 to
1968. The site received almost 18,000 m® of miscellaneous dry, unsegregated mixed
transuranic and non-transuranic waste.

Four unplanned releases are associated with this burial ground: UPR-20-W-16,
UPR-200-W-26, UPR-200-W-53, and UPR-200-W-72.

This waste management unit has not been identified by any other designation than
the 218-W-4A Burial Ground.

23.9.9 218-W-4B Burial Ground. The 218-W-4B Burial Ground is an active waste
management unit for transuranic/mixed waste located near the northeast corner of the
intersection of Dayton Avenue and 19th Street. The 218-W-4B Burial Ground consists of
13 trenches and 12 caissons. Caissons which received transuranic waste consist of
concrete and steel covered vaults. Caissons which received low level waste were
constructed of corrugated pipe with a concrete bottom and top. Both types of caissons
were used for the disposal of solid wastes from hot cell operations. Two trenches and
four caissons (contained in a third trench) contain retrievably stored transuranic waste.
Of the remaining eleven trenches, ten contain unsegregated low level and transuranic
waste and one contains low level waste. Within the trench containing the four
transuranic caissons are an additional seven low level caissons. Trenches 1 throu; 6 and
8 contain unsegregated mixed transuranic and non-transuranic waste. Trench 9 contains
unsegregated transuranic waste. Trenches 10, 12, and 13 contain non-transuranic waste.
No information was available concerning Trenches 7 and 11.

The row of 12 caissons includes 5 alpha caissons for transuranic waste, one UNI

lo type  sson (for high activity waste from N Reactor), and six MF  caissons (for non-
transuranic and nonsegregated waste). The six MFP caissons consist of 1 silot :, 1
alpha type, and 4 dry waste caissons. The alpha type caissons weigh 11,804 kg (26,000
pounds). They have an 2.7 m (8.75 ft) diameter and are 3.1 m (10 ft) high, constructed
primarily of concrete and have a steel cover fitted with lifting lugs. The silo type caissons
are 9.2 m (30 ft) tall with a 3.1 m (10 ft) diameter and have a concrete base. Waste is
placed beneath a concrete slab 4.6 m (15 ft) below grade. Dry waste caissons are 2.4 m
(8 ft) in diameter and 3.1 m (10 ft) high, constructed of corrugated metal with a concrete
top and bottom. Caissons are ventilated with electric blowers. Caisson air is exhausted
through filters to prevent contamination from occurring when wastes are dropped into
the caissons. The caisson trench is the only active area of the site. All caissons are
inactive except the MFP caisson 6 and Alpha Caissons 4 and 5.
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The 218-W-4C Burial Ground has also been identified as the Dry Waste Burial
Ground No. 01C.

This burial ground has been identified in a RCRA Part B permit application as a
TS facility and will undergo RCRA closure. A final cap and cover in accordan  with
the RCRA landfill standards has been proposed.

23.9.11 218-W-5 Burial Ground. The 218-W-5 Burial Ground is an active waste
management unit for low level/mixed solid waste located at the southwest corner of the
intersection of 27th Street and Dayton Avenues. 1 e site consists of 56 active or
planned trenches, all oriented east-west. Twenty-seven of the trenches are 4.6 m (15 ft)
wi : at the bottom and 5.2 m (17 ft) deep. Of these, eighteen are 353.8 m (1,160 ft)
long, four are 131.2 m (430 ft) long, three are 161.65 m (530 ft) long, and two are 323.3
m (1,060 ft) long. Seven trenches are 353.8 m (1,160 ft) long, 12.2 m (40 ft) wide
(bottom) and 5.° ) to 6.1 m (17 to 20 ft) deep. Each trench location is * " :ntified by a
permanent concrete post with a brass name plate.

The 218-W-5 Burial Ground has operated since 1986, receiving 32,500 m* of
mixed and retrievable transuranic wastes. The WIDS indicates that 204.3 kg (450
pounds) of lead are buried in Trench 21 and 1,684.34 kg (3,710 pounds) in Trench 9.
The 218-W-5 Burial Ground may also receive defueled decommissioned nuclear
submarine reactor compartments in the future, each of which contains approximately
83,536 kg (184,000 pounds) of lead.

No releases are associated with this waste management unit.

This waste management unit has not been identitied by any other designation than
the 218-W-5 Burial Ground.

This burial grc 1d has been identified in a RCRA Part B permit application as a
TSD facility and will undergo RCRA closure. A final cap and cover in accordance with
tl RC..A landfill standards has been proposed.

23.9.12 218-W-6 Burial Ground. The 218-W-6 Burial Ground is a proposed waste
management unit for low-level/mixed solid waste which will include 28 trenches. It will
be located north of the 218-W-1A Burial Ground. No wastes have been disposed of at
this site. No releases are associated with this proposed waste management unit.

This burial ground has been identified in a RCRA Part B permit application as a

TSD facility. When it begins operating, it will be subject to RCRA landfill and closure
standards.
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2.3.9.13 218-W-11 Bu il Ground. The 218-W-11 Burial Ground is an inactive waste
management unit located immediately north of the 218-W-1 Burial Ground. The site
consists of two filled burial trenches running east-west. Trench 1 is 78.69 m (258 ft) long.
Trench 2 is 45.75 m (150 ft) long. ..ie site has been stabilized and reseeded with grass.

The 218-W-11 Burial Ground received low-level and mixed solid waste in 1960
(Elder et al. 1987). The site received an estimated 1,160 m® of low level/mixed waste
(WIDS). The waste disposed of to this site includes low level contaminated sluicing
equipment that had been used for the uranium recovery program at the 221-U Building.

Radiation m« toring readings of 12,000 dis/min (WIDS) have been reported in a
small area of mulch (presumably placed to enhance revegetation of the area). No other
releases have been ide ified at this waste management un

This waste management unit has not been identified by any other designation than
the 218-W-11 Burial Ground.

2.3.9.14 Z Plant Bu it. The Z Plant Burn Pit is an inactive facility used between
1950 and 1960 to bu iscellaneous nonradioactive waste material. Such materials
included office and non-hazardous laboratory waste. The burn pit was reportedly 15.3 by
12.2 by 3.1 m (50 by 40 by 10 ft) deep. Reportedly the unit received 2,000 m® of waste
material of which less than 1,000 m* was chemical waste. The former Burn Pit is
believed to be located approximately 50 m south of 19th Street and 150 m east of the
231-Z Building.

2.3.10 Unplam | .. leases

Twenty-one unplanned releases were identified  the Z Plant Aggregate Area as
shown on Figure 2-13. With one exception, UPR-200-W-103, no waste inventory
information was identified for the unplanned releases. Table 2-5 summarizes the known
information regarding each unplanned release and, where applicable, lists the waste
management unit to which it is related. Most of the information available for the
unplanned releases is derived from the WIDS (WHC 1991a).

2.4 WASTE GENERATING PROCESSES

Z Plant began operations in 1945 to assist in the processing of irradiated fuel rods
into metallic plutonium. The process history of the Z Plant Aggregate Area is illustrated
on Figure 2-14. The process began with the irradiation of uranium-bearing fuel rods in
one of Hanford's 100 Areas production reactors. This process creates plutonium from

2-36









9

OO0 1N W bW~

b B W LW W W W W WW LW W DN NDDNDNDDNDNDNDRN D = e s el e e e
N = OW O WP WN- OV WU P WNELEOYUOIOWMREWND=O

DOE/RL-91-58
Draft A

and then filtering and calcining the precipitate. To produce the metal, plutonium oxide
was first converted to plutonium fluoride by reacting it with hydrofluoric acid. The
fluoride was placed in a container, which was placed in a magnesium oxide crucible with
calcium. A reducing charge was then applied to the crucible to convert the plutonium
fluoride to plutonium metal, which was then molded into a button. Sometimes t
buttons were remelted and cast into a finished shape. Cast forms were coated w

nickel and polished to enable them to be handled without spreading plutonium
contamination.

2.4.2.2 PFP Waste Streams. Wastes produced by the PFP tall into two categories:

o Process wastes and condensates; and
° Non-contact wastewater.

2.4.2.2.1 Process Wastes. The |. .’ liquid process wastes can be characterized as
acidic and corrosive (pH 2), high in salts, and low in organic content. The wastes contain
only minor amounts of fission products and low concentrations of plutonium and other
transuranic elements (Jensen 1990). The waste is high in nitrates in the form of nitric
acid, aluminum nitrate, magnesium nitrate, ferric nitrate, and calcium nitrate. Other
components are aluminum fluoride, potassium hydroxide, potassium fluoride, chromium,
lead, and other trace metal ions.

Process wastes, including process condensates, are discharged through the 207-Z
Treatment Tank where they undergo addition of sodium hydroxide, ferric nitrate,
sodium nitrite for solubilization and neutralization purposes. Corrosion inhibitors such
sodium nitrite and aluminum compounds for solubilization were also added in this tank.
The eftluent from this tank has a neutral pH. The treated wastes are curren -
transferred via pipeline to receiving Tank 102-SY at the TX-244 Tank Farm north of Z
Plant.

Prior to 1973, the waste was discharged via cribs to the soil column. The 216-Z-3
and 216-Z-12 Cribs were used to dispose of PFP process waste. Beginning in 1973, the
ultimate destination of these treated wastes was originally in single-shell, then later in
double-shell tanks.

2.4.2.2.2 N¢ Contact Wastewater. Non-contact wastewater, g., wastewater
which does not come into direct contact with any of the plutonium separation processes,
is characterized as low salt, low organic, neutral to basic aqueous waste. Jensen (1990)
identified 80 inputs to the wastewater stream, including sanitary wastewater from drinking
fountains, sinks, and toilets; cooling water; steam condensate; air conditioning
condensate; and wastes from chemical laboratory sinks, nonradiological laboratory sinks
in radiation zones, wound tlushing stations, eyewash stations, satety showers, floor drains,
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roof drains, and storm sewers. ..ie bulk of the wastewater is equipment cooling water
and HVAC steam cor :nsate.

Jensen (1990) did not identify any routine contributors of chemicals to the
wastewater effluent and concludes that concentrations will depend on plant operations,
possible chemicals spills, and water quality of the river water used in the plant. Direct
measurement of effluent concentrations is not feasible because there is no access for
sampling before the wastewater exiting PFP enters the common sanitary/stormwater drain
system for the Z Plant. Sampling and analysis of the combined eftluent during periods of
PFP operation has identified a number of constituents that are elevated above
background (i.e., river water); however, many of these constituents are also elevated
during periods when PFP is not in operation (Jensen 1990). Chemicals and surrogate
parameters that are consistently elevated are:

barium ® alpha activity
calcium ° beta activity
fluoride ° conductivity
magnesium total dissolved solids
potassium ° TOC

sodium o TOX (as CI)
strontium

sulfate

uranium

zinc

In addition, the organic compounds acetone, methylene chloride, and chloroform
have been detected in ant effluent.

Non-contact wastewater is currently discharged to the 216-Z-21 Seepage Basin and
the 216-Z-20 Ditch. The 216-Z-20 Ditch is an active waste management unit which is not
a Z Plant Ag_ ‘'gate Area waste management unit. Prior to September 1981, the
wastewater flowed to the 216-U-10 Pond through the 216-Z-19 Ditch. Prior to the
construction of the 216-Z-19 Ditch, wastewater was discharged to the 216-Z-1 and 216-Z-
11 Ditches. The 216-Z-1, 216-Z-11, and 216-Z-19 Ditches are inactive waste
management units discussed in the U Plant AAMSR (DOE/RL 1992).

243 RECUPLEX Plutonium Recovery Process

2.43.1 Process Description. DOE recovered plutonium from PFP waste streams using
the RECUPLEX process from 1955 to 1962. The process used solvent extraction column
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technology to remove plutonium from the PFP waste streams. The RECUPLEX facility
was housed in the 234-5Z Building.

The RECUPLEX solvent extraction technology is based on the formation of an
organic-plutonium complex which is preferentially soluble in an organic solvent. This
process used nitric acid and hydrofluoric acid to convert plutonium solids to plutonium
nitrate and a TBP-carbon tetrachloride solvent to recover plutonium from the purified
plutonium nitrate solutions. An 85;15 ratio by volume of carbon tetrachloride to TBP
was used. Other ratios were tested during the pilot plant treatability tests, but the ratio
of 85:15 gave the most satisfactory results for plutonium recovery.

Silica gel was used as a settling agent on the dissolved feed for the RECUPLEX
process. A silica gel waste settling tank (the 216-Z-8 Settling Tank), was used to hold the
backflush solution from the filters.

2.43.2 RECUPLEX Waste Streams. The RECUPLEX process produced three primary
waste streams:

° Spent aqueous extractant
° Spent organic solvents
] Waste silica gel

Other waste streams produced by RECUPLEX include fabrication oil and non-
contact wastewater from the building sinks and equipment wash areas.

2.4.3.2.1 Spent Aqueous Extractant. The aqueous process waste is characterized
as acidic, high-salt, low-level radioactive liquid waste containing low levels of plutonium
and other transuranic elements. Major components of the waste are nitric acid, fluoride,
and phosphate. Carbon tetrachloride was used in combination with DBBP to remove
residual p onium from the aqueous solution prior to its discha

2.43.2.2 Spent Organic Solvent. ..e organic process waste is characterized as
slightly acidic, low salt, high organic, radioactive liquid waste with intermediate levels of
plutonium and other transuranic elements. Major components of the waste are carbon
tetrachloride/tributylphosphate, and DBBP.

With continued use, e carbon tetrachloride/tributyl phosphate extraction solvent
would gradually degrade into carbon tetrachloride/dibutyl phosphate and lose its capacity
as an extractant. The mixture was periodically replaced with fresh solvent and the
degraded solvent discharged to the 216-Z-9 Trench. This trench was the only waste site
used for solvent disposal during RECUPLEX operation. The 216-Z-9 Trench received
approximately 4 million liters of waste from RECUPLEX (WHC 1991a). The quantity of
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Spent aqueous and organic wastes from the PRF were disposed of to the so
column through a series of cribs until 1973. Cribs that are known to have received PRF
wastes include:

° 216-Z-1A le Field - 5/64 to 5/66, 6/66 to 10/67, 10/67 to 4/69
[ 216-Z-1 & 216-Z-2 Cribs - 5/66 to 6/66, 10/67
[ 216-Z-18 Crib - 4/69 to 5/73

Organic wastes from PRF processing operations in the 1980s have been
containerized and shipped to the Z Plant RMW storage complex. The organic wastes
containers are currently awaiting disposal. The carbon tetrachloride ERA proposal
(DOE/RL 1991b) estimated the total volume of all types of PRF liquid waste deposit: -
to PRF waste management unit as follows:

° 216-Z-1 & 216-Z-2 Cribs 211,000 liters
° 216-Z-1A Tile Field 5,260,000 liters
° 216-Z-18 Crib 3,860,000 liters

The total amount of spent carbon tetrachloride disposed of from the 1 F facility
to soil was approximately 280,000 liters.

2.4.5 Americium Recovery

" 4.5.1 Americium Recovery Process Description. The recovery of americium from PRF
waste streams started in 1964 in the 242-Z Building of the Z Plant. After an explosion in
the exchange process, this facility was shut down in 1976.

The process used an ion exchange technique to recover americium from the waste
streams.  utriation and r :neration of the ion exchange resin was ne with nitric
acid.

Americium was also recovered in the PRF using DBBP in a carbon tetrachlc le
diluent as an extractant solvent. DBBP was subsequently replaced with tributylphosphate
in e process.

2.4.5.2 Americium Recovery Waste Streams. Information on wastes generated from the

americium recovery process was not available. Presumably, these waste streams would
have included spent ion exchange resins, waste organic solvent, and recovered americium.
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2.4.6.2.3 Laboratory Wastewater. Nonradiological laboratory sinks and emergency
showers in the laboratory area drain to the main sanitary wastewater system in the
234-57 Building. The contents of this wastewater have not been determined, but are
likely to contain intermittent releases from laboratory procedures, cleaning glassware, and
chemical spills. Wastewater containing hazardous chemicals is routed to the 241-Z
Building. ..iis wastewater is combined with non-process wastewater and roof drain
runc ' from other buildings at Z Plant. The combined effluent is currently discharged to
the 216-Z-20 Crib, which is discussed in the U Plant AAMSR (DOE/RL 1992).
Formerly, wastewater was discharged in sequence to the 216-Z-1, 216-Z-11, and 216-Z-19
Ditches.

2.5 INTERACTION WITH OTHER AGGREGATE AREAS OR OPERABLE UNITS

This part of the report discusses the interaction of the Z Plant Aggregate Area
with other 200 Areas facilities and the disposal of the wastes generated. The 200  zas
has two distinct operational areas, 200 East and 200 West (Figures 1-3 and 1-4). These
are dedicated to chemical separations and waste management.

° The B Plant, one of the original fuel separation facilities was in operation
from 1945 to 1952. The bismuth phosphate process was used to separate
plutonium from irradiated uranium fuel. The plutonium was precipitated
on a bismuth-phosphate carrier in B Plant and later converted to plutonium
nitrate; this took place in the 231-Z Building and 234-5Z Building of the Z
Plant Aggregate Area (Rai et al. 1981).

° The PUREX facility separates uranium, plutonium, and neptunium from
fission products found in the production reactors' irradiated uranium fuel.
The plutonium stream after a series of purification steps, is concentrated
and sent to the PFP as plutonium nitrate to be converted to metal form.
This facility was in operation from 1956 to 1972, and was placed in a
standby mode until 1983. Operations were resumed in 783 and then
shutdown in 1988. From December 1989 to the spring of 1990, a
stabilization run was operated at PUREX. Currently, the PUREX facility
is in standby mode.

The 200 West Area Plants consists of the U Plant, REDOX (St. Plant), T Plant,
and Z Plant. The interaction of the U Plant, REDOX, and T Plants with Z Plant
Aggregate Area are as follows:

° The U Plant was used to recover uranium trom stored radioactive waste
from 1952 to 1958. This operational area has a series of tanks located in
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2.6 INTERACTION WITH RESOURCE CONSERVATION RECOVERY ACT

PROGRAM

Several waste management units located within the Z Plant Aggregate Area
boundaries are subject to RCRA (and corresponding Washington State) regulations.
These includes:

The Radioactive Mixed Waste (RMW) Storage Facility is a TSD facility
subject to a RCRA Part B permit;

The 241-Z Treatment Tank is a TSD facility subject to a RCRA Part B
permit. Currently, only Tank D-5 is identified in the facility Part A, but
Tanks D-4, D-7, and D-8 are expected to be added;

Solid Waste Burial Grounds 218-W-2A, 218-W-3A, 218-W-3/  218-W-4B,
218-W-4C, 218-W-5, and 218-W-6 are included in a RCRA Part B permit
application and will be closed in accordance with the TSD facility closure
requirements;

The proposed Waste Receiving and Processing (WRAP) facility, when it
begins operating, will be a TSD facility subject to a RCRA Part B permit;
and,

The Hazardous Waste Staging Area (HWSA) is a generator accumulation
activity, not a TSD facility, so it is not required to have a RCRA Part B
permit.

Two unplanned releases are located within the boundaries of waste management
units that are TSD facilities regulated under RCRA:

UPR-200-158 resulted in contamination in Solid Waste Burial Grounds 218-
W-3A and 218-W-6; and

UN-200-132 resulted in contamination in Solid Waste Burial Ground 218-
W-4C.

Three unplanned releases are indirectly associated with the 241-Z Treatment Tank
system and could considered relevant for purposes of RCRA corrective action:

UN-200-W-74;

UN-200-W-75; and
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Table 2-4. Partial Inventory of Hazardous Constituents Disposed of to the 218-W-3A,
218-W-3AE, 218-W-4C, and 218-W-5 Burial Grounds. (Sheet 1 of 3)

218-W-3A
Constitnent Minimum Inventory in kg (Ib)
Lead 6,764.10 (14,899.0)
Beryllium 0.16 (0.36)
Mercury 0.95 (2.09)
Oil 4.99 (11.00)
Xylene-toluene 213.38 (470.00)
Slaked lime 107 (31.00)
Tar 124.85 (275.00)
Copper 18.43 (40.60)
Uranium hexafluoride 0.09 (0.20)
Hexanol 317.80 (700.00)
Toluene - 2,236.86 (4,927.00)
Polyurethane 22.70 (50.00)
Cadmium 1.11 (2.44)
Naphthylamine tritium 102.15 (225.00)
Xylene/pseudocumene 13.62 (30.00)
Naphthalene 135.29 (298.00)
Pseudocumene 150.27 (331.00)
Ethylene glycol 4.99 (11.00)
Glycerine 9.99 (22.00)
Isopropanol 8.76 (19.30)
Tributyl phosphate 19.02 (41.90)
Xylene 281.03 (619.00)
Dibutyl phosphate 4.20 (9.26)
Isopropy! alcohol 30.15 (66.40)
Tetrahydro furan 0.90 (1.98)
DDCP 18.34 (40.40)
Hexane 4.99 (11.00)
Normal parafin hydrocarbons 7.40 (16.30)
Trioctyl phosphine 5. (12.90)
Acetonitrile 75.36 (166.00)
Carbon tetrachloride 7.49 (16.50)
Kerosene 3.75 (8.27)
Barium 9.08 (20.00)
Chromium 3.63 (8.00)
Silver 2.27 (5.00)
Aliquat 336 0.81 (1.79)
Butyl acetate 2.36 (5.20)
Ethanol 0.83 (1.83)
Methanol 23.84 (52.50

2T-4a
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Table 2-8. Chemicals Used in Z Plant Laboratories. (Sheet 3 of 3)

Comnonnd Name

Farge'e

- -

Tris (hydroxymethyl)Amino Methane

(CH,OH),CNH,

Xylene

C.H,(CH,), |

M Product name.

2T-8¢
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Waste Management Units. (Sheet 1 of 2)

Radionuclides

msAg
qug

254ES
ISZEu

¥Kr 2S¢
$“Mn St
Mo 182Ta
”Na *Tc
91Nb 125mT e
93mNb lZ7Te
#Nb 19mTe
%Nb lZlT e
®Ni ™Ti
®Ni BTh
237Np 234'1"h
JZP 170Tm
231Pa ZJJU
ZlZPb 234U
Zl4Pb 235U
147Pm 236U
Hpg By
Bépy A%
DoPu 87Y
2opy By
ZZ6R a %Y
Ra %Zn
“Rb $Zr
187Re

lOJRu

IMRU

35 s

lZZSb

124Sb

125Sb

126Sb

“SC

7SS e

*Se

15 lsm

llJSn

lﬂmsn

1
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Table 2-9. Radionuclides and Che  als Disposed of to Z Plant Aggregate Area

Waste Management Units. (Sheet 2 of 2)

Inorganic Ch  rals

Aluminum
Asbestos
Beryllium
Aluminum fluoride
Aluminum nitrate
Cadmium

Calcium nitrate
Chromium

Copper

Copper sulfate
Ferric nitrate
Fluoride

Lead

Magnesium nitrate
Mercury

Mercury - amalgamated
Nitrate

Nitric acid
Potassium chloride
Potassium nitrate
Silver

Slaked lime
Sodium

Organic Chemicals

Acetonitrile

Butyl acetate
Carbon tetrachloride
Charcoal

Creosote
Cyclohexane
Cyclohexanone
DDCP

Dibutyl butyl phosphonate
Dibutyl phosphate
Ethanol
Ethanolamine
Ethylene glycol
Freon II

Glycerine

Graphite

Hexane

Hexanol
Isopropanol
Kerosene

Methanol
Naphthylamine triti |
Normal paraffins

Sodjum chloride Oil

Sodium diuranate Paint thinner

Sodium fluoride Perchloroethylene

Sodi  hydroxide Polychlorinated biphenyls

Sodium nitrate Polyurethane

Sodium nitrite Pseudocumene

Sulfate .

Sulfuric acid Tetrahydrofuran

Uranium hexafluoride Toluene

Zirconjum Tributyl phosphate
Trichloroethene
Trioctyl phosphine
Vinyl chloride
Xylenes

Sources:

WIDS; Anderson et al. 1991;

2T-9b




[e < JEN B o N e L A

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

DOE/RL-91-58
Draft A

3.0 SIT™ CONDITIONS

The following sections describe the physical nature and setting of the Hanford Site,
the 200 West Area, and the Z Plant Aggregate Area. The site conditions are presented in the
following sections:

¢ Physiography and Topography (Section 3.1)

® Meteorology (Section 3.2)

¢ Surface Water (Section 3.3)

¢ Geology (Section 3.4)

¢ Hydrogeology (Section 3.5)

¢ Environmental Resources (Section 3.6)

¢ Human Resources (Section 3.7).

Sections describing topography, geology, and hydrogeology have been taken from
standardized texts provided by the Westinghouse Hanford Company (e.g., Delaney et al.
1991 and Lindsey et al. 1991) for that purpose.

3.1 PHYSIOGRAPHY AND TOPO( APHY

The following subsections describe the physical nature of the Hanford Site and the Z
Plant Aggregate Area with regard to surface features and topographic characteristics.

The Hanford Site (Figure 3-1) is situated within the Pasco Basin of southcentral
Washington. The Pasco Basin is one of a number of topographic depressions located within
the Columbia Basin Subprovince of the Columbia Intermontane Province (Figure 3-2), a
broad basin located between the Cascade Range and the Rocky Mountains. The Columbia
Intermontane Province is the product of Miocene continental flood basalt volcanism and
regional deformation that occurred over the past 17 million years. The Pasco Basin is
bounded on the north by the Saddle Mountains, on the west by Umtanum Ridge, Yakima

3-1
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the 218-W-4C Burial Ground slopes to the west and southwest. There are no natural surface
drainage channels within the Z Plant Aggregate Area.

3.2 METEOROLOGY

The following subsections provide information on Hanford Site meteorology includii
precipitation (Section 3.2.1), wind conditions (Section 3.2.2), and temperature variability
(Section 3.2.3).

The Hanford Site lies east of the Cascade Mountains and has a semiarid climate
because of the rainshadow effect of the mountains. The weather is monitored at the Hanford
Meteorology Station, located between the 200 East and 200 West Areas, and at other points
situated through the reservation. The following sections summarize the Hanford Site
meteorology.

3.2.1 Precipitation

The Hanford Site receives an annual average of 16 cm (6.3 in.) of precipitation.
Precipitation falls mainly in the winter, with about half of the annual precipitation occurring
between November and February. Average winter snowfall ranges from 13 ¢cm (5.3 in.) in
January to 0.8 cm (0.31 in.) in March. The record snowfall of 62 cm (24.4 in.) occurred in
February 1916 (Stone et al. 1983). During December through February, snowfall accounts

~ for about 38% of all precipitation in those months.

The average yearly relative humidity at the Hanford Site for 1946 to 1980 was
54.4%. Humidity is higher in winter than in summer. The monthly a for the same
period range from ”~ 2% for July to 80% in December. Atmospheric pressure ave Ies
higher in the winter months and  ord absolute highs and lows also occur  the winter.

3.2.2 Winds

The Cascade Mountains have considerable effect on the wind regime at the Hanford
Site by serving as a source of cold air drainage. This gravity drain; : results in  northwest
to west-northwest prevailing wind direction (WPPSS 1977). The average mean monthly
speed for 1945 to 1980 is 3.4 m/s (7.7 mph). Peak gust speeds range from 28 to 36 m/s (63
to 80 mph) and are generally southwest or west-southwest winds (Stone et al. 1983).
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3.3.3 Z Plant / regate Area Surface ydrology

No natural surface water bodies exist in the _ Plant Aggregate Area. The
only existing man-made surface water bodies are the 216-Z-21 Seepage Basin and the 207-Z
Retention Basin (Figure 2-11). As discussed in Section 2.3.8, the 216-Z-21 Seepage Basin is
an unlined infiltration basin located approximately 100 m southeast of the 234-5Z building.
The 207-Z Retention Basin consists of a pair of concrete-lined basins located approximately
60 m southeast of the 236-Z building.

The 200 West Area and specifically, the Z Plant Aggregate Area, is not in a
designated floodplain. Calculations of probable maximum floods for the Columbia River and
Cold Creek Watershed indicate that the 200 West Area is not expected to be inundated under
maximum flood conditions (DOE/RL 1991a). The 216-Z-21 Seepage Basin represents
minor, if any, flooding potential due to the permeable nature of the underlying soil which
allows for rapid infiltration of surface water into the ground. T! 207-Z Retention Basin
may present some potential for flooding; no current outlets from the basin v e identified.
However, the low precipitation potential (0.16 m annual average) at the site suggests little
likelihood of flooding of the 3.1 m deep basin.

3.4 GEOLOGY

The following subsections provide information pertaining to geologic characteristics of
southcentral Washington, the Hanford Site, the 200 West A, and the Z Plant Aggregate
Area. Topics included are the regional tectonic framework (Section 3.4.1), regional
stratigraphy (Section 3.4.2), and 200 West Area and Z Plant Aggregate Area geology
(Section 3.4.3).

The geologic characterization of the Hanford Site, including the 200 st Area and Z
Plant Aggregate Area is the result of many previous site investigation activities at Hanford.
These activities include the siting of nuclear reactors, characterization activities for the Basalt
Waste Isolation Project (BWIP), waste management activities, and related geologic studies
supporting these efforts. Geologic investigations have included regional and Hanford Site
surface mapping, borehole/well sediment logging, field and laboratory sediment
classification, borehole geophysical studies (including gamma radiation logging), and in situ
and laboratory hydrogeologic properties testing.
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Mountain anticline, the easternmost extension of the Umtanum Ri¢ : anticline. The Cold
Creek syncline is bounded on the south by the Yakima Ridge anticline. Both the Cold Cre:
and Wahluke synclines are asymmetric and relatively flat-bottomed structures. The north
limbs of both synclines dip gently (approximately 5°) to the south and the south limbs dip
steeply to the north. The deepest parts of the Cold Creek syncline, the Wye Barricade
depression, and the Cold Creek depression are approximately 12 km (7.5 mi) southeast of the
Hanford Site 200 Areas, and just to the west-southwest of the 200 West Area, respectively.
The deepest part of the Wahluke syncline lies just north of Gable Gap.

The 200 West Area is situated on the generally southward dipping north limb of the
Cold Creek syncline 1 to 5 km (0.6 to 3 mi) north of the syncline axis. The Gable
Mountain-Gable Butte segment of the Umtanum Ridge anticline lies approximately 4 km (2.5
mi) north of the 200 West Area. The axes of the anticline and syncline are separated by a
distance of 9 to 10 km (5.6 to 6.2 mi) and the crest of the anticline (as now exposed) is over
200 m (656 ft) higher than the uppermost basalt layer in the syncline axis. As a result, the
basalts and overlyir sedir its dip to the south and southwest beneath the 200 West Area.

3.4.1.3 Regional and nford Site Seismology. Eastern Washington, especially the
Columbia Plateau region, is a seismically inactive area when compared to the rest of the
western United States (DOE 1988). The historic seismic record for eastern Washington
began in approximately 1850, and no earthquakes large enough to be felt had epicenters on
the Hanford Site. The closest regions of historic moderate-to-large earthquake generation are
in western Washington and Oregon and western Montana and eastern Idaho. The most
significant event relative to the Hanford Site is the 1936 Milton-Freewater, Or~ 1n,
earthquake that had a magnitude of 5.75 and that occurred more than 90 km (54 mi) away.
The largest Modified Mercalli Intensity for this event was  t about 105 km (63 mi) from
the Hanford site at Walla Walla, Washington, and was VII.

Geologic evidence of past moderate or possibly large earthquake activity is shown by the
anticlinal folds and faulting associated with Rattlesnake Mountain, Saddle Mountain, and
Gable Mountain. The currently recorded seismic activity related to these structures consists
of micro-size earthquakes. The suggested recurrence rates of moderate and larger-size
earthquakes on and near the Hanford Site are measured in geologic time (tens of thousands of
years).

3.4.2 Regional Stratigraphy

The following subsections summarize regional stratigraphic characteristics of the .
Columbia River Basalt and Sup asalt sediments. Specific references to the Hanford Site

3-8
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3.4.2.2.2 Rattlesnake Ridge Interbed. The Rattlesnake Ridge interbed is bounded
on the top of the Elephant Mountain member and on the bottom by the Pomona member.
The interbed is up to 33 m (108 ft) thick and dominated by three facies at the Hanford Site:
1) a lower clay or tuffaceous sandstone, 2) a middle, micaceous-arkosic and/or tuffaceous
sandstone, and 3) an upper, tuffaceous siltstone to sandstone. The unit is found beneath most
of the Hanford Site.

3.4.2.2.3 Levey Interbed. The Levey interbed is the uppermost unit of the
Ellensburg Formation and occurs between the Ice Harbor member and the Elephant Mountain
member. It is confined to the vicinity of the 300 Area. The Levey interbed is a tuffaceous
sandstone along its northern edge and a fine-grained tuffaceous siltstone to sandstone along
its western and southern margins.

3.4.2.3 Ringold Formation. The Ringold Formation at the Hanford Site is up to 185 m
(607 ft) thick in the deepest part of the Cold Creek syncline south of the 200 West Area and
170 m (558 ft) thick in the western Wahluke syncline near the 100-B Area. The Ringold
Formation pinches out against the Gable Mountain, Yakima Ridge, Saddle Mountains, and
Rattlesnake Mountain anticlines. It is largely absent in the northern and northeastern parts of
the 200 East Area and adjacent areas to the north in the vicinity of West Pond. The Ringold
Formation is assigned a late Miocene to Pliocene age (Fecht et al. 1987; DOE 1988).

Recent studies of the Ringold Formation (Lindsey and Gaylord 1989) indicate that it
is best described and divided on the basis of sediment facies associations and their
distribution. Facies associations in the Ringold Formation (defined on the basis of lithology,
petrology, stratification, and pedogenic alteration) include fluvial gravel, fluvial s 1,
overbank deposits, lacustrine deposits, and alluvial fan. The facies associations are
sumn ‘zed as follows:

o Fluvial gravel - Clast-supported granule to cobble gravel with a sandy matrix
dominates the association. Intercalated sands and muds also are found. Clast
composition is very variable, with common types being basalt, quartzite,
porphyritic volcanics, and greenstones. Silicic plutonic rocks, gneisses, and
volcanic breccias also are found. Sands in this association are generally
quartzo-feldspathic, with basalt contents generally in the range of 5 to 15%.
However, basalt contents as high as 25% (or locally more) are encountered.
Low angle to planar stratification, massive channels, and large-scale cross-
bedding are found in outcrops. The association was deposited in a gravelly
fluvial system characterized by wide, shallow shifting channels.
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o Fluvial sand - Quartzo-feldspathic sands displaying cross-bedding and cross-
lamination in outcrop dominate this association. These sands usually contain
less than 15% basalt. Intercalated strata consist of lenticular silty sands and
clays up to 3 m (10 ft) thick and thin (<0.5 m) gravels. Fining upwards
sequences less than 1 m (3.3 ft) to several meters thick are common in the
association. Strata comprising the association were deposited in wide, shallow
channels incised into a muddy floodplain.

o Overbank - This association dominantly consists of laminated to massive silt,
silty fine-gained sand, and paleosols containing variable amounts of calcium
carbonate. These sediments record deposition in a floodplain under proximal
levee to more distal floodplain conditions.

o Lacustrine - Plane laminated to massive clay with thin silt and silty sand
interbeds displaying some soft-sediment deformation characterize this
association. Coarsening upwards packages less than 1 m (3.3 ft) to 10 m (33
ft) thick are common in the association. Strata comprising the association
were deposited in a lake under standing water to deltaic conditions.

o Alluvial fan - Massive to crudely stratified, weathered to unweathered basaltic
detritus dominates this association. This association was deposited largely by
debris flows in alluvial fan settings.

The lower half of the Ringold Formation contains five separate stratigraphic intervals
dominated by fluvial gravels. TI graw s, ignated units, A, B, =, and E
(Figure 3-13), are separated by intervals containing deposits typical o o bank and
lacustrine facies associations. The lowermost of the fine-grained sequences, overlying unit
A, is designated the lower mud sequence. The uppermost gravel unit, unit E, grades
upwards into interbedded fluvial sand and overbank deposits. These sands and overbank
deposits are overlain by lacustrine-dominated strata.

Fluvial gravel units A and E correspond to the lower basal and middle Ringold units
respectively as defined by DOE (1988). Gravel units B, C, and D do not correlate to any
previously defined units. The lower mud sequence corresponds to the upper basal and lower
units as defined by DOE (1988). The upper basal and lower units are not differentiated.
The sequence of fluvial sands, overbank deposits, and lacustrine sediments overlying unit E
corresponds to the upper unit as seen along the White Bluffs in the eastern Pasco Basin.
This essentially is the same usage as originally proposed by Newcomb (1958) and Myers et

al. (1979). ‘
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The upper unit of the Ringold Formation is present only in the western, northern, and
central portion of the 200 West Area (Figures 3-16, 3-18 through 3-20, 3-28, and 3-29).
Where the upper unit is present, the top generally dips to the south-southwest. The upper
unit is absent on the west central and southern parts of the Z Plant Aggregate Area. The
upper unit reaches of thickness of about 12 to 15 meters (40 to 50 feet) at the northwest and
northeast corners of the Z Plant Aggregate Area, and just north of the main Z Plant building
complex.

3.4.3.3 Plio-Pleistocene Unit. The  “onate-rich strata of the Plio-Pleistocene unit largely
is restricted to the vicinity of 200 West Area, pinching out near the northern, eastern, and
southern boundaries of the area (Figures 3-30 and 3-31). Thickness variations in the unit
are very irregular. It is thickest in the southeast, southwest, and northcentral parts of the
200 West Area while it thins in the south-central and central parts of the area. Relatively
thick portions of the unit (up to about 8 meters (25 feet)) also occur near the main Z Plant
building complex, and near the northern boundary of the aggregate area (about 12 meters (39
feet)). Several prominent thin areas (about 1.5 meters (5 feet) or less) occur south and west
of the main Z Plant building complex. Although undocumented, potential eroded zones
through the unit may exist, especially where the unit thins. The top of the unit generally
dips to the southwest, although irregularities occur, especially in the southern part of the Z
Plant Aggregate Area. In addition, fracturing in the carbonate is potentially common and
interbedded carbonate-poor lithologies are found at many locations.

3.4.3.4 Pre-Missoula Gravels. As discussed in the Regional Stratigraphy section (Section
3.4.2) the Pre-Missoula Gravels are present only in the eastcentral Cold Creek syncline and
at the east end of Gable Mountain anticline east and south of the 200 East Area. The gravels
have not been identified in the 200 West Area.

3.4.3.5 T rly "Palouse" Soil. Like the Plio-Pleistocene unit, the early "Palor " soil is
largely restricted to the vicinity of the 200 West Area (Figures 3-32 and 3-33). The unit
pinches out in the west-central part of the 200 West Area and near the southern, eastern, and
northern boundaries. Limited data from a small number of boreholes located west of the 200
West Area suggest that the unit extends to the west. The early "Palouse" Soil is also
apparently absent at two locations within the 200 West Area, north and west of the main Z
Plant building complex in the Z Plant Aggregate Area. The thickness of the Early "Palouse"
Soil in the 200 Areas varies irregularly. The unit is thickest in the southeast and southwest
parts of the 200 West Area. Within the Z Plant Aggregate Area, the unit reaches a thickness
of about 6 to 5.5 meters (15 to 18 feet) in the southern part of the aggregate area. Across
the 200 Areas, the top of the unit dips to the south, although it becomes fairly irregular over
the southern part of the Z Plant Aggregate Area.
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Although carbonate is present in the unit in the 200 Areas, no obvious caliches like
those seen in the underlying Plio-Pleistocene unit are documented. The loess-like sediments
of the early "Palouse" soil are uncemented.

3.4.3.6 Hanford Formation. As discussed in the regional geology section, the cataclysmic
flood deposits of the Hanford formation are divided into three facies, gravel-dominated,
sand-dominated, and slackwater. Typical lithologic successions consist of fining upwards
packages, major fine-grained intervals, and laterally persistent coarse-grained sequences.
Mineralogic and § chemical data were not used in differentiating units because of the lack
of a comprehensive mineralogic and geochemical data set. The Hanford formation is divided
into two units, upper coarse-grained and lower fine-grained, based on lithology. These are
essentially the same units as defined in Last et al. (1989). Neither of these units are
continuous across the entire 200 West Area, they both display marked changes in thickness
and continuity, and they are very heterogeneous.

The lower fine-grained unit of the Hanford formation in the 200 West Area is thick,
but locally discontinuous (Figures 3-34 and 3-35). The lower unit is O to 32 m (O to 105 ft)
thick and consists dominantly of silt, silty sand, and sand typical of the slackwater facies
interbedded with coarser sands like those comprising the sand-dominated facies. This lower
unit is cross-cut in places by vertical clastic dikes. These dikes, believed to be the product
of dynamic loading from floodwaters, are distributed randomly roughout this lower unit.
They are commonly filled with fine sands and silts and oriented near vertical. Thin (<3 m,
10 ft) intervals dominated by the gravel facies are found locally. The distribution of facies
within the unit is variable, although the unit generally nes to the south where sla  water
deposits become more common. ... lower unit is not present over much of the northern
part of the 200 West Area, and an area which includes the central north-south spine of the Z
Plant Aggregate Area. Eroded zones through the lower fine unit are present to the east and
west of the southern part of the Z Plant Aggregate Area. The eroded zones are elongate in a
north-south direction. The lower unit dips irregularly across the 200 West Area. The lower
unit is up to about 19 meters (62 feet) thick toward the western edge of the Z Plant
Aggregate Area, and generally dips to the north, toward the area where the unit is not
present.

The upper coarse-grained unit of the Hanford formation consists of interstratified
gravel, sand, and lesser silt. Gravel-dominated deposits typical of the gravel facies generally
dominate the upper unit. However, at some localities the unit is dominated by deposits
typical of the sand-dominated facies that consists of sand containing lesser silt and gravel.
Minor silty deposits such as those forming the slackw. r facies are found locally. The
thickness and distribution of these facies is very varial : Fining upwards sequences going v
from coarser to finer gravel and gravel, sand and/or silt are present at some locations. The .
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upper coarse unit is up to 45 m (148 ft) thick and laterally discontinuous, being found in the
northern, east-central, and eastern parts of the area (Figures 3-36 and 3-37). Local areas
occur where thickness of the upper coarse unit exceeds 38 meters (125 feet), including the
southern part of the Z Plant Aggregate Area. The base of the upper coarse unit is incised
into the underlying lower fine unit, and fills scour areas where the lower unit is absent. The
contact between the upper coarse unit and underlying strata is generally sharp, consisting of
gravel facies strata overlying the fines of the lower unit, the early Palouse soil, and the Plio-
Pleistocene unit. Over most of the Aggregate Area the top of the upper coarse-grained unit
of the Hanford formation is at the ground surface.

3.4.3.7 Holocene Surficial Deposits. Holocene-age surficial deposits in the 200 West Area
are d¢ nated by eolian sands. These deposits have been removed from much of the area by
construction activities. Where the eolian sands are found they tend to consist of

thin (<3 m, 10 ft) sheets that cover the ground (Figure 3-38). Dunes are not generally well
developed within the 200 West Area. In the Z Plant Aggregate Area these Holocene deposits
are found only in localized areas.

3.5 HYDROGEOLOGY

The following subsections present discussions of regional hydrogeology (Section
3.5.1), Hanford Site hydrogeology (Section 3.5.2), and Z Plant Aggregate Area
hydrogeolc ' (Section 3.5.3). Sections 3.5.2 and 3.5.3 also discuss Hanford Site and Z
Plant Aggregate Area vadose zone characteristics.

3.5.1 Regional Hydrogeology

The hydrogeology of the Pasco Basin is characterized by a multiaquifer syst it
consists of four hydrogeological units that correspond to the upper three formations of the
Columbia River Basalt Group (Grande Ronde Basalt, Wanapum Basalt, and Saddle
Mountains Bas: ) and the suprabasalt sediments. The basalt aquifers consist of the tholeiitic
flood basalts of the Columbia River Basalt Group and relatively minor amounts of
intercalated fluvial and volcaniclastic sediments of the Ellensburg Formation. Confined
zones in the basalt aquifers are present in the sedimentary interbeds and/or interflow zones
that occur between dense basalt flows. The main water-bearing portions of the interflow
zones are networks of interconnecting vesicles and fractures of the flow tops and flow
bottoms (DOE 1988). The suprabasalt sediment or uppermost aquifer system consists of
fluvial, lacustrine, and glaciofluvial sediments. This aquifer is regionally unconfined and is
contained largely within the Ring« 1 Formation and Hanford formation. The position of the
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direction is then describ¢ by a modified rm of Darcy’s law commonly r 1 1to as
Richards’ Equation (Hillel 1971) as follows:

q = K() x d¢/30 x d6/3x (Richards’ Equation)

° K(6) is the water-content-dependent unsaturated hydraulic conductivity in cm/s

. d¢/ a6 is the slope of the soil-moisture retention curve () at a particular
volumetric moisture content @ (a soil-moisture retention curve plots volumetric
moisture content observed in the tield or laboratory against suction values for
a particular soil, see Figure 3-41 from Gee and :ller 1985] for an example)

. d0/dx is the water content gradient in the x direction.

More complicated forms of this equation are also available to account for the effects
of more than one dimensional flow and the effects of other driving forces such as gravity.

The usefulness of ichards’ Equation is that knowing the moisture content distributic
in soil, having measured or estimated values for the unsaturated hydraulic conductivity
corre Hnding to these )Histure contents, and having developed a moisture retention curve
for this soil, one can calculate a steady state moisture flux. With appropriate algebraic
manipulation or numerical methods, one could also calculate the moisture flux under transient
conditions. .

In practice, applying Richards’ Equation is quite difficult because the various
parameters involved are difficult to measure and because soil properties vary depending on
whether the soil is wetting or drying. As a result, soil heterogeneities affect unsaturated flow
even more than saturated flow. Several investigators at the Hanford Site have measured the
vadose zone moisture flux directly using lysimeters (e.g., Rockhold et al. 1990; Routson and
Johnson 1990). These direct measurements are discussed in Section 3.5.2.2 under the
heading of natural groundwater recharge.

An alternative to direct measurement of unsaturated hydraulic conductivity is to use
theoretical methods which predict the conductivity from measured soil moisture retention

data.

Thirty-five soil samples from the 200 West Area have had moisture retention data
measured. These samples were collected from Wells 299-W18-21, 299-W15-16, 299-W15-2,
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contaminant plume movement near a prototype single-shell tank was evaluated using a
numerical computer code. Smoot el al. (1989) used the UNSAT-H one-dimensional finite-
difference unsaturated zone water flow computer code to predict the precipitation infiltration
for several different soil horizon combinations and - aracteristics. The researchers used
statistically generated precipitation values which were based on actual daily precipitation
values recorded at the Hanford Site between 1947 and 1989 to simulate precipitation
infiltration from January 1947 to December 2020. The same authors also used the
PORFLO-3 computer code to simulate '*Ru and *’Cs movement through the unsaturated
zone.

Smoot et al. (1989) concluded that 68 to 86% « the annual precipitation infiltrated
into a gravel-capped soil column while less than 1% of the annual precipitation infiltrated
into a silt loam-capped soil column. For the gravel-capped soil column, the simulations
showed the '%Ru plume approaching the water table after 10 years of simulated precipitation
infiltration. The simulated '*’Cs plume migrated a substantially shorter distance due to
greater adsorption on soil particles. In both cases, :simulated plume iigration scenarios
are considered to be conservative due to the relatively low soil absorption coefficients used
for the study.

Graham et al. (1981) estimated that historical a ficial recharge from liquid waste
disposal in the 200 (Separations) Areas exceeded all natural recharge by a factor of ten. In
the absence of ongoing artificial recharge, i.e., liquid waste disposal to the soil column,
natural recharge could potentially be a driving force for mobilizing contaminants in the
subsurface. Natural sources of recharge to the vadose zone and the underlying water table
aquifer are discussed in Se on 3.5.2.2. Additional discussion of the potential for natural
and artificial recharge to mobilize subsurface contaminants is presented in Section 4.2.

Another facet of moisture migration in the vadose zone is moisture retention above
the water table. Largely due to capillary forces, some portion of the moisture percolating
down from the ground surface to the unconfined aquifer will be held against gravity in soil
pore space. Finer-grained soils retain more water (against the force of gravity) on a
volumetric basis than coarse-grained soils (Hillel 1971). Because unsaturated hydraulic
conductivity increases with increasing moisture content, finer-grained soils may be more
permeable than coarse-grained soils at the same water content. Also, because the moisture
retention curve for coarse-grained soils is generally quite steep (Smoot et al. 1989), the
permeability contrast between fine-grained and coarse-grained soils at the same water content
can be substantial. The occurrence of interbedded fine-grained and coarse-grained soils may
result in the formation of "capillary barriers” and can in turn lead to the formation of
perched water zones. General conditions leading to the formation of perched water zones at
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the Hanford Site are discussed in Subsection 3.5.2.1.2. Potential perched water zones in the
Z Plant Aggre 1te Area are discussed in Subsection 3.5.3.1.2.

3.5.2.1.2 Perched Water Zones. Moisture moving downward through the vadose
zone may accumulate on top of highly cemented horizons and may accumulate above the
contact between a fine-grained horizon and an underlying coarse-grained horizon as a result
of the "capillary barrier" effect. If sufficient moisture accumulates, the soil pore space in
these perching zones may become saturated. In this case, the capillary pressure within the
horizon may locally exceed atmospheric pressure, i.e., a water table condition may develop.
Additio: " input of downward percolating moisture to this horizon may lead to a hydraulic
head buildup above the top of the horizon. Consequently, a monitoring well screened within
or above this horizon would be observed to contain free water.

The la -al extent and composition of the Plio-Pleistocene and early "Palouse” soil
units may provide conditions amenable to the formation of perched water zones in the vadose
zone above the unconfined aquifer. The calcrete facies of the Plio-Pleistocene unit,
consisting of calcium-carbonate-cemented silt, sand, and gravel, is a potential perching
horizon due to its likely low hydraulic conductivity. However, the Plio-Pleistocene unit is
typically fractured and may have erosional scours in some areas, potentially allowing deeper
infiltration of groundwater, a factor which may limit the lateral extent of accumulated
perched groundwater. The early "Palouse” soil horizon, consisting of compact, loess-like silt
and minor fine 1iined sand, is also a likely candidate for accumulating moisture percolating
downward thro 1 the sand and gravel-dominated Hanford formation.

An example of perching conditions is a perched zone that appears to exist under the
216-U-1 and 216-U-2 Cribs area and extends at least as far as the 216-U-16 Crib. The zone
apparently exists because of historical waste water disposal to the 216-U-16 Crib. No wells
appear to screen this zone in this portion of the site. The existence of the perched zo. was
inferred from the detection of contaminants disposed of to the 216-U-1 and 216-U-2 Cribs in
a groundwater monitoring well completed downgradient of the 216-U-16 Crib.

Another area of known perched water is below the active portion of the 216-U-14
Ditch approximately 150 m southeast of the 241-U Tank Farm. Wells 299-W19-91, -92, and
-93 are screened in the same stratigraphic position at depth of about 30 to 36 m (100 to 120
ft) below ground surface (bottom of screened interval elevation around 169 m (555 ft) above
mean sea level). This elevation is about 3 m (10 ft) above the top of the early Palouse soil,
based on the contours shown on Figures 3-25 and 3-31, and, thus, is located in the Hanford
formation. Water levels in these wells were measured in December 1989 through September
1990 with the result that Wells 299-W19-91 and 299-W19-92 had an average water level of
172 m (563 ft) above sea level and Well 299-W19-93 (the most southerly of the three) had a
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level of about 176 m (576 ft), some 4 m (13 ft) higher. The water levels measured in these
wells are probably indicative of perched water zones in the early Palouse soil above
impermeable caliche layers in the Plio-Pleistocene unit.

Apparently the calcareous cementation in the Plio-Pleistocene unit greatly reduces the
permeability. The downward movement of water is thereby inhibited and perched water
zones may locally form.

3.5.2.1.3 Unconfined Aquifer. The uppermo aquifer system in the 200 Areas
occurs primarily within the sediments of the Ringold Formation and Hanford formation. In
the 200 West Area the upper aquifer is contained within the Ringold Formation and displays
unconfined to locally confined or semiconfined conditions. In the 200 East Area the upper
aquifer occurs in the Ringold Formation and Hanford formation. The depth to groundwater
in the upper aquifer underlying the 200 Areas ranges from approximately 60 m (197 ft)
beneath the former U Pond in 200 West Area to approximately 105 m (340 ft) west of the
200 East Area. The saturated thickness of the unconfined aquifer ranges from approximately
67 to 112 m (220 to 368 ft) in the 200 West Area and approximately 61 m (200 ft) in the
southern 200 East Area to nearly zero in the northeastern 200 East Area where the aquifer
thins out and terminates against the basalt located above the water table in that area.

The upper part of the uppermost aquifer in the 200 West Area consists of generally
unconfined groundwater within the Ringold unit E. ..e lower part of the uppermost aquifer
consists of confined to semi-confined groundwater within e gravelly sediments of Ringold
unit A. The Ringold unit A is generally confined by fine-grained sediments of the lower
mud sequence. The thickness of this confined zone ranges from greater than 38 m (125 ft)
in the southeastern portion of the 200 West Area to ne: y zero where it pinches out just
north of the northern 200 West Area boundary. The lower mud sequence confining zone
overlying unit A is up to 30 m (100 ft) thick below e south-central section of the 200 West
Area before pinching out in the northeastern corner of e 200 West Area. Where it is
absent, the Ringold units A and E combine to form a single thick unconfined ac fer.

Due to its importance with respect to contaminant transport, the unconfined aquifer is
generally the most characterized hydrologic unit beneath the Hanford Site. A number of
observation wells have been installed and monitored in the unconfined aquifer. Additionally,
in situ aquifer tests have been conducted in a number of the unconfined aquifer monitoring
wells. Results of these in situ tests vary greatly depending on the »>llowing:

o Horizontal position/location between areas across the Hanford Site and even
smaller areas (such as across portions of the 200 Areas)
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. Depth, even within a single hydrostratigraphic unit
o Analytical methods for estimating hydraulic conductivity.

Details regarding this aquifer system can be found in the 200 West Groundwater
AAMSR.

3.5.2.2 Natural Groundwater Recharge. Sources of natural recharge to ‘oundwater at
the Hanford Site include precipitation infiltration, runoff from higher bordering elevations
and subsequent infiltration within the Hanford Site boundaries, water infiltrating from small
ephemeral streams, and river water infiltrating along influent reaches of the Yakima and
Columbia Rivers (Graham et al. 1981). The principal source of natural recharge is believed
to be precipitation and runoff infiltration along the periphery of the Pasco Basin. Small
streams such as Cold Creek and Dry Creek, west of the 200 West Area, also lose water to
the ground as they spread out on the valley plain. Considerable debate exists as to whether
any recharge to groundwater occurs from precipitation falling on broad areas of the 200
Areas Plateau.

Natural precipitation infiltration at or near waste management units or unplanned
releases may provide a driving force for the mobilization of contaminants previously
introduced to surface or subsurface soils. For this reason, determination of precipitation
recharge rates at the Hanford Site has been the focus of many previous investigations.
Previous field programs have been designed to assess precipitation, infiltration, water storage
changes, and evaporation to evaluate the natural water balance during the recharge process.
Precipitation recharge values ranging from 0 to 10 cm/yr have been estimated from various
studies.

.«& primary factors affecting precipitation recharge appear to be surface soil type,
vegetation type, topography, and year-to-year variations in seasonal precipitation. A
modeling analysis (Smoot et al. 1989) indicated that 68 to 86% of the p ipitation falling on
a gravel-covered site might infiltrate to a depth greater than 2 m (6 ft). As discussed below,
various field studies suggest that less than 25% of the precipitation falling on typical Hanford
Site soils actually infiltrates to any depth.

Examples of precipitation recharge studies include:
o A study by Gee and Heller (1985) described various models used to estimate
natural recharge rates. Many of the models use a water retention relationship

for the soil. This relates the suction required to remove (or move) water to its
dryness (saturation or volumetric moisture content). Two of these have been
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developed by Gee and Heller (1985) for soils in lysimeters on the Hanford
Site. As an example of available data, the particle size distribution and the
water retention curves of these two soils are shown on Figure 3-41.
Additional data and information about possible models for unsaturated flow
may be found in Brownell et al. (1975), and Rockhold et al. (1990).

Moisture contents have been obtained from a number of core-barrel samples in
the 200 Areas (East and West) and varied from | to 18%, with most in the
range of 2 to 6% (Last et al. 1989). The data appear to indicate zones of
increased moisture content at depth that could be interpreted as signs of
moisture transport. A number of the bc :holes that this study used (for
moisture content or other parameters) are located in the vicinity of the Z Plant
Aggregate Area burial grounds.

A lysimeter study reported by Routson and Johnson (1990) was conducted at a
location 1.6 km south of the 200 East Area. During much of the lysimeters’
13-year study period between 1972 and 1985, the surface of the lysimeters
were maintained unvegetated with herbicides. No information regarding the
soil types in the lysimeters was found. To a precision of +/- 0.2 cm, no
downward moisture movement was observed in the instruments during periodic
neutron-moisture measurements or as a conclusion of a final soil sample
collection and moisture content analysis episode.

An assessment of precipitation recharge involving the redistribution of *’Cs in
vadose zone soil v also reported by Routson and Johnson (1990). In this
study, split-spoon soil samples were collected beneath a solid waste burial
trench in the T Plant Aggregate Area. The trench, apparently located just
south and west of the 218-W-3AE Burii Ground, received soil containing
BCs from an unspecified spill. Cesium-137 was not detected below the
bottom of the burial trench. However, increased '*’Cs activity was observed
above the top of the waste fill which Routson and Johnson concluded indicated
that net negative recharge (loss of soil moisture to evapotranspiration) had
occurred during the 10-year burial period.

Sparse Russian thistle was observed at the burial trench area in 1980.
Rockhold et al. (1990) noted that '*’Cs appears to strongly sorb to Hanford
Site soils indicating that the absence of the radionuclide at depth below the
burial trench may not support the conclusion that no downward moisture
movement occurred.
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waste management units. Correspondingly greater historical groundwater impacts would be
expected beneath the U Ponds.

Currently, an estimated 1.5 x 107 L/yr of liquid are discharged to sanitary tile fields
clustered around the Z Plant complex and approximately 5 x 10* L/yr are discharged to the
216-Z-20 Crib and the 216-Z-21 Seepage Basin east of the Z Plant Bui ng complex. These
values may be as much as 15 percent of the annualized discharge rate (approximately 4 x 10’
L/yr) to the 216-U-10 Ponds System for the period 1944 to 1985. _aerefore, continuing Z
Plant complex wastewater discha s may contribute to the main 1ance of the groundwater
mound identified in the southern part of the Z Plant Aggrega Area.

3.6 ENVIRONN “NVTAL RESOURCES

The following subsections provide information regarding Hanford Site environmental
resources including flora fauna (Section 3.6.1), land v (Section 3.6.2), and water use
(Section 3.6.3).

The Hanford Site is characterized as a cool desert or a shrub-steppe and supports a
biological community typical of this environment.

3.6.1 Flora and Fauna

The 200 Areas Plateau is represented by a nun 2r of plant, mammal, bird, reptile,
amphibian, and insect species as discussed below.

3.6.1.1 Vegetation of the 200 Areas Plateau. The vegetation of the 200 Areas Plateau is
characterized by native shrub steppe interspersed with large areas of disturbed ground with a
dominant annual grass component. The native stands are classified as an Artemisia
tridentatal Poa sandbergii - Bromus tectorum community (Rogers and Rickard 1977) meaning
that the dominant shrub is Big Sagebrush (Artemisia tridentata) and the understory is
dominated by the native Sandberg’s Bluegrass (Poa sandbergii) and the introduced annual
Cheatgrass (Bromus tectorum). Other shrubs that are  ically present include Gray
Rabbitbrush (Chrysothamnus nauseosus), Green Rabb  1sh (C. viscidiflorus), Spiny
Hopsage (Grayia spinosa), and occasionally Antelope Bitterbrush (Pursia tridentata). Other
native bunchgrasses that are typically present include Bottlebrush Squi :lta (Siranion
hystrix), Indian Ricegrass (Oryzopsis hymenoides), Needle-and  read stipa comata), and
Prairie Junegrass (Koleria cristata). Common and important herbaceous species include
Turpentine cymopteris (Cymopteris terebinthinus), Globemallow (Spheracea munroana),
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balsamroot (Basamorhiza careyana), several Milkvetch species (Astragalus caricinus, A.
sclerocarpus, A. succumbens), Long-leaf Phlox (Phlox longifolia), the common Yarrow
(Achillea millifolium), Pale Evening-primrose (Oenothera pallida), Thread-leaf phacelia
(Phacelia linearis), and several Daisy/Fleabane Species (Erigeron poliospermus, E. Filifolius,
and E. pumilus). In all, well over 100 plant species have been documented to occur in native
stands on the 200 Areas Plateau.

Disturbed communities on the 200 Areas Plateau are primarily the result of either
mechanical disturbance or range fires. Mechanical disturbance, including construction
activities, soil borrow areas, ro: clearings, and fire breaks, results in drastic cha: s to the
plant community. This type of disturbance usually entails a complete loss of soil structure
and total disruption of nutrient cycling. The principle colonizers of mechanically disturbed
areas are the annual weeds Russian Thistle (Salsola kali), Jim Hill Mustard (Sisymbrium
altissimum), and Bur-ragweed (Ambrosia acanthicarpa). 1f no further disturbance occurs, the
areas will eventually become dominated by cheatgrass. All of these annual weeds are
occasionally found in native stands, but only at relatively low frequencies.

Range fires also have dramatic effects on the overall ecosystem, the most obvious
being the complete removal of Sagebrush from the community, and the rapid increase in
cheatgrass coverage. Unlike the native grasses, the other important shrubs, and many of the
perennial herbaceous species, Sagebrush is unable to resprout from rootstocks after being
burned. Therefore, there is no dominant shrub component in burned areas until Sagebrush is
able to become re-established from seed. Burning also opens the community to the invasion
by cheatgrass which is capable of quickly utilizing the nutrients that are released through
burning. The extensive cover of cheatgrass may then prevent the re-establishment of many
of the native species, including Sagebrush. The species richness in formerly burned areas is
usually much lower than in native stands, often consisting of only Cheatgrass, Sandberg’s

s, -.Jssian thistle, and Jim Hill Mustard, with» y few other species.

The vegetation in and around the ponds and ditches on the 200 Areas Plateau is
signif  ntly different from that of the surrounding dryland areas. Several tree species are
present, especially Cottonwood (Populus trichocarpa) and Willows (Salix spp.). A number
of wetland species area also present including several sedges (Carex spp.), bulrushes (Scirpus
spp.), Cattails (Typha latifolia and T. angustifolia), and pond-weeds (Potamogeton spp.).

3.6.1.2 Plant Species of Concern. The Washington State Department of Natural
Resources, Natural Heritage Program classifies rare plants in the State of Washington in
three different categories, depending on the overall distribution of the taxon and the state of
its natural habitat. These categories are: Endangered, which is a "vascular plant taxon in
danger of becoming extinct or extirpated in Washington within the near future if factors
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to excavate and bring up material from as far down as 4.6 to 6.1 m (15 to 20 ft). Other
major groups of insects include bees, butterflies, and scarab beetles. Insects impact the
surrounding plant community as well as serving as the prey base for many species of birds,
reptiles, and mammals.

3.6.1.4 Wildlife Species of Concern. Some animals which inhabit the Hanford Site have
been given special status designations by the state and federal government. Some of these
designations include state and federal threatened and endangered species, federal candidate,
state monitor, state sensitive, and state candidate species. Species listed in Table 3-4 as state
and/or federal threatened and endangered such as the bald eagle (Haliaeetus leucocephalus),
peregrine falcon (Falco peregrinus), American white pelican (Pelecanus erythroryhnchos),
ferruginous hawk (Bureo regalis), and sandhill crane (Grus canadensis) do not inhabit the
200 Areas. The bald eagle and American white pelican utilize the Columbia River and
associated habitats for roosting and feeding. Peregrine talcons and sandhill cranes fly over
the Hanford Site during migration. Ferruginous hawks nest on the Hanford Site but nesting
has not been documented for this species on the 200 Areas Plateau. Other species listed in
Table 3-4 as state and/or federal candidates and state monitor species such as burrowing
owls, Great Blue Herons, Prairie falcons (Falco mexicanus), Sage sparrows, and Loggerhead
shrikes are not uncommon to the 200 Areas Plateau.

3.6.2 Land Use

The Z Plant Aggregate Area is : location of the Z Plant building complex and its
attendant facilities (e.g., 234-5Z Building, 231-Z Building, 242-Z Building and other
structures) and the 218-W Solid Waste Burial Grounds.

activities at the Z Plant included plutonium separation from waste streams
generated in other 200 Areas facilities and plutonium and americium recovery from in-plant
waste streams. Historically, liquid waste generated in Z Plant was disposed of to various
land disposal units. Low-level and mixed waste from Z Plant, other Hanford facilities, and
off-site facilities was deposited in the 218-W Burial Grounds. Various storage facilities,
offices, and laboratories are also located in Z Plant. Waste management units that remain
active are noted in Table 2-1.

3.6.3 Water Use

There are no consumptive use of groundwater within the 200 West Area. Water for
drinking and emergency use, and facilities process water is drawn from the Columbia River,
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treated, and imported to the 200 West Area. The nearest wells used to supply drinking we
are located at the Yakima barricade, about 5 km west the 200 West Area, and near the
Fast Flux Test Facility in the 400 Area, about 32 km to the southeast. The nearest water
supply wells are located off site about 15 km to the northwest. These wells obtain their
water from the basalt and the basalt interbeds (The : well and Ste. Michelle No. 1 and
No. 2). The latter wells are reportedly used for irrigation although they may also be used to
supply drinking water.

3.7 HUMAN RESOURC S

The environmental conditions at the Z Plant Aggregate Area must be evaluated in
relationship to the surrounding population centers and other human resources. The fi owing
sub tions provide an overview of the demography (Section 3.7.1), archaeology (Section
3.7.2), historical resources (Section 3.7.3), and community involvement (Section 3.7.4)
relating to the Hanford Site and the Z Plant Aggregate Area.

3.7.1 Demography

There are no residences on the Hanford Site.  1e nearest inhabited residences are
farm homes on land located 21 km (13 mi) north « the Z Plant Aggregate Area. There are
approximately 258,000 people living within a 80 km (50 mi) radius of the 200 Areas plateau.
The primary population centers are the cities of Richland, Kennewick, and Pasco, located
southeast of the Hanford Site, Prosser to the south, Sunnyside to the southwest, and _ :nton
City to the southeast.

3.7.2 Archaeology

An archaeologic survey has been conducted of undeveloped portions of the 200 West
Area by the Hanford Cultural Resources Laboratory. Isolated artifacts and sites of interest
were identified in the 200 West Area but not within 1 Z Plant Aggregate Area. The closest
site of interest is the remains of the White Bluffs Ro:  located approximately 1.6 km (1 mi)
northwest of the aggregate area, which was previously an Indian trail.
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3.7.3 Historical Resources

The only historic site in 200 West Area is the old White Bluffs freight road whi
crosses diagonally through the vicinity. This site is not considered to be eligible for the
National Register.

3.7.4 Community Involvement

A Community Relations Plan (CRP) (Ecology et al. 1989) has been developed for the
Hanford Site Environmental Restoration Program which includes any potentially affected
community with respect to the Z Plant AAMS. The CRP includes a discussion on analysis

of key community concerns and perceptions regarding the project, along with a list of all
interested parties.

SECT-3.FR
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Figure 3-42. 200 Areas Water Table Map,
June 1990 (Kasza et al. 1990).
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4.0 PRELIMINARY CONCEPTUAL SITE MODEL

Section 4.1 presents the chemical and radiological data obtained from the
documents reviewed for each waste management unit. These data, along with physical
descriptions of the waste management units (Section 2.0) and descriptions of the
surrounding environment (Section 3.0) are evaluated in Sections 4.2 and 5.0 in order to
qualitatively assess the potential impacts of the contamination to human health and to
the environment. This information is also used to identify applicable or relevant and
appropriate requirements (ARARs) (Section 6.0). Contaminant information is assessed
in Section 7.0 to provide a basis for selecting remediation technologies which can be
implemented at the sites.

Contaminants released into the environment at a waste management unit may
migrate from the point of release into other types of media. The potentially affected
media in the Z Plant Aggregate Area include surface soil, surface water, vadose zone soil
and perched groundwater, air, and biota. The media that are affected at a specific waste
management unit will depend upon the quantities, chemical and physical properties of
the material that was released, and the subsequent site history.

4.1 KNOWN AND SUSPECTED CONTAMINATION

There are two major categories of radiological and chemical data for the Z Plant
Aggregate Area: data applicable to individual waste management units and Unplanned
Releases, and area-wide environmental data that are usetful in characterizing regional
cont. ~ ition trends. S¢ : waste management units and ~ " 1planned Releases have
been the subject of chemical and radiological studies in the past. However, many of
these studies were limited in scope and did not provide a comp iensive analysis of the
character and distribution of the contamination at the waste management unit locations.
Types of organic/inorganic chemical and radiological data reviewed for Z Plant Aggregate
Area waste management units are summarized in Table 4-1. The data presented in
Table 4-1 were obtained from surface radiological surveys, external radiation dose rate
monitoring, soil and sediment sampling, groundwater sampling, biota sampling, and
borehole geophysics. To supplement the radiological and chemical data, waste inventory
information indicative of contamination at waste management units is also included in the
evaluation of known and suspected contaminants. Historical waste inventory data are
detailed in Section 2.0 of this report (Tables 2-1 through 2-3). As discussed in Section
2.0, historical information was obtained from the WIDS (WHC 1991a) and other sources
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of waste inventory data. It should be emphasized that Table 4.1 only summarizes what
types of data were found during review of documents for this report. The table does not
indicate the sufficiency of the data, either in terms of quality or quantity. These concerns
are addressed in Section 8.0.

In addition to these unit-specific data, there are area-wide data that may not be
directly applicable to specific waste management units within the Z Plant Aggregate
Area. The primary sources of this genc 1l environmental information are the
Environmental Surveillance Annual Monitoring Reports for the 200/600 Areas by
Rockwell Hanford Operations (RHO) (Elder et al. 1986 and 1987), and Westinghouse
Hanford Company (WHC) (Elder et al. 1988 and 1989, Schmidt et al. 1990 and 1991).
The annual reports describe several different sampling and survey programs including
surface soil sampling, external radiation measurements, biota sampling, air sampling,
surface water sampling, and radiological surveys. The annual monitoring is generally
directed toward assessing the effect of Hanford Site-wide operations (including the 200
Areas production and processing facilities) on the local environment. Until 1990, few of
the sample locations were directly associated with specific waste management units
identified for the Z Plant Aggregate Area, except for the Solid Waste Burial Grounds.
Much of this information is therefore useful only in characterizing area-wide trends.
Beginning in 1990, however, several new sampling locations (shown on Plate 2) were
established near specific areas of suspected surface contamination, such as near the main
Z Plant building complex.

An additional source of Hanford Site-wide environmental data are Hanford Site
Environmental Reports by Pacific Northwest Laboratories (PNL) (e.g., Jaquish and Bryce
1989). part of the Hanford Site-wide monitoring progr: , the PNL environmental
reports establish regional background concentration data for many radionuclide and
chemical parameters. These background data were in turn used as comparative values,
or used to derive comparative background values in the RHO/WHC annual monitoring
reports.

Area-wide geophysical data also exist, and include gravity, magnetic,
magnetotelluric, seismic refraction, and seismic reflection surveys (DOE 1988). These
studies are not useful however, for characterizing the extent of chemical and radionuclide
contamination. These data are therefore not presented in Section 4.0 of the this report,
but a general discussion of this information is provided in Section 8.0.

The types of data listed on Table 4-1 were reviewed to evaluate whether air,
surface soil, vadose zone soil, or groundwater was potentially impacted by waste handling
activities at Z Plant Aggregate Area waste management units. The applicability of the
information to specific Z Plant Aggregate Area waste management units was qualitatively ‘
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reviewed, along with the age and nature of the data. As a result of the this evaluation,
potentially affected media (air, surtace soil, surtace water, vadose zone soil, and biota are
listed on Table 4-2 for radionuclide contaminants and on Table 4-3 for organic/inorganic
chemical contaminants.

Two categories of site contamination were established in Tables 4-2 and 4-3 for
the purposes of this report: known and suspected. Known contamination was
determined to exist at a location if at least one soil, air, or surface water sample chemical
testing result above detection limits or background levels was identified in a published
document. Contamination was considered to be suspected to exist at a location rather
than known if one or more of the following conditions was observed:

A release to the environment was reported at an engineered site for which
no media-specific laboratory testing data were identified, i.e, radionuclide
contamination in the vadose zone beneath the 216-Z-4 Trench was
suspected because liquid waste containing radionuclides was reported to be
discharged to the trench. '

External (ambient) radiation or dosimeter readings above background
levels were reported at or near a waste site, e.g., surface soil contamination
is suspected near the 216-Z-1 and 216-Z-2 Cribs as a result of elevated
external radiation readings.

Gamma logging results in boreholes completed within or adjacent to a
waste management unit indicated gamma radiation readings above defined
background levels, e.g., contamination is suspected in the vadose zone
below the 216-Z-7 Crib because gamma radiation readings in well
299-W15-7 exceed background levels.

Data available in published data (referenced in text as applicable) indicate
that a facility not intended to receive radionuclides or other hazardous
materials may nonetheless have historically received such compounds. This
category includes the 216-Z-13, 216-Z-14, and 216-Z-15 French Drains.

As discussed in Section 4.1.8, historical migration of waste liquids from a
number of Z Plant waste management units is suspected. Criteria
considered in assessing whether impacts to the unconfined aquifer may
have occurred are as follows:

o Groundwater impacts are suspected resulting from discharges to the
216-Z-10 Reverse Well due to the depth of injection (46 m [150 ft]).
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4.1.1 Affected Media

4.1.1.1 Air. This section discusses results of ambient air monitoring appli to the —
Plant Aggregate Area as reported in RHO/WHC annual environmental surveillance
monitoring reports (Elder et al. 1986 through 1989, Schmidt et al. 1990 and 1991).
Ambient air monitoring stations are located within the Z Plant Aggregate Area or near
its boundary include sites N165, N962, N964, and N994 (Plate 2). As discussed in each
of the RHO/WHC annual environmental monitoring reports for 1985 through 1990, the
sampling locations are part of a larger network within the 200 Areas to assess the effect
of operations on the local environment, and to assess 200 Areas facilities performance.
According to the annual reports, sample station locations throughout the 200 Areas were
sited based on prevailing wind directions and potential sources of airborne contaminants.
Within the Z Plant Aggregate Area, sample stations N962 and N964 are located near the
218-W-4B Burial Ground to the west (general up-wind direction) of the main Z Plant
building complex (Plate 2). Station N165 is east-southeast of the building complex
(general down-wind direction), and station N994 is a fenceline point along the north
boundary of the Z Plant.

The air samplers at each of the monitoring stations contain filters which collect
particles entrained air. The air samples are collected by drawing samples through a 47-
mm, open-face filter at about 1 m (3 ft) above the ground (2 cubic ft/min :fm] flowrate).
Throughout the 200 Areas, air samplers are operated on a continuous basis. Sample
filters are exchanged weekly, held one week to allow for decay of short-lived natural
radioactivity, and sent for initial laboratory analyses of gross alpha and beta activity.
After the initial analysis, the filters are stored until the end of the calendar quarter, at
which time they are composited by sample location (or as deemed appropriate according
to the annual reports) and sent for laboratory analyses of specitic radionuclides.
Compositing of the filters by sample location provides a larger sample size, and thus a
more accurate m« irement of the concentration of airborne radionucl s resultii from
operations in the 200 Areas.

Air monitoring results from the 1985 through 1989 annual environmental
surveillance reports are presented in Table 4-4. Entries in the table are average results
over this period for cesium-137, strontium-90, plutonium-239, and total uranium. The
complete data set from the annual monitoring reports since 1985 is provided in Table
A-3 of Appendix A. The results in Table A-3 are listed as maximum, minimum, and
average quarterly values for the radionuclides reported: strontium-90, cesium-137,
plutonium-239, and uranium. The data in Table A-3 includes the counting error
associated with each value, and results less than the counting error are shaded. The
counting error reflects several factors, including the etticiency and configuration of the
detector instrument, and the precision of the chemical analysis method. The error also
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reflects the fact that some of the radioactivity detected is result of the statistical
distribution of radionuclides. The remaining values (unshaded) in Table A-3 represent
positive detections. The positive detections verify that radionuclides are actually present
and not artifacts of the detection and laboratory analysis methods.

Positive detections for each radionuclide : ilyzed are common from 1985 to 1989
(Elder et al. 1986, Schmidt et al. 1990). Each of the RHO/WHC annual monitoring
reports conclude that the activities in the 200 Areas contributed to average air
radionuclide concentrations that were "slightly above" background. As discussed in the
annual reports, the background concentrations were derived from three background
monitoring stations located outside the 200 Areas (Yakima and Wye Barricades, and
former Hanford Townsite). The 1989 report concludes that radionuclide concentration
trends in air since 1979 have been "generally downward" for the 200 West Area because
of overall improvement in operational environmental controls and curtailed operations.

One of the Z Plant Aggregate Area, N962 (southeast corner of 218-W-4B Burial
Ground), has shown the highest annual average strontium-90 concentrations of the 200
Areas samples for several years — most recently 1989 (Schmidt et al. 1990). Strontium-
90 concentrations up to 58 times greater than background for the Hanford Site have
been reported for N962 (1987 annual report, Elder et al. 1988). Annual average
concentrations of strontium-90 for the sample location have decreased since 1987. In
addition, location N165 near the head of the 216-Z-19 Ditch southeast of the Z Plant
building complex had the highest plutonium-239 concentration reported for the 200
Areas air samples in 1986, 1987, and 1988. Plutonium-239 concentrations in sample
N165 were up to 100 times greater than background levels for the 200 Areas sites (Elder
et al. 1986). The elevated plutonium concentrations are likely attributable to airborne
particulate matter from historical plutonium finishing/recovery operations at the Z Plant
building complex to the west-northwest, in the general up-wind direction from N165. ..e
1985 through 1988 annual reports (Elder et al. 1986 through 1989) indicate that the only
other gamma-emitting radionuclides found at levels "significantly greater than
background" were detected in samples from the 200 East Area. A similar conclusion for
these other radionuclides is not included in the 1988 and 1989 annual reports (Elder et
al. 1989, Schmidt et al. 1990).

Residue from particulate air contaminants derived from 200 Areas production
processing facilities, and possibly Unplanned Release locations and wind-eroded burial
ground soils would be expected in Z Plant surface soils due to wind-borne dispersion. As
discussed in Section 4.1.1.2, radiological soil contamination has been documented at
surface soil grid point sampling locations across the Z Plant Aggregate Area. Results of
radiation surveys also indicate the presence of surtace contamination at many locations.
Surface soil contamination is also commonly associated with localized areas within the
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burial grounds and at Unplanned Release locations. Wind-borne radionuclides likely
contributed to the surface contamination detected at these locations.

4.1.1.2 Surface Soil. Several types of data exist for characterizing surface soil
contamination or assessing areas of possible contamination. These data include results of
aerial and ground radiological surveys, external radiation measurements, and surface soil
sampling. These data are presented in the following subsections for the Z Plant
Aggregate Area as a whole. In addition, waste management unit-specific radiological and
soil sampling are presented in Section 4.1.2.

4.1.1.2.1 Airborne Radiological Survey Data. Radiological survey results may be
influenced by buried or airborne radionuclide contamination but are generally indicative
of surface and relatively shallow soil contamination. An aerial gamma-ray radiation
survey (gross gamma) was performed over the 200 West Area in July and August 1988
(Reiman and Dahlstrom 1988). The survey lines were flown with a 122 m (400 ft)
spacing at an altitude of 61 m (200 ft). The data were normalized to a height of 1 m
(3.28 ft) above the ground surface. Figure 4-1 presents the gross count data (counts per
second) on an isoradiation contour map that covers the entire 200 West Area. Much of
the Z Plant Aggregate Area, particularly the southern portion has gross gamma counts
above background. Several of the Z Plant burial ground areas have counts exceeding
22,000 to 70,000 counts per second (ct/sec) (Sites 9 through 12 on Figure 4-1). The
results are likely indicative of (shallow) buried radioactive waste sources at these
locations, or above-ground storage such as at the 2702-W RMW Storage Facility at Site
11.

General areas of known or suspected surface and subsurface contamination in the
burial ground areas have been identified by Huckfeldt (1991b) and are shown on Figure
4-2. It is nearly impossible to convert the gross gamma results from the airborne survey
to a meaningful posure rate because of the complex distribution of radior :lides on
the site (Reiman and Dahlstrom 1988).

4.1.1.2.2 Surface Radiological Survey Data. Radiological surveys documenting
radiation levels dose rates are completed on a regular basis for specific waste
management unit areas within the Z Plant Aggregate Area using portable
instrumentation. The surveys are performed as part of the Radiation Area Remedial
Action program. The primary requirements of the Radiation Area Remedial Action
program are to conduct the surveillance, maintenance, decontamination, and/or interim
stabilization of inactive burial grounds, cribs, ponds, trenches, and Unplanned Release
sites at the Hanford Site. The major concern associated with these requirements is the
management and control of surface soil contamination. At confirmed surtace soil
contamination sites, interim stabilization is routinely conducted to provide a measure of
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control that will mitigate migration of radioactive contamination from beyond the posted
control boundaries.

The surveillance of ground surface sites for the Radiation Area Remedial Action
program is performed in accordance with surveillance frequencies established in Winship
and Hughes (1991) to identify those waste management units that require
decontamination and/or stabilization: surveillance is also conducted to verify that
radioactive contamination is not migrating beyond the posted control boundaries for
those sites ranked under Winship and Hughes (1991). This assessment determines if any
changes in the radiological status, resulting from an inadequacy of containment of
radioactive materials, has occurred in each area. Each radiological survey is intended to
determine whether the contamination is essentially confined to the soil surface or if the
contaminant source is present at depth. Further, the surveys provide data for confirming
that radioactive-contaminated ground sites are posted in accordance with the
requirements in WHC 1989.

Survey results were compiled from the WIDS (WHC 1991a) ¢ 1froma
compilation of Z Plant radiological survey data. Results of the radiological surveys are
presented in Table 4-5, and are broken down by contamination levels and dose rate
measurements. Survey results for specific waste management units are discussed in
Section 4.1.2. The radiological surveys are either performed by walking the site or
utilizing vehicles equipped with 8-gamma detectors (scintillation-N_I (sodium iodide)
detectors). Surveys performed on toot report maximum general area dose rates (P-11
Probe with Geiger-Mueller detector or equivalent) and "direct frisk" readings within
several cm of the soil surface. Few "smears" are taken in environmental sampling.
Vehic st 10 __ph) use detectors positioned aj | dx. itely 0.5m above the
ground. The presence of alpha contamination, when measured, is detected with a
portable alpha meter. Beta-gamma contamination is measured in ct/min and converted
to dis/min (10 percent counting efficiency). High levels of 8 contamination are
sometimes associated with a dose reading (mrad/hr). Alpha contamination is reported as
dis/min (7 to 8 percent counting efficiency).

4.1.1.2.3 External Radiation Dose Rate Measurements. External (ambient)
radiation monitoring via thermoluminescence dosimetry (TLD) are conducted during the
RHO/WHC annual surveillance monitoring (Elder et al. 1986 through 1989, Schmidt et
al. 1990 and 1991). The TLD surveys are completed quarterly at soil grid sampling
locations (see Section 4.1.1.2.4 for description ot grid locations) to measure dose rates
from penetrating radiation. The TLDs measure exposure rates resulting from all types of
exte: l radiation, including cosmic radiation, naturally occurring radioactivity in soil and
air, fallout from nuclear weapons testing, and contributions from Hanford Site activities.
Within the 200 Areas, the TLDs are intended to monitor potential exposure rates near

4-8




00 ~J O\ L W N =

DOE/RL-91-58
Draft A

possible radiation sources near active and inactive waste management units, and along
fenceline boundaries. The TLD survey data is used to determine baseline exposure
potential for the 200 Areas, and measure dose-equivalent rates reported in millirems per
year (mrem/yr).

Each TLD consists of three chips of calcium-tluoride/manganese (Harshaw TLD-
400) encased in an opaque capsule lined with 0.025 cm of tantalum and 0.005 cm of lead.
Each capsule is placed in a translucent, waterproof, plastic vial and is mounted about 1
m (3 ft) above the ground. The TLD capsules are exchanged each calendar year. Each
quarterly measurement is an average of the exposure received by the three chips in the
same container. The response of the chips is calibrated in the PNL Radiation
Laboratory.

TLD results from the RHO/WHC annual monitoring reports for five soil grid
points within the Z Plant Aggregate Area are presented in Table 4-6 of this report.
Results are also reported for sample locations 218-W-2A (immediately east of 218-W-2A
Burial Ground), and 216-Z-20 [location identified at 216-Z-18 Crib in 1990 annual report
(Schmidt et al. 1991) (Plate 2)]. Where listed in the RHO/WHC reports, Table 4-4
includes quarterly minimum and maximum values, and the normalized annual equivalent
total for each sample location. The table results are reported in terms of an air dose.

For each TLD grid sample locations (except sample 2W2), average annual results
ranged from 78 to 85 mrem/yr for each of the years 1985 through 1989 (Elder et al. 1986
through 789, Schmidt et al. 1990). Each of the annual monitoring reports compared
these results against regional background levels obtained annually by PNL during
Hanford Site-wide monitoring. The background levels are derived by PNL from TLD
survey results obtained at sample locations distant from the Hantord Site (Walla Walla,
McNary, Sunnyside, Moses Lake, Washtucna, and Yakima). Annual regional background
levels rai  :d between 52 to 93 mrem/yr between 1985 and 1989. For each of these years
the RHO/W T annual monitoring reports concluded that the 200 Areas TLD results
(including Z Plant Aggregate Area locations listed) were "within or slightly above" the
PNL background values. Grid sample 2W2 had an averaged annual value of 132
mrem/yr, between 1985 and 1988 (analysis not completed in 1989 and 1990) above the
background levels cited. The elevated TLD results trom these sites could be indicative of
sources of radiological contamination in surface soil or shallow-subsurface materials near
these locations. The presence of other external radiation sources in the vicinity, such as
waste burial containers could also potentially contribute to the elevated TLD reading fi
grid sample 2W2. In 1990 TLD sample analysis results were reported for location in the
218-W-2A burial ground and near the head of the 216-Z-20 Crib (Schmidt et al. 1991).
Annual totals of 108 and 102 mrem/yr were detected at these locations, respectively.
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Also sample 2W17 contained plutonium-238 concentrations above the reported
background level in 1985 (Elder et al. 1986), and sample 2W22 had strontium-90
concentrations above the background level in 1988 (Elder et al. 1989). Elevated cesium-
137 concentrations detected during 1986 were attributed to the affect of the Chernobyl
nuclear accident (Jaquish and Bryce 1989). Background concentrations cited in the
annual monitoring reports were derived from off-site regional background data in annual
PNL Hanford Site monitoring surveys. Other radionuclides were detected at
concentrations above the counting error for several of the samples (notably 2W7 and
2W17 in 1989, Schmidt et :  1990), but background comparative data were not available
from the annual reports. Concentrations of these radionuclides (plutonium-238, and
strontium-90) in grid point vegetation samples may be attributable to several sources.
Although a radionuclides in site soils may be derived from windborne dispersion of
material released to air fro site production/processing facilities, radioactive fallout from
nuclear weapons testing and the Chernobyl accidc  is also expected to contribute.

During the 1989 annual environmental surveillance monitoring (Schmidt et al.
1990) an aquatic vegetation sample was collected from the 216-Z-21 Seepage Basin
(formerly 207-Z Basin) (Table 4-9). The sample contained plutonium-239 concentrations
above background levels reported in Schmidt et al. (1990) for 1989. The seepage basin is
an area where tumble weeds blow in from other Hanford areas and may be transported
from areas with potential radioactivity. The tumble weeds are periodically cleared out
for disposal. Sediment from the seepage basin was also found to contain elevated
concentrations of several radionuclides (Schmidt et al. 1990 and 1991) during the 1989
and 1990 annual monitoring programs (Table 4-9).

A1990 esar e the.lé 9Crit ied d le
total uranium (Table 4-9). Comparative background concentrations for total uranium in
vegetation were not reported for 1990.

4.1.1.4.1 Other Biotic Samples. Additional biotic samples within the Z Plant
Aggregate Area have been collected for radiological evaluation during annual
surveillance monitoring for some years. Samples have included rabbit feces at soil grid
point 2W22 in the 218-W-4C Burial Ground (Elder et al. 1986), rabbit feces at the 231-Z
fenceline (Elder et al. 1988), and mouse feces west of Z Plant (Schmidt et al. 1991), with
radiologic biotic contamination reported in each instance. Radionuclide contaminants
include cesium-137, europium-152, strontium-90, and plutonium.

The source of the contaminated material identified in the rabbit feces at 2W22 is
indeterminent, because of the mobility of the animal. The contaminated rabbit and
mouse feces may be assoc: ed with sources within or near the main Z Plant complex,
but are not specifically identified in the annual environmental reports.
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4.1.1.5 Vadose Zone Contamination. This section presents sampling and analytical data
applicable to vadose zone soils across the Z Plant Aggregate Area as a whole.
Information specifically related to individual waste management units, or which applies to
a group of units is subsequently discussed under the appropriate subheadings in the Site-
Specific Data (Section 4.1.2). The Vadose Zone Contamination section includes three
subsections that describe sampling and analysis results from the Expedited Response
Action (ERA) Proposal for the 200 West Area Carbon Tetrachloride Plume (DOE/RL
1991b). The report describes the extent and concentrations of carbon tetrachloride in
vadose zone soils resulting from disposal of an estimated 363,000 to 580,000 liters
organic and aqueous waste processing liquids from Z Plant facilities between 1955 and
1973. The discussion in Subsection 4.1.1.5.1 summarizes information from ERA Proposal
as it pertains to the "far field" distribution of carbon tetrachloride across the Z Plant
Aggregate Area. Subsection 4.1.1.5.2 summarizes the approach for screening and
interpreting geophysical gamma-ray logs used to evaluate subsurface radionuclide
contamination. The results of the log interpretations are in turn discussed in Section
4.1.2 for individual waste management units. Subsection 4.1.1.5.3 describes the potential
for historical migration of wastewater from waste disposal sites to the unconfined aquifer.

4.1.1.5.1 Carbon Tetrachloride Distribution. The Carbon Tetrachloride ERA
Proposal (DOE/RL 1991b) presents information regarding carbon tetrachloride and other
organic and inorganic chemicals, and radionuclides discharged to Z Plant cribs. Carbon
tetrachloride waste liquids were discharged primarily to the 216-Z-1A Tile Field, 216-Z-9
Trench, and 216-Z-18 Crib. The data tfrom the ERA Proposal include results of soil and
soil vapor analyses from samples collected as part of the carbon tetrachloride evaluation.

As part of the ERA Proposal, a discussion is provided for "far field" soil vapor
detections of carbon tetrachloride and other volatile organic compounds in boreholes
more distant from the 216-Z-1A Tile Field, 216-Z-9 Trench, and 216-Z-18 Crib areas
(Figure 4-3). The compounds v e detected using field screening instruments in wells
throughout the Z Plant Aggregate Area and 200 West Area drilled since 1987. Field
screening was completed via use of photoionization detectors for wells 299-W7-7, 299-
W7-8, 299-W7-9, 299-W7-10, 299-W15-19, 299-W15-20, 299-W15-21, 299-W15-23, 299-
W15-24, and 299-W15-26 located in the Z Plant Aggregate Area northern and
southeastern burial ground areas, as seen on geologist's borehole logs in Goodwin and
Bjornstad (1990). Follow-up verification of the presc ce of carbon tetrachloride or other
organic compounds in the vapor samples may not have been completed since results are
not reported in the sources cited. The wells are differentiated on Figure 4-3 with respect
to whether the organic compounds were detected above or below the Plio-Pleistocene
calcic paleosol layer. The Plio-Pleistocene layer is described in Section 3.1.2. Most of
the reported field screening detections were below the calcic paleosot layer, although
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wells west of the 216-Z-18 Crib had detections both above and below the calcic paleosol
layer.

The Carbon Tetrachloride ERA Proposal concludes that the vapors below the
caliche layer are generally found in an area roughly coincident with the area underlain by
carbon tetrachloride-affected groundwater, suggesting that these vapors may have
volatilized from the grou Iwater plume. The affected groundwater extends over much of
the Z Plant Aggregate Area. No reports of liquid phase carbon tetrachloride
encountered in the subsurface are known. The ERA Proposal states that the carbon
tetrachloride groundwater data are consistent with a "point source" from the 216-Z-9
Trench. The report con 1des that this source is possibly the result of relatively large
volumes of liquid discharged to the crib, or liquid phase carbon tetrachloride moving
downward along preferential pathways (e.g., older well casings with no annular seal).

4.1.1.5.2 Geophysical Logging. The extent of radionuclide contamination in
vadose zone soils in the Z Plant Aggregate Area has been evaluated using borehole
geophysical techniques. Geophysical well logging has been conducted in the Z Plant
Aggregate Area since the late 1950s. Gross gamma-ray logs have been used since that
time to evaluate radionuclide migration in the vadose zone beneath selected waste
management units. However, very little gross gamma data have been published. As part
of the current report gamma logs were reviewed from Fecht et al. (1977) and Chamners
et al. (1991). Table 4-10 summarizes results of the gross gamma logging by waste
management unit. Interpretation of the logs generally consisted of identifying zones with
anomalously high gamma-ray counts that could be indicative of radionuclide
contamination. The depths, thicknesses, and intensities of these zones were then
cc , ired with other historical logs from the same bore hc . erp ations are
complicated by the fact at lo~~'ng equipment and procedures evolved with time.
Attempts made to normalize data collected at different times have met with limited
success (e.g., Fecht et al. 1977), and quantitative interpretations were not possible. The
log interpretations are discussed in detail in Appendix A.1, and results of log
interpretations for individual waste management units are also summarized in Section
4.1.2.

4.1.1.53 Monito 1g Well Soil Sampling Results. Soil samples were collected
during installation of nine monitoring wells in the Z Plant Aggregate Area S« d Waste
Burial Grounds between 1987 and 1991 (Goodwin and Bjornstad 1990; and Barton et al.
1990). The soil samples were analyzed tfor one or more of the following parameters:

o Organic compounds

. Inorganic anions
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Gross alpha and beta

Total organic carbon (TOC).

Soil samples were collected trom four well locations near the northern boundary
of the Z Plant Aggregate Area (Figure 4-4):

° 218-W-3AE Burial Ground wells 299-W7-7, 299-W7-8, and 299-W7-10
. 218-W-5 Burial Ground well 299-W7-9,

Soil samples were also collected from five well locations on the southwestern
boundary of the Aggregate Area:

° 299-W-4B Burial Ground wells 299-W-15-19, 299-W-15-20, and 299-W-15-23
o 218-W-4C Burial Ground wells 299-W-15-21 and 299-W-18-26.

Soil samples from the wells were collected at depths ranging from 1.5 m (5 ft) to
73 m (240 ft) below ground surface. The results of these analyses are presented in
Tables A-7 and A-8 in Appendix A. Only chemicals detected in one or more samples
are included in these tables. The following discussion summarizes the general
distribution of detected chemicals in the burial ground areas.

4.1.1.5.3.1 Organic and Inorganic Parameters. Levels of most inorganic anions
were low or nondetectable in the eight samples in which they were measured.
Concentrations of nitrate and sulfate ranged from below detection to 38.5 and 130 mg/kg,
respectively. Concentrations of nitrate and sulfate did not shown an obvious distribution
pattern with depth and did not appear to be greatly elevated in any particular well.

Organic chemicals were analyzed for in selected samples from each well. Many of
the samples were analyzed only for chloroform, carbon tetrachloride, methylene chloride,
trichloroethylene, tetrachloroethylene, 1,1,1-trichloroethane, benzene, toluene, and
xylenes. One sample (the 38 m [125 ft] sample from well 299-W-15-21) was analyzed for
an extensive list of volatile organics; however, most of these were not detected and
therefore have not been listed in Table A-8.

Concentrations of volatile organics in samples from the northern Z Plant
Aggregate Area burial grounds were generally less than 10 pg/kg or below detection
limits. The highest levels of these compounds were observed in the 68 m (220 ft) sample
of Well 299-W7-9 and in the 64 m (210 tt) sample of Well 299-W7-8, which were taken
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approximately at the water table. Concentrations in shallower samples from these wells
were below detection limits; thus, these results appear to indicate interception of a | 1me
related to the underlying groundwater rather than a vadose zone source in the burial
ground areas.

Halogenated organics were detected in many of the samples obtained from wells
in the western Z Plant Aggregate Area burial grounds. Concentrations were generally
much higher than in the wells north of the site, with several compounds exceeding 100

pg/kg. Chemicals detected at the highest concentrations were methylene chloride,
chloroform, benzene, 1,1-dichloroethylene, and trans-1,2-dichloroethylene (wells

299-W15-23 and 299-W18-26). Carbon tetrachloride was also detected in eight of the
burial ground wells (Table 4-12), at concentrations up to 12 ug/kg (well 299-W7-9).
Chemicals were detected from 6.1 m (20 ft) below the surface to 93 m (240 ft), the
greatest depth sampled. This range of depths corresponds to detections both above and
below the Plio-Pleistocene calcic paleosol layer. The depth zone of greatest
contamination ranged from 55 to 73 m (180 to 240 ft) below ground surface.
Concentrations were generally highest at 55 m (180 ft) and decreased with depth;
however, this pattern did not hold for individual chemicals in some wells. Due to the low
concentrations of these organics in soils above 55 m (180 ft), it appears that these
detections do not indicate a source in the immediate area of the well, but rather may
indicate interception of an underlying plume of contamination or migration of vapor
along the caliche layer.

4.1.1 3.2 Radio cli :Parameters. Results of radiological analyses of beta and
lo-alpha activity are presented in Tables A-7 and A-§8 in Appendix A. Results (pCi/G +0)
were reported for all  nples submitted trom each well (Goodwin and Bjornstad 1990
and Barton el al. 1990).

Each sample res  is reported in pCi/g. The standard deviation (o) associated
with each count is also  luded. Beta radiation ranged from 12.2 pCi/g (w«  299-W7-7)
to 29.1 pCi/g (well 299-W7-8), and generally showed little variation with sample depth or
well location. Two wells, 299-W7-7 and 299-W7-8 had lo-alpha results of 0.171 and -1.52
pCi/g, respectively; otherwise lo-alpha radiation in the burial ground wells ranged from
1.18 pCi/g (well 299-W15-23) to 15.4 pCi/g (well 299-W15-20). In general, obvious
localized sources of radi ion are not indicated from the analysis results of the burial
ground well soil samples.

4.1.1.5.4 Potential for Migration to the Unconfined Aquifer. As discussed in
Subsection 4.1.1.5.1, the ‘arbon Tetrachloride ERA Proposal (DOE/RL 1991b)
concluded that liquid disposal volumes discharged to the 216-Z-9 Trench were probably
sufficient to have migrated to the water table. The ERA Proposal also concluded that it ‘
is uncertain whether liquids containing carbon tetrachloride reached the water table at
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the 216-Z-1A Tile Field or 216-Z-18 Crib. These conclusions are based on a comparison
of the waste volumes discharged at each crib, with the specific retention volumes of the
cribs, and with the estimated pore volume in the vadose zone soil column below the crib.

Soil column pore volume calculations analogous to those in the Carbon
Tetrachloride ERA Proposal were completed for this report to assess the likelihood that
contaminated liquid wastes from the Z Plant Aggregate Area cribs and 216-Z-1A Tile
Field migrated to the unconfined aquifer (Table 4-11). The volume of liquid required for
a wetting front to reach the water table was estimated roughly from the waste
management unit dimensions, soil porosity, and soil moisture content. Calculated soil
pore volumes for each of the waste management units that received large volumes of
liquids and the total volume of liquid waste disposed of to these units are presented in
Table 4-11. Waste management units that received a volume of liquid waste substantially
less than the pore volume are unlikely to have had the liquid reach the water table. For
the 216-Z-1A Tile Field, where infiltration took place primarily beneath the distribution
piping, the effective infiltration area may be smaller than the area of the waste
management unit, and the use of the total area may overestimate the available pore
volume. Since the pore volume calculation is based on historical discharges to liquid
waste sites, additional potential driving forces such as recharge from precipitation are not
considered. A discussion of natural recharge rates, including results of Hanford Site
lysimeter studies is presented in Section 3.5.

Results of the calculations for the 216-Z-1A Tile Field, 216-Z-9 Trench, and
216-Z-18 Crib waste management units are similar to results for these units discussed in
the Carbon Tetrachloride ERA Proposal (DOE/RL 1991b). The results indicate that
potential for liquids to have reached the water table beneath the 216-Z-9 Trench is high,
but low for the 216-Z-1A Tile Field. The results trom Table 4-11 also indicate that
migration of liquid wastes from the 216-Z-3, 216-Z-5, 216-Z-7, 216-Z-12, 216-Z-16 Cribs,
216-Z-17 T 1ch, and the 216-Z-10 Reverse Well to the water table is suspected. TI
latter conclusion is primarily due to the waste volumes disposed of at these locations.

4.1.2 Site-Specific Data

This section presents sampling and analysis data, and waste inventory information
regarding possible releases for individual Z Plant Aggregate Area waste management
units. The information presented was obtained trom reference documents reviewed for
the current report. For many of the waste management units the information is limited,
and the lack of more comprehensive information may constitute significant "data gaps."
Issues related to data gaps are discussed in more detail in Section 8.0 of this report.
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The waste management units discussed in this section are presented in the same
general groupings as described in Section 2.0. These groupings are useful because
structurally similar units tend to have similar types of available data. Since each of the
Unplanned Releases in the Z Plant Aggregate Area is associated with a specific waste
management unit, Unplanned Release data are included in the waste management unit
discussions as applicable. Locations of the waste management units and Unplanned
Releases are identified on Figures 2-2 through 2-4 and 2-7 through 2-13 in Section 2.0.

4.1.2.1 Plants, Buildings, and Storage Areas. Plant, building, and storage area waste
management units at the Z Plant Aggregate Area include the 232-Z Incinerator, the 234-
5Z Hazardous Waste Staging Area (HWSA), the RMW Storage Facility, and the
(proposed) Waste Receiving and Processing Plant (WRAP). Also, the main Z Plant
Building complex (consisting of the 234-5Z, 236-Z, 242-Z, 291-Z, 2736-Z, and 2736-ZB
Buildings) is included because of several Unplanned Releases in the vicinity, and 1990
soil sampling data from is area.

4.1.2.1.1 232-Z Incinerator. The 232-Z Incinerator was used to incinerate
plutonium-contaminated wastes, and fallout from stack releases may have contributed to
elevated plutonium concentrations in Z Plant Aggregate Area surficial soils. Low levels
of alpha radiation have been reported in surface radiological surveys, but the area is
listed as stabilized.

4.1.2.1.2 234-5Z HWSA, RMW Storage Facility, ar WRAP acility. No releases
were reported at the 234-5Z HWSA or at the RMW Storage Facility in the documents
reviewed. The WRAP | ty is currently a proposed RCRA TSD facility, and therefore
the are no associated it . Information regarding soil and other potentially
affected media associated with the 234-: WSA and the RMW Storage Facility were
not found in the documents reviewed.

4.1.2.1.3 Main Z Plant Building Complex. Several Unplanned Releases
(UPR-200-W-23, UN-200-W-89, UN-200-W-90, UN-200-W-9, and UPR-200-W-103; Table
2-5) are associated with the Main Z Plant Building Complex. In 1990, 22 soil samples
were collected at locations adjacent to the main Z Plant building complex for cesium-137
and plutonium analysis (Plate 2). The soil samples were collected as part of annual
monitoring activities at the Hanford Site (Schmidt et al. 1991). Detectable cesium-137
concentrations were noted in 10 of the samples along the building complex perimeter
fence and adjacent to the plant buildings (Table A-6). Plutonium was detected in 15 of
the samples, primarily at locations north of the 234-5Z Building. Additional information
regarding soil sampling rationale, methods, and comparisons to regional background
levels was not provided in the 1990 WHC monitoring report (Schmidt et al. 1991).

4-18

q



03N N b W=

DOE/RL-91-58
Draft A

4.1.2.2 Tanks and Vaults. Z Plant Aggregate Area tanks include the 216-Z-8 Settling
Tank, the 241-Z-361 Settling Tank, and the 241-Z-Treatment Tank. No vault structures
were identified in the Z Plant Aggregate Area. No specific sampling and analysis
information regarding soil and other potentially affected media associated with the
216-Z-8 Settling Tank, the 241-Z-361 Settling Tank, and the 241-Z-Treatment Tank were
found in the documents reviewed.

4.1.2.2.1 216-Z-8 and 241-Z-361 Settling Tanks. The 216-Z-8 Settling Tank
received liquid waste from the RECUPLEX facility from 1955 to 1962. The process
waste stream overflowed from the 216-Z-8 Settling Tank into the 216-Z-8 French Drain,
where the waste was disposed of to the soil column. The 241-Z-361 Settling Tank
received plutonium and other wastes routed to crib disposal sites and the 216-Z-1A Tile
Field. No documented releases from either tank were identified in the references
reviewed. No monitoring wells were identified near the tanks. Therefore, no geophysical
logging data were located for these facilities.

4.1.2.2.2 241-Z Treatment Tank. The 241-Z Treatment Tank is a RCRA TSD
facility located inside the 241-Z Building. The D-6 tank, adjacent to the 241-Z
Treatment Tank failed and was taken out of service. Three Unplanned Releases, UPR-
200-W-74, UN-200-W-79, and UPR-200-W-75 (described in Table 2-5) are associated
with this area. These Unplanned Releases are known to have released radionuclides to
the environment. However, no specitic sampling data were identified.

4.1.2.3 Cribs and Drains. Z Plant Aggregate Area waste management units in this

category include the 216-Z-1, 216-Z-2, 216-Z-3, 216-Z-5, 216-Z-6, 216-Z-7, 216-7-12, 216-
Z-16, and 216-Z-18 Cribs; the 216-Z-8, 216-Z-13, 216-Z-14, and 216-Z-15 French Drains; .
and the 216-Z-1A Tile Field.

Information available for ~ Plant 2 egate Area Cribs, the 216-Z-8 French
Drain, and the 216-Z-1A Tile Field includes radionuclide sampling a1 analyses for waste
materials contained in the crib structures and subsurface soils, soil and soil vapor analyses
tfor vadose zone soils, and surface radiological surveys. Due to their historical use for
disposal of carbon tetrachloride, the potential for emission of volatile organic compounds
to air exists for some of the facilities, notably the 216-Z-1A Tile Field and the 216-Z-18
Crib. Waste inventory information also indicates the presence of known or suspected
vadose zone contamination at virtually all of the crib and tile field locations. The
potential for migration of waste liquids from the crib structures to the underlying
unconfined aquifer is discussed in Section 4.1.1.5.3.

4.1.2.3.1 216-Z-1, 216-Z-2, and 216-Z-3 Cribs. The 216-Z-1, 216-Z-2, and 216-Z-3
Cribs are located within the overall structure of the 216-Z-1A Tile Field, near its north
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end. Several monitoring wells are located around the 216-Z-1 and 216-Z-2 Cribs. A
review of available gamma scintillation logs revealed elevated gamma response,
potentially indicating the presence of radionuclides, between depths of . and 21 m
beneath both cribs (Table 4-10). Two monitoring wells (299-W18-67 and 299-W18-68)
located inside the 216-Z-3 Crib have not been logged using gamma scintillation
equipment. Only naturi gamma response has been observed in monitoring well 299-
W18-88 which is located southeast of the 216-Z-3 Crib (Table 4-10).

Elevated alpha radiation (15,000 dis/min) and smearable alpha radiation (1,500
dis/min) were detected in a 1989 surface radiation survey at the 216-Z-1 and 216-Z-2
Cribs.

Based on this information, near-surtace and deeper vadose zone soil radionuclide
contamination is suspected for the 216-Z-1, 216-Z-2, and 216-Z-3 Cribs.

4.1.2.3.2 216-Z-5, 216-Z-6, and 216-Z-7 Cribs. The 216-Z-5, 216-Z-6, and 216-Z-7
Cribs received radionuc le and chemical wastes (mainly inorganic) received from the
231-Z Building. A high cave-in potential was reported tor the 216 ™ 5 and 216-Z-6 Cribs
in the WIDs (WHC 1990a). No specific chemical sampling data was identified for these
cribs. A review of available gamma scintillation logs (summarized in Table 4-10)
revealed elevated gamma response, possibly indicative of radionuclide contamination,
between depths of 30 a | 40 m below ground surface (above the water table), and from
50 to 63 m (below the water table) in well 299-W15-1 which is located on the east side of
the 216-Z-5 Crib. Elevated gamma response was also observed between depths of 8 and
23 m in well 299-W15-1 2 which is located approximately 100 m north of the 216-Z-5
Crib. The source of th gamma activity is unknown.

Elevated gamma response was also observed in several wells completed in and
around the 216-Z-7 Crib between depths of 7 and 46 m and below the water table
(between depths of 45 and 100 m). No wells monitor conditions in the 216-Z-6 Crib.
Based on this information, near-surface and deeper vadose zone soil contamination is
suspected for the 216-Z-5 and 216-Z-7 Cribs.

No detectable surface radiation was measured at these cribs during 1991
radiological surveys.

4.1.2.3.3 216-Z-] Crib. The 216-Z-12 Crib received PFP liquid process waste and
analytical development iboratory waste from the 234-5Z Building (via the 241-Z-361
Settling Tank and the 241-Z Diversion Box No. 2). Crib wastes included high-salt liquids
containing plutonium which were adjusted to a pH of 8 to 10 prior to disposal. No
specific chemical sampling data was identified for this crib. A review of available gamma ‘
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scintillation logs (summarized in Table 4-10) revealed elevated gamma response, possibly
indicative of radionuclide contamination, between depths of 5 and 10 m below ground
surface in several wells inside the crib. Radionuclide and inorganics contamination in
near-surface and possibly deeper vadose zone soils from these materials is therefore
suspected.

No detectable surface radiation was measured at the 216-Z-12 Crib during a 1991
radiological survey.

4.1.23.4 216-Z-16 Crib. The 216-Z-16 Crib received neutral/basic wastes
containing plutonium from the 231 7 Building laboratory. Gamma scintillation logging
indicated only natural gamma response (Table 4-10) 1 two monitoring wells located on
the south and north margins of the crib (wells 299-W15-10 and 299-W15-11, respective ).
While vadose zone contamination is suspected at the site due to historic liquid waste
disposal practices, the areal extent of contamination appears to be limited to the crib
boundaries.

No detectable surface radiation was measured at the 216-Z-16 Crib during a 1991
radiological survey.

4.1.2.3.5 216-Z-18 Crib. Along with the 216-Z-9 Trench and the 216-Z-1A Tile
Field, the 216-Z-18 Crib receive quantities ot carbon tetrachloride and other organic
radioactive wastes from plutonium processing activities. As discussed in Subsection
4.1.1.5.1, the distribution of carbon tetrachloride in vadose zone soils (and groundwater)
in the vicinity of these disposal units, and area-wide ("far field") extent was the subject of
the ERA Proposal for the 200 West Area Carbon Tetrachloride Plume (DOE/RL
1991b).

With specific reference to the 216-Z-18 Crib, the ERA Proposal reported ca on
tetrachloride detections in down-hole soil vapor samples from vadose zone boreholes and
groundwater Hnitoring wells within and adjacent to the crib structure. The locations of
these borehole/well explorations, and similar explorations for monitoring carbon
tetrachloride vapor concentrations near the 216-Z-1A Tile Field and 216-Z-9 Trench are
shown on Figure 4-4. The figure refers generically to all the explorations as "wells." The
maximum carbon tetrachloride concentrations in the down-hole vapor samples from the
216-Z-18 Crib wells was 140 parts per million (ppm - volume). The ERA Proposal
concluded that carbon tetrachloride is present in the vicinity of these structures at depths
ranging from 24 to 63 m below ground surface.

A review of available gamma scintillation logs (summarized in Table 4-10)
revealed elevated gamma response, possibly indicative of radionuclide contamination,
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down-hole vapor sampling conducted at the tile field for the ERA Proposal, the
maximum carbon tetrachloride concentration detected was 16.2 ppmv. As part of the
ERA Proposal work, the tile field was also the subject of a soil vapor extraction system
characterization test. Down-hole soil samples were collected during the test, and
indicated that carbon tetrachloride at concentrations of up to 8 ppm has migrated to
depths of at least 40 m beneath the 216-Z-1A Tile Field. During the test, chloroform
was also detected in vapor samples, but at concentrations below the 5 to 10 ppm range
of analytical quantitation limits cited in the ERA Proposal. According to the ERA
Proposal, analyses also indicated the presence of 2-butanone at concentrations up to 148
ppm, but may be attributable to alcohol used in the analytical method, since 2-butanone
was found in the analysis blank sample. Vapor sam| :s from wells near the 216-Z-18
Crib and the 216-Z-9 Trench were not analyzed for volatile compounds other than
carbon tetrachloride. Interpretation of the data from the ERA Proposal, and discussion
of the extent of carbon tetrachloride in Z Plant Aggregate Area soils is provided in the
Vadose Zone Contamination section (4.1.1.5), and in the 216-Z-18 Crib section
(4.1.2.3.5).

Price et al. (1979) investigated the distribution of plutonium and americium in soil
in the vicinity of the 216-Z-1A Tile Field. During the investigation, 16 wells or vadose
zone soil borings were installed to evaluate the lateral and vertical extent of
contamination (Figure 4-5). The authors drew the tollowing conclusions:

° The distribution of plutonium and americium beneath the tile field are
similar. The highest measured concentration of plutonium (about 4 x 10
nCi/g) and americium (about 2.5 x 10° nCi/g) occurs in sediments located
immediately beneath the central distributor pipe.

° The concentration of plutonium and americium in sediments generally
decreases with :pth below the bottom of the tile field. An increa in
concentration with depth was generally associated with an increase in the
silt content of the sediments or with contacts between sedimentary units.

° The bulk of the actinide contamination appears to be contained within the
first 15 m (48 ft) of sediments beneath the bottom of the 216-Z-1A Tile
Field. The maximum vertical penetration of the plutonium and americium
contamination (defined by the 107 nCi/g isopleth) is approximately 30 m
(98 ft) below the bottom of the facility, or about 30 m (98 ft) above the
water table.

° The distribution of activity in vadose zone wells around the perimeter of
the 216-Z-1A Tile Field is discontinuous with depth. The waste appears to
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have been released to the ground within a few meters of the central
distributor pipe and then spread laterally along contacts between dissimilar
soil horizons. The lateral spread was limited to within a 10 m (30 ft) wide
zone around the perimeter of the tile zId.

A review of available gamma scintillation logs revealed elevated gamma response,
possibly indicative of radionuclide contamination, from near ground surface to a
maximum depth of 30 m below ground surface in several wells  iide the crib (Table
4-10). However, elevated gamma scintillation readings were not observed outside the tile
field. In conclusion, rac jnuclide and inorganics contamination in near-surface and
deeper vadose zone soils due to historic waste disposal practices is known to ave
occurred at this site.

In a 1989 radiological surface survey, detectable radiation (10,000 dis/min), and
smearable alpha radiation (500 dis/min) were detected near the tile tield.

4.1.2.4 Reverse Wells. everse wells at the Z Plant Aggregate Area include only the
216-Z-10 Reverse Well, an inactive underground injection well for waste liquids. The
well was completed to a depth of 46 m (150 ft), providing a deeper migration conduit for
both chemical and radiological contaminants into the vadose zone. At this location the
groundwater table is present at about 63 m (205 ft) below ground surface. As discussed
in Subsection 4.1.1.5.3 migration of these waste liquids (and possibly entrained
contaminants) is likely at this location due to the volume of liquid injected.

No specific chemical sampling data was identified for the 216-Z-10 Reverse Well.
Several monitoring wells are located near the reverse v | but ha notb 1 logged
using gamma scintillation equipment (Table 4-10).

4.1.2.5 Ponds, Ditches, and Trenches. This category of waste management units includes
the 216-Z-4 Trench, the 216-Z-9 Trench, and the 216-..-17 Trench at the Z Plant
Aggregate Area. As discussed in Section 2.0, wastewater conveyance ditches associated
with the former 216-Z-1/216-Z-19 Ditch system are discussed in the U Plant AAMSR
(DOE/RL 1992). There are no ponds located within the Z Plant Aggregate Area.

4.1.2.5.1 216-Z-4 Trench. The 216-Z-4 Trench received liquid laboratory waste
from the 231-Z Building during one month in 1945. The wastes were neutral/basic and
contained plutonium. No specific chemical sampling data was identified for the 216-Z-4
Trench. No monitoring wells were identified ncar the 216-Z-4 Trench. Due to
information found regarding historic waste disposal practices, radionuclide and chemical
contamination is suspected in vadose zone soils at this location.
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4.1.2.5.2 216-Z-9 Trench. The 216-Z-9 Trench received liquid waste containing
carbon tetrachloride and tranuranic wastes from the RECUPLEX facility in the 234-5Z
Building. As for the 216-Z-18 Crib and the 216-Z-1A Tile Field, carbon tetrachloride
was reportedly detected in down-hole soil vapor samples collected from wells within and
adjacent to the 216-Z-9 Trench (DOE/RL 1991b). The maximum carbon tetrachloride
concentration detected during the field program was 106 ppmv. Interpretation of the
data from the ERA Proposal, and discussion of the extent of carbon tetrachloride in Z
Plant Aggregate Area soils are provided in the Vadose Zone Contamination section
(4.1.1.5), and in the 216-Z-18 Crib section (4.1.2.3.5).

Within the 216-Z-9 Trench, soil samples were collected in 1959, 1961, and 1963, to
evaluate concentrations and distribution of plutonium within the waste unit so that the
service life of the trench could be safely extended. Plutonium concentrations of up to
34.5 grams plutonium per liter (gPu/L) of soil were measured in the 1963 samples from
the upper 0 to 0.15 m (% ft) of soil beneath the trench floor. Additional samples
collected in 1973 (Smith 1973) confirmed the presence of elevated concentrations of
plutonium in the trench. Samples collected in 1973 trom a depth of 2.4 m (7.9 ft)
contained plutonium concentrations of 0.30 gPu/L of soil, and americium concentrations
of 200 to 500 pCi/L of soil. The trench bottom soil was subsequently sprayed with a
cadmium nitrate solution to reduce the potential for a criticality event. ..ie upper 30 cm
(0.98 ft) of soil were then excavated in 1978 to reduce the risk of environmental
contamination (Ludowise 1978) and the soil was placed in drum containers for disposal.

A number of monitoring wells have been completed near the 216-Z-9 Trench. A
review of available gamma scintillation logs indicated elevated gamma response,
potentially indicative of radionuclide contamination at several locations 10 to 20 m from
the Trench, but generally natural gamma response in wells near the Trench (Table 4-10).
For example, elevated gamma response has been observed in well 299-W15-6, 20 m
northeast of the Trench, between depths of 1 and 9 m. Elevated gamma response has
also been observed between depths of 15 and 38 m in wells 299-W15-8 and 299-W15-86
which are located approximately 10 m south and southwest of the Trench, respectively.

No detectable radiation was measured at the 216-Z-9 Trench during a 1991
surface radiological survey.

4.1.2.53 216-Z-17 Trench. The 216-Z-17 Trench received laboratory wastes from
the 231-Z Building during 1967 and 1968. Like the 216-Z-4 Trench, waste liquids
disposed of in the 216-Z-17 Trench were neutral/basic and contained plutonium. A field
radiation survey in the 216-Z-17 Trench before backfilling in 1975 indicated 2,000 dis/min
of alpha radioactivity. No specific chemical sampling data was identified for the 216-Z-17
Trench. One monitoring well, 299-W15-204, was identified on the west side of the
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trench. However, the we  has not been logged using gamma scintillation equipment
(Table 4-10).

Due to available information regarding historic waste disposal practices,
radionuclide and chemical contamination is suspected in vadose zone soils at this
location.

A surface radiological survey completed in 1991 did not measure detectable
radiation.

4.1.2.6 Septic Tanks and Associated Drainfields. This category of waste management
units includes the 2607-Z, 2607-Z-1, 2607-WA, 2607-WB, and 2607-W-8 Septic Tank and
Drainfields. No specific chemical sampling data was identified for the septic tanks.
These units are reported as having received sanitary wastes only. Radiological and
chemical contaminants from Z Plant processing facilities are therefore not suspected at
these locations.

4.1.2.7 Transfer Facilities, Diversion Boxes, and Pipelines. As shown on Figure 2-10, a
number of pipelines and three includes three transter tacilities were identitied in the Z
Plant Aggregate Area:

e 241-Z Diversion Box No. 1
e 241-Z Diversion Box No. 2
¢ 231-Z-151 Sump.

41 7.1 HN-ZTI -ersion Bo: No. 1 and No. 2. Diversion Box No. 1 contrc :d
the flow of liquid wastes at the piping junction to the 216-Z-1A Tile Field, 216-Z-1 Crib,
216-Z-2 Crib, 216-Z-3 Crib, and the 216-Z12 Crib. Similarly, Diversion Box No. 2 was
located north of the 216-Z-12 Crib and controlled tflow of wastes to that crib. No specific
chemical sampling data was identified for the diversion boxes. One monitoring well, 299-
W18-156 is located near Diversion Box No. 2, but has not been logged using gamma
scintillation detection equipment. No releases were reported at the locations of these
structures in the documents reviewed.

Available information regarding historic use of these facilities suggests that
radionuclide and chemical contamination are possible in vadose zone soils at this
location.

4.1.2.7.2 231-Z-151 Sump. The 231-Z-151 Sump controlled flow of waste liquids
from the 231-Z Building to the 216-Z-5 Crib, 216-Z-6 Crib, 216-Z-7 Crib, 216-Z-16 Crib,
216-Z-16 Crib, 216-Z10 everse Well, and 216-Z-4 Trench, and 216-Z-17 Trench. .
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Unplanned Release UN-200-W-130 was identified near the diversion box and involved a
leaking waste line from the 231-Z Building.

No specific chemical sampling data were identified for the 231-Z-151 Sump. No
monitoring wells were identified near the sump.

Based on available information regarding historic use of this facility and the
information regarding a nearby Unplanned Release, radionuclide and chemical
contamination is suspected in vadose zone soils at this location.

4.1.2.8 Basins. Two basins, the 207-Z Retention Basin and the 216-Z-21 Seepage Basin,
are located in the Z Plant Aggregate Area.

4.1.2.8.1 207-Z Retention Basin. ..ie 207-Z Retention Basin is a concrete
structure which received potentially contaminated liquid waste trom the 234-5Z Building
prior to discharge to the 216-Z-1(D)/Z-11 Ditch system. No releases were reported at
this locations in the documents reviewed.

No specific chemical sampling data were identitied for the 207-Z Retention Basin.
No monitorit  wells were identified near the Basin.

4.1.2.8.2 216-Z-21 Seepage Basin. The 216-Z-21 Seepage Basin currently receives
non-contact discharge water from the 234-5Z HVAC system and storm water runoft. As
discussed in Section 4.1.1.4, aquatic vegetation and sediment samples collected from the
seepage basin as part of annual Hanford Site environmental surveillance monitoring

. contained elevated concentrations of plutonium-239 and other radionuclides (Table 4-9)

(Schmidt et al. 1990 and 1991). Also beta radioactivity (5,000 ct/min) was detected in a
tumbleweed during a 1989 surface radiological survey. Tumbleweeds blow into the
seepage basin from outside sources and are periodically removed for disposal. No
radionuclides, nitrates, or other constituents were detected in water samples collected
from the seepage basin during annual monitoring tfor 1988, 1989, and 1990.

One monitoring well, 299-W15-208, has been completed inside the 216-Z-21
Seepage Basin. However, the well has not been logged using gamma scintillation
equipment, possibly due to expected attenuation in the grout seal in this well.

4.1.2.9 Burial Sites. Solid Waste Burial Grounds 218-W-1, 218-W-1A, 218-W-2, 218-W-
2A, 218-W-3, 218-W-3A, 218-W-3AE, 218-W-4A, 218-W-4B, 218-W-4C, 218-W-5, 218-W-
6, 218-W-11, and the Z Plant Burn Pit are located in the Z Plant Aggregate Area.
Section 2.9 presents information identified regarding waste materials disposed to the
burial sites. Figure 2-12 shows the locations of the burial sites. Soil chemical testing data
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were collected during the LLWMA groundwater monitoring well installation programs
between 1987 and 1990 (Goodwin and Bjornstad 1990; and Barton et al. 1990).
Additional data is presented in the Z Plant Geologic and Geophysics Data Package for
the 200 Aggregate Area Tanagement Study (Chamness et al. 1991).

Additional analytical data from the Z Plant Aggregate Area burial grounds include
results of air, TLD, surface soil, and vegetation sampling during annual environmental
monitoring. These data are presented in Section 4.1.1. As discussed in that section, the
information is in general, more indicative of area-wide trends in contamination from
ongoing production and process operations in the 200 Areas, than it is indicative of
localized releases from burial site sources. Results of airborne radiological surveys, and
generalized areas of surface/subsurface radiological contamination and posting for the
burial grounds were also discussed in Section 4.1.1.

The solid waste burial grounds are the locations of many of the Unplanned
Releases of radioactive materials described in Section 2.3.10. Residual surface
contamination may be present at locations of Unplanned Releases, particularly where
remedial efforts involved flushing affected areas with water. Potential for deeper vadose
zone or groundwater co amination is low, and is dependent upon a consistent driving
force such as natural groundwater recharge via precipitation to promote migration.
Issues associated with natural recharge are discussed in Section 3.5.

4.1.2.9.1 218-W-1 Burial Ground. The 218-W-1 Burial Ground is an inactive solid
waste disposal facility which received transuranic/mixed solid waste from 1944 to 1953.
Two Unplanned Releases, UN-200-W-11 and UPR-200-W-134, are associated with the
218-W-1 Burial Ground. A fire in the burial ground in 1952 released plutonium and
likely resulted in surface soil contamination at the burial ground and adjacent areas via
wind dispersion. No monitoring wells are associated with the burial ground.

During a 1991 surface radiological survey, 15,000 dis/min of beta radiation was
measured at a "small topsoil hot spot” in the 218-W-1 burial ground (Table 4-5).

4.1.2.9.2 218-W-1A Burial Ground. The 218-W-1A Burial Ground is an inactive
solid waste disposal facility which received miscellaneous industrial dry waste from 1944
to 1955. No Unplanned Releases are associated with the 218-W-1A Burial Ground.

No detectable surface radiation was reported in the 218-W-1A Burial Ground
during a 1991 radiological survey.

4.1.2.9.3 218-W-2 Burial Ground. The 218-W-2 Burial Ground is an inactive solid
waste disposal facility which received miscellaneous unsegregated dry waste from 1953 to .
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1956. No Unplanned Releases are associated with the 218-W-2 Burial Ground. No
monitoring wells are associated with the burial ground.

During a 1991 surface radiological survey, 15,000 dis/min of beta radiation was
measured at a "small hot spot” in the 218-W-2 burial ground (Table 4-5).

4.1.2.9.4 218-W-2A Burial Ground. The 218-W-2A Burial Ground is an inactive
solid waste disposal facility which received low level and mixed solid waste from 1954 to
1985. One Unplanned Release, UPR-200-W-45, is associated with the 218-W-2A Burial
Ground. The collapse of a burial box in 1957 dispersed tranuranic radionuclides over
1,800 acres near the burial ground. No monitoring wells are associated with the burial
ground.

During a 1991 surface radiological survey, 15,000 dis/min of beta radiation was
measured at the 218-W-2A burial ground (Table 4-5).

4.1.2.9.5 218-W-3 Burial Ground. The 218-W-3 Burial Ground is an inactive solid
waste disposal facility which received transuranic/mixed solid waste from 1957 to 1960 or
1961. No Unplanned Releases are associated with this unit. No monitoring wells were
associated this waste management unit.

No detectable surface radiation was reported in the 218-W-3 Burial Ground
during a 1991 radiological survey.

4.1.2.9.6 218-W-3A Burial Ground. The 218-W-3A Burial Ground is active solid
waste disposal facility which began receiving transuranic/mixed solid waste in 1971. No
Unplanned Releases are associated with this unit. Three wells potentially monitor
conditions in this waste management unit. Gamma scintillation logging performed in
1987 indicated only natural gamma response.

During a 1991 surface radiological survey, 40,000 dis/min of beta radiation was
measured over a 1 m x 1 m area in the 218-W-3A Burial Ground (Table 4-5).

4.1.2.9.7 218-W-3AE Burial Ground. The 218-W-3AE Burial Ground is an active
solid waste disposal facility which began receiving mixed solid waste in 1982. No
Unplanned Releases are associated with this unit. Seven wells potentially monitor
conditions in this waste management unit. Gamma scintillation logging performed in
different monitoring wells in 1987, 1989, and 1990 indicated only natural gamma
response.
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4.1.2.9.8 218-W-4A Buri: Ground. The 218-W-4A Burial Ground is an inactive
solid waste disposal facility which received transuranic/mixed waste from 1958 to 1968.
Four Unplanned Releases, UPR-200-W-16, UPR-200-W-26, UPR-200-W-53, and UPR-
200-W-72, are associated with the 218-W-4A Burial Ground. As described in .able 2-5,
the Unplanned Releases resulted in plutonium and ruthenium contamination of surface
soils within and outside the burial ground. The 218-W-4A Burial Ground contains two
steel-drum caissons which might be a source of radionuclides (Section 2.3.9.8). No
monitoring wells were identified within the 218-W-4A Burial Ground.

During a 1991 surface radiological survey, 10,000 dis/min of beta radiation was
measured over a 7 m x 1 m hot spot in the burial ground (Table 4-5).

Due to the Unplanned Releases and the presence of caissons, vadose zone soil
contamination is suspected at this site.

4.1.2.9.9 218-W-4B Burial Ground. The 218-W-4B Burial Ground is an active
facility which began receiving transuranic and mixed solid waste in 1967. No Unplanned
Releases are associated with the 218-W-4B Burial Ground. Elevated surface radiation
monitoring readings have been reported at the site.

Three monitoring wells located around the perimeter of the 218-W-4B Burial
Ground were logged using gamma scintillation equipment in 1989 and 1990. The gamma
scintillation logs indicated only natural gamma response (Table 4-10).

4.1.2.9 ) 218-W-4C Burial Ground. The 218-W-4C Burial Ground is an active
facility which begi receiv _ transuranic and mixed solid waste in 1974. An Unplanned
Release associated with the 241-UR Diversion Box (a U Plant Aggregate Area transfer
facility), UN-200-W-132, contaminated two areas in the eastern part of the burial ground
of approximately 11.2 a.  41.9 m” in 1956 (Table 2-5). A total of eleven monitoring
wells were identified in  : 218-W-4C Burial Ground; all but one have been logged using
gamma scintillation detection equipment (Table 4-10). Gamma scintillation logging
performed in July 1987 dicated possibly elevated gamma response in o1 well, 299-
W15-18, located 30 m west of the northern portion of the burial ground. The elevated
gamma response was observed etween depths of 55 and 58 m below ground surface.

Due to the Unplanned Release and elevated gamma response in one monitoring
well, vadose zone soil contamination is suspected in the eastern parts of the 218-W-4C
Burial Ground.

4.1.2.9.11 218-W-5 Burial Ground. The 218-W-5 Burial Ground is an active waste
management unit which receives low level/mixed solid waste. No Unplanned Releases
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are associated with the 218-W-5 Burial Ground. Wells 299-W7-1, 299-W7-9, 299-W8-1,
299-W9-1, 299-W10-13, and 299-W10-14 potentially monitor site conditions.

No releases are associated with the site. Consequently, no contamination is
suspected at the 218-W-5 Burial Ground.

4.1.2.9.12 218-W-6 Burial Ground. The 218-W-6 Burial Ground is a proposed
facility located in the northeast corner of the Z Plant Aggregate Area. No releases of
hazardous materials are associated with this site. One monitoring well, 299-W6-1, was
identified near the center of the 218-W-6 Burial Ground. Gamma scintillation logging
performed in April 1963 indicated only natural gamma response.

No contamination is suspected at the 218-W-6 Burial Ground.

4.1.2.9.13 218-W-11 Burial Ground. The 218-W-11 Burial Ground is an inactive
facility that received low-level and mixed waste during 1960. One Unplanned Release,
UPR-200-W-84, is associated with the 218-W-11 Burial Ground. Contaminated soil from
the Unplanned Release was picked up and placed in a burial trench. One monitoring
well, 299-W15-2, is associated with the 218-W-11 Burial Ground. Gamma scintillation
logging performed in November 1976 indicated only natural gamma response.

Only minor vadose zone soil contamination is suspected at the 218-W-11 Burial
Ground.

No surface radiation was detected during a 1991 radiological survey of the 218-W-
11 Burial Ground Area.

4.1.2.9.14 Z Plant Burn Pit. Releases may be associated with the estimated 1,000
cubic meters of chemical waste disposed at the Z Plant Burn Pit, but were not reported
in the documents reviewed. The Z Plant Burn Pit is east of the main Z Plant building
complex. No specific chemical sampling data were identified for the Burn Pit. Also, no
monitoring wells were identified near the Z Plant Burn Pit.

Non-hazardous chemical contaminants are suspected in vadose zone soils at this
location.

4.1.2.10 Unplanned Releases. No specific chemical sampling data were identified for the
Unplanned Releases. Also, no monitoring wells were identitied near Unplanned Release
sites. Historical information discussed in Section 2.3.10 and Table 2-5 indicates that
radionuclide contamination is suspected at most of the Unplanned Release sites but
insufficient information was identitied to characterize the nature and extent of
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contamination. Tables 4-2 and 4-3 summarize available information regarding media
potentially affected by Unplanned Releases.

4.2 POTENTIAL IMPACTS TO HUMAN HEALTH

This preliminary assessment is intended to provide a qualitative evaluation of
potential human health hazards associated with the known and suspected contaminants at
the Z Plant Aggregate Area. The assessment includes a discussion of potential transport
pathways, develops a conceptual model of human exposure based on these pathways, and
presents the physical, re ological, and toxicological characteristics of the known or
suspected contaminants.

In developing the conceptual model, potential exposures to groundwater have not
been addressed in detail. Since migration to groundwater is the primary route for
potential future exposures to many of the chemicals disposed of at the site, this pathway
(i.e., travel time, receptors) will be addressed in the 200 West Groundwater AAMS.

It is important to note that these evaluations do not attempt to quantify potential
human health risks associated with exposure to Z Plant Aggregate Area waste
management unit contaminants. Such a risk assessment cannot be performed until
additional waste management unit characterization data are acquired. Risk assessments
will be performed in accordance with the Hanford Site Baseline Risk Assessment
Methodology document (DOE/RL 1991a) being prepared in response to the M-29
milestone.

4.2.1 Release Mechanisms

Z Plant Aggrega Area waste management units can be divided into two general
categories based on the nature of the waste release: 1) units where waste was discharged
directly to the environment; and 2) units where waste was disposed of inside a
containment structure and must bypass an engineered barrier to reach the environment.

In the first group are those waste management units where release of wastes to
the soil column was an integral part of the waste disposal strategy. Included in this group
are tile fields, septic system drain fields, ditches, french drains, seepage basins, cribs
without liners, reverse wells, and some disposal trenches. Also in this group are
Unplanned Releases that involved waste material contacting bare soil. For these types of
waste management units, if discharges to the unit contained chemicals of concern, it can
be assumed that soils u lerlying the waste management unit are contaminated. The first ‘

4-32



Nolie JEEN B e NRY S 7S B S A

BB L W LY LI W L LW W W LN N RN DNDNDNDNNDNDRFE = e = e e e e e
— O VW OO0 NN D W= OV WN WD = OWYWOOO IO WnM S W -=O

DOE/RL-91-58
Draft A

task in developing a conceptual model for these units is to determine whether chemicals
of concern are retained in soil near the waste management unit, or are likely to migrate
to the underlying aquifer and then to receptor points such as drinking water wells or
surface water bodies. Factors affecting migration of chemicals away from the point of
release will be discussed in the following section.

In the second group are waste management units that were intended to act as a
barrier to environmental releases. Included in this group are burial grounds containing
drums or other containers, cribs with membrane liners, caissons, vaults, tanks, retention
basins, waste transfer facilities, and Unplanned Releases that occurred within
containment structures. Waste management units that received only dry waste could also
be included in this category, since the potential for wastes to migrate to soils outside of
the unit is low due to the negligible natural recharge rate at the H: ‘ord Site. For these
waste management units, the first consideration to be addressed in developing a
conceptual model is the integrity of the containment structure.

The ability of this report to evaluate the efticacy of engineered barriers is limited
by the lack of vadose zone soil sampling data and air sampling data for many waste
management units. Available sampling information for the waste management units and
Unplanned Releases was summarized in Section 4.1. The data indicate that membrane
liner systems used in waste management units with signiticant liquid inputs (e.g., 216-Z-12
Crib) were ineffective in preventing releases to the subsurface.

The etficacy and integrity of concrete liners (207-Z Retention Basin), concrete and
steel pads (high-level transuranic caissons and vaults), and concrete plugs in corrugated
piping (low-level radioactive waste caissons) have not been determined. For those waste
management units that received only dry wastes such as gloves, pumps, contaminated
dirt, and process equipment, the potential for release is expected to be low. However,
small amounts of liquid wastes (tritium, lab wastes) are known to have been disposed of
in these waste management units, and early disposal records (prior to about 1968) are
incon ‘ete. Thus, releases from these structures to the surrounding soil are possible.

In addition to evaluating releascs to the subsurface, the conceptual model must
address the potential for releases to air and, for radionuclides, the potential for direct
irradiation. All waste management units have some type of barrier to releases to the
surface; however, barriers can fail over time or may not be designed to prevent migration
by certain transport pathways (e.g., volatilization).

Many of the cribs in the Z Plant Aggregate Area have experienced cave-ins in

recent years due to decomposition of the wooden framework of the cribs. Such collapse
can lead to high levels of direct radiation at the surtace and the potential for spread of
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contaminated materials by wind erosion. The Westinghouse Hantord Radiation Area
Remedial Action Program is responsible for detecting and remediating cave-ins by
covering the cribs with a litional soil. Thus, any exposures from these incidents are
generally short-term. Waste management units that were remediated due to cave-ins
during 1991 were the 216-Z-5 and 216-Z-7 Cribs.

4.2.2 Transport Pathways

Transport pathways expected within the Z Plant Aggregate Area are summarized
in this section, including:

Drainage and leaching trom soil to groundwater;
° Volatilization from wastes and shallow soils;
Wind erosion of contaminated surface soils;
Deposition of fugitive dust on soils, plants, and surface water;
Uptake from soils by vegetation;
Uptake from soils by animals via direct contact with soils or ingestion of
vegetation; and
Direct radiation.

In addition, transport within the saturated zone ai  subsequent release to
groundwater wells or to off-site surface water (i.c., the Columbia River) is of potential
concern, but will not be addressed in this document, since this topic will be the focus of
the 200 West Groundwater AAMS.

4.2.2.1 Transport from Soils to Groundwat  Soil is the initial receiving medium for
waste discharges in the Z Plant Aggregate Area, whether the release is directly to soil or
through failure of a containment system. Several factors determine whether chemicals
that are introduced into the vadose zone will reach a perched zone or the unconfined
aquifer, which lies at a depth of approximately 60 m (200) feet below ground surface.
These factors are discussed in the following subsections.

4.2.2.1.1 Depth of Release. Waste management units which released wastes at a
greater depth below the surface are more likely to contaminate groundwater than waste
management units where the release was shallow. 7 e 216-Z-10 Reverse Well is the
primary example of a deep release at the Z Plant Aggregate Area. This unit discharged
wastes to the vadose zone approximately 45 m (150 ft) below the surtace, or
approximately 15 m (50 ft) above the water table in the uncontined aquifer.
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4.2.2.1.2 Liquid Volume or Recharge Rate. For waste constituents to migrate to
the underlying water table, some source of recharge must be present. In the Z Plant
Aggregate Area, the primary sources of moisture for mobilizing contaminants are waste
management units which discharge liquid waste to the soil column and precipitation
recharge. As discussed in Section 3.5.2, estimates of natural precipitation recharge range
from 0 to 10 cm/yr, primarily depending on surface soil type, vegetation, and topography.
Gravelly surface soils with no or minor shallow-rooted vegetation appear to facilitate
precipitation recharge. One modeling study (Smoot et al. 1989) indicated that some
radionuclide (*’Cs and '®Ru) transport could occur with as little as 5 cm/yr of natural
recharge. However, other researchers (Routson and Johnson 1990) have concluded that
no net precipitation recharge occurs in the 200 Areas, particularly at waste management
units which are capped with fine-grained soils or impermeable covers.

With respect to artificial recharge, as discussed in Section 4.1.8, several waste
management units (e.g., the 216-Z-12 Crib) were identified in which the known volume of
liquid waste discharged substantially exceeded the total estimated soil pore volume
present below the footprint of the tacility. In this case, the moisture content of soil
below the waste management units likely approached saturation during the period of use
of these facilities. Because vadose zone hydraulic conductivities are maximized at water
contents near saturation, the volume of liquid waste water historically discharged to the
waste management units identified in Table 4-11 probably enhanced fluid migration in
the vadose zone beneath these units.

Contaminants that are not initially transported to the water table by drainage may
be mabilized at a later date it a large volume of liquid is added to the waste management
unit. In addition, liquids discharged to one unit could mobilize wastes discharged to an
adjacent unit if lateral migration takes place within the vadose zone. An example of this
process occurred at the U Plant 216-U-16 Crib where lateral migration of acidic waste
above a caliche layer mobil” :d radionuclides in the 216-U-1 and 216-U-2 Cribs. No
examples of interactions between waste management units are known to have occurred
within the Z Plant Aggregate Area. However, septic fields and the 216-Z-21 Seepage
Basin are located within 50 meters of waste management units that received liquid waste
and thus could potentially mobilize wastes from these units.

4.2.2.13 Soil Moisture Transport Properties. As discussed in Section 3.5.2, the
moisture flux in the vadose zone is dependent on hydraulic conductivity as well as
gradients of moisture content or matrix suction. Higher unsaturated hydraulic
conductivities are associated with higher moisture contents. However, higher unsaturated
hydraulic conductivities may be associated with fine-grained soils compared to coarse-
grained soils at low moisture contents. Due to the highly stratitied nature ot Hanford
Site vadose zone soils and the moisture content dependence of unsaturated hydraulic
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Tonic Strength of Waste. For some inorganics, the dominant mechanism
leading to desorption from the soil matrix is ion exchange. Leachant
having high ionic strength (high salt content) can bias the sorption
equilibrium toward desorption, leading to higher concentrations of the
chemical in the soil pore water. Wastes within the Z Plant Aggregate Area
that can be considered high ionic strength include the PFP process wastes
and the RECUPLEX and PRF aqueous wastes.

Waste pH. The pH of a leachant has a strong etfect on inorganic
contaminant transport. Acidic leachates tend to increase migration both by
increasing the solubility of precipitates and by changing the distribution of
charged species in solution. The exact impact of acidic or basic wastes will
depend on whether the chemical is normally in cationic, anionic, or neutral
form, and the form that it takes at the new pH. Cationic species tend to
be more strongly adsorbed to soils than neutral or anionic species. The
extent to which addition of acidic leachate will cause a contaminant to
migrate will also depend on the buffering or neutralizing capacity of the
soil, which is correlated with the calcium carbonate (CaCO,) content of the
soil. Percent CaCO, measurements on soil samples from three monitoring
wells from the Z Plant Aggregate Area are shown in Table A-2 of
Appendix A. The soils in the Hanford formation beneath the Z Plant
Aggregate Area generally have carbonate contents in the range of 0.1 to 5
percent. Higher carbonate contents (20 to 30 percent) are observed within
the Plio-Pleistocene caliche layer.

Once the leaching solution has been neutralized the dissolved constituents
may reprecipitate or become readsorbed to the soil. Observations of pH
impacts on waste transport at the Hantord Site include:

o Mobilization of plutonium and americium isotopes beneath the 216-
Z-1A Tile Field by acid liquid waste depends on a combination of
pH effects and complexation by organic components of the waste.
These processes were implicated in migration of the radionuclides to
a depth of 30 meters below the bottom of the crib; and

o Leaching of americium from 216-Z-9 Trench sediments was found to
be solubility controlled and correlated to solution pH (Rai et al.
1981).

4.2.2.1.5 Complexation by Organics. Certain organic materials disposed of at Z
Plant Aggregate Area are known to form complexes with inorganic ions, which can
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enhance their solubility and mobility. Tributyl phosphate is the primary organic
complexing agent disposed of at the Z Plant Aggregate Area.

4.2.2.1.6 Contaminant Loss Mechanisms. Processes that can lead to loss of
chemicals from soils, and thus decrease the amount of chemical available for leaching to
groundwater, include:

Radioactive Decay. Radioactivity of radionuclides decays over time, which
generally decreases the quantities and impacts from radioactive isotopes.
However, for some radioactive decay chains, ingrowth of daughter products
can lead to a net increase in radioactive emissions over time.

Biotransformation. Microorganisms in the soil may degrade organic
chemicals ch as acetone and inorganic chemicals such as nitrate.

Chemical Transformation. Hydrolysis, oxidation, reduction, radiolytic
degradatio and other chemical reactions are possible degradation
mechanisms for contaminants.

o Vegetative ptake. Vegetation may remove chemicals from the soil, bring
them to the surface, and thereby introduce them to the tood web.

Volatilization. Organic chemicals and volatile radionuclides can be
transported in the vapor phase through open pores in soil either to
adjacent soil or to the atmosphere. Some elements (mainly fission products
such as ioc e, ruthenium, cerium, and antimony) are referred to as
"semivolatiles" because they have a lesser tendency to volatilize.

4.2.2.2 Transport from Soils to Air. Transport of contaminants from waste units to the
atmosphere can occur by means of vapor transport or by fugitive dust emissions.

Vapor transport may occur from waste management units where volatile organics
(e.g., CCl,) or volatile radionuclides ("*C, “CO,, '*I, or *H) have been released.
Transport mechanisms include diffusion down a concentration gradient and gas-driven
flow. Situations where the latter process may occur include production of methane gas
from degradation of organic compounds in soil, or production of hydrogen and oxygen
gases by radiolytic hydrolysis of water.

In general, the e hen covers on cribs and trenches are not designed to retard
volatile emissions. However, waste management units where high-level radioactive mixed
wastes were disposed of, such as the burial caissons, generally have air filtration devices .
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on outlet vents, designed to prevent release of contaminants to the atmosphere while the
units were being filled. The effectiveness of these devices tor preventing ongoing volatile
releases is not known.

In order for fugitive dust emissions to occur, contaminants must be exposed at the
surface of the waste management unit. A number of mechanisms could lead to exposure
of contaminants in soil-covered waste management units. These mechanisms include
uptake by vegetation, transport by animals, disruption of the waste management unit
(e.g., cave-ins at cribs), and wind erosion. Wind erosion can strip off surface soil and
uncover waste materials. This mechanism has been identified as an ongoing proble1r in
some of the waste management unit areas. The processes by which biota 1y expose
contaminated soils are discussed in Section 4.2.2.4.

The contribution of Z Plant Aggregate Areas to overall fugitive dust emissions at
the Hanford Site is expected to be relatively minor, based on results of air monitoring
downwind of Z Plant Aggregate Area waste management units.

4.2.2.3 Transport from Soils to Surface Water. There are no natural surface water
bodies within the Z Plant Aggregate Area. The 216-Z-21 Seepage Basin is occasionally
flooded with water from the Plutonium Recovery Facility storm drains and cooling water.
Although the water entering the seepage basin is non-contact wastewater and thus should
not contain contaminants, accidental releases to the Plutonium Recovery facility drains
could lead to contaminants entering this unit.

Transport of contaminants to surtace water bodies outside of the Z Plant
Aggregate Area via groundwater discharge and deposition of tugitive dust on water
bodies are the primary pathways of potential concern for surface water effects.
Groundwater discharge will be addressed in the 200 West Groundwater AAMS.

4.2.2.4 Transport from Soils to Bic “’ota, plants and animals, have the potential »r
taking up (bio-uptake), concentrating (bioaccumulating), transporting, and depositing
contamination beyond its original extent. Transfer from one species to another in the
food chain is also possible because of predation. The possibility of these processes
contributing significantly to the transport of contamination from the Z Plant Aggregate
Area waste management units is uncertain.

4.2.2.4.1 Uptake by Vegetation. Release of radioactivity to the surface by growth
of vegetation is an ongoing problem at Z Plant waste management units. Roots of
sagebrush and other native species can take up radionuclides from soils below the surface
and transport these chemicals to the foliage. Wind dispersal of portions of the
contaminated vegetation, or entire plants (tumbleweeds), can lead to transport of
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contaminants outside of e unit. Westinghouse Hanford has an ongoing vegetation
control program (herbicide application, reseeding with shallow-rooted vegetation, and
mechanical removal) and radiological survey program to prevent radioactivity from being
transported by this mect 1ism. However, the program does not assure complete
removal of vegetation, and incidents of detection of contaminated vegetation are
reported occasionally in e radiological surveys.

4.2.2.4.2 Transport by Animals. Disturbance of waste management unit barriers
by animals occasionally leads to release of contaminants to the surface. Additionally,
animals that become contaminated by contact with subsurface waste can spread
contamination in their feces on the surface and outside of the waste management unit.
Rabbits were noted as causing the greatest spread of contamination in the Separations
Area in 1985 (Elder et al. 1986).

4.2.3 Conceptual Model

Figure 4-6 presents a graphical summary of the physical summary of the physical
characteristics and mech 1isms at the site which could potentially affect the generation,
transport, and impact of contamination in the Z Plant Aggregate Area on humans and
biota (conceptual model).

The sources of potentially hazardous chemicals identified at the Z Plant Aggregate
Area include process wastes, cooling wi 1, stack releases, sewage, settling tank solids,
laboratory wastes, process feed materials, and radioactive mixed wastes from nuclear
. luc 1 facilities on and off the Hanford Si that were ¢ osed of in t]  Solid Waste
Burial w.:vunds. ...e sources displayed in this figure were identitied from historical and
current process information and from waste management unit inventories, as described in
Section 2. In addition to the known or suspected releases to waste management units,
Unplanned Releases due to spills, leaks in piping, and other accidental sources have led
to release of radionuclides and other chemicals to the environment. Some of the
Unplanned Releases are associated with the various waste sites, and are shown on Figure
2-13.

The column in the Conceptual Model titled "Treatment or Disposal” is used to
indicate waste streams that were routed to waste management units outside of the
aggregate area, and waste streams that were routed through treatment tanks or settling
tanks before being released to units within the aggregate area. The units are grouped in
the model by type, as was done in Section 2.0.
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Chemicals from the sources noted on Figure 4-6 have been disposed of into the
waste management units under investigation. Waste site groups include retention basins,
seepage basins, settling tanks, trenches, cribs, French drains, reverse wells, tile fields,
septic tanks and drain fields, and burial grounds. The vaults and caissons which comprise
part of the Solid Waste Burial Grounds were assigned to a different waste site group
than the burial trenches, since release mechanisms applicable to these concrete-lined
containment structures would be expected to be ditferent than for the earth-lined burial
trenches. Each of the waste site groups represents a collection of units with similar
construction, waste type (i.e., solid vs. liquid) and potential release mechanisms.

From the Z Plant Aggregate Area waste management units, various release
mechanisms may have transported chemicals to the potentially affected media. Waste
management units where liquid wastes were disposed of (cribs, trenches, drain fields,
retention basins) impacted the vadose zone and may have impacted groundwater by
infiltration of liquids through the soil. Reverse wells and French drains released wastes
directly to the vadose zone by injection of liquids.

Many waste management units discharge their waste eftluents directly to the near
surface (vadose zone) soils. The trenches are potential release points via leaching or
drainage of the liquid portion of the disposed materials. The cribs provide seepage
discharge and similarly the French drains, reverse wells, and septic system drain fields
directly inject their effluents into the subsurface sediments. The Unplanned Releases
have mainly impacted surface soils although some contamination may have also taken
place on building surfaces. Fugitive dust from sediment and surface soils has also been
released or resuspended due to wind effects or surtace disturbances, and some surface
soils have been buried or removed to off-site disposal.

Stack releases may have led to deposition of contaminants on surface soils and
vegetation within and ¢ side of the a. egate area. Ambient air quality data for the —
Plant Aggregate Area is presented in Section 4.1. _ ue to resuspension of st from soils
within and outside of the aggregate area, it is not possible to use these data to distinguish
stack releases from other sources of airborne contaminants.

The primary mechanisms of vertical contaminant migration is the downward
movement of water from the surface through the vadose zone to the unconfined aquifer.
The contaminants generally move as a dissolved phase in the water and their rate of
migration is controlled both by groundwater movement rates and by adsorption and
desorption reactions involving the surrounding sediments. Some contaminants are
strongly sorbed on sediments and their downward movement through the stratigraphic
column is greatly retarded. Significant lateral migration of contaminants is restricted to
perched water zones and to the unconfined aquifer, where water is moving laterally.

4-4]



O 00 ~JON L b W N

BPBE W W W W W W W WWWERNNDNDNDNDDNDNDNN DN = e ek e ped ped ped =
— O 000 NN, LW, OV NE W2, OV LN =O

DOE/RL-91-58
Draft A

Again adsorption and desorption reactions may greatly retard lateral contaminant
migration. Contaminants that were introduced to the soil column outside of the
aggregate area may migrate into the area along with perched or aquifer water.

Transport of chemical vapors in the unsaturated zone has been implicated as an
important transport pathway in migration of carbon tetrachloride and other volatile
organics away from source areas. These vapors may then become adsorbed to soils
solids or dissolved in soil pore water.

There are four exposure routes by which humans (off site and on site) and other
biota (plants and animals) can be exposed to these possible contaminants:

Inhalation of airborne volatiles or tugitive dusts with adsorbed
contamination;

Ingestion of surface water, fugitive dust, surface soils, biota (either directly
or through the food chain), or groundwater;

Direct co1 ict with the waste materials (such as those exhumed by
burrowing animals), contaminated surtace soils, buildings, or lants; and

Direct radiation from waste materials, surtace soils, building surfaces, or
fugitive dusts.

4.2.4 Ch:._ _:ter cs of Cor ints

Table 4-13 is a list of radioactive and nonradioactive chemical substances that
represent candidate contaminants of potential concern for this study based on their
known presence in wastes, usage, disposal in waste management units, historical
association, or detection in environmental media at the Z Plant Aggregate Area. In
addition, Table 4-13 includes chemicals that have not been detected or reported in Z
Plant wastes or environmental samples but are expected to be present (e.g., decay
products of radionuclide contaminants). Table 4-14 summarizes the types of known or
suspected contamination that are thought to exist at the individual waste sites. Known
contaminants have been proven to exist from sampling and inventory data (Tables 2-2
and 2-3). Suspected contaminants are those which could occur at a site based upon
historical practices or chemical associations. Given the large number of chemicals known
or suspecte ~ to be present, it is appropriate to tfocus this assessment on those
contaminants that pose the greatest risk to human health or the environment. Table 4-15
lists the contaminants of concern for the Z Plant Aggregate Area. .uis list was ‘
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developed from Table 4-13 and includes only those contaminants which meet the
tollowing criteria:

] Radionuclides that have a half-life greater than one year;

] Radionuclides with a half-life of less than one year and are part of long-
lived decay chains that result in the building up of the short-lived
radionuclide activity to a level of 1 percent or greater of the parent
radionuclide's activity within the time period of interest;

° Contaminants that are known or suspected carcinogens or have a EPA
non-carcinogenic toxicity factor; and

° Chemical is mobile in the environment via one of the transport pathways
identified in the Conceptual Model.

In practice, the last criterion was not used to eliminate chemicals from the list,
since chemicals that are not of concern for groundwater migration (high K,) may be of
concern for airborne transport.

It should be noted that the majority of the listed chemicals and radionuclides were
reported disposed of in the Solid Waste Burial Grounds. The potential for these
materials to enter the environment will depend on the extent to which free liquids were
co-disposed in the burial areas, and the extent to which container leakage and infiltration
has occurred, or may occur in the future, and the potential for disruption of the soil
cOver.

The following characteristics will be discussed tor the contaminants listed in Table

4-13:
° Detection of contaminants in environmental media;:
L Historical association with plant activities;
. Mobility;
L Persistence;
° Toxicity; and
® Bioaccumulation.
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Radionuclides that are known to have been disposed of to Z Plant waste
management units in the greatest quantities, based on the WIDS data and records of the
Solid Waste Burial Grounds, are as follows:

BQPU
240Pu
l37CS
Sr
*H
9Co
106Ru

Note that a complete radionuclide analysis of the Z Plant waste streams is not
available, and no information was located on the cor Hosition of wastes from the 231-Z
Building. Thus, it is possible that additional radionuclides were disposed of to Z Plant
Aggregate Area waste management units that are not reported in the waste inventories.

Nonradioactive chemicals reportedly released into Z Plant Aggregate Area waste
management units in large quantities include nitric acid, nitrates, sodium, phosphate,
sodium hydroxide, fluorides, tributyl phosphate, carbon tetrachloride, dibutyl phosph: :,
calcium, magnesium, and iron.

4.2.4.3 Mobility. Since most wastes at the Z Plant Aggregate Area were released
directly to subsurface soils via injection, infiltration, or burial, the mobility of the wastes
in the subsurface will determine the potential tor future exposures. The mobility of the
chemicals listed in Table 4-13 varies widely and depends on site-specific factors as well as
the intrinsic properties of the chemical. Much of the site-specitic information needed to
character : mobility is not available and will need to be obtained during the RI/T
process. However, it is possible to make general statements about the relative mobility
of the candidate chemicals of concern.

4.2.43.1 Transport to the Subsurface. The mobility of radionuclides and other
inorganic elements in groundwater depends on the chemical form and charge of the
element or molecule, which in turn depends on site-related tfactors such as the pH, redox
state, and ionic composition of the groundwater. Cationic species (e.g., Cd**, Pu*")
generally are retarded in their migration relative to groundwater to a greater extent than
anionic species such as nitrate (NO;’). The presence in groundwater of complexing or
chelating agents can increase the mobility of metals by forming neutral or negatively
charged compounds.
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The chemical properties of radionuclides are essentially identical to the
nonradioactive form of the element; thus, discussions of the chemical properties affecting
the transport of contaminants can apply to both radionuclides and nonradioactive
chemicals.

A soil-water distribution coefticient (K,) can be used to predict mobility of
inorganic chemicals in the subsurface. Table 4-16 presents a summary of soil-water
distribution coefficients that have been developed for many of the candidate inorganic
chemicals of concern at the Z Plant Aggregate Area. As discussed above, the pH and
ionic strength of the leaching medium has an impact on the absorption of inorganics to
soil; thus, the listed Ks are valid only for a limited range of pH and waste composition.
In addition, soil sorption of inorganics is highly dependent on the mineral composition of
the soil, the ionic composition of the soil pore water, and other site-specific factors.
Thus, a high degree of uncertainty is involved with use of K, values that have not been
verified by experimentation with site soils.

Serne and Wood (1990) recommended K, values for use with Hanford waste
assessments for a limited number of important radionuclides (Am, Cs, Co, Cu, I, Py, Ru,
Sr, and tritium) based on soil column or batch desorption studies, and have proposed
conservative average values for a more extensive list of elements based on a review of
the literature. An assumed retardation of <1 is recommended for Am, Cs, Pu, and Sr
under acidic conditions.

Strenge and Peterson (1989) developed default K, values for a large number of
elements for use in the Multimedia Environmental Pollution Assessment System, a
¢« uterized waste inag 1t unit evall  ion system. TI , values v based 1
findings in the scientific literature, and include non-site-specific as well as Hanford Site
values. Values are provided for nine sets of environmental conditions: three ranges of
waste pH and three rar s of soil adsorbent material (sum of percent clay, organic
material, and metal hydrous oxides). The values presented in Table 4-17 are for
conditions of neutral waste pH and less than 10 percent adsorbent material, which is
likely to be most representative of Hanford Site soils.

The mobility of i rganic species in soil can be divided roughly into three classes,
using site-specific values (Serne and Wood 1990) where available and conservative
default values otherwise: highly mobile (K,<5), moderately mobile (5<K;<100), and low
mobility (K;>100). The class ranking for each of the inorganic contaminants of concern
is listed below:
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1 Highly mobile (K,<5)
2 Antimony Neptunium
3 Boron Nitrate, nitrite
4 Carbon (as “CO,) Potassium
5 Chloride Protactinium
6 Chromium (VI) Selenium
7 Cyanide Sodium
8 Fluoride Technetium
9 Todine Thallium
10 Krypton Tritium
11 Molybdenum Uranium
12 Moderately mobile (5<K,<100)
13 Barium Niobium
14 Beryllium Phosphate
15 Bismuth Potassium
16 Cadmium Radium
17 Calcium Ruthenium
18 Copper Silver
19 Iron Strontium
20 Lead Thorium
21 Nickel Vanadium
Zinc
22 Low mobility (K,>100)
23 Actinium Europium
24 Asbestos Mercury
25 Americium Plutonium
26 Cesium Samarium
27 ~Jbalt Yttrium
28 Curium
29
30 The tendency of organic compounds to adsorb to the organic fraction of soils is

31 indicated by the soil-organic matter partition coefficient, K. Partition coefficients for
32 the organic chemicals disposed of or detected at Z Plant Aggregate Area waste

33 management units are listed in Table 4-17. Chemicals with low K values are weakly
34 absorbed by soils and will tend to migrate in the subsurface, although their rate of travel
35 will be retarded somewhat relative to the pore water or groundwater tflow. Soils at the
36 Hanford Site have very little organic carbon content and thus sorption to the inorganic
37 fraction of soils may dominate over sorption to soil organic matter.

38
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4.2.4.3.2 Transport to Air. Transport between soils and air can occur either by
fugitive dust emissions or volatilization. Chemicals subject to transport via airborne dust
dispersion are those th: are non-volatile and persistent on the soil surface, including
most radionuclides and inorganics, and some organics such as creosote and coal tar.

Chemicals subje to volatilization are mostly organic compounds; however, certain
of the radionuclides detected at the site are subject to evaporation and could be lost
from shallow soils to the ambient air. The most important species in this category are
1C, °H, and "L

The tendency of an organic compound to volatilize can be predicted from its
Henry's law constant, K,, a measured or calculated parameter with units of atmospheres
per cubic meter per mole of chemical. Henry's law constants of the candidate organic
chemicals of concern are presented in Table 4-17. Compounds with a K greater than
about 10 will be lost rapidly to the atmosphere from surtace water and shallow soils.
Organic compounds that fall into this class include:

Benzene Hexane

Carbon tetrachloride Methylene chloride
Chlorobenzene Tetrachloroethylene
Chloroform Toluene
Cyclohexane Tributyl phosphate
1,2-Dichloroethane 1,1,1-Trichloroethane
1,2-Dichloroethylene Trichloroethylene
Ethylbenzene Vinyl chloride

Freon II Xy ;

4.2.4.4 Persistence. Once released to environmental media, the concentration of a
chemical may decrease because of biological or chemical transformation, radioactive
decay, or the intermediate transfer processes discussed above that remove the chemical
from the medium (e.g., volatilization to air). Radiological, chemical, and biological decay
processes affecting the persistence of the Z Plant Aggregate Area contaminants are
discussed below.

The persistence of radionuclides depends primarily on their half-lives. A
comparison of the half-lives and specific activities for all radionuclides detected or
disposed of at the Z Plant Aggregate Area is presented in Table 4-18. This table also
includes daughters of long-lived parent radionuclides, whether or not the daughter
species have been dete :d or reported. The specific activity is the decay rate per unit
mass, and is inversely proportional to the halt-life of the radionuclide. Half-lives for the
radionuclides listed in Table 4-18 range from seconds to over one billion years. Also

4-48



O 02 N h W=

S W LW W W W W W W W W RN D NN RN DN DN m= e e e e e e e e e
— O WO IO WP O D00 IO, W= OWO IOV H WN-=O

DOE/RL-91-58
Draft A

listed are the decay mechanisms of primary concern for the radionuclide. Note that
radionuclides often undergo several decay steps in quick succession, (e.g., an alpha decay
followed by release of one or more gamma rays). The daughter products of these decays
are often themselves radioactive.

Decay will occur during transport (e.g., through the vadose zone to the aquifer
and through the aquifer) and may lead to significant reductions in levels discharging to
the Columbia River. For direct exposures (e.g., to surface soils or air), the half-life of
the radionuclide is of less importance, unless the halt-life is so short that t| radionuclide
undergoes substantial decay between the time of disposal and release to the environment.

Nonradioactive inorganic chemicals detected at the site are generally persistent in
the environment, although they may decline in concentration due to transport processes
or change their chemical form due to chemical or biological reactions. Nitrate and
sulfate undergo chemical and biological transtormations that may lead to their loss to the
atmosphere (as N, and H,S) or incorporation into living organisms, depending on the
redox environment and microbiological communities present in the medium.

Biotransformation rates for organics vary widely and are highly dependent on site-
specific factors such as soil moisture, redox conditions, and the presence of nutrients and
of organisms capable of degrading the compound. Ketones, such as acetone and MIBK,
are easily degraded by microorganisms in soil and thus would tend not to persist.
Chlorinated solvents (e.g., carbon tetrachloride) may undergo slow biotransformation in
the subsurface under anoxic conditions. Tetrachloroethylene and trichloroethylene may
be converted to the more toxic compound vinyl chloride under some redox conditions.
Volatile aromatics such as toluene are generally intermediate in their biodegradability
between these two example groups.

4.2.4.5 Toxicity. Contaminants may be of potential concern for impacts to human health
if they are known or suspected to have carcinogenic properties, or if they have adverse
noncar¢ genic human health etfects. The toxicity characteristics of the chemicals
detected at the operable unit are summarized below.

4.2.4.5.1 Radionuclides. All radionuclides are classified by EPA as known human
carcinogens based on their property of emitting ionizing radiation and on the evidence
provided by epidemiological studies of radiation-induced cancers in humans. Non-
carcinogenic health effects associated with radiation exposure include genetic and
teratogenic effects; however, these effects generally occur at higher exposure levels than
those required to induce cancer. Thus, the carcinogenic etfect of radionuclides is the
primary identified health concern for these chemicals.
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Risks associated with radionuclides difter tor various routes of exposure depending
on the type of ionizing radiation emitted. Nuclides that emit alpha or beta particles are
hazardous primarily if the materials are inhaled or ingested, since these particles expend
their energy within a short distance after penetrating body tissues. Gamma-emitting
radioisotopes are of concern as both external and internal hazards. A fourth mode of
radioactive decay, 1 itron emission, is generally not of major health concern, since this
mode of decay is much less frequent than other decay processes. In addition to the
mode of radioactive decay, the degree of hazard from a particular radionuclide depends
on the rate at which pa cles or gamma radiation are released from the material.

Excess cancer risks for exposure to radionuclides by inhaling air, drinking water,
ingesting soil, and by external irradiation are shown in Table 4-19. These values
represent the increase in probability of cancer to an individual exposed for a lifetime to a
radionuclide at a level ¢ 1 pCi/m® in air, 1 pCi/L in drinking water, pCi/g in ingested
soil, or to external radiation from soil having a radionuclide content of 1 pCi/g (EPA
1991a).

For those radionuclides without PA (1991a) slope factors, the Hanford Site
Baseline Risk Assessment Methodology (DOE/RL 1991a) proposes to use the dose
conversion factors developed by the International Commission on Radiological Protection
to calculate a risk value.

The unit risk factors for different radionuclides are roughly proportional to their
specific activities, but also incorporate factors to account tor distribution of each
radionuclide within vari 1s body organs, the type of radiation emitted, and the length of
time that the nuclide is retained in the lungs.

Based on the factors listed in Table 4-19, the highest risk for exposure to 1 pCi/m’
in air is from plutonium, americium and uranium isotopes, which are alpha emitters.
Among the radionuclides detected in environmental samples at the Z Plant Aggregate
Area, the highest risks from ingestion of soil at 1 pCi/g are for *’Ac, *'Am, **Am, Z*Pu,
*Cm, and **Cm. The primary gamma-emitters are *"Bi, “Co, '**Cs, "'Cs (because of its
metastable decay product, *’"Ba), ’Eu, and '**Eu.

The standard EPA risk assessment methodology assumes that the probability of a
carcinogenic effect increases linearly with dose at low dose levels, i.e., there is no
threshold for carcinogenic response. The EPA methodo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>