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S PL/ JURCE AAMS XECUTIVE SUMMARY

This report presents the results of an aggregate area management study (AAMS) fi the

Plant Aggregate Area in the 200 Areas of the U.S. Department of Energy (DOE) Hanford
Site in Washington State. This scoping level study provides the basis for initiating Remedial
Investigation/Feasibility Study (RI/FS) activities under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) or Resource Conservation and
Recovery Act (RCRA) Facility Investigations (RFI) and Corrective Measures Studies (CMS)
under RCRA. This report 30 integrates select RCRA treatment, storage, or disposal (TSD)
closure activities with CERCLA and RCRA past-practice investigations.

Through the experience gained to ite on developing work plans, closure plans, and
permit applications at the Hanford Site, the parties to the Hanford Federal Facility Agreement
and Consent Order (Tri-Party Agreement) have recognized that all past-practice
investigations must be managed and im] :mented under one characterization and remediation
strategy, regardless of the regulatory agency lead (as defined in the Tri-Party Agreement).

In particular, the parties have identified a need for greater efficiency over the existing RI/FS
and RFI/CMS investigative approaches, and have determined that, to expedite the ultimate
goal of cleanup, much more emphasis needs to be placed on initiating and completing waste
site cleanup through interim measures.

This streamlined approach is described and justified in The Hanford Federal Facility
Agreement and Consent Order Change Package, dated May 16, 1991 ™ :ology et al. 1991).
To implement this approach, the three parties have developed the Hanford Site Past-Practice
Strategy (DOE/RL 1992a) for streamlining the past-practice remedial action process. This
strategy provides new concepts for:

o Accelerating decision-making by maximizing the use of existing data consistent
ith data quality objectives (DQOs)

° Undertaking expedited response actions (ERAs) and/or interim remedial measures
(" Ms), as appropriate, to either remove threats to human health and welfare and
the environment, or to reduce risk by reducing toxicity, mobility, or volume of
contaminants.

The Hanford Site Past-Practice Strategy (DOE/RL 1992a) describes the concepts and
framework for the RI/FS (« RFI/CMS) process in a manner that has a bias-for-action
through optimizing the use of interim remedial actions, culminating with dec ons on final
remedies on both an operable-unit and aggregate-area scale. The strategy focuses on
reaching early decisions to initiate and complete cleanup projects, maximizing the use of
existing data, coupled with focused short time-frame investigations, where necessary. As
more data become available on contamination problems and associated risks, the details of
the longer term investigations and studies will e better defined.
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Health and environmental concerns are presented in Section 5.0. The preliminary
qualitative evaluation of potential human health concerns is inte: :d to provide input to the
waste management unit recommendation process. The evaluation includes (1) an
identification of contamii ts of potential concern for each exposure pathway that . likely to
occur within the S Plant Aggregate Area, (2) identification of exposure pathways applicable
to individual waste management units, and (3) estimates of relative hazard based on four
available indicators of risk; the CERCLA Hazard Ranking System (HRS) and modified HRS
(mHRS), surface radiation survey data, and Westinghouse Environmental Protection Group
site scoring.

stentially ARARSs to be used in developing and assessing various remedial action
alternatives at the S Plant Aggregate Area are discussed in Section 6.0. Specific potential
requirements pertaining to hazardous and radiological waste management, remediation of
contaminatt so ., surface water protection, and air quality are discussed.

Preliminary remedial action technologies are presented in Section 7.0. The process
includes identification of rem al action objectives (RAOs), determination of general
response actions, and identification of specific process options associated with each option
type. The process options are screened based on their effectiveness, implementability and -
cost. The screened process options are combined into alternatives and the alternatives are
described.

Data quality is addressed in Section 8.0. Identification of chemical and radiological
constituents associated with the units and their concentrations, with a view to determine the
contaminants of concern and their action levels, is a major requirement to execute the
Hanford Site Past-Practice Strategy. There was found to be a limited amount of data in this
regard. The section provides a summary of data needs identified for each of the waste
management units in the S Plant Aggregate Area. The data needs provide the basis for
development of detailed DQOs in subsequent work plans.

Section 9.0 provides management recommendations for the S Plant Aggregate Area
based on the Hanford Site Past-Practice Strategy. Criteria for selecting appropriate Hanford
Site Past-Practice Strategy paths (ERA, IRM, and final remedy selection) for individual
waste management units and unplanned releases . the S Plant Aggregate Area are « reloped
in Section 9.1. As a result of the data evaluation process, no waste management units were
recommended for an ERA, twenty-five units were recommended for LFIs which could lead
to IRMs, and twenty-eight units were recommended for final remedy selection. A discussion
of the data evaluation process is provided in Section 9.2. Table ™5-1 provides a summary of
the results of the data evaluation assessment of each unit. Table ES-2 rovides the decision
matrix patterns each unit followed in reaching the recommendation. Recommendations for
redefining operable unit boundaries and prioritizing operable units for work plan development
are provided in Section 9.3. Included in Section 9.3 are the interactions with RCRA
required to disposition the 216-S-10P and 216-S-10D RCRA TSD facility. All
recommendations for future characterization needs will be more fully developed and
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implemented through w¢ ¢ plans. Sections 9.4 and 9.5 provide recommendations for
focused ‘asibility study 7FS) and treatability study, respectively.
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from source terms. The groundwater aggregate areas are considered an appropriate scale for
developing conceptual and numerical groundwater models.

The U.S. Dep ment of Energy, Richland Field Office (DOE/RL) functions as the
"lead agency" for the 200 AAMS program. Depending on the specific AAMS, A 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 Site Past-Practice Strategy (e.g., is an
ERA justified?) (Figure 1-2) can be quickly and collectively made between the three parties.
These meetings will continually refine the scope of AAMS as new information is evaluated,
decisions are made, and actions taken. Completion milestones for AAMS are defined in
Ecology et al. (1991) and duplicated in Table 1-1. All AAMSR are submitted as Secondary
Documents which are defined in the Tri-Party Agreement as informational documents.

1.2.2 Process Overview

Each AAMS consists of three steps: (1) the analysis of existing data and formulation
of a preliminary conceptual model, (2) identification of data needs and evaluation of remedial
technologies, and (3) conduct of limited field characterization activities. Steps 1 and 2 are
components of an AAMSR. Step 3 is a parallel effort for which separate reports will be
produced.

The first and primary task of the AAMS investigation process involves e search,
compilation, and evaluation of existing data. Information collected for these purposes
includes the following:

*  Facility and process descriptions and operational histories for waste sources

o Waste disposal records defining dates of disposal, waste types, and waste
quantities

o Sampling events of waste effluents and affected media

o Site conditions including the site physiography, geology, hydrology, meteorology,
ecology, demography, and archaeology

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

Collectively this information is used to identify contaminants of concern, to determine
the scope of future characterization efforts, and to develop a preliminary conceptual model of
the aggregate area. Although data collection objectives are similar, the types of information
collected depend on whether the study is a source or groundwater AAMS. The data
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collection step serves to avoid duplication of previous efforts and facilitates a more focused
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investigation by the identification of data gaps.

Topical reports referred to as Technical Baseline Reports are initially prepared to

summarize facility information. These reports describe individual waste management units
and unplanned releases contained in the aggregate area as identified in the Waste Information

Data System (WIDS) (WHC 1991a). The reports are based on review of current and

historical Hanford Site reports, engineering drawings and photographs and are supplemented

wi site inspections and employee interviews. Information contained in the reports is

summarized in the AAMSR. Other topical reports are used as sources of information in the

AAMSR. These reports are as follows:

U Plant Geologic and Geophysics Data Package

Z Plant Geologic and Geophysics Data Package

S Plant Geologic and Geophysics Data Package

T Plant Geologic and Geophysics Data Package

PUREX Geologic and Geophysics Data Package

B Plant Geologic and Geophysics Data Package

200 North Geologic and Geophysics Data Package

Semiworks Geologic and Geophysics Data Package

Geologic and Geophysics .. uta Packages

Hydrologic Model for the 200 West Groundwater Aggregate Area
Hydrologic Model for the 200 East Groundwater Aggregate Area

Unconfined Aquifer Hydrologic Test Data Package for the 200 West
Groundwater Aggregate Area

Unconfined Aquifer Hydrologic Test Data Package for e 200 East Grow ~ vater

Aggregate Area

Confined Aquifer Hydrologic Test Data Package for the 200 Groundwater
Aggregate Area Management Studies

Groundwater Field Characterization Report
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o Appendix A, Supplemental Data, provides supplemental data supp. . ng the
AAMSR.

The following plans are included and will be used to support past-practice activities in
the aggregate area:

° Appendix B: Health and S: y Plan
° Appendix C: Project Management Plan
. Appendix D:  formation Management Overview

Community r  tions requirements for the S Plant Aggregate Area can be found in the
Community Relations Plan for the Hanford Federal Facility 3jreement and Consent Order

(Ecology et al. 1989).

1-12
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leaks released radioactivity into the basin from late 1952 until spring 1954 and are discussed
in Section 2.3.10.

2.3.8.2 207-SL Retention Basin. The 207-SL Retention Basin, located approximately 61 m
(200 ft) east of the 222-S Laboratory, is also referred to as 222-S Laboratory Retention
Basin. The unit dimensions are 15 x 15 x 3.7 m (50 x 50 x 12 ft). The unit has reinforced
concrete walls 30 to 41 cm thick (12 to 16 in.) and the floor is 38 cm thick (15 in.). The
basin contains two 94,500 L (75,000 gal) capacity compartments that allow batch collection
and sampling prior to discharge. A 2 m (7 ft) chain link fence on top of the walls lines the
perimeter of the unit (DOE/RL 1992b).

The basin is currently operational and has received wastes since February 1952. Until
1954, the unit received low-level wastes such as ventilation cooling water and miscellaneous
wastes from laboratory hoods and sinks in the 222-S Laboratory. These wastes were then
discharged to the 216-S-19 Pond. The basin was inactive from December 1954 to October
1955 due to exceedances in radioactivity levels. The 207-SL Retention Basin currently acts
as a temporary holding facility for potentially radioactive or hazardous liquid effluents before
they are discharged to the 216-S-26 Crib. A time-proportional sampler at the inlet of the
basin is used to automatically collect effluent samples. The 222-S Laboratory, 214-S Waste
aseatment Building, and 222-SA Chemical Standards Laboratory waste streams all pour
through the inlet to the basin; however, the 291-S Exhaust Fan Control House and Stack
waste stream are not sampled since it is added direc 7 to the 207-SL Retention Basin. The
wastewater is retained in the basin until chemical an radionuclide analysis are complete. If
the wastewater meets discharge specifications for surface discharge, then the water is
released to the 216-S-26 Crib.

No unplanned releases are associated with this unit.

2.3.9 Burial Sites

There are two solid waste burial grounds in the S Plant Aggregate Area. The location
of the burial grounds are shown on Figure 2-18.

2.3.9.1 218-W-7 Burial Ground. The inactive 218-W-7 Burial Ground is located near the
222-S Laboratory. The burial ground is made of carbon steel with one coat of hot coal tar
enamel, is 4.3 m (14 ft) deep, and rests on a 0.3 m (1 ft) concrete foundation (Figure 2-19).
The unit has a dome and vent structure that extends 3.2 m (11 ft) to the surface. The unit is
barricaded by a lightweig chain and four concrete posts with posted signs warning of
underground radiation contamination. The surface of this unit is sand and gravel at grade.

The unit started op iting in 1952 and stopped operating in 1960. It received a volume
of approximately 160 m® (5,650 ft°) consisting of dry, packaged laboratory and sample waste
from the 222-S Laboratory.

No unplanned releases are associated with this unit.

2-32
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Table 2-7. Summary of Waste-Producing Processes in the S Plant Aggregate Area.

Waste Major Chemical Ionic Organic
Process Generated Constituents Strength pH Concentration  Radioactivity
Feed Jacket Fission products, jacket High Basic Low High
Preparation dissolution  constituents (alloy)
sodium hydroxide,
sodium aluminate
Fuel Sodium hydroxide, High Basic Low High
dissolution ferrous sulfamate,
zirconium, niobium
Extraction = Aqueous Sodium aluminate, High Neutral Low Low
Cycles process fission products, sodium -Basic
waste hydroxide
Organic Hexone Low Neutral High Low
process
waste
Solvent Aqueous Sodium hydroxide, High Basic Low to High
Recovery waste sodium carbonate Medium
Analytical boratory  Sodium hydroxide, Low Basic Low Low

Laboratory  waste

organics, fission projects

2T-7
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Table 2-8. Radionuclides and Chemicals Used or Produced in
Separation/Recovery Processes.

RADIONUCLIDES

Actinium-225 Plutonium Uranium-236
Actinium-227 Plutonium-238 Uranium-238
Americium-241 Plutonium-239/240 Y ttrium-90
Americium-242 Plutonium-241 Zirconium-93
Americium-242m Polonium-210 Zirconium-95
Americium-243 Polonium-213

Antimony-126 Polonium-214 ORGANIC CHEMICALS
Antimony-126m Polonium-215 Methyl isobutyl ketone
Astitine-217 Polonium-218 Normal paraffin hydrocarbon
Banum-135m Praseodymium Tributyl phosphate
Barium-137m Promethium-147

Bismuth-210 Protactinium-2: INORGANIC CHEMICALS
Carbon-14 Protactinium-234m Aluminum

Cerium-141 Radium Aluminum nitrate nonahydrate
Cerium-144 Radium-223 Aluminum nitrate (mono basic)
Cesium-134 Radium-225 Boric Acid

Cesium-135 Radium-226 Ceric ammonium nitrate
Cesium-137 Radium-228 Dibasic aluminum nitrate
Curium-242 Rhodium-106 Ferrous ammonium sulfate
Curium-244 Ruthenium-103 Ferrous sulfamate
Curium-245 Samarium-151 Ferrous sulfate
Francium-221 Selenium-79 Hydrazine

Francium-223 Strontium-90 Iron

Gross alpha Technetium-99 Nitric acid

Gross beta Tellurium-121 Oxalic acid

Iodine-131 Tellurium-125m Periodic acid

Iodine-129 Tellurium-127 Silicon

Krypton-85 Tellurium-129m Silver nitrate

Lanthanium Thallium-207 Sodium bismuthate
Lead-209 Thallium-208 Sodium carbonate

Lead 210 Thorium-227 Sodium dichromate

Lead 211 Thorium-229 Sodium fluroide

Lead 212 Thorium-230 Sodium hydroxide
Lead-214 Thorium-231 Sodium nitrate
Neodymium Thorium-234 Sodium nitrite
Neptunium-237 Tritium Sulfuric acid
Neptunium-239 Uranium Zirconium

Nickel-63 Uranium-233

Niobium-93m Uranium-234

Niobium-95 Uranium-235

2T-8
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» 2-10. Rad nuclides and Chemicals Disposed of to S 1 u
Waste Manasement TTnite

Potassium-40 Hydroxyquinoline
Polonium-210 Methyl isobutyl carbinal
Promethium-147 Methyl isopropyl diketone
Protactinium-231 Mineral oil
Radium-228 Normal paraffin

Rh um-187 hydrocarbon
Rhodium-106 O-phenanthroline
Rubidium-86 Propane
Ruthenium-103 S-diphenyl carbazide
Ruthenium-106 Tetraphenyl boron
Scandium-46 Thenoyltrifluoroar ne
Selenium-75 Tributyl phc  1ate
Silver-108 Tri-iso-octylamine
Silver-110 Tri-n-octylamine
Sodium-22 Xylene

Sulfur-35

Tin-121

Tin-123m

Tritium

Strontium-82

Strontium-90

Tantalum-182

Technetium-99

Tellurium-121
Tellurium-125m
Tellurium-127
rium-129m
ium-204
- —_lium-170
Uranium-234
Uranium-235
Uranium-236
Uranium-238
Vanadium—-49
Ytrium-87
Yttrium-88
Zinc-65
Zirconium-95

ORGANIC C :MICALS
Acetone

Bromonapthalene

Di2-ethyl hexyl phosnharic acid

Aggregate Area
Pace 2 of 2

2T-10b
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3.0 SITE CONDITIONS

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

¢ Physiography and Topography (Section 3.1)
* Meteorology (Section 3.2)

¢ Surface Hydrology (Section 3.3)

* Geology (Section 3.4)

¢ Hydroge« gy (Section 3.5)

e Environmental Resources (Section 3.6)

¢ Human Resources (Section 3.7).

Sections describing topography, geology, and hydrogeology have been taken from
standardized texts provided by Westinghouse Hanford (Delaney et al. 1991; Lindsey et al.
1991; and Lindsey et al. 1992) for that purpose.

3.1 PHYSIOGRAPHY AND TOPOGRAPHY

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
Ridge, and the Rattlesnake Hills, on the south by Rattlesnake Mountain and the Rattlesnake
Hills, and on the east by the Palouse Slope (Figure 3-1).

The physiography of the Hanford Site is dominated by the low-relief plains of the
Central Plains physiographic region and anticlinal ridges of the Yakima Folds physiographic
region (Figure 3-3). Surface topography seen at the Hanford Site is the result of (1) uplift of
anticlinal ridges, (2) Pleistocene cataclysmic flooding, and (3) Holocene eolian activity
(DOE 1988b). Uplift of the ridges began in the Miocene epoch and continues to the present.
Cataclysmic flooding occurred when ice dams in western Montana and northern Idaho were
breached, allowing large volumes of water to spill across eastern and central Washington.
The last major flood occurred about 13,000 years ago, during the late Pleistocene epoch.

3-1
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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. The maximum 25 yr/24 h storm event has been calculated
at 3.8 cm (1.5 in.) (Stone et al. 1983). The maximum 100 yr/24 h storm event is
approximately 5 cm (2 in.). 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 ‘ecember 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 averages for the same period
range from 32.2% in July to 80% in December. Atmospheric pressure averages are higher
in the winter months and record absolute highs and lows also occur in 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 drainage results in a northwest
to west-northwest prevailing wind direction. 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).

Figure 3-6 shows wind roses for the Hanford Telemetry Network (Stone et al. 1983).
The gravity drainage from the Cascades produces a prevailing west-northwest wind in the
200 West Area. In July, hourly average wind speeds range from a low of 2.3 m/s (5.2 mph)
from 9 to 10 a.m. to a high of 6 m/s (13.0 mph) from 9 to 10 p.m.

3.2.3 Temperature

Based on data from 1914 to 1980, minimum winter temperatures vary from -33 °C
(-27 °F) to -6 °C (+22 °F), and maximum summer temperatures vary from 38 °C (100 °F)
to 46 °C (115 °F). Between 1914 and 1980, a total of 16 days with temperatures -29 °C
(-20 °F) or below are recorded. There are 10 days of record when the maximum
temperature failed to go above -18 °C (0 °F). Prior to 1980, there were three summers on
recor when the temperatures were 38 °C (100 °F) or above for 11 consecutive days (Stone
et al. 1983).
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been reported by Pacific Northwest Laboratory (PNL) since 1973. Washington State
Department of Ecology Zcology) has issued a Class A (excellent) quality designation for
Columbia River water along the Hanford Reach from Grand Coulee Dam, through the Pasco
Basin, to McNary Dam. This designation requires that all industrial uses of this water be
compatible with other uses, including drinking, wildlife habitat, and recreation. In general,
the Columbia River water is characterized by a very low suspended load, a low nutrient
content, and an absence of microbial contaminants (DOE 1988b).

Approximately one-third of the Hanford Site is drained by the Yakima River system.
Col Creek and its tributary, Dry Creek, are ephemeral streams on the Hanford Site that are
within the Yakima River drainage system. Both streams drain areas along the western part
of the Hanford Site and cross the southwestern part of the Hanford Site toward the Yakima
River. Surface flow, v ich may occur during spring runoff or after heavier-than-normal
precipitation, infiltrates and disappears into the surface sediments. Rattlesnake Springs,
located on the western  rt of the Hanford Site, forms a small surface stream that flows for
about 2.9 km (1.8 mi) before infiltrating into the ground.

3.3.3 S Plan Aggregate Area Surface Hydrology

No natural surface water bodies exist in the four operable units of the S Plant
Aggregate Area which lays within the Yakima River System. There are three ditches, six
ponds, four trenches, and two retention basins in the S Plant Aggregate Area. All are
inactive waste management units and have been either stabilized or backfilled except the
unlined portion of the 216-S-10D Ditch.

The 200 West Area and specifically the S Plant Aggregate Area is not in a designated
floodplain. Calculations of probable maximum flood for the C/ 1mbia River and the Cold
Creek watershed indicate that the 200 West Area is not expected to be inundated under
maximum flood conditions (DOE/RL 1991).

3.4 ¢ DLOGY

The following subsections provide information pertaining to geologic characteristics of
southcentral Washington, the Hanford Site, the 200 West Area, and the S 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 S Plant Aggregate Area geology
(Section 3.4.3).

The geologic characterization of the Hanford Site, including the 200 West Area and
S Plant Aggregate Area is the result of many previous site investigation activities at Hanford.
1ese activities inclu : 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
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syncline in the north, and Cold Creek syncline in the southBoth the Cold Creek 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 decpest 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
Col 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 overlying sediments dip to the south and southwest benea the 200 West Area.

3.4.1.3 Regional and anford 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 1988b). The historic seismic record for eastern Washington
began in approximately 350, and no earthquakes large enough to be felt had epicenters on

> 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, Oregon,
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 felt 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 suprabasalt sediments. Specific references to the Hanford Site
and 200 West Area are made where applical : to describe the general occurrence of these
units within the Pasco Basin.

The principal geologic units within the Pasco Basin include the Miocene age basalt of
the Columbia River Basalt Group, and overlying late Miocene to Pleistocene suprabasalt
sediments (Figure 3-12). Older Cenozoic sedimentary and volcaniclastic rocks underlying
the basalts are not exposed at the surface near the Hanford Site. The basalts and sediments
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3.4.2.2 Ellensburg Formation. The Ellensburg Formation consists of all sedimentary units
that occur between the basalt flows of the Columbia River Basalt Group in the central
Columbia Basin. The Ellensburg Formation generally displays two main lithologies:
volcaniclastics (Reidel and Fecht 1981; Smith et al. 1989), and siliciclastics (DOE 1988b).
The volcaniclastics consist mainly of primary pyroclastic air fall deposits and reworked
epiclastics derived from volcanic terrains west of the Columbia Plateau. Siliciclastic strata in
the Ellensburg Formation consists of clastic, plutonic, and metamorphic detritus derived from
the Rocky Mountain terrain. These two lithologies occur as both distinct and mixed in the
Pasco Basin. A detailed discussion of the Ellensburg Formation in the Hanford Site is given
by Reidel and Fecht (1981). Smith et al. (1989) provides a discussion of age equivalent units
adjacent to the Columbia Plateau.

The stratigraphic names for individual units of the Ellensburg Formation are given in
Figure 3-12. The nomenclature for these units is based on the upper- and lower-bounding
basalt flows and thus the names are valid only for those areas where the bounding basalt
flows occur. Because the Pasco Basin is an area where most bounding flows occur, the
names given in Figure 3-12 are applicable to the Hanford Site. At the Hanford Site the three
uppermost units of the Ellensburg Formation are the Selah interbed, the Rattlesnake Ridge
interbed, and the Levey interbed.

3.4.2.2.1 Selah Interbed. The Selah interbed is bounded on the top by the Pomona
Member and on the bottom by the Esquatzel Member. The interbed is a variable mixture of
silty to sandy vitric tuff, arkosic sands, tuffaceous clays, and locally thin stringers of
predominantly basaltic gravels. The Selah interbed is found beneath most of the Hanford
Site.

3.4.2.2.2 Rattlesnake Ridge Interbed. The Rattlesnake Ridge interbed is bounded on
the top by 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: ( 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 evey 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 Lake. The Ringold

3-9












DOE/RL-91-60, Rev. 0

Hanford gravels versus ingold gravels generally is higher (up to 20% as compared to less
than 5%). Sands in this facies usually are very basaltic (up to 90%), especially in the
granule size range. Locally Ringold an Plio-Pleistocene rip-up clasts dominate the facies
comprising up to 75% of the deposit. The gravel facies dominates the Hanford formation in
the 100 Areas north of Gable Mountain, the northern part of 200 East Area, and the eastern
part of the Hanford Site including the 300 Area. The gravel-dominated facies was deposited
by high-energy flood waters in or immediately adjacent to the main cataclysmic flood
channelways.

The sand-dominated facies consists of fine-grained to coarse-grained sand and granular
sand displaying plane lamination and bedding and less commonly plane cross-bedding in
outcrop. These sands may ¢ 1tain small pebbles and rip-up clasts in addition to pebble-
gravel interbeds and silty interbeds less than 1 m (3.3 ft) thick. The silt content of these
sands is variable, but where it is low an open framework texture is common. These sands
are typically very basaltic, commonly being referred to as black or gray or salt and pepper
sands. This facies is most common in the central Cold Creek syncline, in the central to
southern parts of the 200 East and 200 West Areas, and in the vicinity of the WPPSS
facilities. The sand-dominated facies was deposited in channelways as flow power waned
and adjacent to main flood channelways as water in the channelways spilled out of them,
losing their competence. The facies is transitional between gravel-dominated facies and silt-
dominated facies.

3.4.2.7.2 Touchet Beds. The Touchet Beds consist of a silt-dominated facies. The
silt-dominated facies consists of thinly bedded, plane laminated and ripple cross-laminated silt
and fine- to coarse-grained sand that commonly display normally graded rhythmites similar to
Bouma sequences a few centimeters to several tens of centimeters thick in outcrop (Myers
et al. 1979; DOE 1988b). This facies dominates the Hanford formation throughout the
central, southern, and western Cold Creek syncline within and south of 200 East and West
Areas. These sediments were deposited under slackwater conditions and in backflooded
areas (DOE 1988b).

3.4.2.8 Surficial Depc . Surficial deposits consist of silt, sand, and gravel that form a
thi (<10 m, 33 ft) ves - across much of the Hanford Site. These sediments were
deposited by a mix of eolian and alluvial processes.

3.4.3 200 West Area and S Plant Aggregate Area Geology

The following subsections describe the occurrence of the uppermost basalt unit and the
suprabasalt sediments in the 200 West Area. The subsection discusses notable stratigraphic
characteristics, thickness variations, and the geometric relationships of the sediments.
Stratigraphic variations pertinent to the S Plant Aggregate Area are presented in the overall
context of stratigraphic trends throughout the 200 West Area.
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Ringold lower mud sequence thickens and dips to the south and southwest over the 200 West
Area (Figures 3-23 and 3-24). The top of the lower mud unit is less regular, however, and
the unit pinches out in the northeastern corner of the 200 West Area. Within the S Plant
Aggregate Area, unit A thins in the east and northeast (Figures 3-17, 3-21, and 3-22). The
top of the unit is a relatively flat surface. The overbank and lacustrine deposits of the lower
mud sequence also thicken and dip to the south and southwest. The lower mud unit shows a
depression in the northern part of the S Plant Aggregate Area.

Isopach and structure contour maps of fluvial gravel unit E (Figures 3-25 and 3-26) and
the upper unit (Figures 3-27 and 3-28) show trends not seen in the underlying unit A and the
lower mud sequence. The gravels of unit E generally thin from north-northwest to the east-
southeast. The top of the unit is irregular, displaying several highs in the northern and
southern parts of the area and several lows in the central part of the 200 West Area including
a depression in the northern part of the S Plant Aggregate Area. The top of unit E generally
dips to the southeast and climbs to the northeast. Intercalated lenticular beds of sand and silt
occur throughout the 200 West Area, although predicting where they will occur is very
difficult. The gravels of unit E are thinnest in the southern area of the S Plant Aggregate
Area. Unit E gravels vary in thickness from 31 m (100 ft) in the southeastern comner to over
88 m (285 ft) in the northern part of the S Plant Aggregate Area.

The upper unit of the Ringold Formation is present only in the western, northern, and
central portion of the 200 West Area (Figures 3-27 and 3-28). Where the upper unit is
present, the top generally dips to the south-southwest. The upper unit is completely absent in

> S Plant Aggregate Area.

3.4.3.3 Plio-Pleistocene Unit. The carbonate-rich strata of the Plio-Pleistocene unit largely
is restricted to the vicinity of 200 West Area, pinching out near the north, east, and southern
boundaries of the area (Figures 3-16 through 3-19, 2-29, and 3-30). The westernmost extent
of the unit is not clear, although it seems to extend west and northwest of the 200 West
Area. Thickness variations in the unit are very irregular. It is thickest in the southeast,
southwest, and northcentral parts of the area while it thins in the south-central and central
parts of the area. It pinches out on a diagonal from northwest to southeast in the S Plant
Aggregate Area. Although no erosional windows through the units have been encountered in
boreholes, there is a good possibility they exist, especially in the areas where the unit thins
and depressions exist. In addition, fracturing in the carbonate is potentially common and
interbedded carbonate-poor lithologies are found at many locations. The top of the unit
generally dips to the south and southwest although irregularities occur, especially in the

. center of the 200 West Area. The unit pinches out in the southern part and may also in the

north central part of the S Plant Aggregate Area (Figure 3-29). The Plio-Pleistocene unit is
thickest (7 m, 21 ft) south of the 241-SX Tank Farm. The unit thins (< 1.5 m, 5 ft) out
northeast of the 241-SX Tank Farm.

3.4.3.4 Early "Palouse" Soil. Like the Plio-Pleistocene unit, the early "Palouse" soil is
largely restricted to the vicinity of the 200 West Area (Figures 3-16 through 3-19, 3-31, and
3-32). The unit pinches out in the west-central part of the 200 West Area and near the
southern, eastern, and northern boundaries. The thickness of the unit varies irregularly. It
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base of the unit is incised into the underlying strata of the lower fine unit and where that unit
is absent, the upper coarse unit fills an erosional window. The contact between the upper
coarse unit and underlying strata is generally sharp, consisting of gravel-dc___nated facies
strata overlying the fines of the lower unit, the early "Palouse" soil, and the Plio-Pleistocene
unit. The unit is discontinuous in the S Plant Aggregate Area, being thickest in the north
section near the 216-S-23 Crib (23 m, 76 ft) and pinching out south of the 241-SX Tank
Farm and the 216-S-9 Crib (Figure 3-36).

3.4.3.6 Surficial Deposits. Holocene-age surficial deposits in the 200 West Area are

yminated 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) eets that cover the ground (Figure 3-38). Dunes are not generally well developed
within the 200 West Area, but two dunes existed in the northeastern part of the S Plant
Aggregate Area.

3.5 HYDROGEOLOGY

Regional hydrogeology and hydrogeology of the 200 West Area are summarized in the
following sections. Where sufficient data exists, interpretations of the hydrogeology beneath
the S Plant Aggregate Area are presented. The information presented in these sections is
principally taken from the standardized text (Delaney et al. 1991) provided by Westinghouse
Hanford for this purpose.

3.5.1 Regional Hydrogeology

The hydrogeology of the Pasco Basin is characterized by a multiaquifer system that
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 Basalt) and the suprabasalt sediments. The basalt aquifers consist of the tholeiitic

floo basalts of the Col River Basalt Group and relativelv minor amounts of
intercalated fluvial and iiclastic sed its "the Ellen ation. onfined
mes in the basalt aqui ‘e 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 1988b). 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 Ringold Formation and Hanford formation. The position of the
water table in the southwestern Pasco Basin is generally within Ringold fluvial gravels of
unit E. In the northern and eastern Pasco Basin the water table is generally within the
Hanford formation. Table 3-1 presents hydraulic parameters for various water-bearing
geologic units at the Hanford Site.
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3.5.2.1 Hydrostratigraphy. The hydrostratigraphic units of concern in the 200 Areas are
(1) the Rattlesnake Ridge interbed (confined water-bearing zone), (2) the Elephant Mountain
Basalt Member (confining horizon), (3) the Ringold Formation (unconfined and confined
water-bearing zones and lower part of the vadose zone, (4) the Plio-Pleistocene unit and
early "Palouse” soil (primary vadose zone perching horizons and/or perched groundwater
zones) and (5) the Hanford formation (vadose zone) (Figure 3-39). The Plio-Pleistocene unit
and early "Palouse” soil are only encountered in the 200 West Area. Strata below the
Rattlesnake Ridge interbed are not discussed because the more significant water-bearing
intervals, relating to environmental issues, are primarily closer to ground surface. The
hydrogeologic designations for the 200 Areas were determined by examination of borehole
)gs and integration of these data with stratigraphic correlations from existing reports.

3.5.2.1.1 Vadose Zone. The vadose zone beneath the 200 Areas ranges from
approximately 55 m (180 ft) beneath the former U Pond to approximately 104 m (340 ft)
west of the 200 East Area (Last et al. 1989). Sediments in the vadose zone consist of the
(1) fluvial gravel of Ringold unit E, (2) the upper unit of the Ringold Formation, (3) Plio-
1 :stocene unit, (4) early "Palouse” soil, and (5) Hanford formation. Only e Hanford
formation is continuous throughout the vadc : zone in the 200 Areas. The upper unit the
Ringold Formation, the Pl  Pleistocene unit, and the early "Palouse” soil only occur in the
200 West Area. The unconfined aquifer water table (discussed in Section 3.5.2.1.3) lies
within the Ringold unit E.

The transport of water through the vadose zone depends in complex ways on several

factors, including most significantly the moisture content of the soils and their hydraulic
roperties. Darcy’s law, although originally conceived for saturated flow only, was extended
by Richards to unsaturated flow, with the provisions that the soil hydraulic conductivity
becomes a function of the water content of the soil and the driving force is predominantly
differences in moisture :vel. The moisture flux, q, in cm/s in one direction is then
described by a modified form of Darcy’s law commonly referred to as Richards’ Equation
illel 1971) as follows: .

q = K(6) x d¢/36 x 360/9x (Richards’ juation)
where
o K(#) is the water-content-dependent unsaturated hydraulic conductivity in cm/s
° d¢/ad0 is the slope of the soil-moisture retention curve ¢(6) at a particular
volumetric moisture content @ (a soil-moisture retention curve plots volumetric
moisture content observed in the field or laboratory against suction values for a
particular soil, see Figure 3-39 from Gee and Heller, 1985 for an example)

. d0/0x 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.
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should be considered. For waste management units with artificial recharge (e.g., cribs and
trenches) more complicated analyses would be required to account for the effects of
saturation.

Several other investigators have measured vadose zone soil hydraulic conductivities and
moisture retention characteristics at the Hanford Site both in situ (i.e., in lysimeters) and in
specially prepared labo1 ory test columns. Table 3-2 summarizes data identified for this
study by stratigraphic unit. Rockhold et al. (1988) presents a number of moisture retention
characteristic curves and plots of hydraulic conductivity versus moisture content for various
Hanford soils. For the Hanford formation, vadose zone hydraulic conductivity values at
saturation range from 10“ to 102 cm/s. These saturated hydraulic conductivity values were
measured at volumetric water contents of 40 to 50%. Hydraulic conductivity values
corresponding to volumetric water contents ranging from 2 to 10% ranged from 2 x 10! to
7 x 107 cm/s.

An example of the potential use of this vadose zone hydraulic parameter information is

resented by Smoot et al. (1989) in which precipitation infiltration and subsequent
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 characteristics. The researchers used
statistically generated precipitation v: 1es 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 1¥7Cs movement through the unsaturated
zone.

Smoot et al. (198¢ concluded that 68 to 86% of the annual precipitation ‘ltrated 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, the simulated plume migration scenarios are considered to be
conservative due to the relatively soil abso tion coefficients used.

Graham et al. (1981) estimated that historical artificial 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

\uifer are discussed in Section 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 because of capillary forces, some portion of the moisture percolating
down from the groun surface to the unconfined aquifer will be held against gravity in soil
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The upper part of the uppermost aquifer in the 200 West Area consists of a generally
unconfined water-bearing zone within the Ringold unit E. The lower part of the uppermost
aquifer consists of confined to a semi-confined water-bearing zone within the 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 nearly absent
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 the south-central
section of the 200 West Area before pinching out in the northeastern comer of the 200 West
Area. Where it is absent, the Ringold units A and E combine to form a single thick
unconfined aquifer.

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 following:

o Horizontal position/location between areas across the Hanford Site and even
smaller areas (such as across portions of the 200 Areas)

o 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
Aggregate Management Study Report (AAMSR).

3.5.2.2 Natural Groundwater Recharge. Sources of natural recharge to groundwater 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 (Grah: al. 1981). The principal source of nati___ 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
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changes, and evaporation to evaluate the natural water balance during the recharge process.
Precipitation recharge values ranging from 0 to 10 cm/yr (0 to 4 in./yr) have been estimated
from various studies.

The primary factors affecting precipitation recharge appear to be surface soil type,
vegetation type, topogr hy, and year-to-year variations in seasonal precipitation. A
modeling analysis (Smoot et al. 1989) indicated that 68 to 86% of the precipitation 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:

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
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 = : water
retention curves of these two soils are shown in 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-barr  samples in
the 200 A s (East and West) and va d 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 that could be interpreted as signs of moisture transport. None
of the boreholes that this study used (for moisture content or other parameters)
were located in the vicinity of the S Plant Aggregate Area.

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 su ce 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 redistributic of *’Cs in
vadose zone soil 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 Agsregate Area. The trench, apparently located just south and west of
the 218-W- \E Burial Ground, received soil containing '*’Cs 'm an unsj l
spill. Cesium-137 was not detected below the bottom of the burial trench.
However, increased *’Cs activity was observed above the )p of the waste fill
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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.

A weighing simeter study reported by Rockhold et al. (1990) which was
conducted at a grassy plot approximately 5 km (3 mi) northwest of the 300 Area.
The grass test site was located in a broad, shallow topographic depression
approximately 900 m (2,953 ft) wide, several hundred meters long, trending
southwest. The area is covered with annual grasses (cheatgrass and bluegrass).
The upper 3.5 m (11.5 ft) of the soil profile consists of slightly silty to silty sand
(sandy loam) with 1 estimated saturated hydraulic conductivity of 9 x 10 cm/s.
Rockhold et al. (1990) estimated that approximately 0.8 cm (0.3 in.) of
downward moisture movement occurred between July 1987 and June 1988. This
represents approximately 7% of the total precipitation recorded in that area during
that time period.

o A gravel-covered lysimeter study discussed by Rockhold et al. (1990) which was
conducted at the 622 Area Lysimeter Site, approximately 0.5 km (0.3 mi) east of
the 200 West Area. Approximately 4 cm (1.6 in.) of downward moisture
movement was observed in two gravel-covered lysimeters during 1988 and 1989.
This represented approximately 25% of the total precipitation recorded in the area
during the study period. The authors concluded that gravel placed on the soil
surface reduces evaporation and facilitates precipitation infiltration.

The drainage (downward moisture movement) observed in these studies may represent
potential recharge to deeper vadose zone soils and/or the underlying water table.

3.5.2.3 ( va ' Flow. Groundwater flow nc__1 of _uable Moun 1 currently t 1ds
in a northeasterly direction as a result of mounding near reactors and flow through Gable
Gap. South of Gable Mountain, flow is interrupted locally by the groundwater mounds in
the 200 Areas. There is also a component of groundwater flow to the north between Gable
Mountain and Gable Bu : from the 200 Areas. In the 200 East Area, groundwater
elevations in June 1990 (Figure 3-42) for the unconfined aquifer showed little variation and
were generally around 133 m (405 ft) (Kasza et al. (1990).

Temporary reversal of groundwater flow entering the Columbia River may occur
during transient, high-river stages. This occurrence is known as bank storage. Correlations
were made between groundwater level and river-stage fluctuations along a 81 km (50 mi)
reach of the Columbia River adjacent to the Hanford Site by Newcomb and Brown (1961).
They concluded that a 260 km? (100 mi?) are within the Hanford Site was affected by bank
storage. During a 45 day rise in river stage, it was estimated that water infiltrated at an
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3.5.3.1.1 Vadose Zone. The vadose zone beneath the S Plant Aggregate Area ranges
in thickness from about 71 m (230 ft) along the northern part of the aggregate area boundary
to 56 m (190 ft) in the vicinity of the 216-S-10D Ditch based on December 1990
groundwater elevation data (Kasza et al. 1990). The observed variation in vadose zone
thickness is the result of variable surface topography and the variable elevation of the water
table in the underlying unconfined aquifer. 1e area of least saturated thickness generally
lies above a groundwater mound identified in the unconfined aquifer southwest and northwest
of the S Plant Building Complex (Figure 3-43). As discussed in Section 3.5.2.4, the mound
apparently originated from historic discharges to the U Pond and 216-S-10 Ditch.

A report regarding the installation of monitoring wells 299-W22-40, -41, -42, and -43,
adjacent to the 216-U-12 Crib (Goodwin 1990) and at the southeastern border of the U Plant
Aggregate Area, provides data which may be applicable to the vadose zone soils in the
S Plant Aggregate Area. The analysis indicates that moisture contents of between less than
1% and up to 24% are typically found in these borings and may be typical of the area. Of
the 105 samples analyzed for moisture contents, 86% of them were between 1 and 10%. It
should be noted, however, that this investigation was conducted in the vicinity of a
previously active crib, and it is possible that there is some impact of disposal of liquid wastes
on these moisture contents.

3.5.3.1.2 Perched Water Zones. The characteristics, extent and stratigraphic position
of the Plio-Pleistocene and early "Palouse” soil units in the 200 West Area (see Figures 3-15
through 3-19, and 3-29 through 3-32) provide conditions for collection and possible
movement of vadose zone recharge water above the unit. The high cementation, laterally
continuous nature, and relatively gentle (1.5 :gree) dip to the southwest of the Pho-
Pleistocene unit indicate the possibility of perched water zones.

In 1966, perched water was detected at approximately 43 m (140 ft) in
Wells 299-W22-26A and 299-W?22-27A, near the 216-S-9 Crib (Plate 3). In more recent
years, perched water was detected at approximately 38 m (125 ft) in Well 299-W26-11 and at
approximately 45 m (146 ft) in Well 299-W26-12 both located near the active portion of the ‘
216-S-10D Ditch (Plate 3).

Apparently the calcareous cementation in the Plio-Pleistocene produces a significantly
lower permeability than the overlying soils. The perched water is confined on the top by the
silt-dominated facies of the Hanford formation but can extend up into it. The silt-dominated
facies is a laterally discontinuous unit and thus may only permit the development of perched
conditions locally.

Information about hydraulic properties of the perched water zones is very limited and
will vary according to how far vertically and in which unit the perched water reaches.

3.5.3.2 Natural Groundwater Recharge. As discussed in Section 3.3.3, no natural surface
water bodies exist within the S Plant Aggregate Area. Therefore, the potential for natural
groundwater recharge within the S Plant Aggregate Area is limited to precipitation
infiltration. No precipitation infiltration data were identified with specific reference to the
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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 typically present include gray
rabbitbrush (Chrysothamnus nauseosus), green rabbitbrush (C. viscidiflorus), spiny he sage
(Grayia spinosa), and occasionally antelope bitterbrush (Pursia tridentata). Other native
bunchgrasses that are typically present include bottlebrush squirreltail (Sitanion hystrix),
Indian ricegrass (Oryzopsis hymenoides), needle-and-thread (Stipa commode), and prairie
junegrass (Koleria cristata). Common and important herbaceous species include turpentine
cymopteris (Cymopteris terebinthinus), glob« allow (Spheracea munroana), b: iamroot
(Basamorhiza careyana), several milk vetch 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 ave 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, road clearings, and fire breaks, results in drastic changes to 1 :
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). ° 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

urning. 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
bluegrass, Russian thistle, and Jim Hill mustard, with very few other species.

The vegetation in and around the ponds and ditches on the 200 Areas Plateau is
significantly 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.).
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In addition to the three classifications for species of concern listed above, the Natural
Heritage Program also maintains a "Monitor" list, which is divided into three groups.
Group 1 consists of taxa in need of further field work before a formal status can be assigned.
The tooth-sepal dodder (Cuscura denticulata), which has been found in the state of
Washington only on the Hanford Site is the only taxon in this group that is of concern to
Hanford operations. This parasitic species has been found in the area west of McGee Ranch.
Group 2 of the Monitor list includes species with unresolved taxonomic questions.
Thompson’s sandwort (Arenaria franklinii var. thompsonii) is of concern to Hanford
operations. However, the representatives of this species in the state of Washington are now
believed to all be variety franklinii which is not considered particularly rare. Group 3 of the
Monitor list includes taxa that are either more abundant or less threatened than previously
believed. There are approximately 15 taxa on the Hanford Site that are included on this list.

3.6.1.3 Fauna of the 200 Areas Plateau. The mammals, birds, reptiles, amphibians
inhabiting the 200 Areas Plateau are discussed below.

3.6.1.3.1 Mammals. The largest mammal occurring on the 200 Areas Plateau is the
mule deer (Odocoileus hemionus). Although mule deer are much more common to riparian
sites along the Columbia River they are frequently observed foraging throughout the
200 Areas. Elk (Cervus elaphus) also occur at Hanford but they have only been observed at
the Arid Lands Ecology Reserve. Other mammal species common to the 200 Areas include
badgers (Taxidea taxus), coyotes (Canis latrans), blacktail jackrabbits (Lepus calzfomlcus),
Townsend ground squirrels (Spermophilus townsendii), Great Basin pocket mice
(Perognathus parvus), pocket gophers (Thomomys talpoides), and deer mice (Peromyscus
maniculatus). Badgers are known for their digging capability and have been implicated
several times for encroaching into inactive burial grounds throughout the 200 Areas. The
majority of the badger excavations in the 200 Areas are a result of badgers searching for
prey (mice and ground squirrels). Coyotes are the principal predators, consuming such prey
as rodents, insects, rabbits, birds, snakes and lizards. The Great Basin pocket mouse is the
most abundant small mammal, which thrives in sandy soils and lives entirely on seeds from
native and revegetated plant species. Townsend ground squirrels are not abundant in the
200 Areas but they have been seen at several different sites.

Other small mammals that occur in low numbers include the Western harvest mouse
(Reithrodontomys megalotis) and the Grasshopper mouse (Onychomys leucogaster).
Mammals associated more closely with buildings and facilities include Nuttall’s cottontails
(Sylvilagus nwttallii), house mice (Mus musculus), Norway rats (Rattus norvegicus), and
some bat species. Bats probably play a minor role in the 200 Areas’s ecosystem but no
documentation is available on bat populations at Hanford. Mammals such as skunks
(Mephitis mephitis), raccoons (Procyon lotor), weasels (Mustela spp.), porcupines (Erethizon
dorsatum), and bobcats (Lynx rufus) have only been observed on very few occassions.

3.6.1.3.2 Birds. Over 235 species of birds have been documented to occur at the
Hanford Site (Landeen et al. 1991). At least 100 of these species have been observed in the
200 Areas. The most common passerine birds include starlings (Sturnus vulgaris), horned
larks (Ermophila alpestris), meadowlarks (Sturnella neglecta), western kit “iirds (Tyranus
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virticalis), rock doves (Columba livia), barn swallows (Hirundo rustica), cliff swallows
(Hirundo pyrrhonota), black-billed magpies (Pica pica) and ravens (Corvus corax). Common
raptors include the Northern harrier (Circus cyaneus), American kestrel (Falco sparvarius),
and red tailed hawk (Buteo jamaicensis). Swainson’s hawks (Buteo swainsoni) sometimes
nest in the trees located at some of the army bunker sites that were used in the 1940’s.
Golden eay s (Aquila chrysaetos) are observed infrequently. Burrowing owls (Arhene
cunicularia) nest at several locations throughout the 200 Areas. The most common upland
game birds found in the 200 Areas are California quail (Callipepla californica) and Chukar
partridge (Alectoris chukar); however, Ring-necked pheasants (Phasianus colchicus) and gray
partridge (Pertx perdix) may be found in limited numbers. The only native game bird
common to the 200 Areas Plateau is the mourning dove (Zenaida macroura) which migrates
south each fall. Other species of note which nest in undisturbed sagebrush ha tats in the
200 Areas include sage sparrows (Amphispiza belli), and loggerhead shrikes (Lanius
ludovicianus). Long-b :d curlews (Numenius americanus) also use { - sagebrush areas and
revegetated burial grounds for nesting and foraging.

Waterfowl and a« atic birds inhabit 216-B-3 Pond and other areas where there is
running or standing water. However many of these areas such as 216-A-29 Ditch are
becoming more scarce due to stabilization and remedial action cleanup activities. Aquatic
birds and waterfowl common to 216-B-3 Pond on a seasonal basis include Canada geese
(Branta cana. 1sis), American coot (Fulica americana), mallard (Anas platyrhynchos), ruddy
duck (Oxyura jamaicensis), redhead (Aythya americana), bufflehead (Bucephala albeola) and
great blue heron (Ardea herodius).

3.6.1.3.3 Reptiles and Amphibians. Common reptiles include gopher snakes
(Pituophis melanoleucus) and sideblotched lizards (Uta stansburiana). Other reptiles and
amphibians which are infrequently observed include sagebrush lizards (Sceloporus graciosus),
homed toads (Phryosoma douglassi), western spadefoot toads (Scaphiopus intermontana)
yellow-bellied racer (Coluber constrictor), Pacific rattlesnake (Crotalus viridis), and striped
whipsnake (Masticophis taeniatus). Both lizards and snakes are prey items of mammalian and
avian predators.

3.6.1.3.4 Imsects. There are hundreds of insect species which inhabit the 200 Areas.
Two of the most common groups of insects include several species of darl ng beetles and
grasshoppers. Harvester ants are also common and have been implicated in the uptake of
radionuclides from some of the burial grounds in the 200 East Area. Harvester ants have the
ability 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 sects include bees, butte ies and scarab beetles. In :ts 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 ' dlife Species of Concern. Some imals which in it 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 :cies, federal candidate,
state monitor, state sensitive, and state candidate species. Species listed in Table 3-4 as state
and\or federal threatened and endanger  such as the bald eagle (Haliaeetus leucocephalus),
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peregrine falcon (Falco peregrinus), American white pelican (Pelecanus erythroryhnchos),
ferruginous hawk (Buteo 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 falcons 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 S Plant Aggregate Area is the location of S plant and its attendant facilites and
structures (202-S Building, 222-S Laboratory, etc.). Past activites at S Plant and related
facilites were mainly to separate uranium and plutonium from irradiated fuel reds. Other
buildings within the unit served mainly as storage or office space. Currently the
202-S building is inactive and is expected to undergo decommissioning and cleanup in 2004.
Waste management units that remain active are noted on Figure 2-1, Operational and Waste-
Related History.

Access to the entire Hanford Site is administratively controlled and is expected to
remain this way to ensure public health and safety and for reasons of national security.

3.6.3 Water Use

Only one surface water facility exists in the S Plant Aggregate Area. The 216-S-10D
Ditch is a manmade structure constructed in 1952 to dispose liquid effluents from the S Plant
Building Complex (WHC 1990b). This waste site is located 427 m (1,470 ft) southwest of
the S Plant and was recently deactivated. In the past, discharges were received from 202-S
floor drains. funnels, process vessel cooling water, and chemical sewer lines and drains from
the 241-S .unk . wrm, 211-S _ ation, and 276 _.ilding. Until 1965, the unit received
chemical sewer waste from the S Plant and overflow from the 2901-S-901 Water Tower.
Since October 1984, the unit has been used as a trench because the 216-S-10P pond was
stabilized. No dangerous wastes have been discharged to this unit since February 1987.
This unit is unlined and a portion remains uncovered. It has been partially stabilized. In the
portion of the unit that has not been stabilized, there is approximately 1 ft of standing water
with cattails growing in it. Water from the 216-S-10D Ditch has apparently never been used
for any purpose.

There is no consumptive use of groundwater within the S Plant Aggregate Area. Water
for drinking and emergency use, and facilities process water is drawn from the Columbia
River, treated, and imported to the 200 West Area. The nearest wells used to supply
drinking water are located at the Yakima Barricade (Well 699-49-100-C) about S km (3.1 mi)
west of the 200 ‘West Area; at the Hanford Safety Patrol Training Academy
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(Well 699-528-E0) abor 40 km (25 mi) to the southeast; at the PNL observat

(Well 6652-C); and near the Fast Flux Test Facility in the 400 Area (Well 699-S1-8J) about
32 km (20 mi) to the southeast. The nearest water supply wells located offsite are about

15 km (9.4 mi) to the northwest (upgradient). These wells obtain their water from the basalt
and the basalt interbeds (the Berkshire Well and Chateau Ste. Michelle No. 1 and No. 2).
The latter wells are reportedly used for irrigation although they 1 1 also be used to supply
drinking water. Two wells for emergency cooling water supply are located n - the B Plant
and are we located near the 241-AY and 241-AZ Tank Farms in the 200 East Area.

3.7 HUMAN RESOURCES

The environmental conditions at the S Plant Aggregate Area mu be evaluated in
relationship to the surrounding population centers and other human resources. A very brief
summary of demography, archaeology, historical resources, and community involvement is
given below.

3.7.1 Demography

There are no residences on the Hanford Site. The nearest inhabited residences are
farm homes on land located 23 km (14 mi) north of the S Plant Aggregate Area. There are
approximately 411,000 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 Hanfor Site, Prosser to the south, Sunnyside to the southwest, and
Benton 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 2 | West Area but not within the S Plant Aggregate Area. The closest
site of interest is the remains of the White Bluffs Road, located approximately 1.6 km (1 mi)
northwest of the aggregate area, which was previously an Indian trail.

3.7.3 Historical Resources
The only historic si in 200 West Area is the old White Bluffs freight road which

crosses diagonally throt h the 200 West Area. This site is not considered to be eligible for
the National Register.
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3.7.4 Community Involvement

A Community Relations Plan (Ecology et al. 1989) has been developed for the Hanford
Site Environmental Restoration Program which includes any potentially affected community
with respect to the S Plant AAMSR. The Community Relations Plan includes a discussion
on analysis of key community concerns and perceptions regarding the project, along with a
list of all interested parties.
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Figure 3-1. Topography and Location Map for the Hanford Site.
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Figure 3-4. Landforms of the Pasco Basin and the Hanford Site.

~ ?? I3 ﬂ |
Y/
‘y
' s T Cortu '
Saddle Mountains e 7‘/ Landsilde )
)|~ : oy ~N-
7/ T ““”\\\\\\“‘”""”"“Hm||||||n|u1-¢, "y,
= : -Locke Island Sy,
/ 2 7 Landslide "1y, ”’
L > B /y
§ E 7N
2\ ‘oa ::;:: ::’plds e S e Channeled
~) ' N A ;. Scablands
- . ‘(\'°\ ) Approximate
” ~1L/ .
TN oo / Site Boundary
Um' ’ 1y v o
a 1 l—Qu \ : s
Rldgenum " ';l‘\\\ 7= ';'15'11(_ :
. K& :
s AN Cold Creek R - Sa
Ya 1 . vage lsland
"'"‘" ‘ 74 y u% ﬁl‘m’ld Bar . 4@ " Landslide
qlge® .// /) 2%
/ A
\\\\ 0 0 ! ,//_
: S
a6
Unnamed
b Active
3 - Landslides

7 v
TR R R AR TTNN
d R
< ®- \é

qe‘ /
) qonime__ R yeaVe"
St / \\\ .30 -
\ __/ \\\ ‘\0‘ -, 2P,
— oy - 1y 1y,
W ~ 'y
‘\\\\\\\ ’ T “/la
! - iy,
!t 11y,,
III[[
0 10 Kilometers
S S
[ Asne—
0 5 Miles
Sand Dunes [H]H]]IH Proglacial Flood Bar
Actlive - Landsliides
. 7 . NI
Stabilized V0% Anuvial Plain 3!11'¢ Yakima Fold Ridge
PSgena 142
PS-90-za0

3F-4






W

DOE/RL-91-60, Rev. 0

Figure 3-6. Hanford Site Wind Roses, 1979 through 1982.
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Figure 3-8. Columbia Plateau and Surrounding Structural Provinces.
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Figure 3-13. Generalized Strtigraphy of the Suprabasalt Sediments
Beneath the Hanford Site.
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Figure 3-15. Legend for Cross-Sections.

UNIT ABREVIATIONS

He Upper Coarse Unit, Hanford formation
Hf Lower Fine Unit, Hanford formation

EP Early "Palouse” Soil

PP Plio—Pleistocene Unit

UR Upper Unit, Ringold Formation

E Gravel Unit E, Ringold Formation

LM Lower Mud Sequence, Ringold Formation
A Gravel Unit A, Ringold Formation

8YMBOLS

-_— Formational Contact, ? Where Inferred
— . —?—.— Unit Contact, ? Where Inferred
_____ Major Facies Contact

Pedogenic Calcium Carbonate
Paleosols

Ringold Clast Supported Gravels

Open Framework Hanford Gravels
Laminated Muds

Basalt
Blank portions of cross section well logs represent sediments

(dominantly sand) which do not fit into sediment categories
depicted by symbols listed above.

NOTES

1. Refer to Figure 3—14 for cross section locations and designation. Cross sections
presented on Figures 3—16 through 3—-19.

2. Figures based on Lindsey et al. 1991.
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Figure 3-17. Geologic Cross Section B-B’.
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Figure 3-18. Geologic Cross-Section C-C.
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Figure 3-39. Conceptual Geologic and Hydrogeologic Column

for the 200 West Area.
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Figure 3-40. Wetting and Drying Curves for Well 299-W18-21.
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Figure 3-41. Particle-Size Distribution and Water Retention Characteristics
of Soils from Hanford Site Lysimeters.
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Figure 3-42.

200 Areas
Water Table Map
June 1990
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Table 3-4. Federal and State Classifications of Animals that Could Occur on the 200
Areas Plateau.

Common Name Status Federal State
Peregrine Falcon (Falco peregrinus) FE SE
Sandhill C e (Grus canadensis) - SE
ald 1gle (Haliaeetus leucocephalus) FT ST
Ferruginous Hawk (Buteo regalis) FC2 ST
Swainson’s Hawk (Buteo swainsoni) FC2 SC
Golden Eagle (Aquila chrysaetos) -- SC
irrowing Owl (Athene cuniculuria) -- SC
oggerhead Shrike (Lanius -- SC
icovicianus)
ay Sparrow (Amphispiza belli) -- SC
Great Blue Heron (Casmerodius -- SM
albus)
1 rlin (Falco columbari -- SM
Prairie Falcon (Falco mexicanus) -- SM
ong-billed Curlew (Numenius -- SM
americanus)
Striped Whipsnake (Masticophis -- SC
raeniatus
_I leral Endangered

FT - Federal Threatened
FC2 - Federal Candidate
SE - State Endangered
ST - State Threatened
SC - State Candidate
SM - State Monitor

Above information taken from Washington State Department of Wildlife June 1991. Species of Concern
in Washington.
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4.0 PRELIMINARY CONCEPTUAL MODEL

Section 4.1 presents the chemical and radiological data available 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. The quality and sufficiency of the
existing data are assessed in Section 8.0. ‘This information is also used to identify potential
applicable or relevant and appropriate requirements (ARARs) (Section 6.0). Contaminant
information is assessed in Section 7.0 to provide a basis for selecting technologies which can
be implemented at the units.

Contaminants released into the environment at a waste management unit or unplanned
release site may migrate from the point of release into other types of media. The potentially
affected media in the S Plant Aggregate Area include surface soil, surface water, vadose
zone soil and perched groundwater, air, and biota. The media affected at a specific unit will
depend upon the quantities, chemical and physical properties of the material released, and the
subsequent history. The potentially affected media at each waste management unit or
unplanned release site are listed in Table 4-1 for radionuclide contamination and Table 4-2
for chemical contamination.

4.1 KNOWN AND SUSPECTED CONTAMINATION

There are two major categories of chemical and radiological data available for the
S Plant Aggregate Area: site-specific data applicable to individual waste management units
and unplanned releases; and area-wide environmental data that are useful in characterizing
regional contamination trends.

Some of the waste management units and unplanned releases have been the subject of
chemical and radiological studies in the past. =~ >wever, most of these studies were limited in
scope and did not provide a comprehensive analysis of the character and distribution of e
contamination at each unit. The types of unit-specific data that are available for some waste
management units include inventory information, surface radiological surveys, external
radiation monitoring, soil and sediment sampling, biota sampling, borehole geophysics, and
groundwater sampling.

Table 4-3 summarizes the types of unit-specific data for each of the waste management
units. It should be emphasized that the table only summarizes what types of data are
available; it does not indicate the sufficiency of the data, either in terms of quality or
quantity. Data quality issues are addressed in Section 8.0. The unit-specific information is
presented for each waste management unit in Section 4.1.2.

4-1
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Although groundwater issues are considered outside the scope of this study, some
groundwater data have been included. Groundwater contaminant plumes known to have
originated from specific waste management units are described because they offer insight into
the distribution of contaminants within the overlying vadose zone. A limited amount of
groundwater data are presented separately for some of the units in Section 4.1.2.

In addition to these unit-specific data, there are area-wide data not directly applicable to
any waste management unit within the S Plant Aggregate Area. The most important sources
of this general environr ntal data are quarterly and annual environmental surveillance
reports published by Westinghouse Hanford. There are also area-wide geophysical data
available that include gravity, magnetic, magnetotelluric, seismic refraction, and seismic
reflection surveys (DOE 1988b). However, these studies are not useful for characterizing the
extent of chemical and radionuclide contamination and so are not presented in Section 4.0.
These data are discussed in more detail in Section 8.1.2.

The most recent environmental monitoring of the Hanford Site was conducted by the
Pacific Northwest Laboratory (PNL) (Eberhardt et al. 1989) and Westinghouse Hanford.
However, most of the data applicable to the S Plant Aggregate Area have been published by
Westinghouse Hanford. The latest Quarterly Environmental Radiological Survey Summary
Reports (Huckfeldt 1991a, 1991b) were reviewed during the current study, as well as the last
six annually published environmental surveillance reports (Elder et al. 1986, 1987, 1988,
1989; Schmidt et al. 1990, 1992). The quarterly reports only contain surface radiological
survey results. The annual reports describe several different sampling and survey programs
including surface soil s; 1pling, external radiation measurements, biota sampling, air
sampling, surface water sampling, groundwater sampling, and radiological surveys.

Air, soil, surface water, and biota samples were collected each year at the same
locations within the 200 West Area. External radiation measurements were . ;0 taken
annually at several & »Hns. Until 1990, few of the sample locations were directly
associated with any of the identified waste management units and so most of this information
is only useful in characterizing area-wide trends. In 1990, however, new sampling locations
were established near areas of known surface contamination. Currently, only external
radiation data are available for these new sample locations. Both the new and old sampling
locations are shown on Plate 3.

Section 4.1 describes available data regarding known and suspected contamination in
the S Plant Aggregate Area on a media-specific basis (air, surface soil and iota, and vadose
zone soil). The text summarizes sources of chemical and radiological sampling information.
Section 4.1.1 presents data on a media-specific basis. Section 4.1.1.1 describes results of air
quality sampling data. Section 4.1.1.2 describes surface soil data. Section 4.1.1.3 presents
results of surface water sampling. Results of vegetation and other biota sample analyses are
presented in Section 4.1.1.4. Available vadose zone sampling data are presented in '
Section 4.1.1.5. Section 4.1.1.5 also discusses evidence for contamination migration within
the vadose zone to the unconfined aquifer underlying the site. Additional assessment of the
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the soil. Six of the eleven assumed leaking tanks in the 241-S and 241-SX Tank Farms
exhibit elevated gamma radiation levels in their associated monitoring wells.

Siny ~Shell and Double-Shell Tanks Unplanned Releases. There are eight
unplanned releases associated with the tanks in the 241-S, 241-SX, and 241-SY Tank Farms.
All of ese unplanned releases resulted from tank leaks (UPR-200-W-140 through -146 and
UN-200-W-50). Most of the available information on these releases is summarized on
Table 2-6.

4.1.2.2.2 Catc Tanks. Very little data are available for the catch tanks and receiver
tank. For most units the total volume of waste is known (see Section 2.0), but there is no
chemical or radiological information available. Approximately 2,300 L (600 gal), consisting
primarily of rainwater, were released from the 240-S-302 Catch Tank between June 1985 and
January 1986. The unit is located within an exclusion zone (UN-200-W-116).

4.1.2.3 Cribs and Drains. The types of information available for the cribs, drains, and
drain fields include inventory data, surface radiological survey results, and borehole
geophysical data. Soil, vegetation, and air monitoring data are generally unavailable for
these waste management units. Inventory and radiological information have largely been
compiled from WHC (1991a) and the HISS database entries.

4.1.2.3.1 216-S-1 and 216-S-2 Cribs. Specific chemical and radionuclide inventory data
for this unit are summarized on Tables 2-2 and 2-3. Annual radiological monitoring indicate
that this unit has surface contamination. A sagebrush stump in the center of the waste
management unit had a reading of 35,000 dis/min. The cribs are posted as having surface

*contamination.

Gross gamma-ray logs are available for 15 wells around the 216-S-1 and 216-S-2 Cribs.

™ These logs indicate that elevated gamma activity is present from just beneath the cribs to the

groundwater. Details of the gross gamma-ray evaluations are presented in Appendix A.

T iit hasa » & ; | with it; UPR-200-W-36, where ¢ ___nal 1
spread downward via a leak in a test well. This leak appears to have allowed the spread of
contaminants to the groundwater.

The crib area has also been affected by UN-200-W-114 which was an airborne release
resulting from activities in the 241-SX Tank Farm.

4.1.2.3.2 216-S-5 Crib. Specific chemical and radionuclide inventory data for this unit
are summarized on Tables 2-2 and 2-3. During the annual surface radiological surveys in
August 1990 and August 1991, no contamination was detected.

Gross gamma-ray logs are available for 4 wells around the 216-S-5 Crib. These logs

indicate the presence of elevated gamma activity from 1.5 m to 11.6 m (5 ft to 38 ft) beneath
the surface. Details of the gross gamma-ray evaluations are presented in Appendix A.
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This unit was deactivated because of insufficient capacity and a series of vessel coil
failures, which resulted in operational problems and surface contamination. An area just
south of this crib between the 216-S-17 Pond and 216-S-10D Ditch was used as an overflow
for effluent volumes exceeding the capacity of the crib. The 216-S-6 Crib discharged to this
area in May 1956. Samples of the overflow water indicated gross beta emitter concentrations
in the 10" pc/cc range. After the area dried in June 1956, contamination levels on the
surface were recorded up to 50,000 ct/min in some areas with general levels of
10,000 ct/min. A surface radiological survey of the overflow area, after a September 1956
discharge, detected levels of radioactivity increasing at a rate of 5 to 100 mR/h at the pond
edge and averaging 350 mR/h with localized spots up to 17 mR/h at the pond interior
(Maxfield 1979).

4.1.2.3.3 216-S-6 Crib. Specific chemical and radionuclide inventory data for this unit
are summarized on Tables 2-2 and 2-3. During the annual surface radiological survey in
August 1991, no contamination was detected.

Gross gamma-ray logs are available for 2 wells monitoring the 216-S-6 Crib. These logs
indicate the presence of elevated gamma activity from 1.2 m to 21.3 m (4 ft to 70 ft) beneath
the surface. Details of the gross gamma-ray evaluations are presented in Appendix A.

4.1.2.3.4 216-S-7-Crib. Specific chemical and radionuclide inventory data for this unit
are summarized on Tables 2-2 and 2-3. During the annual surface radiological surveys
around the perimeter of e unit, no contamination has been detected since 1988. Surveys
were conducted only around the perimeter because this crib has a collapse potential.

- Gross gamma-ray lc  are availab'le for 5 wells monitoring the 216-S-7 Crib. These logs
indicate the presence ot elevated gamma activity from 6.7 to 12.8 m (22 to 42 ft) beneath the
sur” e. D¢ s of the o0ss gamma-ray evaluations are presented in Appendix A.

4.1.2.3.5 216-S-9 Crib. Specific chemical and radionuclide inventory data for this unit
are summarized on Tables 2-2 and 2-3. During the annual surface radiological survey in
August 1991 and August 1990, no contamination was detected.

Wells 299-W22-26A and 299-W22-27A were drilled to a depth of 65.5 m (215 ft) next to
this unit in 1966 to determine the radionuclide distribution below the unit. Only low-level
*Sr (1.0E-11 Ci/g) was detected in a perched water zone at 42.7 m (140 ft) in Well
299-W22-26A, and no long-lived isotopes were detected in Well 299-W22-27A,

Gross gamma-ray logs are available for 4 wells monitoring the 216-S-9 Crib. These logs
indicate the presence of zvated gamma activity from 8.5 to 18.9 m (28 to 62 ft) beneath the
surface. Details of the gross gamma-ray evaluations are presented in Appendix A.

4.1.2.3.6 216-S-13 Crib. Specific chemical and radionuclide inventory data for this unit

are summarized on Tables 2-2 and 2-3. During a surface radiological survey in
December 1991, a small area of contamination was noted near the center of the unit in some

4-12
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Fc wing transpoft, exposure may occur through the following pathways:
o Inhalation of volatilized contaminants or suspended particulates

. Ingestion of contaminants in soils, vegetation, or animals

o Direct :rmal contact with contaminants in soils

o Direct exposure to radiation.

4.2.2.1 Transport from Soils to Groundwater. Soil is the initial receiving medium for
waste discharges in the S 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 the unconfined aquifer, which lies at a depth
of approximately 61 m (200 ft) below ground surface. These factors are discussed in the
following sections.

4.2.2.1.1 'epth of Release. As a general rule, for a given volume, waste
management units that released wastes at a greater depth below the surface have a higher
potential to contaminate groundwater than waste management units where the release was
shallow. Other factors, however, such as rate of discharge, underlying geology, and many
others will all significantly impact contaminant movement.

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 S Plant Aggregate
Area, the primary source of moisture for mobilizing contaminants are waste management
units that discharge liquid waste to the soil column and to a much lesser extent precipitation
recharge. As discussed in Section 3.5.2, a number of studies have estimated natural
precipitation recharge in a range from 0 to 10 cm/yr (0 to 4 in./yr), depending primarily on
surface soil type, vegetation, and topography. The upper value in the range was a computer
model generated estimation rather than actual measurement. The actual natural precipitation
recha  fortl S Plant jgregate A1 is likely to fall at t! ddle d lower 1d this
range. Gravelly surface soils with no or r shallow ted 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 (2 in./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 that are capped with fine-grained soils or impermeable covers.

With respect to artificial recharge, some waste management units (e.g., the
216-S-6 Crib) were identified in which the known volume of liquid waste discharged
substantially exceeded the tot: estimated soil pore volume present below the footprint of the
facility. In this case, the moisture content of soil below the waste management units likely
approached saturation during the periods of use of these facilities. Because vadose zone
hydraulic conductivities are maximized at water-contents near saturation, the volume of liquid
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wastewater historically scharged to the waste management units probably enhanced fluid
migration in the vadose zone beneath these units.

Long-term gravity drainage is also a potential mechanism of contaminant migration. It
is unknown how long after shutdown the soil under such a unit will continue to drain and to
transport contamination down to the groundwater.

Contaminants that are not initially transportc to the water table by drainage may be
mobilized at a later date if a large volume of liquid is added to the 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 with the
U Plant Aggregate Area 216-U-16 Crib where lateral migration of acidic waste above a
caliche layer mobilized radionuclides below the 216-U-1 and 216-U-2 Cribs (Baker
et al. 1988). No examr'~s of interactions between units are known to have occurred at
S Plant.

4.2.2.1.3 Soil Moisture Transport Properties. The moisture flux in the vadose zone
is dependent on hydraulic conductivity as well as gradients of moisture content or matrix
suction. Higher unsatu ‘ed 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. Because of the
stratified nature of the Hanford Site vadose zone soils and the moisture content dependence
of unsaturated hydraulic conductivity, vertical anisotropy is expected, i.e., vadose zone soils
are likely to be more permeable in the horizontal direction than in the vertical. This vertical
anisotropy may reduce e potential for contaminant migration to the uncor ned aquifer.

4.2.2.1.4 Retaraation. The rate at which contaminants w  migrate out of a complex
waste mixture and be t1_1sported through unsaturated soils depends on a number of
ch._ _teristics = "the ct cal, t waste, and tI soil .. In , ch s that
have low solubilities in ___ leaching fluid or are strongly adsorbed to soils will be retarded in
their migration velocity compared to the movement of soil pore water. Studies have been
conducted of soil parameters affecting waste migration at the Hanford Site to attempt to
identify the factors that control migration of radionuclides and other chemicals. Recent
studies of soil sorption e summarized in Serne and Wood (1990). Some of the processes
that have been shown to control the rate of transport are:

o Adsorption to Soils. Most contaminants are chemically attracted to some degree
to the solid components of the soil matrix. For organic compounds, the
adsorption is generally to the organic fraction of the soil, although in extremely
low-organic soils, adsorption to inorganic components may be of greater
importance. Soil components contributing to adsorption of inorganic compounds
include clays, organic matter, and iron and aluminum oxyhydroxides. In general,
Hanford surface soils are characterized as sandy or gravelly with very low
organic content (less than 0.1%) and low clay content (less than 12%) (Tallman
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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 problem in some of the waste
management unit areas. The processes by which biota may expose contaminated soils are
discussed in Section 4.2.2.4.

The contribution of the S Plant Aggregate Area to the overall fugitive dust emissions at
the Hanford Site boundary is expected to be relatively minor, based on results of air
monitoring downwind of the S Plant Aggregate Area waste management units (Schmidt et al.
1992).

4.2.2.3 Transport from Soils to Surface Water. The only surface water available in the
S Plant Aggregate Area is at the 216-S-10D Ditch that was constructed in 1952 to dispose of
liquid effluent from the 202-S Building. The ditch receives wastewater from the

202-S Building (principally air compressor cooling water) and the 2901-S-901 water tower
(sanitary water overflow). Transport of contaminants to surface water bodies outside of the
aggregate area via groundwater discharge and deposition of fugitive 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 AAMSR.

4.2.2.4 Transport from Soils and Surface Water to Biota. Biota, plants, and animals
have the potential for 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 S Plant
Aggregate Area waste management units, or resulting in damage to affected ecosystems, is
unclear. The currently available data, as described in Sections 3.6 and 4.1 are too general
and do not adequately evaluate biotic transport or ecological risk. This data gap is discussed
fu__ier in Sections 5.0 and 8.0. The future acquisit 1 of additional data will be guided by
“:rec ements for human health and ecological risk assessments in the Hanford Baseline
Risk Assessment Methodology (DOE/RL 1992c) being prepared in response to

M-29 milestone.

4.2.2.4.1 Uptake by Vegetation. Release of radioactivity to the surface by growth of
vegetation is an ongoing problem at S Plant Aggregate Area 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 contaminants outside of
the unit. Westinghouse Hanford has an ongoing vegetation control (herbicide application,
reseeding with shallow-rooted vegetation, and mechanical removal) and radiological survey
program to prevent radioactivity from being transported by this mechanism. However, the
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program does not ensure complete removal of vegetation, and incidents of detection of
contaminated vegetation are reported occasionally in the radiological surveys.

4.2.2.4.2 Transport by Animals. Disturbance of waste management unit barriers by
animals occasionally le; s to release of contaminants to the surface. Subsurface soils can be
transported to the surfa by burrowing animals, thus exposing contaminants for release to
the air. Additionally, animals that become contaminated by direct contact with subsurface
waste or through ingestion of subsurface contaminants (e.g., chemical salts) and
contaminated vegetation, water, or other animals can spread contamination in their feces on
the surface and outside of the waste management unit. Burrowing rodents and harvester ants
can transport near-surface contaminants to the sur :e. 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 4-3, and in more detail on Plate 4, presents a graphical summary of the physical
characteristics and mechanisms at the site that could potentially affect the generation,
transport, and impact of contamination in the S Plant Aggregate Area on humans and biota
(conceptual model).

The sources of contamination include process wastes (condensates, cooling water,
sewage, discharge prod t, sludge removal, drain waste, organic waste, cold organic
uranium scrap, immiscible organics) from S Plant, unirradiated uranium wastes from the cold
startup of S Plant, "interface crud," condensate from 241-S and 241-SX Tank Farms,
washwater from the 241-S Stack decontamination, waste from the 293-S caustic scrubber,
laboratory wastes, drainage from diversion boxes, sanitary wastes, emissions from various
stacks, and process feed materials, and some materials from outside the aggregate area (e.g.,
laundry water and powerhouse wastewater) and contaminated equipment or waste matc__.l
that was spilled during transit or disposed in the burial ground.

Contaminants from these sources have been sposed at the waste management units
that are under investigation. Waste management units include ponds, ditches. retention
basins, trenches, cribs, french drains, diversion boxes, catch tanks, septic tar s and drain
fields, single-shell tanks, a vault, a burial ground, and the various unplanned releases that
have occurred on the site. These releases and disposal activities are described in
Sections 2.0 and 4.1. Some of the unplanned releases are associated with specific waste
management groups, and are shown in Figure 4-3 and Plate as dashed lines with "U"
designations.

From these waste management units, contaminants may have been released via several
mechanisms to the pote ially affected media. Volatilization could release chemicals from
surficial soils or surface waters into the atmosphere. Some of the more volatile constituents
could be released from the vadose zone to the atmosphere through the soil gas system.
Materials in the ditches flowing toward the ponds may have infiltrated/percolated into the
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vadose zone, or sorbed to the sediments in the ditch. The retention basins may have released
contaminants in a similar fashion, with the exception of offsite flow. Biota may have taken
up contaminants from the surface water and near-surface contaminated soils (via deep roots
or burrowing animals).

Many waste management units discharge their waste effluents 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 : hough some contamination may have taken place, on building surfaces.
Fugitive dust from sediment and surface soils has also been released or resuspended due to
wind effects or surface disturbances and from surface soils have been buried or removed to
offsite disposal.

The primary mechanism 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. 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. Historically, perched water has been discovered beneath the
216-S-9 Crib and the 216-S-10D Ditch. '

Figure 4-4 is a schematic diagram illustrating these processes and describing probable
contaminant distributions in the vadose zone. For liquid waste management units, the point
of release shown on this figure may be in the subsurface, such as at cribs, drains, and
rev se wells, or it may be expo | to the surface, such as at ponds, ditches, :nches, or
most unplan: | releases. ! -scale ¢ t ntrelr es much less ~ ly to impact the
lower vadose ine or groundwater than large scale releases. Liquid disposal units in the
S Plant Aggregate Area are dominated by cribs and the S Pond and associated ditches.

Table 4-15 identifies those units that had liquid discharges large enough to reach the
unconfined aquifer.

Contaminant distributions near the burial ground type units in the S Plant Aggregate
Area are likely significantly different from those associated with the liquid waste
management units. Because burial grounds received only dry waste, the burial grounds are
unlikely to release contaminants to the vadose zone. As a result, only surface contaminant
releases have been identified at burial grounds. In this case, wind and near surface
biological activity are the dominant processes for transporting and redistributing
contaminants.

4-31




9

DOE/RL-91-60, Rev. 0

Contaminant distribution at most unplanned releases is expected to be at or just below
the surface. These sites generally received little, if any, liquid, therefore, migration into the
lower vadose zone is not expected. The primary process for transporting and redistributing
contaminants in this case is wind and near surface biological activity.

The schematic diagram is based on the stratigraphy underlying the S Plant Aggregate
Area, the chemical chai teristics of the primary suspected contaminants in the area, and
known vadose zone con__ninant distributions identified from previous studies. The
subsurface geology of the aggregate area is presented in Sections 3.4 and 3.5, and the
chemical characteristics of various contaminants are detailed in Section 4.2.4.

In the past, drillir _ and sampling programs have been conducted at the 216-Z-1A Tile
Field (Price et al. 1979), the 216-Z-9 Trench (Smith 1973), the 216-Z-12 Crib
(Kasper 1981), the 200-BP-1 Operable Unit cribs (the BY Cribs) (Buckmaster and
Kaczor 1992), the 216-U-10 Pond (Last and Duncan 1980), and the 216-Z-19 Ditch (Last
and Duncan 1980). These studies, in conjunction with geophysical well logging data, have
been used to estimate the expected contaminant distributions beneath comparable waste
management units in the S Plant Aggregate Area.

Some of the general conclusions that may be drawn from these previous studies are:

(1) Maximum radionuclide contaminant concentrations should be e ected directly
beneath the main discharge points of the units with the exception of highly mobile
contaminants such as tritium.

(2) Radionuclide contamination is not expected to spread laterally more than 15 to
30 m (50 to 100 ft) beyond the point of discharge and should be at much lower
concel . than those noted beneath the center of the discharge oint; a
possib at ng areas perched water.

(3) Radionuclide contamination decreases rapidly with depth. The highest
concentrations should occur within 2 or 3 m (6 to 10 ft) of the bottom of the
discharge point and concentrations should be near background levels at 20 m
(65 ft) depth.

(4) The maxim 1 lateral radionuclide contaminant movement tends to occur along
relatively impermeable horizons.

(5) Radionuclide contaminants should be concentrated in fine-grained horizons

compared to surrounding coarse-grained horizons and when found in coarse-
grained horizons they are associated with the fine-grained particles.
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(6) Perched water zones are most likely to occur immediately above the caliche
layer. With rapid loading, perched water may extend from the caliche layer up
into the lower Hanford formation. Significant lateral water and contaminant
movement may occur in such a situation.

(7) The caliche layer is an important physical and chemical barrier to vertical
contaminant migration.

(8) Most chemical contaminants of concern have distributions that tend to mimic
radionuclide contaminant distributions in the vadose zone.

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

® Inhalation of airborne volatiles or fugitive dust with adsorbed contamination

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

Direct contact with the waste materials (such as those exhumed by burrowing
animals), contaminated surface soils, buildings, or plants

Direct radiation from waste materials, surface soils, building surfaces, pipelines
and other facilities, or fugitive dusts.

4.2.4 Characteristics of Contaminants

Table 4-18 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 S Plant Aggregate Area. Table 4-19 summarizes the types of
known or suspected contamination thought to exist at the individual waste management units.
Known contaminants are those that have been proven to exist from sampling and inventory
data (Tables 2-2 and 2-3). Suspected contaminants are those which could have occurred at a
unit based upon historical practices, chemical associations or in-growth during radiological
decay of discharged radionuclides. Given the large number of chemicals known or suspected
to be present, it is appropriate to focus this assessment on those contaminants that have been
detected through sampling efforts and which pose the greatest risk to human health or the
environment.

The EPA Region 10 guidance on risk-based contaminant screening (EPA 1991a), as
summarized in the Hanford Baseline Risk Assessment Methodology (DOE/RL 1992c), was

consulted to establish the S Plant Aggregate Area contaminants of potential concern. The
risk-based contaminant screening mostly involves comparing maximum contaminant
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concentrations to risk-based benchmark concentrations. However, contaminant
concentrations in environmental media are not available for the S Plant Aggregate Area, and
direct risk-based screening could not be performed. To ensure that the intent of the EPA
Region 10 approach could be achieved an alternative and more conservative approach was
employed. This requires S Plant Aggregate Area contaminants with potential sks to be
included in the list of ¢« taminants of potential concern. The alternative approach retains
any contaminant that is known or suspected of being carcinogenic or toxic, regardless of
quantity or concentration.

Table 4-20 lists th contaminants of potential concern for the S Plant Aggregate Area.
This list was developed om Table 4-18 and includes only those contaminants which meet
the following criteria:

o Radionuclides that have a half-life of greater than one year. Radionuclides with
half-lives less than one year will not persist in the environment at concentrations
sufficient to contribute to overall risks.

o Radionuclides with a half-life of less than one year and are part of long-lived
decay chains that result in the buildup of the short-lived radionuclide activity to a
level of 1% or greater of the parent radionuclide’s activity within the time period
of interest. Although daughter radionuclides are adequately identified during
normal parent radionuclide investigations, they are also identified as contaminants
of concern through this criterion. This provides an additional level of assurance
that all primr y contaminants will be addressed.

o Contaminants that are known or suspected carcinogens or have an Environmental
Protection Agency (EPA) noncarcinogenic toxicity factor. In addition, chemicals
with known toxic effects but no toxicity factors are included. In some instances
the crit.__1: e been withc_._.... by EPA | dii _  iew of _ ot a
and will be reissued at a future date. Chemicals with known toxicity for which
toxicity factors are presently not available include lead, selenium, kerosene, and
tributyl phosphate.

The following characteristics will be discussed for the contaminants listed in
Table 4-20:

o Detection of contaminants in environmental media
o Historical association with plant activities
o Mobility

o Persistence
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o Toxicity
. Bioaccumulation.

4.2.4.1 Detection of Contaminants in Environmental Media. The nature and extent of
surface and subsurface soils, surface water, groundwater, air, and biota contamination have
not yet been adequately characterized for the S Plant Aggregate Area. All recent
environmental monitoring data were reviewed and summarized for each media in Section 4.1.

The most extensive monitoring ita available has been for groundwater. Because
groundwater will be evaluated in the 200 West Groundwater AAMSR, it will not be
discussed further here. Surface soil and biota samples have been collected from locations on
a regular rectangular grid. However, these sampling locations do not correspond to any of
the waste management units, but are intended to characterize the S Plant Aggregate Area as a
whole. Air and external radiation samples have been collected at several locations within or
adjacent to the S Plant Aggregate Area. These sampling stations are also not located directly
on any of the waste management units, and therefore, the sampling results cannot be
attributed to any particular unit. The only routine sampling data that correspond directly to
waste management units are the external radiation surveys, which are performed on a regular
basis. There is little soil or vegetation sampling data available for any of the units.

4.2.4.2 Historical Association with S Plant Aggregate Area Activities. Radionuclides and
chemicals that are known components of S Plant Aggregate Area waste streams are listed in
Table 2-10. This list includes chemicals in the process wastes as well as chemicals that were
detected at elevated levels in wastewater. Since these waste streams are known to have been
disposed of directly to the soil column in some waste management units, it is probable that
the chemicals on this. list have affected environmental media.

Based on WHC (1991a), radionuclides that are known to have been disposed of to
S Plant Aggregate Area waste management units in the greatest quantities are as follows:

o 29p,
) 240py
J 105Ru
° 241Am
o 131
e  $Co
e Ngr
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Some contaminants may volatilize and enter the atmosphere after
release.

Wind may move contaminants laterally at the surface. For a surface
release, this may occur immediately. For subsurface releases,
contaminants must first be moved to the surface by biological activity.

The maiority of contaminants are held in the vadose zone soils

imme itely beneath the point of release. The highest total activities will
be immediately beneath the point of release and less mobile
contaminants such as  Js should be restricted to this area.

Thin discontinuous aquitards may cause small perched water zones.
Some lateral migration of contaminants may oc  above such a zone,
particularly if it occurs close to the point of release.

The majority of liquid travels downward through the vadose zone
carrying some more mobile contaminants such as fission products.
Contaminants may be locally concentrated in fine-grained horizons,
though at much lower concentrations than occur immediately beneath
the point of release.

Some ot the most mobile contaminants (tritium, cyanide, iodine,
nitrates, nitrites, fluoride) reach the groundwater and may form
contaminant plumes.

Perched water eventually percolates through the caliche layer or passes
through gaps in the caliche and reaches the groundwater. Some ot the
most mobile contaminants (tritium, cyanide, iodine, nitrates, nitrites,
fluoride) reach the groundwater and may form contaminant plumes.

Waste water from adjacent active waste management units may
remobilize contaminants in the underlying vadose zone.
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Table 4-4. Summary of Air Monitoring Results (pCi/m).

~ npling ¥ Jcation _
Radionuclide N9S6 NO63
Sr-90 8.37E-04 8.13E-04
 Cs-137 8.64E-04 2.00E-04
Pu-239 9.55E-06 1.36E-05
U (Total) 7.15E-05 9.83E-05

Note: All values are averages for each year with a detection from 1985 to 1989.
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Table 4-7. Results of External Radiation Monitoring, 1990 and 1991:

DOE/RL-91-60, Rev. 0

TLDs (mrem/yr).

Location 1990 1991 Average Total
210: E-122 Baseline Site

Max 164 168

Min 100 110

Total 125 138 132
213: 216-58-19 Pond

Max 108 119

Min 92 71

Total 97 91 94

Source: Schmidt et al. 1992
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Table 4-8. Summary of Grid Soil Sampling Results: 1985 through 1989 (pCi/g).

Samnlino T ncatinn

Radionuclide 2W28 2W29 2W31 2W32 2W33 2W34
Ce-141 1.12E-02 1.80E-02 7.80E-03 - 1.83E-02 3.79E-02
Ce-144 2.48E-02 1.73E-01 6.00E-02 -- 3.69E-02 5.20E-02
Co-58 1.26E-02 5.20E-03 5.40E-03 -- 1.22E-02 1.08E-03
Co-60 1.2« 02 1.64E-02 1.24E-02  9.80E-03 1.34E-02 2.29E-02
Cs-134 3.34E-02 2.80E-02 2.60E-02 -- 4.11E-02 4.17E-02
Cs-137 7.95E+00 1.62E+00  7.75E-01 6.60E-01 1.76E4+00 1.22E+00
Eu-152 1.13E-01 1.05E-01 6.80E-02  1.40E-01 8.72E-02 1.11E-01
Eu-154 4.39E-02 3.30E-02 4.30E-02 2.50E-02 5.57E-02 2.41E-02
Eu-155 5.06E-02 4.00E-02 1.80E-02  7.20E-02  2.52E-02 7.10E-02
I-129 1.37E-01 -- 8.30E-02 -- 1.75E-01 3.70E-01
K-40 1.17E+01 -~ - -- 1.47TE+01 1.33E+01
Mn-54 1.04E-02 5.40E-03 1.55E-02  3.70E-03 1.24E-02 6.90E-03
Nb-95 2.79E-02 1.30E-02 1.40E-02  3.10E-02 1.5 02 3.73E-02
Pb-212 5.89E-01 -- - -- 7.36E-01 7.42E-01
Pb-214 4.88E-01 6.50E-01 5.70E-01  6.50E-01  5.90E-01 5.34E-01
Pu-238 1.98E-03 5.53E-03 3.75E-03 1.00E-03  3.60E-03 3.54E-01
Pu-239 2.09E-02 7.00E-02° 1.44E-01 4.30E-02 1.11E-01 1.37E-01
Ru-106 1.87E-01 3.50E-01 1.09E-01 2.70E-02  1.63E-02 5.83E-02
Sr-90 1.0SE+00  7.35E-O1 2.30E-01 3.20E-01  6.20E-01 9.04E-01
Tc-99 2.17E-01 -- 1.30E-01 -- 9.25E-02 1.51E-01
U (total) 3.47E-01 3.93E-01 2.30E-01 2.60E-01 3.50E-01 3.73E-01
Zn-65 3.55E-02 6.80E-03 3.50E-02 -- 6.74E-02 6.31E-02
Zr-95 9.23E-03 2.60E-02 1.46E-02 1.40E-02 1.79E-02 9.75E-03

Dashes indicate data not available.
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Table 4-9. Summary of Fenciline Soil Sampling Results (pCi/ g).

Radionuclide
Ce-141
Ce-144
Co-58
Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
I-129
K-40
Mn-54
Nb-95
Pb-212
Pb-214
Pu-238
Pu-239
Ru-106
Sr-90
Tc-99
U (total)
Zn-65
Zr95

Samnlina [ ocation

S-TF-SE S-TF-NE S-TF-W
5.70E-02 6.93E-03 1.14E-02
1.32E-01 3.59E-02 2.61E-02
1.04E-02 3.59E-02 2.15E-02
9.30E-03 2.29E-02 3.16E-02
2.83E-02 4.04E-02 2.80E-02
2.46E+01 3.80E+00 3.74E+00
6.55E-02 8.62E-02 6.09E-02
2.98E-02 2.41E-02 1.60E-02
2.47E-02 4.17E-02 3.26E-02
1.38E+01 1.45E+01 1.36E+01
1.36E-02 1.45E-02 9.97E-03
7.43E-02 6.43E-02 3.79E-02
6.32E-01 7.62E-01 5.90E-01
5.07E-01 5.08E-01 4.39E-01
6.17E-03 1.11E-03 8.30E-04
3.03E-02 2.15E-02 1.52E-02
1.95E-01 3.33E-02 8.90E-02
4.74E+00 2.55E+00 1.50E+00
3.13E-01 3.33E-01 2..E-01
7.46E-03 1.14E-01 2.54E-02
2.07E-02 1.28E-02 1.11E-02

Note: All values are averages for each year with a detection from 1985 to 1989.

Dashes indicate data are not available.
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Tal Results of Surface Water Sampling (pCi/mL).
i RM28: 216-S-10D Ditch
1985 1986 1990
Radionuclide Maximum Minimum Maximum Minimum Maximum  Minimum Detection
| Limit (DL)
| Total Beta 0.106 0.008 0.036 <DI. <DL <I 0.1
Total Alpha 0.007 0.001 0.012 <DL <DL <DL 0.04
B1Cs 0.121 0.043 0.127 <DL <DL <I 0.2
oS 0.030 0.020 0.040 . <DL <DL <DL 0.1

Sources: Elder et al. 1986, 1987, 1989; Schmidt et al. 1992.
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Table 4-12. Summary of Vecetation Sampling Results: 1985 through 1989 (pCi/g).

Radionuclide

Be-7
Ce-141
Co-58
Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
I-129
K-40
Nb-95
Pb-212
Pb-214
Pu-238
Pu-239
Ru-103
Ru-106
Sr-90
Tc-99
Zn-65

7r-95

Sampling Location

IWIR

7.79E-03
1.94E-01
1.37E-02
1.42E+00
2.36E-02
9.93E-02
1.40E-02
6.66E-02
1.16E+01
1.15E-02
2.31E-02
2.58E-02
1.46E-04
4.66E-03

4.68E-01
6.58E-01

2.55E-02

2W29 2W31 2W32 2W33

- - - 1.58E-02
9.70E-02 - - -

5.00E-02 1.82E-02 3.80E-04 3.14E-02

9.00E-02 2.90E-02 - 1.14E-01

6.53E-01 1.50E-01 3.00E-01 4.35E-01

1.14E-01 1.45E-02 4.70E-03 1.48E-01

6.60E-02 2.95E-02 4.80E-02 6.29E-02

3.70E-03 2.50E-02 6.00E-02 5.67E-03

- 1.40E-01 - 1.84E-01

- - - 1.12E+01

1.30E-02 2.97E-02 1.14E-01 2.10E-02

- - - 1.15E-02

- - - 4.4TE-02

- - - 1.25E-03

- - - 6.08E-02

8.10E-02 - - 1.54E-01

4.20E-01 - 3.80E-01 3.06E-01

- 4.10E-01 - 4.44E-01

- - - 2.36E-01

- 4.60E-02 - 1.60E-03

2W34

7.32E-04
3.08E-02
7.80E-02
3.21E-01
8.44E-02
3.87E-02
1.33E-02
1.51E+01
4.25E-02
1.08E-01
7.83E-02
2.20E-02
5.63E-03
1.55E-01
4.01E-01
6.15E-01
1.68E-01
2.93E-02

Dashes indicate data are not available.
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Table 4-13. Grid Site Feces Results in the S Plant Aggregate Area for 1985 (pCi/g dry weight).

*Mn %Co “Co
Grid Site Type terror terror +error
2WC Rabbit - 0.254 --
+0.218

1370 12EY,
t-error t-error
0.392 -
40.171

Note: + error = counting error.
(-1
Source: Elder et al. 1986.

indicates that radionuc  : concentration is less than detectable.

0 "A%Y ‘09-16-T¥/H0A
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Table 4-14. Summary of Gamma-Ray Logs that

DOE/RL-91-60, Rev. 0

were Reviewed.

Number of Times

Page 1 of 2

Waste Management Unit Well Number Logged Inclusive Dates
Cribs and Drains:
216-S-1 and -2 Cribs 299-W22-1 4 1/58 to 3/66
299-W22-2 5 1/58 to 7/79
299-W22-5 7 5/63 to 8/87
299-W22-6 5 2/58 to 8/87
299-W22-10 6 5/63 to 3/87
299-W22-11 1 8/87
299-W22-15 6 4/66 to 8/87
299-W22-16 5 5/63 to 8/87
299-W22-17 6 2/58 to 8/87
299-W22-18 6 2/68 to 8/87
299-W22-29 3 2/68 to 2/86
299-W22-30 4 2/68 to 6/80
299-W22-31 4 2/68 to 3/80
299-W22-36 3 2/68 to 2/86
299-W22-67 5 2/68 to 8/87
216-S-5 Cribs 299-W26-1 1 5/76
299-W26-3 1 5/76
299-W26-4 1 5176
299-W26-5 1 5176
26-S-6 Crib 299-W26-2 1 5/76
299-W26-51 1 8/87
216-S-7 Crib 299-W22-12 3 2/58 to 2/76
299-W22-13 3 5/63 to 5/76
299-W22-14 4 2/58 to 2/87
299-W22-32 3 2/68 to 2/79
299-W22-33 5 2/68 to 8/87
216-S-9 Crib 299-W22-25 4 3/70 to 8/87
299-W22-26 2 3/66 to 3/70
299-W22-34 3 5/76 to 8/87
299-W22-35 3 5/76 to 8/87
216-S-13 Crib 299-W22-21 3 5/63 to 2/76
216-S-20 Crib 299-W22-20 3 5/63 to 5/76
299-W22-74 1 3/84

4T-14a
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Table 4-16. TRAC Estimated Waste Tank Inventories Data. Page 8 of 24

Component

Tank S-109 (Ci)

Tank S-110 (Ci)

Tank S-111 (Ci)

Tank S-112 (Ci)

82. La

0

0

0

0

83. Mn

84. NO2

85. NO3

86. Na

o |o o |

o |o |o |o

o |o o |o

87.1

88. (
89. Po4

90. Pu

91. S103

92. S04

93. Sr

94, Zro

o IO O o o (e

o |0 e o (o |o

o O o o |o e

Total Curies

1E+06

3E+06

2E +06

8E+05

-

0 'A9Y ‘09-16-Td/A0d
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Table 4-16. TRAC Est

ated Waste Tank Inventories Data.

Page 12 of 24

Component .

Tank SX-101
(&)

Tank SX-102
(Ci)

Tank SX-103
(Ci)

Tank SX-104
(C)

Tank SX-105
(Ci)

Tank SX-106
(Ci)

79. Fl

0

0

0

0

0

80. HEDTA

81. K

82. La

83. Mn

o |o |o (o

o o |o |o

0
0
0
0

o jo jo o

(=2 (=T (=T [ =]

85. NO3

86. Na

87. Ni

88. OH

89. Po4

90. Pu

91. S103

92. S04

93. Sr

94. Zro

o |0 |© |O o |O |0 (e |o (o

o IO O |O o |© |© (o |© |o

o o o o o o o o |o e

O O |© (O O o o |o (o |o

© O O O |O |© |© | |o |o

Total
Curies

6E-20

SE-02

1E+05

2E+03

1E+03

4E +06

0 'A% ‘09-16-T4/A0d
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T; le 4-16. TRAC Esti

Component

Tank $X-107 (Ci)

Tank $X-108 (Ci)

£

0
-

d Waste Tank Inventories Data.

Page 16 of 24

Tank SX-109 (Ci)

Tank SX-110 (Ci)

82.

La

0

83.

Mn

84.

No2

. No3

86.

Na

o o |e |e

(=2 (=2 (=2 (- I}

89.

Po4

. Pu

91.

5103

92.

So4

93.

Sr

94.

Zro

o o |o |o jo |o

o |o |0 o |o |o

O (O |O QO |o o |0 o |Oo |© |o |Jo

(=2 T2 I = [ = T~ R = L= L= T~ [~ A [ = B T~ 1~

tal Curies

0 "A9Y ‘09-16-T4/HOd
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Table 4-16, TRAC

stimated Waste Tank Inventories Data.

Page 20 of 24

Component ink SX-111 (Ci) Tank SX-117 i) Tank SX-113 (Ci) Tank SX-144 (Ci) Tank SX-115 (Ci)
82. La | o 0 0 0 0
83. Mn I 0 0 0 0 0
84. NO2 0 0 0 0 0
85. NO3
86. Na
g
88. OH
89. Po4
Pu
91. §103
92. SO4 0 0 0 0 0
93. Sr 0 0 0 0 0
94. Zro 0 0 0 0 0
Total Curies 1E-03 4E+04 2E+05 3E-04 2E-03

‘09-16-"TA/4C
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Table 4-18. Candidate Contaminants of Potential Concern for the

S Plant Aggregate Area.

Page 1 of 2

RADIONUCLIDES
Gross alpha
Gross beta

TRANSURANICS
Americium-241
Americium-242
Americium-242m
Americium-243
Curium-242
Curium-244
Curium-245
Neptunium-237
Neptunium-239
Plutonium
Plutonium-238
Plutonium-239/240
Plutonium-241

URANIUM

Uranium-235
Uranium-233
Uranium-234
Uranium-236
Uranium-238

FISSION PRODUCTS
Actinium-225
Actinium-227
Antimony-126
Antimony-126m
Astitine-217*
Barium-135m*
Barium-137m
Bismuth-210
Carbon-14
Cerium-141
Cerium-144
Cesium-134
Cesium-135
Cesium-137 .
Francium-221
Francium-223*
Iodine-129
Iodine-131*
Lanthanium

FISSION PRODUCTS (Cont.)
Lead-209

Lead 210

Lead 211
Lead-212*
Lead-214

Nickel 63
Niobium-93m
Niobium-95*
Neodymium
Polonium-210
Polonium-213*
Polonium-214
Polonium-215
Polonium-218
Praseodymium
Promethium-147
Protactinium-231
Protactinium-233*
Protactinium-234m*
Radium
Radium-223
Radium-225
Radium-226
Radium-228
Rhodium-106*
Ruthenium-103*
Ruthenium-106
Samanum-151
Selenium-79
Strontium-90
Technetium-99
Tellurium-121*
Tellurium-125m*
Tellurium-127%*
Tellunnum-129m*
Thallium-207
Thallium-208
Thorium-227
Thorium-229
Thorium-230
Thorium-231
Thorium-234
Tritium
Yttrium-90
Zirconium-93
Zirconium-95*

HEAVY METALS

Aluminum
Barium
Bismuth
Cadmium
Chromium
Copper
Iron
Lanthanum
Lead
Manganese
Nickel
Silver
Strontium
Tin
Titanium
Uranium
Vanadium
Zinc

OTHER INORGANICS

Ammonium nitrate
Aluminum oxide
Ammonium fluoride
Ammonium hydroxide
Ammonium oxalate
Boric acid
Ceric ammonium nitrate
Ceric sulfate
Chromic nitrate
Di (2-ethylhexyl)
phosphoric acid
Ferrous ammonium sulfate
Ferrous sulfamate
Ferrous sulfate
Hydrazine
Hydrochloric acid
Hydrofluoric acid
Hydrogen
Hydroxylammine
hydrochloride
Hydroxyquinoline
Lead nitrate
Magnesium
Manganese oxide

4T-18a
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Table 4-18. Candidate Contaminants of Potential Concern for the

S Plant Aggregate Area.

Page 2 of 2

OTHER INORGANICS
(Continued)

Mercuric nitrate
Mercuric thiocyanate
Mercury

Molybdate - Citrate reagent

Nitrate

Nitric acid

Nitrite

Oxalic acid
Phosphate
Potassium
Potassium dichromate
Potassium fluoride
Potassium oxalate
Potassium permanganate
Silica

Silicon

Silver nitrate
Sodium aluminate
Sodium bismuthate
Sodium carbonate
Sodium dichromate
Sodium fluoride
Sodium hydroxide
Sodium metasilicate
Sodium nitrate
Sodium nitrite
Sulfamic acid
Sulfuric acid
Tetraphenyl boron
Titanium chloride
Tributyl phosphate
Zinc

Zirconium oxide

VOLATILE ORGANICS
Acetone

Chloroform

MIBK ("Hexone")
Propane

Periodic acid
Tetrabromoethane
Xylene

SEMIVOLATILE ORGANICS

Bromonaphthalene

Butylated hydroxy toluene

Ethylene diamine tetraacetate
(EDTA)

Hydrazine

Methyl isopropyl diketone

N-(2-hydroxyethyl)
ethylenediaminetriacetate
(HEDTA)

O-phenanthroline

Paraffin hydrocarbons

S-diphenyl carbazide

Tri-iso-octylamine

Tri-n-octylamine

* The radionuclide has 2

<1 year, or the buildup of the short-lived daughter would result in an activity of <1% of the parent

radionuclides’ initial activity.

4T-18b

if-life of <1 year and if it is a daughter product, the parent has a half-life of
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Table 4-19. Contamination Types Expected at Each Waste Management Unit and Unplanned Release Types. Page 8 of 8
Fission Heavy Other Semi-

Waste Management Unit or Unplanned Release TRU Products | Uranium Metals Inorganics | Volatiles | volatiles
UPR-200-W-142 S S S S S S S
UPR-200-W-143 S S S S S
UPR-200-W-144 S S S S ) S S
[ :200-W-145 s s s s s s s
UPR-200-W-146 S ) S S S S S

K - Contaminant known to be present.
S - Contaminant suspected to be present.
-- - Dashes indicate data is not available.
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Table 4-24. adiological Properties of Potential Radionuclides of Concern in

S Plant Aggregate Area Wast zement Units, Page 2 of 2
Specific I
Activity” Principal
Radionuclide Half-Life in Ci/g Radiation of Concern” |
5po 7.8 x 10" sec 29x 10 o
b 0 3.05 min 2.8 x 108 o
Bipy 87.7 yr 1.7 x 10 a
Py 24,400 yr 6.2 x 10? a
0Py 6,560 yr 23x 10° o
#py 14.4 yr 1.0 x 10? B
2Ra 14.8d 3.9 x 10* B
2Ra ‘ 1,600 yr 9.9 x 10 o
2*Ra 6.7 yr 1.2 x 107 B
1%Ru 1.0 yr 3.4x 10° B, v
126mg}, 12.4d 1.3 x 10° B, v
®Se . <65,000 yr 7.0 x 107 ¢}
1Sm 90 yr 2.6 x 10! B
%Sr 28.5 yr 1.4 x 10? B
¥ 213,000 yr 1.7 x 10? B
2'Th 18.7d 3.1x 10 a
Th 7,340 yr 2.1 x 10! o
Z0Th 77,000 yr 2.1 x 107 o
B'Th 25.5 hr 5.3x 10° B
o7 4.8 min 1.9 x 108 B, vy
V) 159,000 yr 9.7 x 10° o
Bey 244,500 yr 6.2 x 10° «
U 7.0 x10% yr 2.2x 10° a, ¥
26y 2.342 x 107 yr 3.6 x 10° a, ¥
=y 4.5 x10° yr 3.4x 107 a
0y 6.41 hr 5.4 x 10° B
SZr 1.5 x 10° yr 2.6 x 107 B

¥ Calculated from ha life and atomic weight.
b/

Daughter radiation.

4T-24b

a - alpha decay; @ - negative beta decay; v - release of gamma rays.
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Table 4-25. Comparison of Radionuclide Relative Risks for Radionuclides

of Concern at the S Plant Aggregate Area. Page 2 of 2
Soil External
Air Drinking Water Ingestion Exposure
Unit Risk” Unit Risk® in Unit Risk? Unit Risk*
Radionuclide Half-Life in (pCi/m%)! (pCV/L)! in (n0i/q)! in (pCi/g)"!
Z6Ra 1,600 yr 1.5 x 10? 6.1 x 10°¢ 3.2 x 107 4.1 x 10°
2Ra 5.75 yr 3.4 x10* 5.1x10% 2.7 x 107 5.6 x 10
1%Ru 1.0 yr 2.3 x 10" 4.9 x 107 2.6 x 10°® 0
Pse < 65,000 yr na na na na
B1gm 90 yr na na na na
0S¢ 28.5 yr 2.8 x 10° 1.7 x 10 8.9 x 10® 0
STc 213,000 yr 4.2 x 10 6.6 x 10°® 3.5x10° 3.4 x 100
2T 18.72d 2.5 x 10° 2.5 x 107 1.3 x 10° 6.6 x 10°
Z°Th 7,340 yr 3.9 x 10? 2.0 x 10°¢ 1.1 x 107 5.8 x 10°%
BOTh 77,000 yr 1.6 x 10*? 1.2 x 10°¢ 6.5 x 10°® 5.9x 107
0 BITh 25.5 hr 2.5x 107 2.0x 10°® 1.1 x10° 1.1 x 10°%
my 159,000 yr 1.4 x 107 7.2 x 10° 3.8 x 107 3.2x 107
— BiY 244,500 yr 1.4 x 102 7.2 x10° 3.8 x 107 5.6 x 107
- By 7.0 x 10° yr 1.3 x 107 6.6 x 10°¢ 3.5 x 107 9.7 x 10°
e ™y 45x 10° yr 1.2 x 10 6.6 x 10 3.5 x 107 4.5 x 107
o oY 64.1 hr 78 x10° 1.6 x 107 8.6 x 10° 0
»  Calculated from half-life and atomic weight.
¥ Excess cancer risk sociated with lifetime exposure to 1 pCi/m® (1072 curies) per day in air
(EPA 1991b).
. “  Excess cancer risk associated with lifetime exposure to 1 pCi (102 curies) per day in
drinking water (EPA 1991b).
- ¢ Excess cancer risk sociated with lifetime exposure to 1 pCi/g  J' curies/g) per day in
soil (EPA 1991b).
— “  Excess cancer risk associated with lifetime exposure to surface soils ¢ aining pCi/g of
Vo

gamma-emitting radionuclides (EPA 1991b).

#  External radiation risk from “’™Ba, a short-lived decay product of "*’Cs.

na No information ave ible.
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For the HRS scores, 10 waste management units were given scores of 28.5 or
greater. For the mHRS, 9 units received a score of 28.5 or greater. Seven units received
qualitative "high" scores. Some units were designated as high priority for 2 or mo of the
criteria, hence only 27 total waste management units and unplanned releases are designated
high priority. Two of the waste management units were assigned a Westinghouse Hanford
Environmental Protection Group score of 7 or greater. Scoring values of 9 an 10 were
assigned to 216-S-1 and 216-S-2 Cribs, and 216-S-7 Crib, respectively.
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Resource Conservatio and Recovery Act (42 USC 6901, 40 CFR 260 to
271). The RCRA (42 USC 6901), and regulations adopted pursuant to RCRA,
describe numerous action-specific requirements that may be potential ARARs
for cleanup activities. The primary regulations are promulgated under 40 CFR
Parts 262 tandards for generators), 264 and 265 (standards for owners and
operators of hazardous waste treatment, storage or disposal facilities), and
include such action-specific requirements as follows:

- Packaging, labeling, placarding, and manifesting of offsite waste
shipments

- Inspecting waste management areas to ensure proper performance and
s: : conditions

- Preparation of plans and procedures to train personnel and respond to
emergencies

- Management standards for containers, tanks, incinerators, and treatment
units ‘

- Design and performance standards for land disposal facilities
- Groundwater monitoring system design and performance.

Many of these requirements will depend on the particular remediation activity
undertaken, and will have to be identified as remediation proceeds.

One key area of potential action-specific RCRA ARARs is the 40 CFR

Part 268 LDRs. In addition to the contaminant-specific constituent
concentration limits established in the LDRs (as previously discussed in
Section 6.2), EPA has identified best demonstrated available treatment
technologies (BDATSs) for various waste streams. The EPA could require the
use of BDATS prior to allowing land disposal of wastes generated during
remediation. The EPA’s imposition of the LDRs and BDAT requirements will
depend on various factors.

Applicability to CERCLA actions is based on determinations « waste
“placement/disposal” during a remediation action. According to OSWER
Directive 9347.3-05FS, EPA concludes that Congress did not intend in situ
consolidation, remediation, or improvement of structural stability to constitute
placement or disposal. Placement or disposal would be considered to occur if:

- Wastes from different units are consolidated into one unit (other than a
land disposal unit within an area of contamination)

6-11
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- Waste is removed and treated outside a unit and redeposited into the ‘
same or another unit (other than a land disposal unit witl 1 an area of
contamination)

- Waste is picked up from a unit and treated within the area of
contamination in an incinerator, surface impoundment, or tank and then
redeposited into the unit (except for in situ treatment).

Consequently, the requirement to use BDAT would not apply under the LDR
standards unless placement or disposal had occurred. However, remediation
actions involving excavation and treatment could trigger the requirements to
use BDAT for wastes subject to the LDR standards. In addition, the agencies
could consider BDAT technologies to be relevant and appropriate when
developing and evaluating potential remediation technologies.

Two additional components of the LDR program should be considered with
regard to an excavate and treat remedial action. First, a nation: capacity
variance was issued by EPA for contaminated soil ar debris for a two-year
period ending May 8, 1992 (54 FR 26640). Second, a series of variances and
exemptions may be applied under an excavate and treat scenario. These
include the following:

- A no-migration petition ‘ '
- A case-by-case extension to an effective date

- A treatability variance

- M ed waste provisions of a federal Facilit ; Compliance Act.

The applicability and relevance of each of these options will vary based on the
specific details of a S Plant Aggregate Area excavate and treat option. An

analysis of these variances can be developed once engineerii  data on the

option becomes available.

The effe of the LDR program on mixed waste management is significant.
Currently, limited technologies are available for effective treatment of these

waste streams and no commercially available treatment facilities exist except
for liquid scintillation counting fluids used for laboratory analysis and testing.

~ The EPA recognized that inadequate capacity exists and issued a national

capacity variance until May 8, 1992, to allow for the development of such
treatment capacity.

6-12
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may be potential ARARs for disposal of cleanup wastes within the S Plant
Aggregate Area. Solid waste standards include such requirements as the
following:

- Inspecting waste management areas to ensure proper performance and
safe conditions

- Management standards for incinerators and treatment units
- Design and performance standards for landfills
- Groundwater monitoring system design and performance.

Many of iese requirements will depend on the particular remediation activity
undertaken, and will have to be identified as remediation proceeds.

Water Quality Management. Chapter 90.48 RCW, the Washington State
Water Pollution Control Act (WPCA), requires use of i = known, available,
and reasonable treatment technologies (AKART) for treating contaminants
prior to discharge to waters of the state. Implementing regulations appear
principally at Chapters 173-216, 173-220, and 173-240 WAC.

The WPCA requirements for groundwater could be potential ARARs for
actions conducted within the S Plant Aggregate Area if such actions would
result in discharge of liquid contaminants to the so column. In this event,
Ecology would require use of AKART to treat the liquid discharges prior to
soil disposal.

The WPCA requirements for surface water would not be ARARs for actions
conducted only within the S Plant Aggregate Area. However, these
requirements could potentially constitute ARARs for cleanup actions that
would result in discharge of treated wastewaters to the Columbia River and
associated treatment systems could be required to demonstrate they meet
AKART.

Air Quality Management (RCW 70.94). Under the autho y of the
Washing 1 Clean Air Act (RCW 70.94), the Toxic Air Pollution regulations
for new air emission sources, promulgated in Chapter 173-460 WAC, require
use of best available control technology for air toxics (T-BACT). The Toxic
Air Pollution regulations may be potential ARARs for « :anup actions at the
S Plant Aggregate Area that could result in emissions of toxic contaminants to
the air. Ecology may require the use of T-BACT to treat such air emissions.
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o For CERCLA-financed actions under Section 104, compliance with the ARAR
will not provide a balance between the need for protecting public health,
welfare, d the environment at the facility, and the need for fund money to
respond to other sites (this waiver is not applicable at the Hanfc 1 Site).

Once investigations have been completed and final remedies have been selected, the
ARARSs that must be met will be formally identified in the Reco of Decision (ROD).
Compliance with those ARARs specified in the ROD will be achieved through the remedial
action. The ARARs m ' need to be reevaluated if unanticipated circumstances are
encountered during remediation which prevent the ability to satisfy the identified ARARs.
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Table 6-2. Potential Location-Specific ARARs.

Page 2 of 6

Location

Requirement

Prerequisite

Citation

Discharge of dredged or fill materials into
wetlands prohibited without a permit.

Discharges to wetlands and navigable

waters.

40 CFR Part 230;
33 CFR Parts 303, and
320 to 330

Minimize potential harm. avoid adverse

adversely affect fish or wildlife habitats
and water resources.

Construction or management of

property in wetlands.

Actions near shorelines.

40 CFR Part 6
Annendix A

Chapter 90.58 RCW;
Chapter 173-14 WAC.

Actions modifying a stream or river
and affecting fish or wildlife.

40 CFR 6.302

Water code and water rights.

Specifies conditions for extracting surface
water for non-domestic uses. In essence,
the laws provide that water extraction
must be consistent with beneficial uses of
the resource and must not be wasteful.

Extracting surface water.

Chapter 90.03 RCW

GROUNDWATER:

Water code and water rights.

Specifies conditions for extracting
groundwater for non-domestic uses. In
essence, the i provide that water
extraction must be consistent with
beneficial uses of the resource and must
not be wasteful.

Extracting groundwater.

Chapter 90.14 RCW

Sole source aquifer.

New solid ar nazardous waste land
disposal facilities prohibited over a sole
source aquifer.

Disposal over a sole source aquifer.

WAC 173-303-282;
WAC 173-304-130

0 "A% ‘09-16-TI/A0A



























DOE/RL-91-60, Rev. 0

° There are currently no facilities at the Hanford Site or offsite for permanent
dispos of transuranic (TRU) waste. If such soil was excava ', it would have
to be temporarily stored at Hanford until a geologic repository disposal site was
licensed and constructed or another disposal option is identified.

One potential problem with offsite disposal of radioactive waste is the lack of an
alternate disposal location that will decrease the potential human exposure over the long time
required for many of the contaminants. Waste removal may not be needed, or may only be
required at a small scale, to protect human health or the environment for industrial uses of
the 200 Areas.

Waste treatment involves the use of biologic: thermal, physical, or chemical
technologies. Typical treatment options include biological land farming, thermal processing,
soil washing, and fixation/solidification/stab zation. As described in Section 7.3, some «
the technologies that have been used at industrial sites may not be feasible at the Hanford
Site. Some treatment technologies must be pilot tested before they could be implemented.
Waste treatment could be conducted either as an interim or final action and may be
appropriate in meeting RAOs for all potential future land uses.

Waste containment includes the use of capping technologies (i.e., capping and grouting)
to minimize the driving force for downward or lateral migration of contaminants. Vertical
bi iers can also be used to minimize late  migration and to prevent biota from penetrating
into contaminated areas. Containment also provides a radiation exposure barrier and a
barrier to direct exposure. In addition, these barriers provide long-term stability with
relatively low maintenance requirements. Containment actions may be appropriate for either
i1 :rim or final remedial actions.

In situ waste treatment includes thermal, chemical, physical, and biological technology
types, of which there are several specific process options including in situ vitrification, in
situ grouting or stabilization, soil flushing, and in situ biological treatment. The
distinguishing feature of in situ treatment technologies is the ability to attain RAOs without
removing the wastes. The final waste form generally remains in place. This feature is
advantageous when exposure during excavation would be significant or when excavation is

" technically impractical. In situ treatment can be difficult because the process conditions may

not be easily controlled.

In the next section, specific process options within the  technology groups are
evaluated.

7.3 ECHNOLOGY SCREENING

In this section, potentially applicable technology types and process options are
identified. These process options are then screened using effectiveness, in lementability,
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Table 7-1. Preliminary Remedial Action Objectives

and General Response Actions.

Remedial Action Objectives

“ No General Response Actions are requ

airborne particulates and/or volatile
emissions exceedi MTCA and DOE
limits from soils/s..iments.

on local biota.

Prevent accidental release from
collapse of containment structures.

Environmental
Media Human Health Environmental Protection General Response Actions
Soils/ ¢ Prevent ingestion, ir*~lation, or Prevent migration of radionuclides and No Action
Sediments direct contact with s  ds containing hazardous constituents that would result o o
radioactive and/or hazardous in groundwater, surface water, air, or Institutional Controls/Monitoring
constituents present at concentrations biota contamination with constituents at .
above MTCA and  E standards for concentrations exceeding ARARs. Containment
industrial sites (or  sequent risk- ] ] o )
based standards). Remediate soils containing TRU Excavation
contamination above 100 nCi/g in
accordance with 40 CFR 191 Treatment
requirements. )
) ) Disposal
Prevent leaching of contaminants from )
the soil into the groundwater that In Situ Treatment
would cause groundwater
concentrations to exceed MTCA and
DOE standards at the compliance point
location.
Biota ¢ Prevent bio uptake by plants. Prevent bio-uptake of radioactive No Action
) ) contaminants. o o
e Prevent disturbance of engineered Institutional Controls/Monitoring
barriers by biota. .
Excavation
Treatment
Disposal
Containment
In Situ Treatment
AirY ¢ Prevent inhalation « contaminated Prevent adverse environmental impacts

1 for the air because soil remediation will eliminate the air contamination source.
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Table 7-3. Screening of Process Options. Page 4 of 8
Te Relative
Type Process Option Description Effectiveness Implementability Cost Conclusions
Solvent Contacting a solvent with The selected solvent is Laboratory testing necessary Medium | Rejected because the
Extraction contaminated soils to often just as hazardous as to determine appropriate solvent may lead to
preferentially dissolve the the con*~—'nants presented | solvent and operating further
contaminants into the in the wasw. May lead to | conditions. Not fully contamination.
solvent. further contamination. demonstrated for hazardous
Radioactivity will not be waste applications.
reduced.
Physical Separating soil into size Effective as a Most often used as a Low Retained because of
Separation fractions. concentration process for pretreatment to be combined potential
all contaminants that with another technology. effectiveness and
partition to a specific soil Equipment is readily implementability.
size fraction. available.
Fixation/ Form low permeability Effective in reducing Stabilization has been Medium | Retained because of
Solidification/ solid matrix by mixing soil inorganic and radionuclide | implemented for site potential
Stabilization with cement, asphalt, or soil contaminant mobility. remediations. Treatability effectiveness and
- polymeric materials. Effectiveness for organic studies are needed. Volume implementability.
—~ stabilization is highly of waste is increased.
) dependent on the binding
2 agent.
Containerization ! Enclosing a volume of Effective for difficult to May be implemented for low Low Retained because of
waste v iin an inert jacket | stabilize, extremely concentration waste. potential
or container. hazardous, or reactive Disposal or safe storage of effectiveness and
waste. Reduces the containers required. implementability.
mobility of radionculides. Regulatory constraints may
prevent disposal of containers
of certain waste types.
Biological Aerobic Microbial degrad: nin an  Effectiveness is very Various options are Medium | Rejected because of
Treatment "(Landfarming) oxygen-rich environment. contaminant- and commercially available to limited applicability
’ concentration-specific. produce contaminant and difficult
Treatment has been degradation. Treatability implementation.

demonstrated on a variety
of organic compounds.
Not effective on
inorganics or
radionuclides.

tests are required to
determine site-specific
conditions.
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T: :7-3. Screening of Process Options. Page 8 of 8
Technology Relative
Type Process Option Description Effectiveness Implementability Cost Conclusions
Excavation Standard Remove affected biota and Effective in moving and Equipment and workers are Low Retained because of
Excavating load it onto process system | transporting biota to readily available. potential
Equipment equipment. vehicles for transportation. effectiveness and
implementability.
Disposal Landfin Place contaminated biota in | Does not reduce the biota Easily implemented if Medium | Retained because of
Disg an exist  andfill. contamination but moves sufficient storage is available potential
all of the contamination to | in an offsite landfill area. effectiveness and
a more secure place. implementability.
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8.0 DATA QUALITY OBJECTIVES

As described in Section 1.2.2, this aggregate area management study (AAMS) process,
as part of the Hanford Site Past-Practice Strategy (DOE/RL 1992a), is designed to focus the
remedial investigation (RI)/feasibility study (FS) process toward comprehensive cleanup or
closure of all contaminated areas at the earliest possible date and in the most effective
manner. The fundamental principle of the Hanford Site Past-Practice Strategy is a "bias for
action" that emphasizes the maximum use of existing data to expedite the RI/FS process as
well as allow decisions about work that can be done at the site early in the process, such as
expedited response actions (ERAs), interim remedial measures (IRMs), limited field
investigations (LFIs), and focused feasibility studies (FFS). The data have already been
described in previous sections (2.0, 3.0, and 4.0). Remediation alternatives are described in
Section 7.0. However, data, whether existing or newly acquired, can only be used for these
purposes if it meets the requirements of data quality as defined by the data quality objective
(DQO) process developed by the U.S. Environmental Protection Agency (EPA) for use at
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) sites
(EPA 1987). This section implements the DQO process for this, the scoping phase, in the -
S Plant Aggregate Area.

In the guidance document for DQO development (EPA 1987), the process is described
as involving three stages which have been used in the organization of the following sections:

o Stage 1--Identify decision types (Section 8.1)
. Stage 2--Identify data uses and needs (Section 8.2)

° Stage 3--Design a data collection program (Section 8.3).

8.1 DECISION TYPES (STAGE 1 OF T E DQO PROCESS)
Stage 1 of the DQO process is undertaken to identify:

o The decision makers (thus data users) relying on the data to be developed
(Section 8.1.1)

The data available to make these decisions (Section 8.1.2)
° The quality of these available data (Section 8.1.3)
. The conceptual model into which these data must be incorporated (Section 8.1.4)

o The objectives and decisions that must evolve from the data (Section 8.1.5).
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selection of 15 of those logs was made which best represented the geologic structures below
the aggregate area and are presented in Chamness et al (1991). Lindsey et al. 1 791) then
use these wells (and others from other aggregate areas in the 200 West Area) to dev. p
cross-sections, structure maps, id isopach maps, which were in turn adapted to the specific
needs of this report and presented in Section 3. Only existing logs were used; no new wells
were drilled as part of this study. The quality of the data varies among the logs according to
the time they were drilled and the scope of the study they were supporting, but generally
these data are sufficient for the general geological characterization of the site. Issues
involving the potential of contaminant migration : specific sites, based on stratigraphic
concerns, may not be fully addressed through any existing borings or wells because
appropriate borings may not be located in close proximity; these issues should be addressed
during subsequent field investigations at locations where contaminant migration is considered
likely.

Another class of data that was gathered in the general area of the 200 West Area, and
therefore potentially appropriate to the S Plant Aggregate Area, is the result of a set of
studies that were performed for the Basalt Waste Isolation Project (BWIP) (DOE 1988b), in
the attempt to site a high-level radioactic waste geologic repository in the basalt beneath and
in the vicinity of the Hanford Site. The proposed Reference Repository Site inc 1ded the
200 West Area and some distance beyond it, mainly to the west. For this siting project, a
number of geologic techniques were used, and some of the data generated by the drilling
program have been used for the stratigraphic interpretation presented in Section 3.4 (: the
wells denoted with an alias "BH-.." were drilled for the BWIP) and a number of the figures
used in this and other sections of Section 3.0. The program also included a number of
geophysical studies, using the following techniques:

Gravity

J Magnetics

° Seismic reflection

° Seismic refraction

o 1 \gnetotellurics.

These data, as presented in Section 1.3.2.2.3 of DOE (1988b), were reviewed for their
relevance to the present S 1 int (source area) AAMS. The limitations of these studies
include the following aspects:

Most of the studies covered a regional scale with lines or coverages that may
have crossed the S Plant Aggregate Area (or even the 200 West Area) only in

passing. Some of the surveys (e.g., the grid of gravity stations) specifically
avoided the 200 West Area ("due to restricted access").
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This means that a migration pathway was included if there is any possibility of contamination
travelling on it, historically or at present. In most cases there may not be a significant flux
of such contamination migration for many of the pathways shown on the figure.

The one pathway in Figure 4-3 that has transported large amounts of water is
undoubtedly the releases to soil from the 216-S-10D Ditch, through the vadose zone into the
unconfined aquifer. Contamination can be demonstrated to have been present in the ditch

~according to results of sediment sampling. If significant levels of dissolved constituents were
present in the ditch, the large quantities of water would have contributed to their mobilization
and transport to the aquifer. The 216-S-16P and 216-S-17 Ponds have received and may
have discharged even larger amounts of water through the vadose zone into the unconfined
aquifer. However, there is little information about the contamination that actually has been
transported along these pathways. The pathway from some of the cribs leading to adsorption
of TRU elements on vadose-zone soils is possibly more significant. These and other
pathways can be traced on the conceptual model. All are possible; only a few are likely
because of the conservatism inherent in including all conceivable pathways. More
importantly, even if a pathway carries significant levels of a contaminant, it still may not
have carried contamination to the ultimate receptors, human or ecological. This can only be
assessed by sampling at the exposure point on this pathway, or sampling at some other point
and extrapolation to the exposure point, to indicate the dosage to the receptors.

There are, therefore, significant uncertainties in the contaminant levels in the
contaminant migration pathways shown on the conceptual model, yet almost none of these
pathways has been sampled to determine whether any contamination still exists in any of the
locations implicated from the conceptual model, and if so which constituents, how much, and
to what extent.

8.1.5 Aggregate Area Management Study Objectives and Decisions

The specific objectives of the S Plant AAMS are listed in Section 1.3. They include
the lowing:

° Assemble site data (as described in Section 8.1.2)

. Describe site conditions (see Section 3.0)

o Condﬁct limited new site characterization work (see separate topical reports)
o Develop a preliminary site conceptual model (see Section 8.1.4)

. Identify contaminants of concern and their distribution (Section 4.0)
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not be limited to chemical parameters, but should also include necessary physical parameters
such as bulk density, moisture, and hydraulic conductivity. Precipitation recharge, chem 1
distribution coefficients, and organic complexation data appear adequate, but may require

Iditional study based on the results of future evaluations. Since environmental media and
source materials are interrelated, data types used to evaluate one media may also be useful to
characterize another media.

Identifying data types by media indicates that there are overlapping data needs. Data
objectives propose for collection in the site investigations at sites in the S Plant Aggregate
Area are discussed in Section 8.3 to ] »vide focus to investigatory methods that may be
employed. The data type requirements for the preliminary remedial action alternatives
developed in Section 7.4 are summarized in Table 8-2.

8.2.2.2 Data Quality Needs. The various tasks and phases of a CERCLA investigation
may require different levels of data quality. Important factors in defining data quality
include selecting appropriate analytical levels and validating and identifying contaminant
levels of concern as described below. The Westinghouse Hanford document, A Proposed
Data Quality Strategy for Hanford Site Characterization, will be used to help define these
levels (McCain and Johnson 1990). The DQOs will also be developed and defined on an
operable unit basis in the work plans and, specifically, in the Quality Assurance Project Plans
(QAP;jPs) which will guide investigation activities.

Chemical and radionuclide laboratory analysis will be one of the most important data
types, and is required at virtually all the sites in the S Plant Aggregate Area. In general,
increased accuracy, precision, and lower detection limits are obtained with increasing cost

id time. Therefore, the analytical level used to obtain data should be commensurate with
the intended use. Table 8-3 defines five analytical levels associated with different types of
characterization efforts. While the bulk of the analysis during LFIs/RIs will be screening
level (DQO Level I or II), these data will require confirmation sampling and analysis to
allow final remedial decisions through quantitative risk assessment methods. Individual DQO
i " rtical PARCC parameters for Level IIl or IV an: rtica” = a associated with each
1 iminant ticipated in the S Plant # - tregate Area © « 1l :d in Sect
presented in .uble 8-4. These parameters will be used for the development cific
sampling and analysis plans and quality assurance plans for investigations and remediations in
the aggregate area.

Before laboratory or even field data can be used in the selection of the final remedial
action, they must first be validated. Exceptions are made for initial evaluations of the sites
using existing data, which may not be appropriate for validation but will be used for
screening based on the Hanford Site Past-Practice Strategy (DOE/RL 1992a). Other
screening data (e.g., estimates of contaminant concentration inferred from field analyses)
may also be excepted. Validation involves determining the usability and quality of the data.
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beta/gamma spectrometer probe locations can be based on results of surface geophysical and
radiation surveys. These may help locate some subsurface features (such as the 218-W-9
Burial Groun , which may not be adequately documented. Details of any higher DQO level
subsurface soil sampling scheme will depend on results of screening investigations such as
geophysics surveys, surface ra ation surveys, field chemical screening, and beta/gamma
spectrometer probe surveys. In situations where and when available data are more complete,
statistical techniques may be useful in determining the additional data required.

2.2.4 Sampling and Analysis Options. Data collection activities are structured to obtain
the needed data in a cost-effective manner. Developing a sampling and analysis approach
that ensures that appropriate data quality and quantity are obtained with the resources
available may be accomplished by using field screening techniques and focusing the higher
DQO level analyses on a limited set of samples at each site. The in' itigations on sites in
the S lant Aggregate Area should take advantage of this approach for a con rehensive
characterization of the site in a cost-effective manner.

A combination of lower level (Levels I and II), higher level analytical data (Levels III
and IV), and special analytical data (Level V) should be collected. This approach would
provide the certainty necessary to :termine contaminants present near the sources. Samples
collected from the other media (i.e., st surface soils, sediments) will be analyzed by Test
Methods for Evaluating Solid  1stes (EPA 1986), CLP (EPA 1988b; EPA 1989a), Merhods
Jfor Chemical Analysis of Water and Wastes (EPA 1983), or Prescribed Procedures for
Measurement of Radioactivity in Drinking Water (EPA 1980a).

8.2.2.5 Data Quality Parameters. The PARCC parameters are indicators of data « Lity.
Ideally, the end use of the data collected should define the necessary PARCC parameters.
Once the PARCC requirements have been identified, then appropriate analytical methods can
be chosen to meet established goals and requirements. Definitions of the PARCC parameters
are presented in Section 8.1.3.

In general the precision and accuracy objectives are governed by the capabilities of the
available methodologies and in most cases these are more than adequate for the needs of the
investigations. Chemical analyses can usually attain parts per billion detection range in soils
and water, and this level is adequate to the needs of the risk assessment for most analytes.
Radiological analyses reach similar levels. Table 8-4 shows detection levels, generally
obtained from the method description such as the document Test Methods for Evaluating
Solid Wastes (EPA 1986) or from experience with laboratory analysis. Some constituents
(e.g., arsenic) would require analysis to much lower levels, but this is impossible because of
the limitations of analytical methods and the effects of natural background levels. For
example, EPA Method 200.62-C-CLP can analyze to detection levels of 500 ug/kg in soils,
while the Model Toxics Control Act (MTCA) Method C Industrial soils cleanup level is
50 ug/kg. In some cases, special analytical methods can be developed to obtain lower
detection levels. In adc ion, risk assessment is conventionally computed only to a single
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3.2 General Strategy

The overall objective of any field investigation (LFI, IRM, or RI) of the sites in the
S Plant Aggregate Area will be to gather additional information to support risk assessment
and remedial action selection according to the Hanford Site Past-Practice Strategy
OE/RL 1992a) flow chart discussed in Section 8.1.5. The general approach or strategy
for obtaining this additional information is presented below.

1alytical parameter selection should be based on verifying overall conditions
and then narrowed to specific constituents of concern, in consideration with
regulatory requirements and site conditions. Periodic analyses of the long list of
parameters should be conducted to verify that the list of constituents of concern
has not changed, either because new constituents are identified or some of those
considered as a potential concern do not appear to be significant.

Similarly, investigations should work from a screening level (DQO Levels I or 1II,
e.g., surface radiation surveys) to successively more specific sampling and
analysis meth« »Hlogies (e.g., beta/gamma spectral probes, then DQO Level III or
IV soil sampling and analysis), without time consuming remobilizations.

Dangerous and radioactive wastes may be generated during the field investigation.

While efforts should be made to minimize these wastes, any waste generated will
be handled in accordance with EII 4.2, "Interim Control of Unknown Suspected
Hazardous and Mixed Waste" (WHC 1988b). The analyses of samples for

cons uents of concern analytes will allow wastes generated to be adequately
designated.

8.3.3 Imvestigation Methodology

Initial field investigations (mainly LFIs, but also associated with IRMs at appropriate
sites and _ ssibly some RlIs) may include some or all of the following inte; ted
methodologies:

Source Investigation (Section 8.3.3.1)

Geolr ~“cal Investigation (Section 8.3.3.2)

Surface Water Sediment Investigation (Section 8.3.3.3)
Soil Investigation (Section 8.3.3.4)

Air Investigation (Section 8.3.3.5)
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activities, QA/QC information, and raw data regarding radiological and hazardous
substances monitoring; and integrating any additional environmental modeling
data into the conceptual model. This has been done (on an aggregate area basis)
in this report; the process will be extended to site-specific planning and on-going
assessments of the investigation/remediation as it is carried out.

Conduct surface radiological survey of suspected or known source areas to verify
locations and nature of surface and subsurface radiological contamination.

Con¢ ions at specific ¢« irces within a waste management unit should also be
noted in order to lan sampling/remediation activities and worker health and
safety.

Conduct nonintrusive surface geophysical surveys at specific waste management
units such as the 218-W-9 Buri: Ground (Section 2.3.9.1), and unplanned release
locations to verify locations and physical characteristics of source locations. Data
generated from these activities can be used in planning intrusive source sampling
activities. :

Conduct beta/gamma spectrometer probe survey to screen for near-surface
contamination and to confirm the absence or presence of some specific
radionuclides, which may be of particular concer  Existing boreholes will be
used to the maximum extent, but new boreholes may be needed at many locations
(to be decided based on screening results). Logging will be done both by Nal
detectors or uR meters for rapid screening as well as the RLS high purity
germanium logging system. Westinghouse Hanford will develop an 1

Procedure for the beta/gamma spectrometer probe survey. The beta/gamma
spectrometer probe survey serves two purposes depending on the source
conditions: to confirm absence of contamination in the near-surface soils, and to
serve as a screening tool to choose locations and quantities of vadose zone soil
borings. The RLS procedure could demonstrate "assay quality" da for
radionuclide concentrations, but will probably continue to require supporting
Level III or IV soil analysis data to allow a risk assessment before final ren ial
decisions. The need to conduct this survey will be based (at least in part) on the
screening results of the surface survey and on information about site burial.

Soil gas surveys should be conducted at waste management units such as cribs or
where volatile organic compounds (VOCs) are suspected, as a screening method
to identify compounds such as solvents that may have been used in processes.
The soil gas survey should not be considered conclusive that VOCs at lower
concentrations may not be present. Data from the soil gas survey can be used to
help locate surface and near-surface samples and vadose zone borings.
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radiation sampling should also be performed with samples selected by onsite
screening.

° Data collected during this investigation will be evaluated to further understand the
contribution of contaminants to the vadose zone from specific waste management
w s and/or unplanned releases and to better define the hydrology and water
iality in the vadose zone system through moisture content profiles, tracking of
specific contaminants, and soil hydraulic characteristics. However, the issue of
contaminant transport through the vadose zone is more appropriate to studies
conducted under the direction of the Groundwater AAMSRs.

8.3.3.5 Air Investigation. Air investigations (on an aggregate area scale) should consist of
on-site particle sampling as part of the health and safety program. In addition, high-volume
air samplers should be placed in appropriate locations on site based on evaluation of existing
meteorological data. The purpose of these samplers will be to determine if any migration of
airborne contaminants occurs.

8.3.3.6 Ecological Investigation. Ecological investigation activities, on a site-wide scale,
should include a literature search and data review, and a site walkthrough. Data collected
during the soils characterization activities are expected to be sufficient to evaluate biota
remediation technologies. These activities are intended to identify potential biota concerns
which need to be addressed in the site investigation. Particular emphasis should be given to
identifying potential exposure pathways to biota that migrate offsite or that introduce
contaminants into the food web. Data obtained in this survey will be used to both refine the
conceptual model as wi as to conduct the ecological risk assessment.

8.3.3.7 Geophysic: Stratigraphic Survey. A geophysical survey of subsurface

ratigraphy should be conducted across the aggregate area to help characterize the geology
and hydrogeology of the vadose zone. Of particular interest are perched water zones and the
caliche layer (an important aquitard) in the Plio-Pleistocene unit.

8.3.3.8 P Effli 1t Pipeline Integrity Asses :nt. An s it ]
pipeline integrity should be conducted early in site investigation activities to look for
otential leaks and therefore possible areas of contamination. Initially, as part of this effort,
drawings of the process lines and encasements within the aggregate area (Section 2.3.7)
shoul be reviewed and their construction, installation, and operation evaluated. Specific
lines will then be selected for integrity assessment with emphasis on lines serving the waste
management units that have received large volumes of liquid (e.g., cribs). Investigation of
operating high level waste transfer lines will be deferred to their respective programs.
Results of the integrity assessments will be evaluated and additional sampling activities may
be recommended for subsequent studies.
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Table 8-1. Uses of Existing Data for S Plant Aggregate

Area Waste Management Units. Page 3 of 3
Waste Ith
Management e Expected
Unit Type of Unit Max. Level
UN-200-W-116 Unplanned Release * No No No No
UN-200-W-123 Unplanned Release * No No No No
UN-200-W-127 Unplanned Release * No No No No
UN-216-W-30 Unplanned Release * No No * No
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Table 8-3. Analytical Levels for the S Plant Aggregate Area.

Description

Field screening. This level is characterized by the use of |
instruments which can provide real-time data to assist in the

op nization of sampling point locations and for health and safety
support. Data can be generated regarding the presence or absence
of certain contaminants (especially volatiles) at sampling locations.

Field analysis. This level is characterized by the use of portable
analytical instruments which can be used onsite, or in mobile
laboratories stationed near a site (close-support laboratories).
Depending on the types of contaminants, sample matrix, and
personnel skill, qualitative and quantitative data can be obtained.

Laboratory analysis using methods other than the Contract
Laboratory Program (CLP) Routine Analytical Services (RAS).
This level is used primarily in support of engineering studies using
standard EPA-approved procedures. Some procedures may be
equivalent to CLP RAS without the CLP requirements for
documentation.

Contract Laboratory Program (CLP) Routine Analytical Services
(RAS). This level is characterized by rigorous QA/QC protocols
and documentation and provides qualitative and quantitative
analytical data. Some regions have obtained similar support via
their own regional laboratories, university laboratories, or other
commercial laboratories.

Nonstandard methods. Analyses which may require method
modification and/or development are considered Level V by CLP
Special Analytical Services (SAS).
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9.0 RECOMMENDATIONS

The purpose of the aggregate area management study (AAMS) is to compile and
evaluate the existing body of knowledge to support the Hanford Site Past-Practice Strategy
(DOE/RL 1992a) decision making process. A primary task in achieving this purpose is to
assess each waste management unit and unplanned release within the aggregate area to
determine the most expeditious path for remediation wi n the statutory requirements of
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and
Resource Conservation and Recovery Act (RCRA). The existing body of pertinent
knowledge regarding S Plant Aggregate Area waste management units and unplanned releases
has been summarized and evaluated in the previous sections of this study. A data evaluation
process has been established that uses the existing data to develop preliminary
recommendations on the appropriate remediation path for each waste management unit. This
data evaluation process is a refinement of the Hanford Site Past Practice Strategy
(Figure 1-2) and establishes criteria for selecting an appropriate Hanford Site Past Pracrice
Strategy path (expedited response action, ERA: interim remedial measures, IRM: limited
field investigation, LFI; and final remedy selection) for individual waste management units
and unplanned releases within the 200 Areas. A discussion of the criteria for path selection
and the results of the data evaluation process are provided in Sections 9.1. and 9.2,
respectively. Figure 9-1 provides a flowchart of the data evaluation process that will be
discussed. Table 9-1 provides a summary of the results of the data evaluation assessment of
each unit. Table 9-2 provides the decisional matrix each unit followed.

This section presents recommended assessment paths for the waste management units
and unplanned releases at the S Plant Aggregate Area. These recommendations are only
proposed at this time and are subject to adjustment and change. Factors that may affect
development of final recommendations include, but are not limited to, comments and advice
from the Washington State Department of Ecology (Ecology). U.S. Environmental Protectior;
Agency (EPA), or U.S. Department of Energy (DOE); identification and development of
new information; and modification of the criteria used in the assessment path decision-
making process. The data evaluation process depicted in Figure 9-1 and discussed in
Section 9.1 was developed to facilitate only the technical data evaluation step shown on the
Hanford Site Past-Practice Strategy (Box A in Figure 1-2). Procedural and administrative
requirements for implementation of the recommendations provided in this AAMS will be
performed in accordance with the Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) (Ecology et al. 1990) and the Hanford Site Past-Practice Strategy.
Changes in recommendations will be addressed, and more detail on recommended assessment
paths for waste management units and unplanned releases will be included in work plans as
they are developed for the actual investigation and remediation activities.
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9. DECISION MAKING CRITERIA

The criteria used to assess the most expeditious remediation process path are based
primarily on urgency for action and whether site data are adequate to proceed along a given
path (Figure 9-1). All units and unplanned releases that are not completely addressed under
other Hanford Site programs are assessed in the data evaluation process. All of the units and
releases that are addressed in the data evaluation process are initially evaluated as candidates
for an ERA. Sites where a release has occurred or is imminent are considered candidate for
ERAs. Conditions that might trigger an ERA are the determination of an unacceptable health
or environmental risk or a sho time frame available to mitigate the problem
(DOE/RL 1992a). As a result, candidate ERA units were evaluated against a set of criteria
to determine whether potential for exposure to unacceptable health or environmental risks
exists. Units and unplanned releases that are recommended for ERAs will undergo a formal
evaluation following the selection process outlined in WHC (1991b).

Waste management units and unp ned releases that are not recommended for
consideration as an ERA continue through the data evalual 1 process. Sites continuing
through the process that potentially pose a high risk (refer to Section 5.0), become candidates
for consideration as an IRM. The criteria used to determine a potential for high risk,
thereby indicating a high priority site, were the Hazard Ranking System (HRS) score used
for nominating waste management units for CERCLA cleanup (40 CFR 300), the modified
Hazard Ranking System (mHRS) scores, surface radiation survey data, and rankings by the
Environmental Protection rogram (Huckfeldt 1991b). Units and unplanned releases with
HRS or mHRS scores greater than 28.5 (the CERCLA cleanup criterion) were designated as
candidate sites for IRM consideration. Units and unplanned releases that did not have a HRS
score were compared to simi  sites to establish an estimated HRS score. Sites with surface
contamination greater than 2 mrem/h exposure rate, 100 ct/min beta/gamma above
background or alpha greater than 20 dis/min were also designated as candidate IRM sites.
The radiation and surface contamination criteria are based on e Westinghouse Hanford
Radiation Protection Manual (WHC-CM-4-10) posting requirements. In addition, surface
contamination sites which had an Envii 1mental rotection Program ranking of greater than
7 were : 0 designated as candidate IRM sites. A value of 7 was chosen because it
represents the approximate midpoint of the scoring range. The candidate IRM sites are listed
in Table 5-1, which summarizes the igh priority sites. ..ie four risk indicators are based on
limited data (refer to Section 8.0) and therefore may not adequately represent the actual risk
posed by the site. Technical judgment, including assessment of similarities in site
operational histories, was used to include sites not ranked as high priority in the list of sites
under consideration for an IRM. Candidate IRM sites were then further evaluated to
determine if an IRM is appropriate for the site. Candidate IRM sites that did not meet the

M criteria were placed into the final remedy selection path. As future data become
available the list of units recommended for consideration as IRM sites may be altered.

9-3
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o Actual or potential contamination of drinking water supplies or sensitive
ecosystems

o Threats of release of hazardous substances and radioactive or mixed waste
contaminants

o High levels of hazardous substances and radioactive or mixed waste

contaminants in soils that pose or may pose a threat to human health or the
environment, or have the )tential for migration

o Weather conditions that may increase the potential for release or migration of
hazardous substances and radioactive or mixed waste contaminants

o The availability of other appropriate federal or s e response mechanisms to
respond to the release

o Time required to develop and implement a final remedy

o Further degradation of the medium which may occur if a response action is not
expeditiously initiated

o Risks of fire or explosion or potential for exposure as a result of an accident or
failure of a container or handling system

o Other situations or factors that may pose threats to human health or welfare or
the environment.

These conditions were used as the initial screening criteria to identify candidate waste
management units and unplanned i ‘:ases for ERAs. Candidate waste management units and
releases that did not meet these conditions were not assessed thrc :h the ERA evaluation
path. Addition: criteria for further, detailed screening of __ A candida . were devel ed
based on the conditions outlined in the Hanford Site Past-Practice Strategy. Quantification
of these criteria for further screening were developed. These screening criteria are shown in
Figure 9-1 and are described below.

The next decision point on Figure 9-1 used to assess each ERA candidate is whether a
driving force to an exposure pathway exists or is likely to exist. Units or unplanned releases
with contamination that is migrating or is likely to significantly migrate to a medium that can
result in exposure and harm to humans required additional assessment under the ERA
process. Units or unplanned releases where contamination could migrate and, therefore,
potentially require significantly more extensive remedial action if left unabated were also
assessed in the ERA path.
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surveillance, maintenance, and decommissioning of surplus facilities and RCRA closures at
the Hanford Site. The Decommissioning and RCRA Closure Program is also responsible for
RARA activities that include  ‘veillance, maintenance, decontamination, and/or stabilization
of inactive burial grounds, cribs, ponds, trenches, and unplanned release sites.

If the proposed ERA will not address all the contamination present, the unit or
unplanned release continues through the process to be evaluated under a second path. For
example, surface contamination cleanup under the RARA Program may not address
subsurface contamination and, therefore, additional investigation may be needed.

Final decisions regarding the conduct of ERAs in the aggregate area will be made
among Ecology, EPA, and DOE based, at least in part, on the recommendations provided in
this section, and results of the final selection process outlined in WHC (1991b).

9.1.2 Limited Field Investigation and Interim Remedial Measure Paths

High priority waste management units and unplanned release sites were evaluated to
determine if sufficient need and information exists such that an IRM could be pursued. An
IRM is desired for high priority units and unplanned releases where extensive
characterization is not necessary to reach defensible cleanup decisions. Implementation of
IRMs at waste management units and unplanned releases with minimal characterization is
expected to rely on observational data acquired during remedial activities. Successful
execution of this strategy is expected to reduce both time and cost for cleanup of units and
unplanned releases without impacting t| effectiveness of the implemented action.

The initi: step in the IRM evaluation path is to categorize the units. The exposure
pathways of interest are similar for each waste management unit in a category; therefore, it
is effective to evaluate candidate units as a group. The groupings used in Section 2.3 (e.g.,
cri ; tanks and vaults; etc.) w  continue to be used to group the units for IRM assessment.
This grouping approach is especially effective in reducii  characterization requir.  :nts. As
done in the 100 Areas using the observational appro. 1, the LFIs can be used to characterize
a representative unit or units in detail to deve ) remedial alternative for the group of
units. Observational data obtained during implementation of the remedial alternative could
be used to meet unit specific needs. Similarities of waste management units may make it
possible to remediate them using the observational approach after first characterizing only a
few units. It is expected, therefore, that a LFI would provide sufficient information to
proceed with an IRM for groups of similar high priority waste management units.

Data adequacy is assessed in the next step. The existing data are evaluated to
determine if: (1) existing data are sufficient to develop a conceptual model and qualitative
risk assessment; (2) the IRM will work for this pathway; (3) implementing the IRM will
have adverse impacts on the environment, future remediation activities or data collection
efforts; (4) the benefits of ir  ementing the IRM are greater than the costs. If data are not






DOE/RL-91-60, Rev. 0

of the responses to the decision points on the flowchart that led to the recc mendations is
provided in Table 9-2. Following approval by Ecology, EPA and DOE, these
recommendations will be further developed and implemented in work plans.

9.2.1 Proposed Sites for Expedited Response Actions

Six waste management units meet all the criteria for an ERA prior to determining
whether the proposed action was within the scope of an operational program. None of the
candidate units were recommended for an ERA. Four candidate ERA units (cribs with
collapse potential) were recommended for disposition under RARA. Two candidate units
(active waste management units) were recommended for disposition under the Waste
Management Program. The six units area:

o 216-S-1 and 216-S-2 Cribs
o 216-S-7 Crib

o 216-S-13 Crib

o 216-S-20 Crib

o 216-S-25 Crib

° 216-S-26 Crib

A discussion of the recommendations for these waste management units are included
in this section. Since the anticipated response actions are not expected to fully remediate the
ERA sites, all units will be included for further data evaluation in the assessment paths.

9.2.1.1 Cribs With Collapse Potential. Four of the older cribs are open wooden structures
that could collapse and potentially expose workers. A dden collapse could bring
contaminated dust from the buried crib to the surface. Based on crib inventory data, dust
derived from the bottom of the cribs would be expected to contain radionuclides at several
orders of magnitude above reportable quantities and quality standards. The 216-S-1 and
216-S-2, 216-S-7, 216-S-13, and 216-S-20 Cribs all have collapse potential.

Maintenance and contamination control measures for cribs with collapse potential are
implemented under the RARA Program. Therefore, actions to mitigate environmental
releases from these facilities wi be performed under the RARA Program. An engineering
study is plann  under the RARA Program for 1993 evaluate the potential for crib
collapse.
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o In situ soil vapor extraction of volatile organic compounds--Development and
testing of methods to characterize, retrieve, and treat waste from VOC
contaminated soil will be required. The DOE has established the VOC-Arid
Integration Demonstration to resolve these issues. The Z Plant Aggregate
Area is currently the initial host site for the demonstration and is associated
with an active ERA to remove carbon tetrachloride from the vadose zone using
vapor extraction. These activities are expected to resolve numerous design and
treatability issues associated with in situ soil vapor extraction. However,
additional treatability testing may be required to resolve site specific data
needs.

As treatability testing of the various alternatives progresses, other parameters are
like 7 to be identified which require further development.
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APPENDIX A.1

GEOPHYSICAL DATA
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Westinghouse Hanford Company
Aggregate Area Management Studies

S PLANT AGGREGATE AREA
PLATE 1 - Facilities, Sites, & Unplanned Releases
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A-1.4.12 216-S-25 Crib

Waste Dest tion:
Received 241-S evaporator process steam condensate, and 241-SX Tank Farm cooling water.

rvice Dates:
November 1973 - present.

Waste Volume:
300,000,000 (80,000,000 gal).

Evaluation of Scintillation Probe Profiles:

The 216-S-25 Crib is located in the 200-RO-1 Operable Unit 850 m (2,800 ft)
northwest of the 202-S Building. The crib is monitored by Wells 299-W23-9, 299-W23-10,
an 299-W23-11. Details of these monitoring wells and the scintillation profiles used in this
evaluation are given in Table A-1.2.

Fecht et al. | )77) evaluated the 216-S-25 Crib and concluded that the data did not
indicate breakthrough to the groundwater and that the scintillation probe profiles for all of
the monitoring wells were at near background gamma activity. This evaluation concurs with
the findings of Fecht et al. (1977).

None of the three monitoring wells have been geophysically logged since 1976. The
1976 scintillation probe profiles for these wells were at background levels.

A-1.4 3 S Plant Tank Farms

There are three tank farms located in the S Plant Aggregate Area, the 241-S, -SX and
-SY Tank Farms. All three tank farms are located immediately adjacent to one another
within the 200-R0-2 Operable Unit (Figure 2-4). The 241-S Tank Farm contains 12 single-
steel-line  -einforced concrete tanks with individual capacities of 2,800, O L
vov,000 0 . ..e 241-SX Tank Farm contains 15 single-shell, steel-lined, reinforced
rete tanks wi  individual capacities of 3,785,000 L (1,000,000 gal). The 241-SY Tank
n contains 3 doul -shell, double steel-lined tanks within reinforced concrete tanks with
individual capacities of 3,785,000 L (1,000,000 gal). All of the tanks contain salt cake,
sludge, and/or drainable interstitial liquid (Hanlon 1991). All of the 241-S Tanks and the
241-SX-101 through -106 Tanks have been partially interim isolated. The 241-SX-107
through -115 Tanks have been interim isolated. The 241-SY Tanks have not been isolated.
even of the tanks are assumed leakers, the 241-S-104 Tank, 241-SX-104 Tank, and
241-SX-107 through -115 Tanks.

Scintillation probe profiles from selected drywells used to monitor the 241-S, -SX and
-SY Tanks were examined and general conclusions reached about the distribution of
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APPENDIX A.2

SAMPLE DATA
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able A-2.3. Results of Fenceline Soil Sampling (pCi/g). Page 4 of 4
Location S-TF-WE ' ‘ ’
1985 1986 1987 1988 1989 Average
Radionuclide Result Error Result Error Result Error Result Error Result Error Result
Zn-65 . - - - <-1,80E02  3.90E-02 - - 3.28E02  S.OSE02  2.54E-02
Zr-95 . -~ - - <S.90E03  3.10E02  <1.60E-02  3.10E-02 1.13E-02 S.06E02  1.11E02

NOTE: Negative values indicate concentrations at or near bac’ ound levels of radioactivity.

A dash (- indicates that no data were available.

Shaded Areas dicated a positive detection, the result is larger than the error.

An asterisk (*) indicates that r  onuclide concentration is less than detectable. The detection limits are as follows: Mn-54=2.0E-02, Co-58=2.0E-02,
Co-60=2.0E-02, Zn-65=4.0E-02, Sr-90=5.0E-03, Nb-95=3.0E-02, Zr-95=3.0E-02, Ru-106=1.7E-01, Cs-134=2.0E-02, Cs-137=2.0E-02,
Eu-152=1.1E-01. u-154=5.0E-02, Eu-155=5.0E-02, Pu-238=6.0E-04, Pu-239=6.0E-04, and U total=1.0E-02.

Source: Schmidt et al. 1990, | ler et al. 1986, 1987, 1988, 1989.
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able A-2.4. Results of Vegetation Soil Sampling (pCi/g)

Location 2W29. Page 2 of 6
1705 1986 1988 1989 Avornge
I Radionuclide Result Error Result Error Result Error Result Error Result Error Result
I Be-7 - - - - - - - - - - -
Ce-144 - - - - - - - - - - -
| Co-s8 9.70E-02 4.60E-02 - - - - - -~ - - 9.70E-02
Co-60 8.10B-02 43 02 - -~ - - 1.90E02  1.50E-02 - - 5.00E-02
Cs-134 - - 9.00E-02 2.70E-02 - ~ - - - -~ 9.00E-02
Cs-137 ~ - . JE-O1 4.00E-02 -~ - 1.10E+00  1.20E-01 -~ -~ 6.53E-01
Eu-152 - - 1.18E-01 6.00E-02 - - 1.10E01  6.90E-02 - - 1.14E-01
Eu-154 - - -~ -~ - - 6.605452 4.70E-02 - -~ 6.60E-02
Eu-155 - -~ - - - - < 37003  4.70E-02 -~ - 3.70E-03
1129 - - -~ - - - - - -~ - -
K-40 - - -~ - - - - - -~ -~ -
95 - - - - - - <  -1.30E-02 4.00E-02 - - 1.30E-02
212 - - - - - ~ - - - -~ -~
214 - -~ - - - ~ - - - - -
238 - - - - - - - - - - -
239 - -~ - - - - - - - -~ -
Ru-103 - - 8.10E-02 5.70E-02 - - - - - - 8.10E-02
Ru-106 - - - - - - - - - - -
Sr-90 - -~ - - - - 420E-01  8.00E-02 - -~ 4.20E-01
-99 - - - - - - - - - - -
- - - - - _ _ - - - - -

0 "A9Y ‘09-16-Td/90d
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Table A-2.4. Results of Vegetation Soil Sampling (pCi/g)
Location 2W32

.
£y
-

i

Page 4 of 6

1985

1986

1987

1988

1989

Radionuclide Result Error

Result

Error

Result

Error

Result

Error

Result

Error

Average
Result

Be-7
Ce-144
Co-58
Co-60
Cs-134
Cs-137 8.90E-02 6.30E-02
Eu-152
Eu-154
Eu-155
I-129
K40
Nb-95
Pb-212
Pb-214
Pu-238
Pu-239
Ru-103
Ru-106
Sr-90
Tec-99
Zn-65 1.51E-01 8.40E-02
Zr-95

-3.80E-04

5.10E-01

-4.70E-03

-4.80E-02
6.00E-02

1.60E-01

3.80E-01

3.50E-02

6.90E-02

1.50E-01

1.10E-01
9.10E-02

1.30E-01

7.30E-02

3.80E-04

3.00E-01

4.70E-03

4.80E-02
6.00E-02

1.14E-01

3.80E-01

0 "A9Y ‘09-16-T/A0A
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T : A-2.4. Results of Vegetation Soil Sampling (pCi/g)

Location 2W33

Page 5 of 6

Radionuclide

1985

1986

1987

1988

1989

Result

Error

Result Error

Result

Error

Result

Error

Result Error

Averag  sult

Be-7
Ce-144
Co-58
Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
1-129
K-40
Nb-95
Pb-212
Pb-214
Pu-238
Pu-239
Ru-103
Ru-106
Sr-90
Tc-99
Zn-65

Zr-95

8.90E-02
1.31E-01
3.13E-01
4.31E-01

2.36E-01

5.60E-02
5.90E-02
9.50E-02
2.74E-01

1.89E-01

9.60E-02 2.50E-02
2.79E-01 4.40E-02
7.80E-02 6.20E-02

1.54E-01 6.00E-02

<

1.30E-02

1.70E-02 <

1.10E-02

1.60E-02

1.89E+00 3.19E-01
-1.58E-02 2.75E-02

-1.24E-02 1.72E-02

1.89E+00
1.58E-02

3.14E-02

0 "A9Y ‘09-16-T¥/20d
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Table A-2.4. Results of Vegetation Soil Sampling (pCi/g)
Location 2W34 Page 6 of 6

150> 1986 1987 1988 1989 )
Average
Radionuclide Result Error Result Error Result Error Result Error Result Error Result I

Be-7 '
Ce-144 —I
Co-58
Co-60
Cs-134
Cs-137
Eu-152
Eu-154
Eu-155
I-129
K-40
Nb-95
Pb-212
Pb-214
Pu-238
Pu-239
Ru-103
Ru-106
90
Tc-99
Zn-65

Zr-95

0 "A9Y ‘09-16-T4/30d
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Table A-2.6. Results of Air Monitoring (pCi/m3)

Location N9S6 Page 1 of 2

1985 1986 1987 1988 1989 Average

Radionuclide Result FError Result Error Result Error Result Error Result Error Result
Sr-90 max 1.10E-02 2.96E-03 2.03E-04 : - 2.94E-03
min 1.28E-04 1.49E-04 9.74E-05 < 6.80E-06 6.30E-05 1.26E-05 4.94E-05 7.88E-05

avg 2.94E-03 1.08E-02 9.12E-04 2.74E-03 9.30E-05 1.00E-04 837E-04

Cs 17 max 2.37E-03 2.58E-03 1.82E-03
min -3.61E-04 -4.02E-04 < 2.77E-04

avg 6.22E-04 2.41E-03 1.46E-03 2.58E-03 8.64E-04

Pu-239 max 3.38E-05 2.61E-05 8.77E-06 1.77E-05
min 3.09E-06 8.42E-06 3.12E-06 < 9.30E-07 2.50E-06 1.75E-06 2.09E-06 3.46E-06

avg 1.72E-05 3.13E-05 1.44E-05 1.59E-05 9.55E-06

U(total) max 8.90E-04 8.29E-05 2.47E-05 < -1.30E-05 1.80E-05 2.09E-04
min 3.22E-05 2.34E-05 1.38E-06 < -2.00E-06 1.90E-05 . . 1.18E-05

avg 2.76E-04 8.32E-(4 4.96E-05 5.14E-05 143E-05  1.80E-05 7.15E-05

0 “A9¥ ‘09-16-14/300



Q9-1ZV

: y S | P S
—~ 9 5 ! : ¥ : o
Table A-2.6. Results of Air Monitoring (pCi/m3)
Location N963 : Page 2 of 2
1985 198~ 1987 1989 Average
Radionuclide Result Error Result Error Result Error Result Error Result

Sr-90  max 1.50E-02 3.23E-04 1.07E-04 2.58E-05 6.39E-05 3.13E-03
min 1.15E-04 7.50E-05 9.31E-06 9.65E-06 8.24E-05 4 80E-05
avg 3.86E-03 1.49E-02 2.00E-05 2.14E-04 599E-05 ° 8.30E-05 1.75E-05 7.83E-05 8.13E-4
Cs-137 max 3.20E04 1.68E-03 237E04 -3.82E-04 5.47E-04 6.56E-04
min 4.04E-05 -2.52E-04 -4.12E-04 < 5.00E-05 4.40E-04 1.20E-04 5.55E-04 1.75E-04
avg 2.43E-04 2.71E-04 4.23E-04 1.73E-03 -1.15E-04 5.70E-04 1.00E-04 4.10E-04 1.20E-04 5.55E-04 2.00E-04
Pu-239 max 2.77E-05 1.23E-05 3.82E-05 2 81E-05
min 7.38E-06 6.38E-06 < . 4.39E-06
avg 56E-05 1.75E-05 2.01E-05 2.83E-05 2.50E-05 1.36E-05
U(total) max 1.37E04 4.93E-05 < -4.60E-06 1.80E-05 5.77E-05
min 2.62E-05 1.67E-06 < 1.80E-06 2.10E-05 1.22E-05
avg 7.11E-05 1.04E-04 3.33E-05 4 43E-05 -1.90E-06 2.90E-06 9.83E-05

Source: Schmidt et al. 1990; Elder et al. 1986, 1987, 1988, 1989.

Negative value:
Shaded areas in

A dash (-) indic at radionuclide concentr:

ite concentrations at or near background levels of radioactivity.
a positive detection, the result is greater than the error.

nislessthan ectable. The detection limits are as follows:
Zn-65 = 4.0E-02, Sr-90 = 5.0E-03, Nb-95 = 3.0E-02, Zr95 =
Eu-155 = 5.0E-02, Pu-238 = 6.0E-04, Pu-239=6.0E-04, and U total = 1.0E-02.

1-54 = 2.0E-02, Co-58 = 2.0E-02, Co-60 = 2.0E-02,
-02,Ru )6 =1.7E-01, Cs-134 = 2.0E-02, Cs-137 = 2.0E-02, Eu-152 = 1.1E-01, Eu-154 = 5.0E-02,

0 Aoy ‘09-16"18/30d
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Table A-2.7. Results of Air Monitoring for 1990 (pCi/m’).

U (total) Quarter 1
Quarters 2-4

Average

Location N956 T ocation NOﬂ_Z
Radionuclide Result ' Ervor - Reslt Error
Sr-90 Quarter 1 1.30E-05 5.78E-05 9.65E-06 8.24E-05
Quarters 24 1.04E-05 6.10E-05
Average 1.00E-05 7.17E-05
Cs-137 Quarter 1 3.11E-04 4.61E-04
Quarters 24 9.30E-05 6.30E-04
Average 2.02E-04 5.46E-04
Pu-239 Quarter 1
Quarters 24
Average

Source: Schmidt et al. 1991

Negative values indicated concentrations at or near background levels of radioactivity.

Shaded areas indicate a positive detection, the result is greater than the error.

The detection limits are as follows: Mn-54 = 2.0E-02, Co-58 = 2.0E-02, Co-60 = 2.0E-02, Zn-6S5 =
4.0E-02, Sr-90 = 5.0E-03, Nb-95 = 3.0E-02, Zr-95 = 3.0E-02, Ru-106 = 1.7E-01, Cs-134 = 2.0E-02,
Cs-137 = 2.0E-02, Eu-152 = 1.1E-01, Eu-154 = 5.0E-02, Eu-155 = 5.0E-02, Pu-238 = 6.0E-04, Pu-

239 = 6.0E-04, and U total = 1.0E-02.

A2T-7




Table A-2.8. Results of Vegetation Soil Sampling for 1991 (pCi/g).

8-1L7V

Location 105 Location 106
Radionuclide Result Error Result Error
Be 7 5.8E+00 8.2E+00 : 1.7E+00 1.1E+01
CePr-144 3.98-01 1.0E+00 © 2.9E-01 1.2E+00
Co-60 3.1E02 9.0E-02 2.7E-02 7.6E-02
Cs-134 2.9E-02 7.2E-02 7.9E-04 8.1E-02
Cs-137 9.9E-02 9.0E-02 -1.6E-03 9.0E-02
Eu-154 -5.4E-02 2.2E01 3.3E-01 asEol
Eu-155 -1.8E-01 1.9E-01 1.1E-01 | g 01
K-40 1.2E+01 2.7E+00 - 9.1E+00
Pu-238 1.4E-04 1.2E-04 1.5E-04
Pu-234/240 8.5E-03 1.2E-03 2.1E-03
Ru-106 8.0E-01 9.1E-01 B 5.6E-01
Sb-125 2.0E-02 1. o1 7.4E-02
Sr-90 1.1E-02 4.5E-03 © 6.0B03
U-234 4402 7.5E-03 -1.5E05
U-235 4.8E-03 2.6B-03 6.5E-04
U-238 2.1E-02 4.9E-03 2.1E-03
Zn-65 3.1E-01 2.8E-01 2.4E01
ZtNb-95 -3.2E-01 1.5E+00 8.0E-01

Source: Schmidt et al. 1991.

Negative values indicate concentrations at or near background levels of radioactivity.

Shaded areas indicate a positive detection, the result is greater than the error.

The detection limits are as follows: Mn-54=2.0E-02, Co-58=2.0E-02, Co-60=2.0E-02, Zn-65=4.0E-02, Sr-90=5.0E-03
Nb-95=3.0E-02, Zr-95=3.0E-02, Ru-106=1.7E-01, Cs-134=2.0E-02, Cs-137=2.0E-02, Eu-152=1.2E-01, Eu-154=5.0E-02,
Eu-155=5.0E-02, Pu-238=6.0E-04, Pu-239=6.0E-04, and U total=1.0E-02.
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Table A-2.9. Results of Air Monitoring for 1991 (pCi/m?). Page 2 of 2
M L . - - -
Location N959 Location N963
Radionuclide Result Error Result Error
Ru- 5 Quarters 1-2 -2.2E-03 2.8E-03 -3.4E-04 2.4E-03
Quarters 34 3.4E-04 2.2E-06 -6.1E-04 2.1E-03
Average -9.2E-04 2.5E-03 -4 8E-04 2.3E-03
Sb-125 Quarters 1-2 0.0E+00 6.9E-04 1.6E-04 5.6E-04
Quarters 34 2.8E-04 5.1E-04 -3.0E-04 5.6E-04
Average 1.4E-04 . 6.4E-04 -1.1E-05 5.6E-04
Sr Quarters 1-2 SEO -5.4E-06 2.1E-05
Quarters 3-4 Bas
Average
U-234 Quarters 1-2
Quarters 3-4
Average
U-235 Quarters 1-2 1.4E-06
Quarters 3-4 -1.3E-07
Average
U-238 irters 1-2 '
Quarters 34
Average
Zn-65 Quarters 1-2 4.6E-04
Quarters 3-4 -1.2E-04 5.3E-04 |
Average 1.4E-04 5.0E-04
ZrNb-95 Quarters 1-2 3.9E-03 3.9E-03
Quarters 34 : 1.2E-03 1.5E-03
Average 1.8E-03 2.5E03 2.7E-03 |

Source: Schmidt et al. 1991.
Negative v ies indicated concentrations at or near background levels « radioactivity.
Shaded areas indicate a positive detection, the result is greater than the error.
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APPENDIX B
HEALTH AND SAFETY PLAN
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DOE
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HEHF
HSP
HWOP
JSA
NIOSH
OSHA
RCRA
RWP
SCBA
WISHA
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ACRONYMS AND ABBREVIATIONS

aggregate area management study

Comprehensive Environmental Response, Compensation
and Liability Act of 1980

Code of Federal Regulation

U.S. Department of Energy

Environmental Investigations Instructions

Hanford Environmental Health Foundation

Health and Safety Plan

Hazardous Waste Operations Permit

Job Safety Analysis

National Institute for Occupational Safety and Health
Occupational Safety and Health Administration
Resource Conservation and Recovery Act

radiation work permit

self-contained breathing apparatus

Washingron Industrial Safety and Health Act

B-i



DOE/RL-91-60, Rev. 0

CONTENTS

1.0 GENERAL CONSIDERATIONS AND REQUIREMENTS ..............
1.1 INTRODUCTION . ... .. . i ettt enns

NN e W

1.
1.
1.
1.
1.
1.

DESIGNATED SAFETY PERSONNEL ......................
MEDICAL SURVEILLANCE . ....... ... .. .. e,
TRAINING . . . . e i e
TRAINING FOR VISITORS . . ... ... .. . . iiiiiiiie
RADIATION DOSIMETRY ... ..... ... ...t
REQUIREMENTS FOR THE USE OF RESPIRATORY PROTECTION . .

2.0 GENERAL PROCEDURES . ... ... ittt ettt ie e
2.1 GENERAL WORK SAFETY PRACTICES ....................
2.1.1 Work Practices . . . . ... . i ittt i e

2.1.2 Personal Protective Equipment . .. ....................

2.1.3 Personal Decontamination . ................0ouui'u...

2.1.4 Emergency Preparation . . ........... ...ttt

2.2 CONFINED SPACE/TEST PIT ENTRY PROCEDURES ...........

3.0 SITEBACKGROUND .. ... ... . . .t

4.0 SCOPE OF WORK AND POTENTIAL HAZARDS ..................
4.1 WORK TASKS . .. . . . et

5.0 ENVIRONMENTAL AND PERSONAL MONITORING ...............

6.0 PERSONAL PROTECTIVEEQUIPM NT ........................

7.0 SITECONTROL . . . . ...ttt e et e e e e e eean

8.0 DECONTAMINATION PROCEDURES . ...... R

9.0 CONTINGENCY AND EMERGENCY RESPONSEPLANS . ............

-----------------------------------------

B-1
B-1
B-1
B-3
B-3
B-3
B4
B-4

B-4
B-5
B-5
B-6
B-7
B-8
B-8

B-9
B-9
B-9
B-10
B-11

B-11
B-12

B-12
B-13
B-13
B-13

B-14











































DOE/RL-91-60, Rev. 0

indications, team members shall t¢ )orarily cease operations and move upwind to a
predesignated safe area as specified in the site-specific safety documentation.
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Significant activities planned for the next quarter

Work schedules (with current status noted).
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" » C-1. Hanford Site RI/FS Technical Resources. Page 2 of 2

sect/ Activity

Soil and water sampling and
analysis

Drilling and well ins lation

Radiation monitori

T iical Resources

Rl

I-

Westinghouse Hanford/
Environmental Engineering
Westinghot @ Office of
Sampling Management
PNL/Earth and
Environmental Sciences
Center

PNL/Materials and
Chemical Sciences Center

Westinghouse Hanford/
Geosciences Environmental
Field Services

Kaiser Engineers

Westinghouse Hanford/
Operational Health Physics

NA

NA

NA

NA  Not applicable.
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APPENDIX

INFORMATION MANAGEMENT OVERVIEW
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A
CERCLA

CMS
DOE
DOE/RL
Ecology
EDMC
EHPSS

I
EIMP
EPA
ER
ERRA
FOMP
FS
GIS
. F

N

. ]
HLAN
HMS
IMO
Kl

0!
PNL
QA
QAPP

RI

ROD

TR

Tri-Party

Agreement

TSD

Westinghouse
anford
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ACRONYMS AND / " 3REVIATIONS

administrative record

Comprehensive Environmental Response, Compensation and Liability
Act of 1980

Corrective Me:  res Study

U.S. Departme of Energy

U.S. Department of Energy, Richland Operations Office
Washington Department of Ecology
Environmental Data ! inagement Center
Environmental ‘ealth and Pesticide Services Section
Environmental Investigations Instructions
Environmental Information Management Plan
U.S. Environmental Protection Agency
environmental restoration

Environmental Restoration Remedial Action
Field Office Management Plan

feasibility study

geographic information system

Hanfor Environmental Health Foundation
Hanford Environmen Information System
Hanford Local Area Network

Hanford Meteorological Station

Information Management Overview

Kaiser Engineers Hanford

Office of Sample Management

Pacific Northwest Laboratory

quality assurance

Quality Assurance Pri :ct Plan

qu y

RO A . uviy Investigation

remedial investigation

record of decision

training records

Hanford Federal Facility Agreement and Consent Order
treatment, storage, and disposal

Westinghouse Hanford Company

iii
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~yurtier Assured Data. D reloped under an integrated program for assurance of the
reliability of data.

Raw Da  Unprocessed or unanalyzed information.

Record Validation. A review to determine that records are complete, legible, and meet

records require ents. Documents are considered valid records only after the
validat | process has been com] ted.

Retention Period. The length of time records must be held before they can be disposed of.
The time is usually expressed in ye ; from the date of the record, but may also be
expresse as contingent on the occurrence of an event. :

q_

Ser-- Docur ~ A document providing information that does not, in itself, reflect or
support key decisions. A secondary document is subject to review by the regulatory

agencies and may be part of the administrative record field. It is not subject to
dispute resolution.

Vali ted Data. Data that meet criteria cor lined in an approved company procedure.

T 221 TN_a

ata that have been checke for accuracy and consistency following a

transter action  g., from manual log to computer, or from distributed database to
cer alized data repository).

D-vii
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D-1 Environmental Engineering, Technology, and Permitting

Data Management Model

TABLE:

D-1 Types of Related Administrative Data
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