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Department of Energy 

Richland Operations Office 
P.O. Box 550 

Richland, Washington 99352 

FEB - 6 1335 

Those on Attached List: 

SOLICITATION OF COMMENTS ON DRAFT IDENTIFICATION OF CONTAMINANTS OF CONCERN 
REPORT 

The U. S. Department of Energy, Ri chl and Operations Office (RL) , has negot i ated 
an agreement with the State of Washington Department of Ecology (Ecology) and 
the U.S. Environmental Protection Agency (EPA) to perform a comprehensive 
impact assessment of current and residual Hanford-derived contaminants to the 
Col umbi a River for remedi a1 decisions at the Hanford Site. Associated current 
human health and environmental impacts will be assessed. This process will 
utilize an ecosystem approach for guiding remedial decisions. 100-Area, 200- 
Area, and 300-Area operable units will continue to assess contaminant sources 
and remediation. The Columbia River Comprehensive Impact Assessment (CRCIA) 
will address all Columbia River Contaminants, risk assessments, and 
remediation. If unacceptable levels of human health or environmental risk are 
found, appropriate remedial actions will be initiated consistent with the 
National Contingency Plan and the Hanford Federal Facility Agreement and 
Consent Order (Tri-Party Agreement) through the Hanford Past Practice 
Strategy. Remedial decisions resulting from the CRCIA will consider impacts 
to the environment and natural resources from alternative remedial options as 
part o f  the remedial decision process. 

The initial CRCIA effort was the development of a ncompendium'' of existing 
data on Columbia River contamination (a bibliography of data sources has been 
developed in support of this effort). 

The next step is to define the "contaminants of concwn" for this study. A 
contaminants of concern report has been produced which documents an initial 
review, from a risk perspective, of historical data concerning current or 
potential contamination in the Columbia River. Sampling data were examined 
for over 600 chemical and radioactive contaminants. A screening analysis was 
performed to identify those substances present in such quantities that they 
may pose a meaningful human or ecological risk. The substances identified 
will require a more detailed analysis to assess their impact on humans or the 
river ecosystem. 

The next document t o  be produced will be an identification of the "species of 
concern" for this study. 
input, from those interested, concurrently with the review and comment period 
o f  the enclosed document. 

It is the intention of RL and PNL to solicit early 



Addressees -2- 

R L  i s  pleased t o  provide you a copy of the d ra f t  subject document fo r  your 
review. This document has n o t  undergone review by RL, or the regulatory 
agencies (Ecol ogy and EPA) ; therefore , there i s amp1 e opportunity t o  provide 
meaningful input pr ior  t o  i t s  f inal izat ion.  Please provide comments t o  
Mr. Randy Brich a t  t h i s  address by March 10, 1995. Mr. Brich may be reached 
a t  (509) 376-9031. R L  and i t s  contractor fo r  t h i s  study, Pacific Northwest 
Laboratory ( P N L )  , are pleased t o  meet with those interested; please l e t  
Mr. Brich know i f  you desire t o  do so .  

Si ncerel y , 

U 
Ju l i e  K. Ericksun, Director 

RSD: RFB River S i tes  Restoration Division 

Enclosure 

cc w/encl : 
R. F .  Stanley, Ecology 
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The environmental quality of the Columbia River is of special interest to the public, government, 
and tribal governments as a source of dri- water, for crop irrigation, as ecological habitat, and for 
recreation. The following actions have been taken to encourage public invdvement in the CRCIA 
Project: 

PNL has an open door policy for this project. Non-PNL individuals can visit the laboratory, 
interact with scientists, and observe work in progress. 

Data and documents used in the CRCIA Project are being made available to all interested parties. 

Public meetings are being conducted to obtain input to the development of work scope and 
technical approaches as well as to review data and work progress. 

iv 



Abstract 

The Columbia River Comprehensive Impact Assessment (CRCIA) Project is conducted for the 
U.S. Department of Energy by the Pacific Northwest Laboratory. The CRCIA Project will evaluate 
the current human and ecological risks from the Columbia River attributable to past and present 
activities on the Hanford Site. To perform a comprehensive assessment, the contaminants released 
from the Hanford Site must be identified. This report identifies the contaminants released and 
identifies those that should be considered in detailed risk analyses. 
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Summary 

Introduction 

The Columbia River Comprehensive Impact Assessment (CRCIA) Project is conducted for the 
U S  Department of Energy by the Pacific Northwest Laboratory (PNL). The CRCIA Project will 
evaluate the current human and ecological risks from the Columbia River attributable to past and 
present activities on the Hanford Site. To perform a comprehensive assessment, the contaminants 
released from the Hanford Site must be identified. This report identifies the contaminants released and 
identifies those that will be considered in detailed risk analyses. 

Scope of Work 

The CRCIA Project is primarily concerned with the current risks from contaminants of Hanford 
origin. Therefore, the most recent sampling data (from 1980 through 1994) were used to estimate the 
source term (amount and types of radionuclides and chemicals released to the environment from 
Hanford facilities) for the risk calculations. For this study, the focus is on the Columbia River water, 
sediment, soil, and groundwater within 150 meters (500 feet) of the Columbia River, which means a 
spatial focus on the Hanford 100, 300, and 1100 Areas. A multi-stage screening process was devel- 
oped to prioritize these various con taminants in terms of human health risk and ecosystem risk. Each 
stage of the process identifies contaminants of interest to the project, based on the potential for human 
and ecological risk. The combined results of the total screening then compose the total list of concern. 

In addition to radiological and chemical contaminants, the potential for radiation doses arising from 
discrete radioactive particles in the river sediment or from direct irradiation from near-river Hanford 
facilities is also addressed. 

Although the primary concern is the current status of the Columbia River, additional consideration 
is given to the potential impact of contaminants currently known to be in the Hanford Site groundwater. 
Consideration is not given to the potential impact of contaminants that are not presently in the ground- 
water but which may be in soils or facilities away from the Columbia River. 

Technical Approach 

The first step. in the approach was to collect a comprehensive list of potential contaminants. This 
list was prepared by examining published data, reports, and contaminant databases. The review of the 
available data indicated that concentrations of various radionuclides, carcinogenic chemicals, and 
hazardous chemicals had been measured in surface water (Columbia River, springs, and seeps), 
groundwater, river sediment, and near-river soil. A multi-stage screening process was developed to 
prioritize these various contaminants in terms of human health risk and ecosystem risk. Each stage of 
the process identifies contaminants of interest. The combined results of the entire screening process 
then compose the total list of contaminants of concern. The following screening processes were used. 
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Initial Screening: Initial screening eliminated the contaminants on the list that showed no 
detectable levels of activity or concentration. 

. 

Radionuclide Screening: Radionuclide screening is based on a scenario of exposure to an 
individual. The exposure includes external exposure, consumption of untreated river water, 
consumption of freshwater fish, and consumption of small amounts of sediment. Internal risks are 
estimated using the U.S. Environmental Protection Agency (EPA) indicator for ingestion, called a 
slope factor (EPA 1994a). This indicator represents the risk of cancer to an individual from 
sources other than natural background radiation per unit (e.g., picocurie) of radioactive material 
taken into the body. Similarly, external exposure to contaminated sediment is addressed by 
assuming the parameters associated with the EPA slope factor for external exposure are appropriate 
(EPA 1994a). 

Carcinogenic Chemical Screening: The individual exposure scenario for carcinogens in river 
water are the same as those for radionuclides, except there is no factor for external exposure 
because there is no external risk from chemicals. 

Toxic Chemical Screening: For hazardous, but noncarcinogenic, chemicals, the screening is 
based on a ratio of the estimated daily intake to the EPA chronic oral reference dose (EPA 1994a). 
The chronic oral reference dose is the safe dose level EPA established for specific chemicals. In 
other words, the chemicals in the individual exposure scenario are investigated to screen out those 
that are ingested in amounts below the EPA's safe levels. The exposure scenario is the same as for 
the radionuclides or carcinogens. 

Ambient Water Quality Criteria Screening: For aquatic plants and animals (biota), the measured 
or surrogate (estimated) concentration of the contaminant in water is compared with the applicable 
EPA water quality criterion (EPA 1992). The ambient water quality criteria are those concen- 
trations of chemicals identified by EPA as safe and protective of aquatic life. 

Aquatic Biota Toxicity Screening: Limited data were available that identify the concentrations of 
certain chemicals that result in toxic effects to aquatic life. Where possible, the threshold concen- 
tration for fresh water at which any effect was noted was used. . Where not possible, the lowest 
concentration lethal to 50 percent (called LC50) of small, freshwater fish (e.g., guppies, mosquito 
fish, rainbow trout) was used (EPA 1985). To relate these lethal effects to less significant effects, 
the screening used a value of 1 percent of the LC50. For a few analytes (substances for which an 
analysis is made) for which fish data were not available, test results for crayfish or insects were 
used as a surrogate. 

Background Screening: During the screening process, a few radionuclides and chemicals had 
measurements determined to be within their respective naturally occurring background levels. 
Because concentrations were not above naturally occurring background, the following contaminants 
were eliminated from further consideration: the radionuclides beryllium-7 and potassium-40; the 
chemicals barium, bismuth, boron, chlorine, fluorine, lithium, silicon, silver, sulfide, titanium, 
vanadium, and zirconium. 

Nonhazardous Screening: The screening process identified several materials as nonhazardous 
under environmental conditions (EPA 1991 ; EPA 1989). These contaminants eliminated from 
further consideration are aluminum, calcium, iron, magnesium, potassium, and sodium. ' 

viii 



All of the screenings require an estimate of the contaminant’s concentration in river water. Only the 
direct river water measurements provide this information. When direct measurements of river water 
were not available, surrogate water concentration was estimated. To estimate surrogate concentrations 
in water, certain assumptions were used. 

Groundwater Contamination: Groundwater adjacent to the Columbia River can flow into the 
river, and Columbia River water can flow into the groundwater, depending on river flow. There- 
fore, concentrations of contaminants in groundwater near the river are difficult to predict, and 
concentrations measured near the shore differ from those measured further inland. Raymond et al. 
(1976) and Cline et al. (1985) report an estimated flow rate of 100 cubic feet per second (cfs) over 
the entire Hanford Reach. For conservatism (Le., to provide an estimate of the resulting concen- 
tration in the river that, if incorrect, would err on the high side), the value of 100 cfs was adopted 
for the screening. In effect, this implies that the entire groundwater that flows from beneath 
Hanford to the Columbia River is contaminated to the maximum level measured. 

River Sediment: Sediment within the river is both a reservoir of contaminants and a source of 
contamination of the river water, as the material is dissolved into or carried away by the river. An 
equilibrium ratio of 1: 100,000 was used (i.e., the concentration of the contaminant in the sediment 
is assumed to be 100,OOO times higher than in the Columbia River waters). This assumption is 
based on a limited number of samples and an empirical equation (Napier et al. 1988, p. 4.82). 

Near-River Soil: Contaminants in Hanford waste sites or other sites adjacent to the Columbia 
River (e.g., operating Edcilities, spills, etc.) may pose a threat of hture contamination of the river. 
For the purpose of screening, all contaminants are assumed to be environmentally mobile and 
potentially dissolvable in groundwater. Based on this assumption, the surrogate groundwater 
contamination is assumed to have the same concentration of contaminantsas the soil. The total 
area of industrial activity comprises approximately 6 percent of the Hanford Site (Dirkes et al. 
1994, p. 5). Because it is unreasonable to assume that all of Hanford soil is contaminated to the 
maximum concentration measured, an effective area of 1 percent is assumed. This means that the 
study assumed that 1 percent of Hanford soil is contaminated to tlhe same extent as the highest 
amounts measured in Hanford soil. 

Results 

Analyses for more than 600 different radionuclides and chemicals have been performed on 
Hanford-related environmental samples. A large number of these potential contaminants have never 
been detected in the Hanford/Columbia River environments. Screening on the basis of potential impact 
on human health or the health of Columbia River ecosystems has been performed for the roughly 
100 radionuclides and chemicals that have been detected in environmental samples. Several different 
types of screenings were employed. The results were consistent in that the same materials were identi- 
fied numerous times by the various screenings. Application of the scxeenings for contaminants within 
150 meters (500 feet) of the Columbia River yields a list of 20 contaminants of concern, plus direct 
irradiation. These contaminants are given in the first column of Table S .  1 .  
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Table S.l. List of Identified Contaminants of Concern(a) 

In Columbia River, Ground- 
water,(b) Sediment, and Soil 

Antimony 

Arochlor 1248 (PCB) 

Arsenic 

Cesium- 134 

Cesium-137 

Chlordane 

Chromiunacd) 

Cobalt-60/particles 

Copper 

Diesel Fuel 

Europium- 152 

Europium- 154 

Lead 

Manganese 

Mercury 

Nitrate/nitritecd) 

Phosphate 

Silver Chloride 

S trontium-90 

Zinc 

Groundwater Plumes Away 
from the Columbia River@) 

Carbon Tetrachloride 

Fluoride 

Continued Public 
Interest 

Chloroform 

Cyanide 

Iodine-129 

Plutonium-239/240 

Technetium-99 

Trichloroethylene 

Tritium (Hydrogen-3) 

uranium 

(a) Direct irradiation is also identified as being of concern. 
(b) Hanford groundwater within 150 meters (500 feet) of the Columbia River. 
(c) Hanford groundwater farther than 150 meters (500 feet) from the Columbia River. 
(d) These contaminants are also of concern in groundwater plumes away from the Columbia River but are not repeated in that 

list to m i d  duplication. 
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Existing Hanford groundwater contamination farther than 150 meters (500 feet) (see Table 3.3) 
from the Columbia River was also addressed. The contaminants identified by the screening process do 
not appear to be currently entering the river but have the potential to do so within 10 to 200 years 
(Freshley and Graham 1988). Two contaminants (chromium and nitrate) in Hanford groundwater away 
from the river are already included in this study because they are in or near the river. Only carbon 
tetrachloride and fluoride were added to the list as a result of the study of groundwater away from the 
river. Carbon tetrachloride and fluoride have not yet been found in the river. 

Although the screenings did not indicate a potential risk, several potential or existing contaminants 
are of pafticularly high public interest (third column in Table S. 1). Essentially all of these are the 
object of ongoing evaluation by the Surface Environmental Surveillance Project (SESP) conducted by 
PNL at Hanford. The CRCIA Project should remain current on SESP activities and include SESP 
results in all project reports (see Section 8.0). 

Each of the identified contaminants can be considered to have resulted from past plutonium- 
production operations at Hanford. The radionuclides on the list generally represent those identified 
with river water or Hanford Reach sediment. The radionuclides resulted from activation of materials 
in the old production reactors. It is likely that the cesium isotopes are related to global fallout (Dirkes 
et al. 1994). Most of the metals identified from Hanford groundwater or sediment can be related to 
various Hanford operations in the 100 Areas. The polychlorinated biphenyl (PCB), Arochlor 1248, is 
used in equipment and the insecticide, Chlordane, has been used at Hanford facilities, but both are still 
essentially associated with soil near the river. The nitrate groundwater plumes result from past 
Hanford operations in the 100 and 200 Areas. 

The identification of the radionuclides and chemicals as being of concern to the CRCIA Project 
does not imply that each or all of these compounds is necessarily a prominent problem for the river or 
those who live downstream. The screening and selection process described in this report is a 
conservative (cautious) process designed to focus the resources of the project on those contaminants 
with potential risk. 

xi 





Glossary 

100 Areas - site of the Hanford production reactors, which include B, C, D, DRY F, H, KE, KW, and 
N reactors. 

200 Areas - site of the Hanford chemical separations plants, which include the bismuth phosphate 
process plants (B and T Plants), plutonium uranium extraction plant (A Plant/PUREX), and reduction 
and oxidation plant (S Plant/REDOX). 

300 Area - site of research, development, and fuel-fabrication operations. 

400 Area - site of the Fast Flux Test Facility. 

600 Area - all land within the Hanford Site not occupied by the 100, 200, 300, 400, 1100, or 
3000 Areas. 

1100 Area - site of the warehousing, vehicle maintenance, and transportation operations center. 

3000 Area - site of engineering, construction, and research and development activities. 

analytes - substances for which an analysis is made. 

bioconcentration factor - ratio between the radionuclide concentration in biota and the radionuclide 
concentration in the water in which the biota live and feed. 

biota - plants and animals. 

carcinogenic (chemicals) - having the property of enhancing the possibility of contracting cancer later 
in life following exposure. 

CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act of 1980. 

Ci - abbreviation for curie. 

concentration - amount of a specified substance (e.g., a radioactive element) in a unit amount of 
another substance (e.g., river water, milk). 

conceptual model - any representation of a biological or mechanical process. 

CRCIA - Columbia River Comprehensive Impact Assessment. 

curie - unit of radioactivity corresponding to 3.7 x 10'' (37 billion) disintegrations per second 
(abbreviated Ci), 1 curie = 3.7 x lo'* becquerel. 

DOE - U.S. Department of Energy. 
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Ecology - Washington State Department of Ecology. 

EIS - environmental impact statement. 

EPA - U.S. Environmental Protection Agency. 

exposure - process of coming into contact with environmental materials. 

internal exposure - contact with materials taken into the body through inhalation or ingestion. 

external exposure - contact with materials on the outside of the body, as from submersion in water 
or immersion in air. 

gross beta - to i l  activity of beta-emitting radionuclides that are not distinguished separately by 
instrumentation or radiochemical analyses. 

half-life - time required for an initial number of radioactive atoms to be reduced to half that number by 
radiological transformations. 

W o r d  Reach - stretch of the Columbia River downstream of Priest Rapids Dam and upstream of the 
confluence of the Yakima and Columbia Rivers. 

hazardous (chemicals) - having the property of being toxic, at some level of exposure. Generally used 
to differentiate from carcinogenic. 

HEIS - Hanford Environmental Information System. An electronic database that consolidates the data 
gathered during environmental monitoring and restoration of the Hanford Site. 

HWMA - Mhshington State Hazardous W t e  Management Act of 1976. 

IRIS - Integrated Risk Information System, an EPA database that provides data on chronic health 
hazards (reference dose values), carcinogenicity (unit risk factors or slope factors), EPA regulatory 
actions, supplementary data, and a bibliography for each listed chemical. 

irradiation - exposure of an object to ionizing radiation. 

isotope - one of two or more atoms having the same atomic number but different mass. 

LFI - limited field investigation conducted as part of Tri-Party Agreement activities to identify those 
Hanford waste sites that are recommended to remain as candidates for interim remedial measures. 

MEPM - Multimedia Environmental Pollutant Assessment System, a computer code that can be used 
to estimate the transport and fate of environmental pollutants. 
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model - conceptual representation of a physicalhiological process. The representation may be 
graphical or a set of mathematical equations that simulate the process being modeled. See also 
conceptual model. 

natural uranium - naturally occurring mixture of uranium (0.7 percent uranium-235 and 99.3 percent 
uranium-238). 

NPL - national priorities list. 

operable unit - term used to identify specific areas designated for cleanup. 

PCB - polychlorinated biphenyl. 

picocurie - one-millionth of a millionth curie (lo-''). 

plumti! - definitive volume of air, water, or soil containing contaminants released from a contaminant . 
source. 

. 

PNL - Pacific Northwest Laboratory. 

production reactor - facility (B, C, D, DR, F, H, KE, KW, or N reactors) in which uranium or other 
fuel was irradiated with neutrons to produce radioactive materials. Used primarily at Hanford to 
produce plutonium for weapons; used also for research. Synonymous with "reactor. 'I 

radioactivity - spontaneous emission of radiation (alpha, beta, gamrna rays, and/or neutrons) by some 
isotopes as they transform into other isotopes. 

radionuclide - radioactive isotope of an element. 

RCRA - Resource Conservation and Recovery Act of 1976. 

reactor - see production reactor. 

reference dose - EPA's estimate of the smallest-daily intake of a hazardous material that first leads to 
deleterious health effects. 

RI/FS - remedial investigatiodfeasibility study. 

SARA - Superjknd Amendments and Reauthorimtion Act. 

seeps - very small springs of groundwater. 

SESP - Surface Environmental Surveillance Project. 

slope factor - EPA's value which represents the lifetime excess cancer risk per unit of intake. 
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source term - amount of radioactivity (curies) of a radionuclide or amount of a chemical released to 
the environment from a facility over a given time. 

springs - source of water issuing from the ground. 

SST - single-shell tank. 

stack - tall chimney that was the primary release point of exhaust air from a reactor or separations 
plant building. 

surrogate (measurement) - estimated substitute measurement used when actual measurements not 
available. 

TPA - Tri-Party Agreement (officially, Hanfolri Federal Facility Agreement and Consent Order). 

TSD - treatment, storage, and disposal facilities or units at Hanford. 

TWRS - tank waste remediation system. 

UST - underground storage tank. 

VOC - volatile organic compounds. 
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1 .O Introduction 

Pacific Northwest Laboratory (PNL) is conducting a comprehensive assessment of the Columbia 
River. The purpose of the Columbia River Comprehensive Impact Assessment (CRCIA) Project is to 
evaluate the current human and ecological risk from radioactive and other hazardous materials in the 
Columbia River as a result of past and present activities at the Hanford Site near Richland, Washing- 
ton. Many thousands of radionuclides and hazardous chemicalda) have been generated or used at 
Hanford over the past five decades, only some of which may be of current concern for human or 
ecological risk. The intent of this report is to focus the resources of the project on the contaminants of 
greatest concern. 

1.1 Background 

The Hanford Site in southcentral Washington State was acquired by the federal government in 1943 
and was dedicated for many years to the production of plutonium for national defense and the manage- 
ment of resulting wastes. The production of nuclear materials for weapons ended at Hanford in 1987. 
With the shutdown of the production Edcilities, missions were diversified to include research and devel- 
opment in the areas of energy, waste management, and environmental restoration. 

The Hanford Site is about 1,450 square kilometers (560 square miles) of semi-arid shrub-steppe 
located just north of the confluence of the Yakima River with the Columbia River (Figure 1.1). 
Approximately 6 percent of the Hanford Site has been used for operations in the following areas: 

100-B/C, lOO-D, lOO-F, 100-H, 100-K, and 100-N Areas, which lie along the Columbia River in 
the northern portion of the Hanford Site, are the sites of the nine Hanford plutonium production 
reactors (now shut down) 

200-East and 200-West Areas, which lie in the center of the Hanford Site, are the sites of the 
chemical reprocessing facilities and low-level- and high-level-was te management facilities 

300 Area, near the southern border of the Hanford Site, is the site used for nuclear fuel manufac- 
turing and research facilities 

400 Area, between the 200 and 300 Areas, is the site of the Fast Flux Test Facility 

1100 Area and 3000 Area, a corridor northwest of the city of Richland, are sites used for ware- 
housing, vehicle maintenance, transportation operations center, construction, engineering, and 
research and development activities. 

(a) In this report, organic chemicals, inorganic chemicals, ions, elements, and other chemical compounds are simply referred to as chemicals. 
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Figure 1.1. Map of the Hanford Site 
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Fifty-one miles of the Columbia River, known as the Hanford Reach, flows through or borders the 
Hanford Site. The Hanford Reach is roughly from Priest Rapids Dam to the confluence of the Yakima 
River with the Columbia River. This stretch of the river offers a unique example of the river and 
riparian (riverside) ecologies that characterized the Columbia Basin ecosystem prior to construction of 
hydroelectric dams on the river. The Hanford Reach comprises the last unimpounded stretch of the 
Columbia River in the United States. Nearly 60 percent of the Columbia River’s native wild stock of 
fall chinook salmon spawn in the reach (National parks Service 1992). River water is used down- 
stream from the Hanford Site by Washington and Oregon residents for drinking water, agriculture, 
industry, transportation, and recreation. The riverbanks and islands provide habitat for several species 
of threatened or endangered plants (e.g., Columbia milkvetch and Hoover’s desert parsley) and animals 
(e.g., bald eagles) (National Parks Service 1992). 

Plutonium production operations in the 100 Areas historically have resulted in releases of contam- 
inants directly to the Columbia River and left extensive contamination in some areas of the surface soil, 
subsurface soil, and groundwater. Contamination reaches the river through groundwater seepage. 

Facilities in the 200 Areas were built to process irradiated fuel from the production reactors. The 
subsequent operation of these facilities resulted in the storage, disposal, and some releases of radio- 
active and nonradioactive wastes to the environment. Contamination exists in the surface, subsurface, 
and groundwater in the 200 Areas. Contaminated groundwater has moved out of the operating areas 
into areas adjoining the operating areas. 

The 300 Area is the site of former reactor fuel processing activities. The 300 Area is also the 
location of nuclear research and development facilities serving the Hanford Site. Wastes in the 
300 Area have resulted from the fuel fabrication process and various research activities. Contamina- 
tion exists in the surface, subsurface, and groundwater. 

The 1100 Area just north of Richland serves as the warehousing, vehicle maintenance, and trans- 
portation operations center for the Hanford Site. Wastes present result primarily from disposal of 
batteries, paints and solvents, and antifreeze. Immediately adjacent to the 1100 Area is the 3000 Area, 
home of Hanford Site engineering, construction, and research and development activities. Minor 
chemical contamination from paints, solvents, and related activities is also present here. 

The 600 Area is defined to include all land within the Hanford Site not occupied by the 100, 200, 
300, 400, 1100, and 3000 Areas. Lands uses within the 600 Area include a 41-hectare (100-acre) tract 
subleased from the state of Washington for the disposal of commerciall low-level nuclear waste and 
nuclear power facilities operated by the Washington Public Power Supply System. Most confamination 
in the 600 Area reaches the Columbia River by groundwater. 

1.2 Purpose 

This report documents an initial review of the abundance of historical data concerning contami- 
nation, current or potential, of the Columbia River. The initial review focuses on the availability of 
key data for particular contaminants at specific locations in specific media. The result is a list of 
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contaminants of concern for current human or ecological risk. The list will help focus the effects of 
health risk assessments because the contaminants on this list are those with the highest risk levels. 

, 

The list of contaminants of concern will also be used to help define future sampling requirements to 
obtain current data for use in the CRCIA Project. 

1.3 Scope 

This study is primarily concerned with the current risks from contaminants of Hanford origin. 
Therefore, the most recent sampling data are used to provide the applicable source term for the risk 
calculations. For this study, the focus is on the Columbia River water, sediment, soil, and ground- 
water within 150 meters (500 feet) of the Columbia River, which means a spatial focus on the Hanford 
100, 300, and 1100 Areas. A multi-stage screening process was developed to prioritize these various 
sources in terms of human health risk and ecosystem risk. Each stage of the process identifies pollut- 
ants of interest. The combined results of the total screening then compose the total list of concern. 

The potential is also addressed for radiation doses arising from discrete radioactive particles in the 
river sediment or from direct irradiation from near-river Hanford facilities. 

Although the primary concern is the current status of the Columbia River, additional consideration 
is given to the potential for future impact by contaminants currently present in the Hanford Site 
groundwater. Consideration is not given to the potential impact of contaminants that may be in soils or 
facilities away from the Columbia River but that are not presently in the groundwater. 

1.4 Preview of Report 

The references used as data sources are annotated in Section 2.0 of this report. A composite list of 
radionuclides and chemicals identified as being present in environmental samples is presented in 
Section 3.0. The numerical approach to screening the several hundred analytes into a short list of 
contaminants of concern is presented in Section 4.0. The results of the screening process are listed in 
Section 4.3. A discussion of discrete radioactive particles in the sediment of the Columbia River 
shoreline and islands is given in Section 5.0. Section 6.0 addresses direct gamma irradiation from 
Hanford facilities located adjacent to the river. Section 7.0 addresses existing and potential future 
contaminants from groundwater sources away from the river. Contaminants of possible continued 
public interest are acknowledged in Section 8.0. The overall conclusions, listed as the contaminants of 
concern, are given in Section 9.0. Supporting material is made available in the appendices at the end 
of the report. 
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2.0 Data Sources 

An annotated bibliography of the sources used to identify the analytes sampled in environmental 
media are provided in this section. No single document or electronic database was available that 
covered the entire scope of contaminants for this research. Baseline efforts similar to the scope of our 
task were done in a project by Fowler et al. (1993). However, because that project covered all 
exposure pathways and numerous U.S. Department of Energy (DOE) sites, and identified only the 
presence of contaminants and not their concentrations, it is not directly applicable or as comprehensive 

. as required for this task. 

The CRCIA Project developed a compendium of existing data on Columbia River contamination 
(Eslinger et al. 1994). The compendium is a large bibliography of Hanford and non-Hanford sources 
that potentially contain relevant environmental monitoring information. This compendium was used as 
a starting point for data information. 

This study is primarily concerned with the current risks from contaminants of Hanford origin. 
Therefore, the most recent sampling data provide the source term for the risk calculations. A second- 
ary concern of this study is the potential for future contamination of the river from Hanford facilities 
away from the river. Summary information related to existing groundwater plumes that are farther 
than 150 meters (500 feet) from the Columbia River on the Hanford Site was also reviewed. 

To understand some of the key terms in the bibliography, it is necessary to know that the radio- 
active, hazardous chemical, and mixed wastes are found in various individual waste sites, referred to as 
waste management units, located throughout the Hanford Site. These individual waste management 
units include past practice sites; surplus facilities; and treatment, storage, and disposal (TSD) facilities. 
Past practice sites and TSD facilities may take the form of spills, cribs, ditches, ponds, tanks, trenches, 
landfills, burial grounds, pits, French drains, and other means of intentional or unintentional disposal. 
Surplus facilities include contaminated buildings, exhaust stacks, and underground transfer lines. The 
individual waste management units are organized into "operable units" based on geographic proximity 
or similarity of waste disposal history. 

. 

The following annotated bibliography summarizes the sampling data sources and primary 
references used in the compilation of the monitoring data. The complete reference, sampling purpose, 
sampling time frame, media sampled, as well as supplementary comments, are provided. Documents 
of specific types are listed together, in alphabetical order. Appendix A presents a complete list of 
radionuclides and chemicals evaluated at Hanford. 

2.1 General References 

Dirkes, R. L. 1993. Columbia River Monitoring: Distribution of Tritium in Columbia River Miter at 
the Richland Pumphouse. PNL-853 1, Pacific Northwest Laboratory, Richland, Washington. 

This document reports the results of a special investigation conducted by the PNL Surface Environ- 
mental Surveillance Project. Supplemental monitoring of tritium (hydrogen-3) in the Columbia River 
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was conducted in the summers of 1987 and 1988. The purpose of the monitoring was to provide 
information related to the dispersion and distribution of Hanford-originating contaminants entering the 
river through the seepage of groundwater along the Hanford Site. 

Dirkes, R. L. 1994. Summary of Radiological Monitoring of Columbia River Mter along the Hanford 
Reach, 1980 through 1989. PNL-9223, Pacific Northwest Laboratory, Richland, Washington. 

A portion of PNL's Surface Environmental Surveillance Project is involved with monitoring the 
Columbia River. This document summarizes the river water monitoring activities of the Columbia 
River monitoring program during the 1980s. Routine and special monitoring projects and radiological 
and chemical constituents are reviewed. This report summarizes the information presented in the 
annual environmental reports. 

Dirkes, R. L., G. W. Patton, and B. L. Tiller. 1993. Columbia River Monitoring: Summary of 
Chemical Monitoring Along Cross Sections at krnita Bridge and Richland. PNL-8654, Pacific 
Northwest Laboratory, Richland, Washington. 

Chemical monitoring was performed by PNL's Surface Environmental Surveillance Project at the 
Vernita Bridge and the Richland Pumphouse. Potential Hanford-originating chemicals of interest were 
selected for sampling; these included volatile organic compounds (VOCs), metals, and anions. 
Monthly samples were taken from August 1991 to December 1991. The sample frequency was 
reduced to quarterly during calendar year 1992. The monitoring results were benchmarked with those 
of the United States Geological Survey monitoring program, and no variants were found. 

DOE - U.S. Department of Energy. 1992a. Sampling and Analysis of 100 Area Springs 
DOE/RL-92-12, Rev. 1, U.S. Department of Energy, Richland, Washington. 

This document provides validated monitoring data from the sampling of the Columbia River, seeps, 
springs, and sediment adjacent to the Hanford 100 Areas National Priorities List Site. The data were 
published as part of a Tri-Party Agreement milestone to evaluate how the contaminated seeps and 
springs impact the Columbia River. An assessment of the data is included. Samples were collected in 
September and October 1991 during the normal low-flow period of the Columbia River. Twenty-six 
locations were sampled along a 37-kilometer (22-mile) stretch of the river, ranging from just upstream 
of the 100-B/C Area water intake to the old Hanford towxlsite. 

DOE - US. Department of Energy. 1992b. Hanford Site Groundwater Background. DOE/=-92-23, 
U.S. Department of Energy, Richland, Washington. 

This report is a preliminary evaluation of data and information related to the natural composition of 
groundwater in the unconfined aquifer system beneath the Hanford Site. This information is to be used 
as a baseline for distinguishing the presence and significance of contamination in the groundwater. The 
relevant part of the aquifer evaluated extended from the surface waters that potentially recharge the 
aquifer to the uppermost portion of the underlying confined aquifer. Surface waters were found, in 
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general, to have lower concentrations of constituents than the springs, unconfined groundwater, and 
confined groundwater. The provisional background threshold levels of background constituent concen- 
trations in groundwater that are indicated in this report are likely to be conservatively low. 

DOE - U.S. Department of Energy. 1994a. Hanford Site Background: Part 1,  Soil Background for 
Nonradioactive Analytes. DOE/RL-92-24, Rev. 2, Vol. 1 of 2, U.S. Department of Energy, Richland, 
Washington. 

This document was written to support environmental restoration, waste management, and facilities 
operations activities at Hanford. The background composition of H d o r d  Site soil is characterized for 
the purposes of identifying soil contamination and as a baseline in risk assessment processes used to 
determine soil cleanup and treatment levels. The compositions of naturally occurring soil in the zone 
above the groundwater level have been determined for nonradioactive inorganic and organic analytes 
and related physical properties. The range of inorganic and organic analytes that can be expected in 
Hanford Site background soil is evaluated. The highest measured background concentrations occur in 
three volumetrically minor soil types, the most important of which is topsoil adjacent to the Columbia 
River, which are rich in organic carbon. The chemical composition of more than 170 soil samples 
from 22 places on the Hanford Site and 3 places adjoining the Hanford Site was determined for 
inorganic analytes in accordance with EPA protocols. Twelve of the samples were analyzed for 
volatile and semivolatile organic chemicals, as well as for pesticides and polychlorinated biphenyls 
(PCB). Samples were collected from September through November 1991. 

DOE - U.S. Department of Energy. 1994b. Annual Report for RCRQ Groundwater Monitoring 
Projects at Hanford Site Facilities. DOE/=-93-88, Rev. 0 ,  U.S. Department of Energy, Richland, 
Washington. 

This ieport is an annual hydrologic evaluation of 20 RCRA groundwater monitoring projects and one 
nonhazardous waste facility at the Hanford Site. The interpretation of groundwater data collected at 
30 waste management units between October 1992 and September 1993 is included. Also, recent 
groundwater quality evaluations for the 100 and 300 Areas and the entire Hanford Site are described. 
Widespread contaminants include nitrate, chromium, carbon tetrachloride, tritium (hydrogen-3) , and 
other radionuclides. 

Eslinger, P. W., L. R. Huesties, A. D. Maughan, T. B. Miley, and W. H. Walters. 1994. Data 
Compendium for the Columbia River Impact Assessment. PNL-9785, Pacific Northwest Laboratory, 
Richland, Washington. 

This document provides a bibliography of sources of existing data on Columbia River contamination. 
Approximately 4,500 documents and 13 major databases are listed that potentially contain information 
about contaminants in the Columbia River due to Hanford activities. The bibliography was further 
refined to highlight 60 key documents that contain data or describe analyses important in evaluating the 
health of the Columbia River. The work was performed to meet the 'T'ri-Party Agreement milestone 
number M-13-80. 
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Ford, B. H. 1993. Groundwater Field Characterizution Report for the 200 Aggregate Area 
Management Study. WHC-SD-EN-TI-020, Westinghouse Hanford Company, Richland, Washington. 

This report provides contaminant plume maps for the unconfined aquifer of the 200 East and 200 West 
groundwater aggregate areas. Data deficiencies are identified with recommendations for additional 
sampling and well drilling. Individual plumes are identified for arsenic, chromium, cyanide, fluoride, 
nitrate, carbon tetrachloride, chloroform, trichloroethylene, tritium (hydrogen-3), gross beta, 
cobalt-60, strontium-90, technetium-99, iodine-129, cesium-137, gross alpha, uranium, and plutonium. 

Fowler, K. M., K. B. Miller, M. 0. Hogan, and J. E Donaghue. 1993. Risk-Based Standards 
Chemicals of Interest Database Documentation. DRAFT. Prepared for the U.S. Department of 
Energy by the Pacific Northwest Laboratory, Richland, Washington. 

- A comprehensive set of risk-based standards are needed by the U.S. DOE to conduct its waste manage- 
ment, environmental restoration, and decontamination and decommissioning activities. The first step in 
developing the standards was to gather information on hazardous and radioactive substances that are 
found as contaminants or that are stored at DOE facilities. Twenty-six DOE sites were surveyed for 
substances that are generated, used, or present. Sources of information included Superfund Amend- 
ments and Reauthorization Act (SARA) Title 111 reports, remedial investigatiodfeasibility study 
reports, and other miscellaneous sources. The radionuclide and chemical names and media type in 
which they were found (Le., air, groundwater, sediment, soil, surface water, tank wastes, and not . 
specified/available) are indicated, but no quantitative sampling results are provided in this document. 
A total of 326 radionuclides and chemicals were identified for the Hanford Site. 

Hartman, M. J., and K. A. Lindsey. 1993. Hydrogeology of the 100-N Area, Hanford Site, 
Whington. WHC-SD-EN-EV-027, Westinghouse Hanford Company, Richland, Washington. 

The report primarily describes the hydrologic units beneath the 100-N Area. It includes descriptions of 
primary contaminants of interest, including strontium-90 and tritium (hydrogen-3) associated with the 
liquid waste disposal sites, sulfate and sodium, and petroleum products associated with leaks and spills. 
A total of eight petroleum (diesel oil) spills are documented between 1966 and 1988. Following the 
1966 leak, an interceptor trench was built to collect migrating diesel oil, where it was periodically 
burned. A significant amount of free petroleum apparently remains in the zone above groundwater 
level; as much as 45 centimeters (1.5 feet) of petroleum product has been observed floating on top of 
the water in some of the monitoring wells. The petroleum seems to appear on the water table 
following periods of recharge to the aquifer. 

Law, A. G. 1990. Status of Groundwater in the 1100 Area. Correspondence No. 8900604B R4, 
Westinghouse Hanford Company, Richland, Washington. 

This document provides the quarterly results from. the Westinghouse Hanford Company operational 
groundwater monitoring program for five wells installed in the vicinity of the 1100 Area. Results for 
approximately 380 analytes are presented; all are essentially undetected or at background levels. 
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Peterson, R. E., and V. G. Johnson. 1992. Riverbank Seepage of Gmundwater Along the 100 Areas 
Shoreline, Hanford Site. WHC-EP-0609, Westinghouse Hanford Company, Richland, Washington. 

Data were obtained during environmental surveillance activities and remedial investigations to 
characterize the influence of contaminated groundwater on the Columbia River. Radionuclides and 
metals in the seepage, sediment associated with the seepage, and near-shore Columbia River water 
were sampled. Samples collected in September and October of 1991 are compared with data collected 
in 1984 and 1988, as well as nearby groundwater data. 

Rowley, C. A. 1993. 100-N Area UndeGround Storage Tank Closures. WHC-SD-EN-TI-136, 
Wes tinghouse Hanford Company, Richland, Washington. 

This report describes removal/characterization actions concerning underground petroleum storage tanks 
in the 100-N Area undertaken from 1990 through 1992. Instances of leaks from underground 
connections are noted. No groundwater contamination was found resulting from these tanks. 

Weiss, S. G. 1993. 100 Area Columbia River Sediment Sampling. WHC-SD-EN-TI-198, Rev. 0 ,  
West inghouse Hanford Company, Richland, Washing ton. 

To determine whether radiological and chemical contaminants are present in the Columbia River, 
44 sediment samples were collected from 28 locations in the Hanford Reach in the fall of 1992. The 
sand-sized and smaller sediment samples were analyzed for metals and radionuclides from the near- 
shore and shoreline. Three of the sample locations were upriver from Hanford. Sediment was 
collected at depths of 0-15 centimeters (0-6 inches) and 30-60 centimeters (12-24 inches) below the 
surface. Contamination from arsenic, chromium, copper, lead, and zinc was found. The arsenic, lead, 
and zinc contamination may not be of Hanford origin. Cesium-137 and europium-152 were the most 
frequently detected radionuclides. 

Wells, D. 1994. Radioactivity in Columbia River Sediments and their Health Efects. Special Report, 
Washington State Department of Health, Olympia, Washington. 

This document addresses the current human health effects of artificial radioactivity in the Columbia 
River sediment. The Columbia River sediment data from the early 1960s to the present were provided 
by state agencies, federal agencies, and academic researchers. The sediment samples were collected 
from the Hanford area to the estuaries and coastlines of Oregon and Washington. Samples include 
surface sediment and deeper sediment behind the dams of the lower Columbia River. Ecological risks 
were not evaluated; nor were the human health risks from sediment contaminated with radioactive 
materials entering the Columbia River at riverbank seeps and springs. 
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2.2 Hanford Environmental Information System 

DOE - U.S. Department of Energy. 1994c. HEIS - Hanford Environmental Information System. For 
documentation supporting the HEIS database, see DOE/=-93-24, 9 volumes, U.S. Department of 
Energy, Richland, Washington. Queried: August 24, 1994. 

The Hanford Environmental Information System (HEIS) is an electronic database that consolidates the 
data gathered during environmental monitoring and restoration of the Hanford Site. Data stored in 
HEIS are collected under several regulatory programs. The basis of HEIS is individual sample data for 
air, biota, groundwater, soil, sediment, surface water, and miscellaneous materials. The HEIS system 
was queried for information about maximum contaminant concentrations in groundwater within 
150 meters (500 feet) of the Columbia River. 

2.3 Remedial InvestigatiodFeasibility Studies 

The EPA is the lead regulatory agency for the Comprehensive Environmental Response, Compensa- 
tion, and Liability Act of I980 (CERCLA). Under CERCLA, a specific process has been established to 
identify potentially hazardous sites, characterize site contamination, assess treatment technologies, and 
then design and construct the appropriate treatment facilities. The remedial investigatiordfeasibility 
study (RI/FS) portion of the process defined in CERCLA requires determining the nature and extent of 
the threat posed by a release of hazardous substances to the environment and evaluating proposed 
remedies. The W F S  studies which contributed information to the CRCIA Project are: 

DOE - U.S. Department of Energy. 1990a. Remedial Investigation/Feasibility Study Mbrk Plan for 
the 300-FF-5 Operable Unit, Hanford Site, Richland, Whington. DOE/= 89-14, U.S. Department 
of Energy; Richland, Washington. 

The 300-FF-5 operable unit consists of the groundwater aquifer beneath the 300-FF-1, 300-FF-2, and 
300-FF-3 source operable units and adjacent areas defined by the extent of the groundwater contamina- 
tion. The scope of the 300-FF-5 operable unit RIFS focuses on groundwater, soil, surface water/ 
sediment and aquatic biota and considers all contaminant sources in the 300 Area that contribute to the 
existing groundwater contamination beneath the 300 Area and the surrounding environment. The 
sample data upon which the FWFS is based appear to have been taken in the mid-1980s. Groundwater 
monitoring for metals began in 1985. 

DOE - U.S. Department of Energy. 199Ob. Remedial Investigation/Feasibility Study Mbrk Plan for 
the 300-FF-1 Operable Unit, Hanford Site, Richland, Wshington . DOE/= 89-3 1, U. S. Department 
of Energy, Richland, Washington. 

The purpose of the 300-FF-1 operable unit remedial investigation was to provide sufficient information 
to conduct the feasibility study by determining the nature and extent of the threat to public health and 
the environment posed by releases of hazardous substances from 300-FF-1, a process liquid operable 
unit that contains all the liquid waste disposal facilities within the 300 Area. Hazardous and radioactive 
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materials from this operable unit contribute to groundwater contamination. Soil sampling data are 
provided for radionuclides, inorganics, and an extensive list of organics. Monitoring of groundwater 
analytes was more limited. 

2.4 Hanford Site Environmental Reports 

Every year, beginning in 1957, a report is prepared that summarizes environmental data, which 
characterize the Hanford Site environmental management performance and demonstrate compliance 
status. These reports summarize the activities and results of monitoring by the Surface Environmental 
Surveillance Project. In recent years, data have been provided in separate volumes. Annual reports 
used in the development of this project include the following: 

Bisping, L. E. 1994. Hanford Site Environmental Data for Calendar Year 1993 - Suqace and 
Columbia River. PNL-9824, Pacific Northwest Laboratory, Richland, Washington. 

Bisping, L. E., and R. K. Woodruff. 1993. Hanforrt Site Environmental Data for Calendar 
Year I992 - Surface and Columbia River. PNL-8683, Pacific Northwest Laboratory, Richland, 
Washington. 

Bisping, L. E. 1992. Hanford Site Environmental Data 1991 - Surface and Columbia River. 
PNL-8 149, Pacific Northwest Laboratory, Richland, Washington. 

Dirkes, R. L., R. W. Hanf, R. K. Woodruff, and R. E. Lundgren. 1994. Harijord Site Environmental 
Report for Calendar Year 1993. PNL-9823, Pacific Northwest Laboratory, Richland, Washington. 

Woodruff, R. K., R. W. Hanf, and R. E. Lundgren. 1993. Hanford Site Environmental Report for 
Calendar Year 1992. PNL-8682, Pacific Northwest Laboratory, Richland, Washington. 

Woodruff, R. K., R. W. Hanf, and R. E. Lundgren. 1992. Hanford Site Environmental Report for 
Calendar Year 1991. PNL-8148, Pacific Northwest Laboratory, Richland, Washington. 

2.5 Limited Field Investigations 

Limited Field Investigations (LFIs) are conducted as part of Tri-Party Agreement activities to 
identify those Hanford waste sites that are recommended to remain as candidates for interim remedial 
measures. The assessments include consideration of whether contaminant concentrations pose an 
unacceptable risk that warrants action through interim remedial measures. 

Each LFI is conducted on a single Hanford operable unit (e.g., operable unit 100-HR-3). Operable 
unit is the term used to identify specific areas designated for cleanup. The number and first letter in 
the operable unit name indicate the location of the operable unit; operable unit 100-HR-3 is in the 
100-H Area. Many of the column headings in Appendix A correspond to the operable unit name. 
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The LFI reports annotated in this section are available to the public. The following list of LFI 
reports are those identified by Westinghouse Hanford Company’s Environmental Data Management 
Control as undergoing final review and so not yet available to the public: 

ODerable Unit Document Number 

100-FR-3 DOE\=-93-83 
100-FR- 1 DOE\RL-93-02 
100-NR-2 DOE\RL-93-8 1 
100-BC-2 DOE\=-94-42 
100-HR-2 DOE\RL-94-53 

DOE - U.S. Department of Energy. 1994d. Limited Field Investigation Report for the 
100-BC-1 Operable Unit. DOE/=-93-06, U. S .  Department of Energy, Richland, Washington. 

This study was initiated to characterize the liquid and sludge at disposal sites associated with the 
B Reactor in the 100-BC Area. Groundwater sampling data are contained in the LFI, 100-BC-5 (see 
below). Surface water and sediment sampling are not applicable to the 100-BC-1 area. Media were 
sampled for VOCs, semivolatiles, inorganics, metals, PCBs, pesticides, radionuclides, and physical 
properties. Sampling data were collected from April 1992 through July 1992. 

DOE - U.S. Department of Energy. 1993a. Limited Reld Investigation- Report for the 100-BC-5 Oper- 
able Unit. DOE/RL-93-37, Draft A, U.S. Department of Energy, Richland, Washington. 

This study was initiated to further characterize the groundwater contamination in the 100-BC Area. 
Groundwater, surface water, sediment, and soil sampling data are provided. Volatile constituent 
concentrations were of primary interest, but the media were also sampled for radionuclides, organics, 
inorganics, and physical properties. The LFI groundwater sampling data are reported for July 1992, 
October 1992, and January 1993. 

. 

DOE - U.S. Department of Energy. 1993b. Limited Field Investigation Report for the 
100-DR-1 Operable Unit. DOE/=-93-29, Draft A, U.S. Department of Energy, Richland, 
Washington. 

The purpose of this study was to characterize the waste facility sites associated with the D Reactor and 
the water retention basin systems for both the D and DR Reactors and in the 100-DR Area. Soil 
sampling results are reported. Groundwater sampling data for this same region are contained in the 
LFI, 100-HR-3 (see below). Media were sampled for VOCs, semivolatiles, inorganics, metals, PCBs, 
pesticides, radionuclides, specific anions, hexavalent chromium, and physical properties. Samples 
were collected in March 1993. 
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DOE - U.S. Department of Energy. 1993c. Limited Field Znvestigatisn Report for the 
IOO-HR-1 Operable Unit. DOE/RL-93-51, Draft A, U.S. Department of Energy, Richland, 
Washington. 

This study was initiated to characterize the waste units associated with facility sites supporting the 
H Reactor in the 100-H Area. This document provides sludge, sediment, and soil sampling data. 
Groundwater sampling data are contained in the LFI, 100-HR-3 (see below). Media were sampled for 
VOCs, semivolatiles, inorganics, metals, PCBs, pesticides, radionuclides, and physical properties. 
The media were sampled from December 1991 through August 1992. 

DOE - U.S. Department of Energy. 1993d. Limited Field Investigation Report for the 
100-HR-3 Operable Unit. DOE/RL-93-43, Draft A, U.S. Department of Energy, Richland, 
Washington. 

This study was initiated to further characterize the groundwater contamination in the 100-HR-3 oper- 
able unit, which is inclusive of three sub-areas: 100-D, 100-H, and the 600 Area between the D and 
H Reactor areas. This document provides groundwater, sediment and soil sampling data for radionu- 
clides, volatile and semivolatile organic compounds, inorganics, and pesticides. Media were sampled 
from May 1992 through March 1993. 

DOE - US. Department of Energy. 1994e. Limited Aeld Zmestigation Report for the 100-KR-I Oper- 
able Unit. DOE/RL-93-78, Draft A, U.S. Department of Energy, Richland, Washington. 

~ This document provides soil sampling data. Groundwater sampling data are contained in the LFI, 
100-KR4 (see below). Surface water and sediment sampling are not applicable to the 100-KR-1 oper- 
able unit. Media were sampled for VOCs, inorganics, metals, radionuclides, hexavalent chromium, 
and physical properties. Samples were taken from October 1992 through March 1993. 

DOE - U.S. Department of Energy. 1994f. Limited Aeld Znvestigation Report for the 100-KR-4 Oper- 
able Unit. DOE/RL-93-79, U.S. Department of Energy, Richland, Washington. 

This LFI was initiated to further characterize the groundwater contamination in the 100-KR area 
operable units: 100-KR-1, 100-KR-2, and 100-KR-3. In addition to the groundwater samples, other 
sampling data include surface water, sediment, soil, and aquatic biotic impacted by the KE and 
KW reactors. The media were sampled for VOCs, semivolatiles, inorganics, metals, pesticides, and 
radionuclides. Samples were collected in October 1991, September 1992, December 1992, March 
1993, and June 1993. 

1 -  2.6 Discrete Radioactive Particles and Other Direct Exposure Sources 

In addition to the routine environmental monitoring documented in the Hanford Site annual reports, 
occasional special studies are performed to evaluate particular conditions. Key studies are described 
here. 
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Cooper, A. T., and R. K. Woodruff. 1993. Investigation of Eiposure Rates and Radionuclide and 
Trace Metal Distributions Along the Hanford Reach of the Columbia River. PNL-8789, Pacific 
Northwest Laboratory, Richland, Washington. 

This report documents the first major field study to investigate exposure rates along the Columbia 
River shoreline since the Sula (1980) investigation of 1979. Radionuclides and trace metals were 
surveyed between Priest Rapids Dam and north Richland. A smaller number of discrete radioactive 
particles were also noted. 

EG&G Energy Measurements. 1990. An Aerial Radiological Survey of the Hanford Site and 
Surrounding Area, Richland, Whington. EGG- 106 17-1062, EG&G Energy Measurements, The 
Remote Sensing Laboratory, Las Vegas, Nevada. 

EG&G used a radiation detection system in a helicopter to conduct a radiological survey of the Hanford 
area. The detection system was calibrated to suppress natural background radiation and therefore only 
detected sources of anthropomorphic gamma-emitting radioactivity. The aerial data are presented as 
isopleths overlaid onto maps of the Hanford Site. The aerial survey is an aid in locating areas with 
elevated exposure rates but does not stringently define contaminated areas. 

Sula, M. J. 1980. Radiological Survey of Exposed Shorelines and Islands of the Columbia River 
Between Wmita and the Snake River Confluence. PNL-3127, Pacific Northwest Laboratory, Richland, 
Washungton. 

This report describes a radiological survey performed to evaluate the magnitude and distribution of 
radioactive contamination on the exposed shorelines of the Columbia River. External exposure rate 
measurements were made at nearly 30,000 locations. In addition, discrete particles of radioactive 
material were discovered. Discrete metallic flakes containing cobalt-60 were found. The highest areal 
density of particles was found on an island near D-reactor, although the presence of particles was 
indicated as far downriver as the survey extended. 

Wade, C. D., and M. A. Wendling. 1994. 100-D Island USRQDS Radiological Surveys Preliminary 
Report Phase II. BHI-00-134, Bechtel Hanford, Inc., Richland, Washington. 

This report describes the results of radiological surveys made in April 1994, over the upstream third of 
the island adjacent to the 100-D reactor area. The survey used the Ultrasonic Ranging and Data 
System. A significant note is that, "with a few exceptions, every area which was determined to be 
gamma elevated was sampled and the sampling removed the entire contamination present. In these 
locations, extremely small 'hot particles' were removed from the silt layer beneath the river rock. It 

Analyses of these particles showed them to contain almost entirely cobalt-60 activity, between 0.4 and 
22 microcuries each. A total of 103 particles were recovered from an area of about 5 hectares 
(12.5 acres). 
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2.7 National Environmental Policy Act (NEPA) Documents 

Quantifying the potential for future releases of contaminants to the Columbia River from surplus 
facilities or waste sites requires a significant investigation, one which is beyond the scope of this 
report. However, several major environmental impact statements (EIS) concerning Hanford facilities 
and .waste management practices have been written. Each of these reports contains evaluations of 
potential future conditions based on current or projected Hanford Site status. 

DOE - U.S. Department of Energy. 1987. Final Environmental Impact Statement, Disposal of 
Hanford Dejfense High-Level, Tmnsumnic, and Tank W t e s ,  Hanford Site, Richland, Whington . 
DOE/EIS-0113, U.S. Department of Energy, Washington, D.C. 

This EIS addressed the selection and implementation of final disposal actions for high-level, 
transuranic, and tank wastes at Hanford. Although a decision on the existing single-shell tanks was 
ultimately deferred, this EIS provides descriptions of the potential releases of radionuclides to the 
groundwater, and ultimately the Columbia River, for each of the major waste categories at Hanford. 

DOE - U.S. Department of Energy. 1989. Decommissioning of Eight Surplus Production Reactors at 
the Hanford Site, Richland, Whington, Dmfl Environmental Impact Statement. DOE/EIS-O119D, 
U.S. Department of Energy, Washington, D.C. 

and 

DOE - U.S. Department of Energy. 1992c. Decommissioning of Eight Surplus Production Reactors at 
the Hanford Site, Richland, Whington, (Final Environmental Impact Statement). DOE/EIS-0 1 19F, 
U.S. Department of Energy, Washington, D.C. 

This EIS, together with its addendum which constitutes the final EIS, describes the potential future 
releases of radionuclides to groundwater, and ultimately the Columbia River, from decommissioning 
the eight original Hanford reactors (excluding N Reactor) and the associated fuel storage basins. The 
preferred alternative for disposal was selected to be one-piece removal of the reactors from the 
riverside and burial in the 200 Areas. 

DOE - U.S. Department of Energy. 1990c. Low-Level Burial Grounds Dangerous W t e  Permit 
Application: Request for Exemption from Lined Trench Requirements for Submarine Reactor 
Compartments. DOE/RL-88-20, Supplement 1 , U. S. Department of Energy, Richland, Washington. 

and 

DOE - U.S. Department of Energy. 1992d. Low-Level Burial Ground5 Dangerous Wste Permit 
Application: Request for Exemption from Lined Trench Requirements and from Land Disposal 
Restrictions for Residual Liquid at 218-E-12B Burial Ground Trench 94. DOE/RL-88-20, Supple- 
ment 1, Revision 1, U.S. Department of Energy, Richland, Washington. 
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These two reports discuss decommissioned, defueled naval submarine reactor compartments containing 
radioactivity caused by exposure of structural components to neutrons during normal operation of the 
submarines. After all the alternatives were evaluated in the U.S. Department of the Navy 1984 envir- 
onmental impact statement (Navy 1984), land burial of the submarine reactor compartments was 
selected as the preferred disposal option. The reactor compartments currently are sent to Trench 94 of 
the Hanford 218-E-12B Burial Ground. In addition to radioactivity, the reactor compartments disposed 
contain lead and FCBs as hazardous constituents. Modeling results indicate that release of contamin- 
ants to the groundwater or surface water will not occur until after long periods of time and that even 
after reaching the groundwater, contaminants will not be in excess of current regulatory limits, such as 
drinking water standards. 

DOE - U.S. Department of Energy. 19948. Hanford Remedial Action Draj? Environmental Impact 
Statement. DOE/DEIS-0222. U. S .  Department of Energy, Washington, D.C. 

This EIS provides estimates of long-term risk resulting from the current groundwater plumes existing 
beneath the Site, as well as projections of future risks from non-tank, non-operating-facility waste 
management units. 

Navy - U.S. Department of the Navy. 1984. Enal Environmental Impact Statement on the Disposal of 
Decommissioned, Dq%eled Naval Submarine Reactor Plants. U.S. Department of the Navy, 
Washington, D.C. 

This EIS discusses various alternatives for disposal of the radioactive portions of decommissioned 
nuclear submarines, leading to the selection of the Hanford Site as the location for permanent disposal. 
Estimates are presented for potential future radiation doses resulting from these activities. 

Rhoads, K., B. N. Bjornstad, R. E. Lewis, S. S. Teel, K. J. Cantrell, R. J. Serne, J. L. Smoot, 
C. T. Kincaid, and S. K. Wurstner. 1992. Estimation of the Release and Migration of Lead Through 
Soils and Groundwater at the Hanford Site 218-E-12B Burial Ground. PNL-8356 Vol. 1, Pacific 
Northwest Laboratory, Richland, Washington. 

This report evaluates the potential for radioactive and nonradioactive lead to migrate from buried 
submarine reactor compartments to the Columbia River. The estimated time of arrival of the contam- 
inant plume ranges from 60,000 years to 4 million years. 

Rhoads, K., B. N. Bjornstad, R. E. Lewis, S. S. Teel, K. J. Cantrell, R. J. Serne, L. H. Sawyer, 
J. L. Smoot, J. E. Szecsody, M. S. Wigmosta, and S. K. Wurstner. 1994. Estimation of the Release 
and Migration of Nickel Through Soils and Groundwater at the Hanford Site 218-E-12B Burial Ground. 
PNL-9791, Pacific Northwest Laboratory, Richland, Washington. 

This report evaluates the potential for radioactive and nonradioactive nickel to migrate from buried 
submarine reactor compartments to the Columbia River. The estimated time of arrival of the contam- 
inant plume ranges from 60,000 years to 4 million years. 
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3.0 Composite List of Identified Radionuclides and Chemicals 

A data matrix (see Appendix A) was developed using the information found in the documents listed 
in Section 2.0. All radionuclides and chemicals analyzed in surface water (the Columbia River, 
springs, and seeps), sediment, groundwater, and soil samples in the 1100, 300, and 1100 Areas are 
included. The data matrix is a composite list of all detected and not detected (i.e,, analyzed for but not 
detected), radionuclides and chemicals from the reviewed literature. Sampling data from 1980 through 
1994 were considered. 

3.1 Risk-Based Standards Database 

The development of the data matrix began with all chemicals identified in the Risk-Based Standards 
Database (Fowler et al. 1993). The Risk-Based Standards Database is a list of hazardous and radio- 
active substances reportedly found as contaminants or that are stored at DOE facilities nationwide. 
There are a total of 326 radionuclide and chemical entries for the Hanford Site. The radionuclides and 
chemicals in the database are sorted by their presence in the following media: Columbia River water, 
groundwater, soil, air, tank waste, and sediment. A total of 120 organic compounds, 133 inorganics, 
and 73 radionuclides were identified. These data formed the early basis for the data matrix. 

Duplicate entries were removed from the database. Three mixtures (diesel fuel, hydrocarbons, and 
kerosene) are included. The primary database references were consulted for the concentration detected 
for each media. However, it was not possible to confirm the presence of the organics from the primary 
references cited in the database. Additional sources were reviewed to obtain information on the 
organic constituents. 

3.2 Environmental Sampling Data Reports 

The chemical analytical and radioanalytical data collected and presented in published environmental 
sampling reports were compiled and are presented in the data matrix in Appendix A. These reports 
include LFI reports, qualitative risk assessments, N/FS reports, RCIPA groundwater monitoring, and 
special studies reports. The titles and summaries of these documents are contained in Section 2.0. The 
scope was limited to the 100, 300, and 1100 Areas because they are imost likely to have current impact. 

The names of all radionuclides and chemicals examined (including those reported as nondetected) 
were added to the data matrix (Appendix A). The reported maximum concentration or activity, by 
media, is noted along with the background value, its reference, and the operable unit or geographical 
area where the sampling occurred. A total of 568 and 560 analytes were reported to be tested for in 
groundwater/Columbia River and soil/sediment, respectively, -in the reviewed literature. 

Of the analytes tested, 73 were detected in groundwater or Columbia River water, and 92 were 
detected in soil and sediment. Many of the analytes found are naturally occurring in groundwater and 
soil or are present as a result of global radioactive fallout. 
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A separate data matrix in Appendix A was prepared for incorporation of data related to existing 
groundwater plumes in areas outside the area of primary interest (Le., the 200 Areas and 600 Area 
groundwater plumes). 

3.3 Detected Analytes 

Table 3.1 lists the 73 radionuclides and chemicals detected and their maximum concentration or 
activity in groundwater and Columbia River water. These maximum values are used in the screening 
process described in Section 4.0. Table 3.2 lists the 92 radionuclides and chemicals detected and their 
maximum concentration or activity in sediment and soil. Table 3.3 lists the maximum concentration or 
activity reported in existing Hanford groundwater plumes away from the river. 

The data on radionuclide activity in sediment were compared with values reported by the 
Washington State Department of Health (Wells 1994). All contaminants included in Wells (1994) were 
included in the tables. 

Tables 3.1, 3.2, and 3.3 are used in the screening criteria described in Section 4.0. 
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Table 3.1. Maximum Detected Concentrations in the Columbia River and 
Groundwater in the Hanford Site 100, 300, and 1100 Areas Near 
the Columbia River, 1980-1994 
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Table 3.1. (contd) 

I 
Name of Analyte 

I 

Concentration in 

Surface Water Groundwater 

52 SILVER 19pgIL 

3.4 

53 SODIUM 13,800 pgiL 200,000 M I L  

- ~~~ ~ 

(a) 

(b) 

(c) 

pglL = micrograms per liter. 

pCilL = picocuries per liter. 

Concentrations of these chemicals fall within 

their respectively occurring background levels. 



Table 3.2. Maximum Detected Concentrations in Soil and Sediment in 
the Hanford Site 100, 300, and 1100 Areas, 1980-1994 

Concernrution in 
I 

Name of Analyte Soil j Sediment 
I I 

1 AMERICIUM 241 34 pCi/g (a) 

2 

3 

4 

5 

6 

7 

8 

9IEUROPIUM 155 6,200 pCi/g( 0.32 pCilg 
10 NEPTUNIUM 237 

ANTIMONY 124 1.2 pCilg 

CARBON 14 34 pCilg 

CESIUM 134 0.04 pCilg 0.29 pCi/g 

CESIUM 137 2.900 pCi/g 6 pCi/g 

COBALT 60 18,000 pCilg 4.9 pCi/g 

EUROPIUM 152 59,000 pCi/g 2.41 pCilg 

EUROPIUM 154 20,000 pCi/g 0.24 pCilg 
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Name of Analyre Soil 

3.6 

Sediment 



Table 3.3. Maximum Detected Concentrations in Groundlwater in the Hanford S 
100, 200, and 600 Areas Away from the Columbia River, 1980-1994 

. Number 
Name of Analyte of Plumes Concentration 

100 Areas 
Chromium ( + 6) 1,570 ppb 
Nitrate 130,000 ppb 
Strontium-90 1,800 pCi/L 
Tritium (Hydrogen-3) 80,000 pCi1L 

I200 West Area I I 
Arsenic 4 
Carbon Tetrachloride 1 

IChloroform I 2 1  1.595 oobl 
Chromium 5 
Fluoride 3 
Iodine-1 29 2 30 pCilL 
Nitrate 5 1 1,322,000 ppb 
Technetium-99 ' 5  26,602 pCilL 
Trichloroethylene ' 3 :  32 ppb 

6,193,000 pCilL 
Uranium 4 1,616 pCilL 
Tritium (Hydrogen-3) 3 

200 East Area 
Arsenic 4 24ppb 
Cesium-1 37 1 1,326 pCi/L 
Chloroform 1 7 ppb 

288 ppb 
440 pCilL 

Chromium 4 
Cobalt-60 2 
Cyanide 2 893 ppb 
Iodine-1 29 3 20 pCilL 
Nitrate 7 397.000 oob . -  r r -  . - .  

Plutonium-239/240 1 -  69 pCilL 
Strontium-90 5 5,149 pCilL 
Technetium-99 2 '22,163 pCilL 
Tritium (Hydrogen-3) 5 4.1 26,000 pCilL 
Uranium 1 27 pCi1L 

600 Area (Solid Waste Landfill Site) 

(a) pCi/L = picocuries per liter. 
(b) ppb = parts per billion. 
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4.0 Screening Approach 

The review of the available data indicated that concentrations of various radionuclides, carcino- 
genic chemicals, and hazardous chemicals had been measured in Columbia River water (Columbia 
River, springs, and seeps), groundwater, river sediment, and near-river soil. A multi-stage screening 
process to prioritize these various contaminants interms of human health risk and ecosystem risk was 
developed. Each stage of the process identifies contaminants of interest. The combined results of the 
entire screening process then compose the total list of contaminants of concern. 

The conceptual model for human health risk is associated with a scenario of a dedicated river user. 
The reference screening exposure scenario involves a person who frequents the shores of the river, 
drinks 2 literdday of untreated river water, consumes about 0.25 kilograms/day (100 kilogramdyear) 
(CRITFC 1994) of freshwater fish, and has an incidental sediment ingestion rate of 10 milligramdday 
(almost 4 gramsjyear). This conceptual model is an adaptation and exparpion of the Hanford Site risk 
assessment methodology (DOE 1992e). 

The conceptual models for ecosystem risk are simpler, relying on the EPA Ambient Water Quality 
Criteria (EPA 1992) and on a fraction of the concentrations that result in mortality for fish. 

All analytes found in the reviewed literature, which related to the 100, 300, and 1100 Areas, 
regions along the banks of the Columbia River, or inland contaminant plumes, were compiled (see 
Appendix A). Initial screening eliminated the contaminants on the list that showed no detectable levels 
of activity or concentration. In addition, analytes which were present only in tank wastes and not in 
environmental media were eliminated from the study. 

4.1 Screening Equations 

The screening process operates on one portion of the available data at a time. Separate screenings 
are used for measurements in Columbia River water, groundwater, river sediment, and near-river soil. 
Within each of these divisions, further subdivisions address radionuclides, carcinogens, human toxins, 
and fish toxins. All of the screenings rely on river water concentration or a surrogate as a starting 
point. Procedures for estimating the surrogates are described below. . 

4.1.1 Radionuclide Screening 

The screening is based on a scenario of exposure to a dedicated river user (see definition above). 
Internal risks are estimated using the EPA slope factor for ingestion (EPA 1994a). The EPA slope 
factor represents the lifetime excess total cancer risk per unit of intake. External exposure to contam- 
inated sediment is addressed by assuming the parameters associated with the EPA slope factor for 
external exposure are appropriate (EPA 1994a). 

A relationship between the concentration of the contaminant in the water and the concentration in 
the sediment is required. For the screening, this relationship is assumed to be described by a ratio of 
1:100,000 (i.e., the concentration of the contaminant in the sediment is assumed to be 100,000 times 
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higher than in the Columbia River waters). This assumption is based on review of the very limited 
number of samples for which both river water and sediment values were available, as well as on an 
empirical equation developed for radionuclides in the Columbia River incorporated in the GENII 
computer code (Napier et al. 1988, p. 4.82). 

The screening equation for radionuclides is: 

SCREEN = C, [ 100'oOO * ss +(730 + 100 * BCF + 100,000 * 0.0036) * IS] 
1000 

where C, = 
100,000 = 

ss = 
1000 = 
730 = 
100 = 

BCF = 
0.0036 = 

IS = 

measured or surrogate water concentration, pCi/L 
sediment/water ratio, L/kg 
radionuclide slope factor for external exposure, risk/year per pCi/g 
unit conversion, g/kg 
water consumption of 2 L/day for 1 year 
fish consumption of 100 kg/year 
bioconcentration factor for fish, L/kg 
sediment consumption of 10 mg/day, giving 3.6 g/year 
radionuclide slope factor for ingestion, risMpCi. 

Values resulting from this screening which approach or are greater than imply radionuclides of 
potential concern. 

4.1.2 Carcinogenic Chemical Screening 

The conceptual exposure patterns for carcinogens in river water are the same as those for 
radionuclides; however, there is no factor for external exposure. Because the chemical cancer potency 
factors for oral exposure are in units of inverse milligram per kilogram per day, the consumption terms 
are put in daily, rather than annual, units (EPA 1994a). 

where C, = 
2 =  

0.27 = 
BCF = 

100,000 = 

0.001 = 
CPF = 

70 = 

I x 10-5 = 

CPF SCREEN = C, [2+0.27 * BCF+ 100,000 * 1 ~ l O - ~ ]  (0.001) - 
70 

measured or surrogate water concentration, pg/L 
water consumption of 2 L/day 
consumption of 100 kg/year of fish, on a daily basis 0.27 kg 
bioconcentration factor for fish, L/kg 
sediment/water ratio, L/kg 
consumption of 10 mg/day of sediment, kg 
conversion factor, micrograms to milligrams 
cancer potency factor, (mg/kg/day)-' 
assumed weight of an adult, 70 kg. 

' 

Values resulting from this screening which approach or are greater than imply chemicals of 
potential concern. 
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4.1.3 Toxic Chemical Screening 

For hazardous, but noncarcinogenic, chemicals, the ranking is based on a ratio of the estimated 
daily intake to the EPA chronic oral reference dose (EPA 1994a). The conceptual scenario is the same 
as for the radionuclides or carcinogens. 

where C, = 
2 =  

0.27 = 
BCF = 

100,000 = 

0.001 = 
70 = 

RfD = 

1 x 10-5 = 

(0 .oo 1) SCREEN = C, [2+0.27 * BCF+100,000 * l ~ l O - ~ ]  
70 * RfD 

measured or surrogate water concentration, pg/L 
water consumption of 2 L/day 
consumption of 100 kg/year of fish, on a daily basis 0.27 kg 
bioconcentration factor for fish, L/kg 
sediment/water ratio, L/kg 
consumption of 10 mg/day of sediment, kg 
conversion factor, micrograms to milligrams 
assumed weight of an adult, 70 kg 
EPA chronic oral reference dose, mg/kg/day. 

(3) 

; of Values resulting from this screening which approach or are greater than unity imply chemica 
potential concern. 

4.1.4 Ambient Water Quality Criteria Screening 

For aquatic biota, the measured or surrogate concentration of the contaminant in water is compared 
with the applicable EPA water quality criterion (EPA 1992). The ambient water quality criteria are 
values of the concentrations of chemicals in water that are considered by the EPA to be protective of 
aquatic life. The screening equation is 

L W  SCREEN = - 
AWQC 

where C, = measured or surrogate water concentration, pCi/L 
AWQC = ambient water quality criterion, pg/L. 

Values resulting from this screening which approach or are greater than unity imply chemicals of 
potential concern. 

4.1.5 Aquatic Biota Toxicity Screening 

(4) 

Limited data were available that identify the concentrations of certain chemicals that result in toxic 
effects to aquatic life. Where possible, the threshold concentration for fresh water at which any effect 
was noted was used. Although it would have been preferable to use information that related directly to 
the initiation of distress in aquatic life, rather than mortality, such information (e.g., the threshold limit 
value for the medium) was available for only a few chemicals. Therefore, the lowest concentration 
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lethal to 50 percent of small, freshwater fish (e.g., guppies, mosquito fish, rainbow trout) tested was 
also used (EPA 1985). To relate these lethal effects to less significant effects, the screening used a 
value of 1 percent of the LC50 in the determination. For a few analytes for which fish data were not 
available, test results for crayfish or insects were used as a surrogate. The equation is 

L W  SCREEN = else - 
(LD50 / 100) TLM 

where Cw = measured or surrogate water concentration, pCi/L 
LD50 = concentration of contaminant lethal to 50 percent of the tested fish population in time 

periods ranging from 48 to 96 hours (LC,,), pg/L 
TLM = threshold limit for fresh water (TLM), pg/L. 

Values using this screening approach or values greater than unity imply chemicals of potential 
concern. 

i 

A concern has been raised that groundwater, filtering through gravel beds into the waters of the 
Columbia River, could directly impact fish eggs laid in the gravels without prior dilution by Columbia 
River water. Sources of data related to the impact of the listed contaminants on fish eggs were sought. 
Very few positive connections between research on fish egg survival and contaminant concentrations 
were found, making it impossible to screen directly on this concept. 

4.2 Estimation of Contaminant Concentrations in River Water 

All of the screening equations presented in the preceding section require an estimate of the 
contaminant’s maximum measured concentration in river water. Only the direct river measurements 
provide this information. For the other media, an estimated, surrogate water concentration must be 
developed. Radionuclide concentrations compiled were generally given in units of picocuries /liter or 
picocuries/gram. Chemical concentrations were standardized to units of microgramdliter or 
micrograms/kilogram. Therefore, separate conversions were developed for radionuclides and 
chemicals. 

4.2.1 Radionuclides 

Separate sets of assumptions were needed to prepare screening surrogates for concentrations in 
river water for measurements in groundwater, river sediment, and near-river soil. 

4.2.1.1 Groundwater 

Groundwater adjacent to the Columbia River can flow into the river, and Columbia River water 
can flow into the groundwater, depending on river flow. Therefore, concentrations of contaminants in 
groundwater near the river are difficult to predict, and concentrations measured near the shore differ 
from those measured further inland. Flow rates from groundwater to the Columbia vary from location 
to location; individual springs may have very low flow rates. An average groundwater discharge to the 
Columbia River of 3 cubic feet per second (ds) was modeled by Kipp et al. (1976) for a 8.3-kilometer 
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(5-mile) length of the river near the Hanford townsite. Raymond et al. (1976) and Cline et al. (1985) 
report an estimated discharge of 100 cfs over the entire Hanford Reach. More recent research 
(Wuestner and Devary 1993) indicates that 100 cfs is an upper bound. For conservatism (Le., to 
provide an overestimate of the resulting concentration in the river), this upper value of 100 cfs was 
adopted for the screening. In effect, this implies that the entire volume of groundwater that flows from 
beneath Hanford to the Columbia River is contaminated to the maximum level reported. Thus, the 
conversion used is 

100 
100,000 

cow = c,* 

where Cow = surrogate river water concentration used in the screening, pCi/L 
C,, = measured groundwater concentration, pCi/L 
100 = groundwater discharge rate, ds 

100,OOO = approximate annual average flow rate of the Columbia River at Hanford, cfs. 

4.2.1.2 River Sediment - 

Sediment within the river is both a reservoir of contaminants and a source of contamination of the 
river water, as the material desorbs or resuspends into the water column. Accurate representation of 
this process requires detailed knowledge of the chemical interactions of the contaminant and the water. 
Information at this level of detail is not available for most of the contaminants considered. For consis- 
tency with the dose estimation assumptions, this relationship is assumed to be described by an equili- 
brium ratio of 1:100,000 (Le., the concentration of the contaminant in the sediment is assumed to be 
100,000 times higher than in the Columbia River water). The conversion used is then 

c,, * 1000 
100,OOO 

c o w  = (7) 

where Cow = surrogate river water concentration used in the screening, pCi/L 
C,, = sediment concentration, pCi/g 

1000 = unit conversion, g/kg 
100,OOO = assumed concentration ratio, L/kg. 

4.2.1.3 Near-River Soil 

Contaminants in waste sites or other sites adjacent to the Columbia River may not pose a current 
hazard to down-river users of the river, but they may pose a threat of future contamination of the river. 
The possibility also exists that such sources may be contributing as-yet undetected contamination to the 
river. One of the goals of the Columbia River Comprehensive Impact Assessment is to tie Hanford 
cleanup activities to the potential for river contamination. In this spirit, contaminated soil near the 
river is included as a possible source of contaminants. Adequate consideration of these contaminants 
must include site-specific details about how they could be transported from their current locations into 
the groundwater and hence into the Columbia River. For the purpose of screening, all contaminants 
are assumed to be environmentally mobile and potentially soluble in groundwater (contrast this 
assumption to that used for contaminants in sediment, where they are assumed to be tightly bound). 



Based on this assumption, the surrogate groundwater contamination is assumed to have the same 
concentration of contaminants as the soil. The total area of industrial activity comprises approximately 
6 percent of the Hanford Site (Dirkes et al. 1994, p. 5) .  Because it is unreasonable to assume that all 
of Hanford soil is contaminated to the maximum concentration reported, an effective area of 1 percent 
is assumed. The set of assumptions used to convert groundwater to river water concentrations is then 
also applied. The resulting equation for surrogate river water concentration resulting from soil is 

(lo00 * 1 * 100 * 0.01) 
100,000 

c o w  = csoi, * 

where Cow = surrogate river water concentration used in the screening, pCi/L 
Csoil = concentration in soil, pCi/g 
1000 = unit conversion, g/kg 

1 = assumption of soil/groundwater concentration equivalency, kg/L 
100 = groundwater discharge rate, cfs 

0.01 = fraction of total area contaminated, dimensionless 
100,000 = approximate annual average flow rate of the Columbia River at Hanford, ds. 

4.2.2 Chemicals 

Conversions from measured values to surrogate river water concentrations are also required for 
carcinogenic and hazardous chemical contaminants. The assumptions are the same as for radionu- 
clides; however, the measured units are generally in micrograms/kg, rather than pCi/g, and some 
conversions differ by factors of 1o00. 

4.2.2.1 Groundwater 

The conversion is numerically identical to that for radionuclides: 

100 
100,000 

c o w  = c, * 

where Cow = surrogate river water concentration used in the screening, pg/L 
C, = measured groundwater concentration, pg/L 
100 = groundwater discharge rate, cfs 

100,OOO = approximate annual average flow rate of the Columbia River at Hanford, cfs. 

4.2.2.2 River Sediment 

The conversion is similar to that for radionuclides with the g/kg conversion removed: 

- CS, 
c o w  - 100.000 
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where Cow = surrogate river water concentration used in the screening, pg/L 
C,, = sediment concentration, pglkg 

100,000 = assumed concentration ratio, L/kg. 

4.2.2.3 Near-River Soil 

The conversion is similar to that for radionuclides with the g/kg conversion removed: 

(1 * 100 * 0.01) 
100,000 

c Ow = csoi* * 

where Cow = surrogate river water concentration used in the screening, pg/L 

1 = assumption of soil/groundwater concentration equivalency, kg/L 
Csoil = concentration in soil, pCi/g 

100 = groundwater discharge rate, cfs 
0.01 = fraction of total area contaminated, dimensionless 

100,000 = approximate annual average flow rate of the Columbia River at Hanford, cfs. 

4.3 Screening Results 

Application'of the equations and assumptions defined above results in a series of complementary, 
but not necessarily intercomparable, screening values for each contaminant. The varying numbers of 
assumptions and associated varying degrees of conservatism require that each of the screenings be 
evaluated separately. The results of the combined screenings, however, then define the overall list of 
contaminants of interest. The complete list of radionuclides and chemicals entered into the project 
database is presented in Appendix A. The parameters used in the calculation are presented in 
Appendix B. The complete numerical results are presented in Appendix C. The overall results and 
interpretation of the screening are given here. 

During the screening process, a few radionuclides and chemicals were identified as of potential 
interest, but not carried forward. Some items were measurements determined to be within the naturally 
occurring background levels of these materials. These materials included the radionuclides beryllium-7 
and potassium40 and the chemicals barium, bismuth, boron, chlorine, fluorine, lithium, silicon, silver, 
sulfide, titanium, vanadium, and zirconium. In addition, several materials were identified by the 
screening process that the EPA (EPA 1991; EPA 1989) considers nonhazardous under environmental 
conditions. These materials removed from further consideration included aluminum, calcium, iron, 
magnesium, potassium, and sodium. 

4.3.1 River Water Sample Screening 

Of the thousands of available environmental samples, relatively few show positive identification of 
contaminants directly in the waters of the Columbia River. A screening level was used to account for 
over 1) 95 percent of the carcinogenic risk for each result, above a cutoff of 
carcinogenic hazard ranking of greater than 0.1, The individual screenings and the contaminants 
identified via each are listed in Table 4.1. 

or 2) a non- 
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Table 4.1. Contaminants of Potential Interest Identified via Screening 
of Columbia River Sainples 

Radionuclide 
Screening 

Cesium- 134 

Cesium- 137 

Cobalt-60 

Carcinogenic 
Chemical 
Screening 

Arsenic 

Hazard Index 
Screening 

Arsenic 

Copper(a) 

Manganese 

Nickel(a) 

Nitrate 

Toluene(b) 

Xylene(b) 

Zinc 

Ambient Water 
Quality Criteria 

Screening 

Copper(a) 

Zinc 

(a) 
[b) 

See discussion in Section 4.4 on samples near limit of detection. 
See discussion in Section 4.4 on suspect samples. 

Aquatic 
Toxicant 
Screening 

Arsenic 

Copper(a) 

Nickel(" 

Nitrate 

Xylene(b) 

Zinc 

The two isotopes of radiocesium, cesium-134 and cesium-137, are present in worldwide fallout. It 
is likely that these two contaminants are largely derived from non-Hanford sources. The Hanford 
Environmental Dose Reconstruction Project did not identify these two radionuclides as resulting from 
significant Hanford releases (Napier 1993). 

Several contaminants are highlighted in Table 4.1 with footnotes. These indicate a potential 
problem with the screening result on the basis of source information. These difficulties are described 
in Section 4.4. 

4.3.2 Groundwater Sample Screening 

A very large fraction of available Hanford-related environmental samples are of groundwater. 
Only those taken within about a kilometer of the river were used in compiling the database used for the 
screening. Even so, many positive samples were noted. Most of the samples were derived from 
investigations of the Hanford operating areas (100, 300), but many were from wells located near the 
river but far from the reactor, fuel fabrication, and research sites. Contaminants identified for 
investigation include several metals. The individual screenings and the contaminants identified via each 
are listed in Table 4.2. 

4.3.3 River Sediment Sample Screening 

Because the Hanford Reach is a relatively fast-flowing portion of the river, there is actually little 
accumulation of sediment at Hanford. Accordingly, sediment samples represent a very small portion of 
the historical Hanford data. This is a clear area for future sampling work. Nevertheless, the sediment 
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samples did provide sufficient information to apply the screening technique. The individual screenings 
and the contaminants identified via each are listed in Table 4.3. Like the river water screening, this 
process identified two isotopes of cesium, both of which are most likely associated with global fallout. 

Table 4.2. Contaminants of Potential Interest Identified via Screening 
of Groundwater Near the Columbia River 

Radionuclide 
Screening 

Cobalt-60 

S trontium-90 

Carcinogenic 
Chemical 
Screening 

Chromium 

Table 4.3. 

Radionuclide 
Screening 

Cesium- 134 

Cesium-137 

Cobalt-60 

Europium- 1 52 

Hazard Index 
Screening 

Antimony 

Copper 

Mercury 

Nitrate/Nitrite 

Phosphate 

Ambient Water 
Quality Criteria 

Screening 

chromium 

Mercury 

Aquatic 
Toxicant 

Screening 

Chromium 

Copper 

Nitrate/Nitrite 

Zinc 

Contaminants of Potential Interest Identified via Screening 
of Columbia River Sediment Samples 

Carcinogenic 
Chemical Hazard Index 
Screening Screening 

Chromium Arsenic 

Copper 

Lead 

Zinc 

4.3.4 Near-River Soil Sample Screening 

Screening Screening 

Lead 

Contaminants measured in soil near the Columbia River are generally not an immediate hazard 
because they are currently in the soil and not subject to mass transport to the river, and subsequent 
human and biotic exposure. However, their existence is the primary reason for continuing cleanup of 
the Hanford operating areas, and it is useful to have a screening prioritization. It is also useful to 
direct future sampling efforts to determine if any of the contaminants most likely to cause problems are 
beginning to reach the river. Because of the nature of the contamination (generally solids in or associ- 
ated with soil) and the nature of the activities carried out at Hanford over its history, these contamin- 
ants differ somewhat from those actually found in more mobile media (river water, groundwater, and 
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sediment). Even so, it is informative to note the similarities in the list generated via the soil screening 
with those lists generated for the other media. The individual screenings and the contaminants identi- 
fied via each are listed in Table 4.4. 

Table 4.4. Contaminants of Potential Interest Identified via Screening 
of Soil Near the Columbia River 

Radionuclide 
Screening 

Cesium-137 

Cobalt-60 

Europium-152 

Europium- 154 

Carcinogenic 
Chemical 
Screening 

4rochlor 1248 
:PCB) 

Benzo( a)pyrene(a) 

ZhrOmiUm 

[ndeno( 1,2,3-CD) 
?yrene(a) 

[a) See discussion in Section 4.4. 

Hazard Index 
Screening 

Arsenic 

Chlordane 

Copper 

Lead 

Mercury 

Nitrate 

Silver 
Chloride 

Zinc 

Diesel Fuel 

Ambient Water 
Quality Criteria 

Screening 

Arochlor 1248 
(PCB) 
Chlordane 

Chromium 

Copper 

Lead 

Mercury 

Aquatic 
Toxicant 

Screening 

3hlordane 

Mercury 

Zinc 

Xesel Fuel 

4.4 Use of Suspect Measurements 

The majority of the measurements taken over the past 15 years were collected in accordance with 
modem quality assurance procedures (Dirkes et al. 1994). The'data from the references used in this 
report are traceable and of high quality. All data recorded in the referenced studies were used in the 
development of the screening approach reported here. 

During the evaluation of tens of thousands of media samples for hundreds of analytes over a period 
of many years, it is statistically expected that an occasional analysis will result in incorrect identifica- 
tion of an analyte or its quantity. The quality assurance procedures in place on the major Hanford Site 
databases generally serve to identify these abnormal values. For scientific completeness, the reported 
values are generally included in the databases with an indicator that they are potentially spurious. In 
the course of the evaluations for this report, six potential constituents of concern with single, question- 
able, measured results were encountered with the potential to influence the selection criteria, two in 
soil and four in Columbia River water. 
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Two of the chemicals labeled with a footnote in Table 4.1 are toluene and xylene. These two 
chemicals were identified as coming from a single sample which may have been contaminated during 
sampling or analysis because these and other chemicals identified in that one sample are common 
laboratory and industrial solvents (Dirkes et al. 1993, p. 4.1). Since the suspect sample was paired 
with another suspect sample from upstream of Hanford, which also indicated high concentrations of 
organic contaminants, it is unlikely that these compounds are elevated in river water as a result of 
releases from Hanford. 

Two other chemicals labeled with a footnote in Table 4.1 are copper and nickel. These two 
chemicals and several more identified in Table C. 1 (see SW-LD notations) were very near the lower 
limits of detection in a series of samples at the Richland pumphouse (Dirkes et al. 1993). This 
reference compared concentrations of 20 volatile organic chemicals, 19 metals, and 7 anions upstream 
from Hanford (Vernita Bridge) and downstream (Richland). No volatile organic chemicals were 
routinely detected at either location. The concentrations of most metals were also very low. However, 
copper and nickel were each reported one time (out of nine sampling periods) as being slightly above 
the limit of detection. The limit of detection for copper for this study was 20 microgramdliter. The 
single reported positive sample was 22 microgramsAiter. The limit of detection for nickel was 
30 micrograms/liter. The single reported positive sample was 31 microgramdliter. These values 
probably do not represent the actual level of river contamination. 

Two chemicals labeled with a footnote in Table 4.4 are benzo(a)pyrene and indeno(l,2,3-CD) 
pyrene. Both of these chemicals appear only once in the database of samples, and both are analytes 
from the same physical sample. This one sample is noted in the historical record as being "suspect" 
because the analysis results for all contaminants evaluated were very high and not repeated in other 
nearby samples. It is likely that these two chemicals do not need to be on the master list for further 
evaluation. 
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5.0 Discrete Radioactive Particles 

The presence of small, discrete particles of radioactive material was discovered by !Ma during a 
shoreline survey in 1978-1979 (Sula 1980). In the 1978-1979 survey, Sula reported finding 188 dis- 
crete particles of contaminated material. The majority of the discrete particles were found buried in 
rocky, flat areas with little or no vegetation. Sula recovered 14 particles for special study. Laboratory 
analysis identified the gamma radiations emitted from the particles to be entirely due to cobalt-60, with 
activities ranging from 1.7 to 24 microcuries. Sula (1980, p. 36) describes the particles as 

When isolated, the particles were barely visible to the naked eye, appearing as small, 
dark colored chips or flakes of roughly equal size. Microscopic examination of three 
particles showed them to be metallic appearing flakes with diameters of approximately 
0.1 mm. The particles were found to vary in elemental composition, but all contained 
significant proportions of chromium, iron, and cobalt characteristic of the alloy stellite, 
used in valve and pump components in all of the production reactors. 

Sula declined to predict how many particles exist in the Columbia River but did note that "the 
number of particles found per square meter of ground surveyed decreases as one travels downstream 
from the reactor areas" (Sula 1980, p. 36). 

The next attempt to measure these particles came in 1993 (Cooper and Woodruff 1993). Although 
the area surveyed was somewhat less than that surveyed by Sula, the 1993 survey also found 
11 particles: 10 on one island near the reactors and one further downstream. Two particles were 
recovered for further analysis. The activities of these two particles were 1.7 and 16 microcuries of 
cobalt-60. 

Most recently, cleanup efforts have been initiated on the island closest to and downstream of the 
100-D Area, the island noted in both the Sula and Cooper and Woodruff surveys as having the highest 
concentration of particles. To date, 103 particles have been recovered, with activities ranging from 
0.13 to 22 microcuries of cobalt-60, and minor amounts of other Hanford radionuclides (Wade and 
Wendling 1994). 

Cooper and Woodruff (1993) included an evaluation of the potential for radiation dose from inhala- 
tion or ingestion of a discrete particle and from external exposure. It is concluded that, although the 
possibility of inhalation is remote, the dose-limiting exposure pathway is the inhalation of a particle at 
the upper end of the range of activity that would remain lodged in the nasal passages for up to 
48 hours, resulting in a dose about 10 times the limit for occupational exposure (NCRP 1989). 
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6.0 Direct Irradiation from Hanford Facilities 

For the last several years, the highest direct radiation exposure rates from Hanford operations 
observed at locations where the public currently has access have been on the Columbia River along the 
shoreline at the 100-N Area (e.g., Dirkes et al. 1994). Thermoluminescent dosimeter measurements 
have been reported annually in the Hanford Site annual environmental reports for this location since 
1990. The source of the elevated exposure rates is radiation from facilities located above the river in 
the 100-N Area. The shoreline is not currently accessible to the public, but the adjacent river is open 
to the public for recreational uses. 

Elevated dose rates at the shoreline are reported in Dirkes et al. (1994, pp. 76, 168). The highest 
values were measured adjacent to the N Reactor itself and also near the 1301-N Liquid Waste Disposal 
Facility. The highest readings along the shoreline in 1994 ranged up to about 100 microroentgen/hour 
in an area where background exposure rates are in the range of 7-10 microroentgenhour. Dirkes et al. 
(1994, p. 75) qualify this number to be a probable overestimate. The dose rates have fallen signifi- 
cantly since the closure of the N Reactor in 1988. Dose rates are also elevated near the 100-K Area 
because of radiologically contaminated materials such as internally contaminated ion-exchange modules 
used in maintaining water quality in the nearby 105-KE fuel storage lbasin. A third area of elevated 
exposure rates is adjacent to the 300 Area. 

In 1993, measurements were also made by boat on the Columbia River adjacent to the N Reactor 
facilities, about 75 meters (250 feet) from the Hanford shoreline (Cooper and Woodruff 1993, 
p. 4.12-4.13). At this distance, the exposure rates along a 1500-meter (%00-fOOt) track parallel to the 
facility ranged from essentially background levels (5 microroentgedhour) to about 20 microroentgen/ 
hour. Exposure rates on the north shore of the river, across from N Reactor, were all essentially 
background. 

In 1988, EG&G performed an aerial survey of direct exposure rates on the Hanford Site, including 
the Columbia River ahd adjacent facilities (EG&G 1990). A low-level, generalized increase in expo- 
sure rates is indicated for the shorelines of most of the river. The individual facilities are distinctly 
noticeable. The 100-N Area evidences the highest exposure rates of river locations. 
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7.0 Potential Future Groundwater Sources 

Certain contaminants now in soil or groundwater distant from the Columbia River at Hanford may 
some time in the future pose a source of contamination to the river. Some distant contaminants are 
essentially certain to reach the river, and others are, at this time, only potential, in part because 
planned remedial actions will either immobilize or remove them. The contaminants that are already in 
groundwater are quite likely to reach the Columbia River in the future. Those contaminants contained 
in Hanford tank farms or burial grounds may not pose a future hazard. For the Columbia River 
Comprehensive Impact Assessment, only those currently in the groundwater as defined in Section 7.1 
are considered. Brief reference is given in Section 7.2 to documentation of the other categories of 
materials. 

7.1 Existing Groundwater Plumes 

More than 105 plumes, containing 20 contaminants, are readily observable in groundwater beneath 
the Hanford Site (Ford 1993; DOE 1994b). A summary of the nature of the existing groundwater 
con taminant plumes, their general locations, and maximum measured concentrations is given in 
Table 3.3. Maps of these plumes are provided in Ford (1993), DOE (1994b), and Dirkes et al. (1994). 
(Note that each of the authors of these reports draws the outlines of the plumes somewhat differently, 
depending on the purpose of the reports.) An example of one of the most widely dispersed contamin- 
ants, nitrate, is shown in Figure 7.1 (Dirkes et al. 1994). 

. 

Because those existing contaminant plumes addressed in this section of the report are not in direct 
contact with the Columbia River, they do not yet constitute a source of contaminants in the river. The 
window for future concern varies depending both on the location of the plumes and the material in 
them. Groundwater travel times from the current location to discharge in the river vary by location. 
Travel times in the 100 Areas generally are less than 1 year. Travel times for groundwater carrying 
the plumes in the 200 East Area are generally in the range of 20 to 200 years. Travel times for the 
con taminants in the 600 Area evolving from the Central Landfill Site (see Figure 7.1) are probably 
about 10 years. Travel times for plumes in the 200-West Area may be as long as 80 to 300 years 
(Freshley and Graham 1988). All of these estimated times depend on future groundwater conditions 
and influences such ak quantity of water discharged from Hanford operating facilities. 

Most of the contaminants listed in Table 3.1 are relatively mobile in groundwater. However, 
cobalt-60, strontium-90, and cesium-137 have significant chemical interactions with the soil and move 
much more slowly than the groundwater. (They exist in the groundwater in the 200 Areas because 
they were essentially injected there directly during waste disposal rather than arriving via percolation 
from a surface source.) The chemical interactions add to the delay that these materials will experience, 
particularly those in the distant 200 Areas, before the plumes begin to discharge to the Columbia River. 
Because the half-lives of cobalt-60 (5.3 years), strontium-90 (28.8 years), and cesium-137 (30.2 years) 
are relatively short compared to the travel time from the 200 Areas to the Columbia River, they will 
decay before ever reaching the river. The strontium-90 in the 100 Areas will likely reach the river or 
continue to enter the river as is the case at the 100-N Area. 
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Figure 7.1. Nitrate Plume 

7.2 



Application of the equations and assumptions defined in Section 4.2 to the groundwater plumes 
results in a series of complementary, but not necessarily intercomparable, screening values for each 
contaminant. The varying numbers of assumptions and associated varying degrees of conservatism 
require that each of the screenings be evaluated separately. The combined results of the screenings, 
however, then define the overall list of contaminants of interest. The complete list of radionuclides and 
chemicals of concern entered into the project database is presented in Table 3.3. The parameters used 
in the calculations are presented in Appendix B. The complete numeirical results are presented in 
Appendix C. 

The overall screening results for existing groundwater plumes away from the river are given in 
Table 7.1. 

Table 7.1. Contaminants of Potential Interest Identified via Screening of 
Groundwater Away from the Columbia River 

Radionuclide 
Screening 

Carcinogenic 
Chemical 
Screening 

chromium 
(100 Areas) 
chromium 
(200-West 
Area) 
Chromium 
(200-East Area) 

- 

Hazard Index 
Screening 

Nitrate 
(100 Areas) 
Nitrate 
(200-West Area) 

Nitrate (200-Easl 
Area) 
Carbon 
Tetrachloride 
(200-West Area) 

Ambient Water 
Quality Criteria 

Screening 
- 

Aquatic 
Toxicant 
Screening 

Chromium 
(100 Areas) 
Nitrate 
(100 Areas) 

Fluoride 
(200-West Area) 
Nitrate 
(200-West Area) 

Nitrate (200-East 
Area) 

7.2 Potential Future Groundwater Sources 

A very large number of radionuclides and chemicals are contained in Hanford facilities, waste 
management sites, or other contaminated areas. Remedial actions are planned or under way by the 
DOE under the provisions of the Hul.Iford Federal FaciZity Agreement and Consent Order (Tri-Party 
Agreement) (Ecology et al. 1994) to bring the Hanford Site into compliance with the applicable 
requirements of CERCLA, RCRA, and the Washington State Hazardous Waste Management Act. The 
DOE program responsible for conducting remedial actions at the Hanford Site is referred to as the 
Richland Environmental Restoration Project. The scope of the Richland Environmental Restoration 
Project (DOE 1994h) encompasses the following groups of actions: 

radiation area remedial actionshnderground storage tanks (UST) 
0 RCRA closures 
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single-shell tank (SST) closures 
past-practice site operable unit (source and groundwater) remedial actions 
surplus facilities decontamination and decommissioning 
storage and disposal facilities. 

Radiation area remedial actions address the management and control of inactive waste sites to 
minimize the spread of surface soil contamination. The UST program addresses the management of 
state-regulated, nonradioactive USTs in accordance with Washington State regulations. RCRA closures 
address actions at certain waste management units classified under RCRA as treatment, storage, and 
disposal units (TSD). (At Hanford there are over 50 groups of TSD units.) Units subject to regulation 
as TSDs must either receive a RCRA operating permit or be closed in accordance with the RCRA 
closure process. 

Single-shell tank closures address the development and implementation of final disposal of the 
149 SSTs at Hanford. The Tank W t e  Remediation System (TW?S) Environmental Impact Statement 
(EIS) is addressing the management, treatment, storage, and disposal of waste in the SSTs. The Notice 
of Intent for the TWRS-EIS was published in the Fedehl Register on January 28, 1994 (59 FR 4052). - 

Past-practice operable unit remedial actions address the investigation and remediation of units 
where waste or other substances have been disposed (intentionally or unintentionally) and are not 
subject to regulation as TSDs. Over 1000 past-practice units have been identified at the Hanford Site 
(Ecology et al. 1994). 

The Surplus Facilities Decontamination and Decommissioning Program addresses the safe manage- 
ment and final disposition of facilities, such as surplus production reactors and chemical processing 
buildings, that have been retired and declared surplus. Decontamination and decommissioning of the 
reactors along the Columbia River are addressed in the Decommissioning of Eight Surplus Production 
Reactors at the Hanford Site, Richland, Whington (Final Environmental Impact Statement) (DOE 
1992~). Storage and disposal facilities address the planning, construction, and operation of facilities 
required for the success of the Richland Environmental Restoration Project (DOE 1994h). These facili- 
ties are being addressed individually through CERCLA , RCRA, and NEPA requirements. 

Descriptions of the various potential impacts and releases to the Columbia River from the Richland 
Environmental Restoration Project (DOE 1994h) are provided in the Hanford Remedial Action Environ- 
mental Zmpact Statement (DOE 19948). In addition to the Richland Environmental Restoration Project 
efforts (DOE 1994h), additional documentation on high-level waste and transuranic waste facilities is 
covered in the Final Em'ronmental Impact Statement, Disposal of Hanford Dqeme High-Level, 
Tmnsumnic, and Tank W t e s ,  Hanford Site, Richland, Whington (DOE 1987). 

The future of the many existing waste sites is undergoing review. Very few will remain in their 
current condition. It is nearly impossible to predict the future impact of these sites until additional 
planning and activities occur. The reader is directed to the various references for further information 
on the potential contaminants and their potential future impact on the Columbia River. 
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8.0 Materials of Additional Public Interest 

As information has been released describing past operations and current conditions, public interest 
in the Hanford Site has increased. Some of the first questions raised during the public review of the 
Columbia River Impact Evaluation Plan (DOE 1993e) were about radiological contamination upriver 
from the Hanford Site. Questions were asked about the inclusion of chromium, nitrate, and sulfate 
ions, and the radionuclides cobalt-60 (dispersed as well as discrete particles), rubidium-86, 
molybdenum-96, ruthenium-106, cesium-137, europium-154, uranium and its decay progeny (specif- 
ically radium-226), and plutonium (from fuel failures as well as from decay of neptunium-239). - 

The majority of these topics have been addressed in this report. Hackground radiation is attribut- 
able to fallout from nuclear weapons testing or naturally occurring radionuclides: potassium-40, 
radium, tritium (hydrogen-3), thorium, and uranium. In fact, at background levels, it is possible to 
calculate that nearly 90,000 kilograms (100 tons) of uranium from natural sources alone pass the 
Hanford Site in the Columbia River every year. The isotope rubidiunx-86 has an 18-day half-life, and 
any released from historical Hanford operations would have long ago decayed. Molybdenum-96 is a 
stable isotope and, therefore, is not radioactive. The half-life of ruthenium-106 (367-day half-life) is 
similarly short. The half-lives of uranium isotopes are all in excess off 100,000 years (uranium-238, 
the progenitor of radium-226, has a half-life of 4.5 billion years), and no appreciable decay or progeny 
accumulation is expected to have occurred. During Hanford operations, about 6.3 million curies of 
neptunium-239 were released to the Columbia River (Heeb 1994, p. vii). All of that has now decayed 
into plutonium-239. Because each atom of neptunium becomes one atom of plutonium following the 
decay, there are no more atoms of plutonium in the river than there were neptunium atoms released. 
By ratio of the decay constants, that is shown to be no more than 1.7 curies of plutonium-239. 
Extremely low levels of plutonium have been measured in the sediment behind McNary Dam, enriched 
by about 30 percent in plutonium-239 over what would be expected from background radiation derived 
from global fallout. 

Public meetings were held in December 1993 and summer 1994 regarding the CRCIA efforts. At 
these meetings, questions were asked about tritium (hydrogen-3), iodine-129, and uranium. Each of 
these contaminants has been addressed in this report. 

A report produced by a public interest group provides details on Hanford contamination by arsenic, 
carbon tetrachloride, chloroform, chromium, cyanide, iodine- 129, nitrate, plutonium, strontium-90, 
technetium-99, trichloroethylene, tritium (hydrogen-3), and uranium (Columbia River United circa 
1994). All of these contaminants have been addressed by the CRCIA Project and the results presented 
in this report (see Appendix A). 

Iodine-129, plutonium, technetium-99, tritium (hydrogen-3), uranium, and volatile organic com- 
pounds (e.g., chloroform and trichloroethylene) are routinely analyzedl in Columbia River water 
samples by the Surface Environmental Surveillance Project (SESP) and the concentrations and resulting 
exposures reported annually (e.g., Dirkes et al. 1994). Currently, radiation doses to maximally 
exposed off-site individuals via the river pathway are estimated to be 0.01 mredyear (Dirkes et al. 
1994, p. 220), corresponding to a maximum individual risk of approximately per year (a probabil- 
ity of an additional fatal cancer of 1 in 100,000,000). The concentrations of volatile organics are near 
or below detection levels. 
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Of the contaminants of potential concern raised by the public, some are of concern, but several 
would have been eliminated by the screening process because they are shown to be of minimal potential 
hazard. However, those of continued public interest will continue to be evaluated in the CRCIA 
Project. 

These contaminants of probable continued public interest are 

chloroform 
cyanide 
iodine-129 

technetium-99 
trichloroethylene 
tritium (hydrogen-3) 
uranium. 

plutonium-239/240 
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9.0 Conclusions 

More than 600 different radionuclides or chemicals have been sought in Hanford-related environ- 
mental samples. A large number of potential contaminants have never been detected in the Hanford/ 
Columbia River environments. For the roughly 100 compounds that have been detected at some level, 
screening on the basis of potential impact on human health or the health of Columbia River ecosystems 
has been performed. Several different types of screenings were employed. The results were consistent 
in that the same compounds were identified numerous times by the various screenings. Application of 
the screenings for contaminants within 150 meters (500 feet) of the Columbia River yields a list of 
20 contaminants of concern, plus direct irradiation. These contaminants are given in the first column 
of Table 9.1. 

Existing Hanford groundwater contamination farther than 150 meters (500 feet) away from the 
Columbia River has also been addressed. The contaminants identified by the screening process (second 
column of Table 9.1) are not yet entering the Columbia River but have the potential to do so within 10 
to 200 years (Freshley and Graham 1988). Two contaminants (chromium and nitrate) are common 
with those identified as being already in or near the river, and two (carbon tetrachloride and fluoride) 
are unique. Continued evaluation of the contaminants of concern (first column of Table 9.1) should 
cover most of the potential risk from the distant plumes. 

Although the screenings did not indicate a potential risk, several potential or existing contaminants 
are of high interest to the public (third column in Table 9.1). Essentially all of these are the object of 
ongoing evaluation by SESP conducted by PNL at Hanford. The CRCIA Project should remain 
current on SESP activities and include SESP results in all project reports. 

Each of the identified contaminants can be considered to have resulted from the past plutonium- 
production operations at Hanford. The radionuclides on the list generally represent those identified 
with river water or Hanford Reach sediment. The radionuclides resulted from activation of materials 
in the old production reactors. Although it is likely that the cesium isotopes are related to global 
fallout (Dirkes et al. 1994). Most of the metals identified in Hanford groundwater or sediment can be 
related to various Hanford operations in the 100 Areas. The PCB, Arochlor 1248, is used in 
equipment and the insecticide, Chlordane, has been used in Hanford hcilities, but both are still 
essentially associated with soil near the river. The nitrate groundwater plumes result from past 
Hanford operations in the 100 and 200 Areas. 

’ 

The reduction from more than 600 potential chemicals of concern to the final list of 20, plus direct 
irradiation, was based on several complementary screening techniques and illustrates that future 
sampling and environmental analyses are both possible and tractable for the CRCIA Project. 
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Table 9.1. List of Identified Contaminants of Concern(a) 

In Columbia River, Ground- 
water,(b) Sediment, and Soil 

Antimony 

Arochlor 1248 (PCB) 

Arsenic 

Cesium- 134 

Cesium- 137 

Chlordane 

Chromium(d) 

Cobalt-60/particles 

Copper 

Diesel Fuel 

Europium- 152 

Europium-154 

Lead 

Manganese 

Mercury 

Nitrate/nitridd) 

Phosphate 

Silver Chloride 

S t rontium-90 

Zinc 

Groundwater Plumes Away 
from the Columbia River(@ 

Carbon Tetrachloride 

Fluoride 

Continued Public 
Interest 

Chloroform 

Cyanide 

Iodine- 129 

Plutonium-239/240 

Technetium-99 

Trichloroethylene 

Tritium (Hydrogen-3) 

UraniUm 

(a) Direct irradiation is also identified as being of concern. 
(b) Hanfonl groundwater within 150 meters (500 feet) of the Columbia River. 
(c) Hanford groundwater farther than 150 meters (500 feet) from the Columbia River. 
(d) These contaminants are also of concern in groundwater plum& away from the Columbia River but are not repeated in that 

list to avoid duplication. 
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10.0 Perspective 

The identification of the radionuclides and chemicals of concern to the CRCIA Project should not 
imply that each or all of these compounds is necessarily a contamination or exposure problem for those 
who live downstream or the ecosystem of the Columbia River. The screening and selection process 
described in this report is a conservative (cautious) process designed to focus the resources of the 
project on those contaminants with potential risk. 

Recent sampling has been performed in sediment of the Snake and Columbia Rivers as part of the 
studies underway concerning reservoir drawdowns for enhancement of salmon stocks. A study by 
Pima et al. (1992) included grain size, total organic carbon, total volatile solids, ammonia, phospho- 
rus, sulfides, oil and grease, total petroleum hydrocarbons, metals, polynuclear aromatic hydrocarbons, 
pesticides, PCBs, and 21 types of polychlorinated dibenzodioxins and dibenzofurans. Samples were 
taken from the Columbia River at the Port of Kennewick, the Boise Cascade facility below the conflu- 
ence of the Snake and Columbia Rivers, and at Wallula Gap, as well as from 24 stations on the Snake 
River. 

The study by Pinza et al. (1992) found most measured concentrations of all contaminants to be 
quite low in Columbia River sediment downstream of Hanford. The concentrations in this CRCIA 
Project report show most metals in Columbia River sediment to be within the ranges found by Pima 
et al. (1992) in Snake River sediment. The few exceptions never differed from the extremes of the 
range found in the Snake River by more than a factor of 2. One of the pesticides identified by the 
CRCIA Project as of potential concern, chlordane, was undetected by Pinza et al. (1992) in Columbia 
River sediment. The PCB, Arochlor 1248, identified by the CRCIA Project as of potential concern 
was also undetected by Pinza et al. (1992) in Columbia River sediment. The two polynuclear aromatic 
hydrocarbons discussed in Section 4.4 of this CRCIA report, benzo(a)pyrene and indeno( 1,2,3-cd) 
pyrene, were undetected by Pima et al. (1992) at Kennewick or Wallula Gap. The frequent inability to 
detect contaminants at the Boise Cascade facility make it impossible to make a comparison at that 
location. Petroleum products measured at Kennewick were the lowest found by Pinza et al. (1992) at 
any location. 

Contaminants in the Columbia River, groundwater, sediment, and soil may have potential for 
impacts on human or ecological health in areas immediately adjacent to the Hanford shorelines, or 
throughout the Hanford Reach. However, it is evident from the results presented by Pinza et al. (1992) 
that Columbia River concentrations are similar to those in other rivers not associated with Hanford 
releases. Whereas Pinza et al. (1992) sampled for non-radionuclides, Wells (1994) examined data for 
radionuclides and concluded that the potential risk is lower than that allowed by the federal drinking 
water standards. 
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Appendix A 

Complete List of Analytes Evaluated at Hanford 

Table A. 1 provides a complete listing of all radionuclides &d chemicals for which monitoring has 
been reported in the reviewed literature of samples from the Columbia River and groundwater in the 
Hanford Site 100, 300, and 1100 Areas within 150 meters (500 feet) of the Columbia River. For those 
contaminants which had a detected level, the highest concentration reported is listed. A total of 568 
analytes are listed. The 73 analytes for which detected levels were reported are listed in Table 3.1. 

Table A.2 provides a complete listing of all radionuclides and chemicals for which monitoring has 
been reported in the reviewed literature of samples from soil and sediment in the Hanford Site 100, 
300, and 1100 Areas. For those contaminants which had a detected level, the highest concentration 
reported is listed. A total of 560 analytes are listed. The 92 analytes for which detected levels were 
reported are listed in Table 3.2. 

Table A.3 provides a listing of the major radionuclides and chemicals for which monitoring has 
been reported in the reviewed literature of samples from groundwater in the Hanford Site 100, 200, 
and 600 Areas farther than 150 meters (500 feet) away from the Columbia River. The listing is not 
comprehensive for all analytes, as described in Section 7.0. 

The following abbreviations are used in the tables. All units are as reported in the reviewed 
literature. The column headings, such as 100-KR-4, refer to sampling locations at operable units, 
described in Section 2.0. 

aCi/L = 
CAS# = 
HEIS = 
&kg = 
pg/L = 

mg/kg = 
ND = 

pCi/kg = 
pCi/L = 

PPb = 
SD = 
sw = 

wlPu239 = 
wIU233 = 

* =  

attocuries per liter (one one-millionth of a pCli/L). 
Chemical Abstract Service number, a unique numerical identifier for chemicals. 
Hanford Environmental Information System database. 
micrograms per kilogram. 
micrograms per liter. 
milligrams per kilogram. 
not detected in sample; not all data compilers used this convention; some 
analytes show no entry where an ND is appropriate. 
picocuries per kilogram. 
picocuries per liter. 
parts per billion. 
sediment. 
surface water. 
concentration included in the value reported for plutonium-239. 
concentration included in the value reported for uranium-233. 
laboratory results marked as suspect data (see Section 4.4). 
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Table A. 1. (contd) 
GROUNDWATER COLUMBIA RIVER 

I I I 1100.N I I I I 
Background HElS 1100.KR.4 1100.HR-3 1100-BC-S [IHsnman & 11100 Area 1300-FF-1 1300-FF-S 300-FF-6 IRichland 

Name of Analyte CAS X Background la1 Relasnce IDOE 1994~1 llDOE 199411 JIDOE 199341 JIDOE 19934 IUndaey 19931 I l b w  19901 jlOOE 1990bl llDOE 1990al IDOE 1990al IPumphouse I d  
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Table A.l .  (contd) 
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Table A.2. Radionuclide and Chemical Activity/Concentrations in Soil and Sediment 

I I I I SOIL I SEDIMENT 
IBackground (100-KR-4 (100-HR-1 1100-BC-1 1100-BC-5 1100-N ibl 11100 Area 1300-FF-1 1300-FF-5 1300-FF.5 1100 Areas 

Name of Analyte ICAS Y IBackgroundia) lRsferenco IlDDE 19940 IIDDE 1993cl IIDDE 1994d) IlDDE 1993al I ' IiLaw 1990lIiDOE 1990bl [(DOE 1990al I(DDE 1990al IiWeiss 19931 
I 

1 ACENAPHTHENE 83-32-9 ND DOE 1994a 210rrglko ND 
2 ACENAPHTHYLENE 208-96-8 ND DOE 1994a ND 
3 ACETONE 67-64-1 ND DOE 1994a ND ND ND 
4 ACETOPHENONE 98-86-2 ND DOE 1990b ND 
5 ACETYLAMINOFLUORENE. 2- 63.96-3 ND DOE 1990b ND 
6 ACRYLAMIOE 79-06-1 ND DOE 1990b 
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Table A.2. (contd) 

- 
233 
234 
235 

237 
238 

236 

I I I I I I SEDIMENT 
IBackground 1100-KR-4 1100-HR-1 1100-BC-1 11OO.BC-5 (100.N lb) 11100 Area 1300-FF.l 1300-FF-5 I3OO.FF-5 I100 Areas 

]Name 01 Analyte ICAS #. IBackgroundlal lRefsrencs IIDDE 199411 IIDOE 1993cl llDOE 1994d) IIDDE 1993a) I llLaw 199OlllDOE 1990bl [(DOE 1990al llDDE 1990al IIWeIss 1993) 
I I I 

ENDOSULFAN I1 - 33213-65.9 NO DOE 1994a 
ENDOSULFAN SULFATE 1031-07.8 ND DOE 1994a 
ENDRIN 72-20-8 NO DOE 1994a 

ENDRIN KETONE 53494-705 ND DOE 1994a 
ETHYL CARBAMATE 51-79-6 ND DOE 1990b 

ENDRIN ALDEHYDE 7421-93-4 ND DOE 1994a 3.3Wkg 
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Name of Anslyts 

Table A.2. (contd) 

Background 100-KR-4 )100.HR-1 1100-BC-1 1100-BC-5 SOIL 1100-N lb1 l l l 0 0  Area 1300-FF-1 1300-FF-5 I 13OO.FF-5 SEDIMENT 1100 Areas 

CAS X Backgroundla1 Reference IDDE 199411 LIDDE 1 9 9 3 ~ 1  [IDOE 1994d1 ( IWE 19938) 1 IlLaw 199OlIlDDE 1990b1 [IDOE 199081 [(DOE 1990a) IlWslss 19931 
I I I I I I I I I 

298 [LANTHANUM 17439-91-0 I I 
3001LEAD 210 114255-04-0 I I I I I I I I I 

I I 

I I I I 
I I 1 I 

299 ILEA0 17439-92-1 112.6mglkg IDOE 1994a 17.6pglL 1540mglkg ,143 mglkg I I IND 115.6 mglkg 117.4 m g l k c 1 7 3  mglkg 

I 1 I I I ..I 

I I396 mglkg 1403.2 mglkg 1327 rng/kg 1578 mglkg 
I IND I I I I NO I 10.057 pCilg 

330 mglkg 13050 mglkg 1839 mglkg I 
I I 



Table A.2. (contd) 

I --.- 
I I I lEackgrwnd (100-KR-4 1100-HR-1 1100-BC-1 11OO.EC-5 1100-N lbl 11100 Area 1300-FF-1 1300-FF-6 130 0-FF-5 I100 Areas 
INarna of Analyte \CAS X 1Eackprwndtal (Reference IIDOE 199411 /(DOE 1993cl jlDOE 1994dl IIOOE 199381 I IlLaw 1990l~lOOE 1990bl IIOOE 1990aI IIOOE 199081 IIWeisr 19931 
I I I I I I I I I I I I I 



Table A.2. (contd) 

I I 
I lEackground 1100-KR-4 1100-HR-1 1100-EC-1 1100-BC-6 1100.N ibl  11100 Area 300.FF-1 3OO.FF-5 300-FF-6 100 Areas 

lName of Analvte 
I I I I 

ICAS I packgroundla) lReferenca llOOE 199411 IiDOE l993cl  IlOOE 199441 IiDOE 1993al I IiLaw 1990111DOE 1990bl ilOOE 1990al [IOOE 1990al m 
I I I I I SEDIMENT SOIL 

lEackground 1100-KR-4 1100-HR-1 1100-EC-1 1100-BC-6 1100.N ibl  11100 Area 300.FF-1 3OO.FF-5 300-FF-6 100 Areas 
Name of Analvte ICAS I packgroundla) lReferenca llOOE 199411 IiDOE l993cl  IlOOE 199441 IiDOE 1993al I IiLaw 1990111DOE 1990bl ilOOE 1990al [IOOE 1990al m 

I I I 

I I I I I I I I I I 
17440-23-6 1969 mp/kg /DOE 1994a 11770 molkg I 1779mglkg I 1401 mglkg I IND 1920 mglkg 451 [SODIUM 

4531SOOIUM ALUMINATE I I I I 
4521S001UM 22 17440.23-6 I I IND I I I I I I 10.13 pcllg 



Table A.2. (contd) 
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c 
\o 
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SOIL 1 SEDIMENT 
Background 100-KR-4 1100-HR-1 1100-BC-1 1100-BC.5 1100-N lb) 11100 Area 1300-FF-1 1300-FF-5 1300-FF-5 1100 Areas 

Name of Analvte CAS X Backgroundla) Reference IDOE 199411 ItDOE 1993~1 IIDOE 199461 llDOE l993al I ((Law 1990111DOE 1990bl llDOE 19BOaI [IDDE 1990al [IWelss 19931 
I I I I 



Table A.2. (contd) 

_ _  
555 
Ea 
557 
5% 
5 5 8  
560 

la) 
lb) 

___ 
__ 
. 

- 1646-85-7 
7646-85-7 
7779-00-6 
7440-67-7 45.4 mg/kg DOE 1994a 
15751-77.6 
13967-71-0 0.56 pCilQ ND ND 

_- ZINC CHLORIDE 
fiNEF0MTiTiUNOS 
ZN~NITRATE __ 

- - ZIRCONIUM 
ZIRCONIUM 93 
ZIRC0NIUM)C 

Provisional values estimated to be the background concentrations. 
Hartman and Lindsey 119931; Rowley 1993. 1 I 

______ 



Table A.3. Maximum Detected Concentrations in Groundwater in the Hanford Site 100, 
200, and 600 Areas Away from the Columbia River, 1980-1994 
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Appendix B 

Parameter Values Used in Screening Analyses 

The equations detailed in Section 4.0 require parameters for each radionuclide and chemical 
evaluated. The parameters used to screen samples from the Columbia River and groundwater within 
150 meters (500 feet) of the Columbia River are provided in Table B. I .  The parameters used to screen 
samples of soil and sediment are provided in Table B.2. The parameters used to screen samples of 
groundwater farther than 150 meters (500) feet from the Columbia River are provided in Table B.3. 

The following abbreviations are used in the tables: 

LC50 = 

R f D =  
TLM = 

lowest concentration reported to be lethal to aquatic life, as reported in EPA 
1985. 
EPA chronic oral reference dose value. 
lowest concentration below which no effects om aquatic life are observed, as 
reported in EPA 1985. 
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____ 

Name of Anslyto 

.~ 

1 ACETONE 

2 ALUMINUM 

3 AMERICIUM 241 

4 AMMONIA 

5 AMMONIUM 

6 ANTIMONY 

7 ANTIMONY 125 

8 ARSENIC 

9 BARIUM 

10 BERYLLIUM 

11 BERYLLIUM 7 

Ingestion External Cancer Flsh Notes on Water Quality 

LC50 TLM Fish C r l t e k  Maximum Concentration in Slops Factor Slope Factor RID Polsncy Factor Bioaccumdaticrn 

ILlkgI @EM @ O / U  Toxicltv @g/Ll Surface Water Groundwater (RisklpCil (RlsklpCII Imulkeldavl (ll/(mgRgldayl 

-___- 
11 PgIL 30 pg/L 0.1 0.2 4,000,000 

4.810 ug/L O.OOO4 1 0  5,000 
0.021 pCi/L 2.40E-10 4.90E-09 250 

8 

70 /IO/L 0.029 0.2 1.800 as ammonium 
1.630 ug/L 0.09 0.2 1.800 9 - 

60 #OIL 0.0004 200 

20 pCi/L 6.401-13 1.20E-06 - ~ _ _ _ _ ~ ~  200 

0.0003 1.75 . 100 1,100 190 3.4 #OIL 17 pg/L 

48.2/1g/L 719/1gR 0.07 200 400,000 

8 UO/L 0.005 4.3 19 200 
10 

Table B. l .  Parameters 

____ 50 UQ/L 12 BIS(2-ETHYLHEXYLl PHTHALATE 

13 BISMUTH 

- 14 64 pg/L 
15 CADMIUM 31 /IO/L 

. 18 CALCIUM 35.900 #g/L 302,000 ro/L 

. 17 %AEON14 23.000 pCi/L 
___ 16 CESIUM 134 0.012 pCi/L 

___ 19 95% 137 0.13 pCi/L 0.5 pCUL 

21 CHLOROFORM 42 #o/L 

22 CHROMIUM 22 #o/L 1,950 WglL 

8 NOR 23 COBALT 

24 COBALT 50 0.01 1 pCilL 140 pCi/L 

22/1g/L 518/1g/L 25 COPPER 

26 CYANIDE 21.1 /IO/L 

200 UQ/L 

26 DICHLOROETHYLENE, 1.2-trans- 130 UQIL 

29 EUROPIUM 154 2 pCi/L 

150/1o/L 2,080/1g/L 30 FLUORIDE 

7 /IdL 31 HYDRAZINE 

32 IOOiNE 129 __ 0.16 pCi/L 

33 IRON 463 pCi/L 37.300/1g/L 

670 /IQ/L 122,000 pglL 20 CHLORIDE __ ____ 

___ 

_ _  27 DICHLOROETHYLENE, 1.2- 

34 LEAD 173 #g/L 

35 LITHIUM 

36 MAGNESIUM 9.86011glL 55.000/1!~/L 

__ 37 MANGANESE 22.6pglL 400/1~/L  

___ 

- _ _ ~ _ _ _ _ ~  38 __ MERCURY 6.9 UQIL 

39 METHYL ETHYL KETONE 

40 METHYLENE CHLORIDE 

16 NgIL 

3,040 /I@. 

41 NICKEL 3lpglL 479 PQ/L 

____I_____ 

- -- .- ___ -_ 

Used to Screen Columbia River and Groundwater Near the Columbia River 

-___ 0.02 . 0.014 70  32,000 

0.09 

1.1 ____ 30,000 __ 0.0005 6.3 200 

0 9.00E-13 4600 ____ 
4.10E-11 5.201-08 ~ ~ _ _ _ _ _ _ _ _ _ _ - -  2000 

- . 2.60E-11 2.00E-06 2000 

___ 50  

~ ~ _ _ _ _ _ _ _ _ ~ ~  0.01 0.006 ' 100 100,000 

1 '  41 200 1,000 11 
0.0061 50 10,000,000 

~ ~ _ _ _ _ _ _ _ _ ~  ____. 1.6OE-11 8.60E-06 330 

12 

5.2 
- 0.0003 50  500 

.__- 
0.02 . 0.2 

0.02 1.2 20 

3.00E-12 4.10E-06 25 

0.00 10 2,300 11 

. -- ____ 0.009 2.0 6000, 

______ 
._______ 3 9.5 2,000 

-___ 1 .SOE-lO 4.10E-09 16 

1.3 2000 

0.0014 100 530 3.2 

.- 

50 50 

0.07 400 500,000 2 2 

1 0  0.01 2 0.0003--.______-. 1000 __ 
-~ 5,600,000 50 -__ 1 __ ~ 

0.06 0.0075 2.5 550.000 13 
0.02 100 380 160 
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Table B.2. Parameters Used to Screen Soil and Sediment 
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Table B.2. (contd) 

4,500pglkg 0 029 10 20 36 BENZENE 

37 BENZO(G.H,I)PERYLENE 410pglkg 4.000 1 
38 BENZOIalANTHRACENE 940 pglkg 0.84 12,000 4,000 1 

39 BENZOlalPYRENE 81 0 pg/kg 5 79 20,000 4,000 1 
40 BENZOlbIFLUORANTHENE 1 

41 BENZOIKIFLUORANTHENE 
890pglkg 0 81 20,000 4,000 

760 pglkg 0 38 20,000 4,000 1 

6 180.000 42 BENZOIC ACID 1.700pglkg 4 

8,000 pglkg 1,100 Irglkg 0.005 4 3  19 200 

1,800 pglkg 2.700 pglkg 0 0005 6 3  200 30.000 1 1  

43 BERYLLIUM 

44 BIS(2-ETHYLHEXYL) PHTHALATE 

45 CADMIUM 

46 CALCIUM 40.800.000 pglkg 4.460.000 pglkg 

47 CHLORDANE 

68,000 pglkg 0 02 0 014 70 32,000 -____ 
- 

4.500 pglkg 0.00006 1 3  322 8 0 0043 

~~~ 50 48 CHLORIDE 1,100 pglkg 0 0 1 1  
49 CHLORINE (a) 

259.000 pglkg 12.200 pglkg 1 41 200 1.000 11 50 CHROMIUM 

51 CHRYSENE 1 920 pglkg 0 0256 20.000 4.000 
52 COBALT 34.100pglkg 11.500pglkg 0 0081 60 10.000.000 

40,000,000 uglkg 40,000 pglkg 0 0003 50 600 12 
54 CYANIDE 1,060 pglkg 0 02 0 5 2  

53 COPPER 

55 DIBENZOFURAN 130 Irglkg 

2,800.000 pglkg 0 36 300 1 .ooo 56 DIESEL FUEL 

57 ENDRIN ALDEHYDE 3 3 Irglkg 0 0003 

68 ETHYL BENZENE 

59 FLUORANTHENE 1.80011olko 0 0 4  3,000 4,000 1 
60 FLUORENE 

61 FLUORIDE 4.700 pglkg 0 04 10 2,300 3 
62 FLUORINE (a) 

63 INDENO(1.2.3 CDlPYRENE 520 pglkg 1 3 4  40,000 4.000 1 

1.480 01 1 2 1  
32.000 Irglkg 0.1 100 30 

190 polkg 0.04 713 4,000 1 

64 IRON 33,500,000 pglkg 71,000.000 pglkg 1.3 2.000 

_ _ _ _ ~ _ _ _ _ ~  0 7  300 200 _ _ ~  
65 KEROSENE 3,085,000 pglkg 

66 LEA0 

67 LITHIUM (a) 

68 MAGNESIUM 11,600,000 pglkg 7,600.000 pglkg 

69 MANGANESE 839.000 pglkg 578.000 pglkg 500.000 

640,000 pglkg 73.000 pglkg 0 0014 100 530 3 2  

0 0003 1,000 10 0 012 70 MERCURY 4,300 pglkg 



Table B.2. (contd) 

88 

89 

90 

91 

92 

__--_____ Ingestion External 

... __._ Maximum Concentratlon In Slope Factor Slope Factor - 

Sediment IRisklpCi) (RlrklpCi) Name of Analyte soil 
I 

TOTAL PETROLEUM HYDROCARBoN 1.26E +08 

VANADIUM 389,000 lrglkg 82,200 pglkg 

XYLENE 1,800,000 pglkg 

ZiNC 309,000 pglkg 397.000 pglkg 

ZIRCONIUM (a1 

__ 71 METHYL-2-PENTANONE, 4- I 22.000pglkgl 1 I 
72 METHYLENE CHLORIDE 120 pglkg 

0.2 

0.3 

83 STRONTIUM 67,MX)pglkg 

- 84 STRONTIUM CHLORIDE 1 w l k g  
_____ 

85 SULFATE ISULFURI 131.000un/kn 

66,000 

150 4,000 

2,600 430 11( 

86 TITANIUM tal 
__._ 

87 TOLUENE I 350.000 "o,kol 

1 

2 

3 

4 

5 

6 

7 

Notes on Flrh Tnxiclty 

assume naphthalene 

assume endrine 

assume fluorine 

assume chloromethane 

assume ferric nitrate 

assume strontium chloride 

assume aluminum hydroxide 

la1 Concentrations of these chemclals fall within 

their respec1iveIy occurring background levels. 
I 

0.04 1,000 4,000 

80.000 
I l l  

- 

0.031 2,8001 4,000 I 1 

0.005 170 2,600 

_._ 4 

___ 0.005 2 

- 4,720.000 

50 200.000 6 0.6 

0.6 50 200,000 

71 750 80.000 

I I I I I 
0.2 20 60,000 

I I I 



Table B.3. Parameters Used to Screen Groundwater Away from the Columbia River 

I I 1 I -. .. I 1 Ingestion I External I ! 1 
____ Slope Slope Cancer . Fish Water Quality 

Number Maximum Factor Factor RfD Potency Factor Bioaccumuletion LC50 TLM Criteria 
of Plumes Concentration ILRg) (CIgILl (IrglL) w g l u  Reference IRisklpCi) IRisklpCi) Imglkgldayl (mglkglday) 

w 
4 

- - ~- 
~ _ I  ' 

=Area (Solid Waste Laidfill Site1 

___ - Chloroform 1 0.5 ppb DOE 1994b 0 -  0 100 100,000 
Oichloroethane, 1, 1- 1 7 ppb DOE 1994b 0 7 220,000 
Tetrachloroethena 1 12 ppb DOE 1994b 0 0 

Trichloroethene 1 7 ppb DOE 1994b 0 

100 13,000 
Trichloroethane, 1, 1, 1- 1 50 ppb DOE 1994b 0- 0 39 50,000 

52 55,000 
- 
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Complete Numerical Results 



Appendix C 

Complete Numerical Results 

This appendix provides the numerical results of applying the Screening equations in Section 4.0 to 
the detected analytes described in Sections 3.0 and 7.0. Table C. 1 presents the numerical results of 
screening samples at the Columbia River and groundwater within 150 meters (500 feet) of the 
Columbia River. Table C.2 presents the numerical results of screening soil and sediment samples. 
Table C.3 presents the numerical results of screening samples from groundwater farther than 
150 meters (500 feet) from the Columbia River. Application of the equations and assumptions defined 
in Section 4 .O results in a series of complementary, but not necessarily intercomparible, screening 
values for each contaminant. The varying numbers of assumptions and associated varying degrees of 
conservatism require that each of the screenings be evaluated separateliy. The results of the combined 
screenings, however, then define the overall list of contaminants of concern. 

Each table includes a "notes" column. The notes consist of abbreviated designations. The 
following are the full descriptions of each designation as well as explanations of the column headings. 

Bkg 

EPA-10 

I 

Inadequate? 

LC50/100 

LD 
M 

ND 
Non-Ha.? 

Suspect 
SW 

SW-LD 

T 1/2 

TLM 

Unclass? 
WQC 

= background denotes that the highest concentration found was at 

= eliminated based on the guidance in EPA Region 10 Supplemental Risk 

= parameters derived from the Integrated Risk Information System (IRIS) 

= insufficient information available to classify as toxic or having carcino- 

= lowest concentration reported to be lethal to aquatic life 100 days after 

= near limit of detection. 
= parameters derived from the Multimedia Environmental Pollutant 

= not detected. 
= analyte not designated in database as containing hazardous properties. 
= noted in the source database as being unreliable (see Section 4.4). 
= surface water (Columbia River water). 
= reported sample in surface water very near the limit of detection and, 

= half-life of analyte indicates that any concentration present at sampling 

= lowest concentration below which no effects on aquatic life are observed, 

= not classified in MEPAS or IRIS as hazardous. 
= water quality criteria. 

background level so eliminated from consideration. 

Assessment Guidance for S u p e m d  (EPA 1991). 

database (EPA 1994b). 

genic properties. 

exposure, as reported in EPA 1985. 

Assessment System (MEPAS) database (Droppo et al. 1991). 

therefore, unreliable. 

should now be decayed to insignificance. 

as reported in EPA 1985. 

c. 1 



90-309 'E 

P0-3tr0'6 6 W M S  'W 

I 

I 

W 

Q l - M S  'W 

3 a i M o n i j  OE 

 PI^ L wnidotln3 6z 

-sueJl-Z'L '3N3lAH130MOlH31a 82  

-2'1 '3N31AH130MOlH31a LZ 

3alNVA3 9Z 

tl3dd03 92 

903OO'P 

103EO'L 

90-3EO' 1 Z0-3Z8'Z 

EO-3903 

00+30P'P 2030E'tr 00+3€8'1 

90-399'1 

EO-300'E 

PO-308' 1 20-3 l Z '  1 

90309'9 
LO-30L't 

tr039E.Z 

E 0 3  19' L 

€0-328' 1 

- EO-399'1 L0360 'E  9 0 3 9 6 ' 8  20-36L'L 

L0+39L'L 

P 0 3 0 Z '  1 

20309'9 

LO-360' 1 

bo-390'6 

EO-368'E 

0 9  11vao3 
1 l V 8 0 3  

90-3LP.6 

w 

LO-3 L V 6  

E03P8'Z I 

PZ 

EZ 

LO-30Z'B 

8 0 3 9 L . 6  

LO-3'36'1 

I iO-30Z't  

L03LL' 1 

L03EO'L 

.. 

a l - M S  'I 

I 

6 W M S  'W 

9 0 3 L Q ' Z  

903trE'Q 

9 0 - 3 t 9 ' 6  

2032L'Ii 9 0 3  19' 1 

, WlllWOtlH3 ZZ 

WMOjOMOlH3 12 

301HOlH3 OZ 

LEL wnis33 61 

PEL wnis33 8 I 

P0-326'L L03ZZ.Z  

PO-3 19' 1 90-3ZO'E 

EO-38P3 

Z0-39VZ 0 0 + 3 Z 6 ' P  90362'1 

9 0 3 0 P .z 
103PZ '  1 

PO-390' L 

I lot-3ZP.L 

50-3 LE' L €03083 * 

I 
0 l-Vd3'W'@Y8 wnniv3 9 L 

I I wniwav3 9 L 

I I I 



Table C.l .  (contd) 
Carcinogenic Risk Ranking Hazard Index Ranking 

Surface Ground- Surface Ground- 

Name of Analyte Notes Water water Water water 

I I I I I I 
32 IODINE 129 1.44E-07 

33 I IRON I M,EPA-~ o I 
34 LEAD M 5.37E-02 

35 LITHIUM 9kg.M 

36 MAGNESIUM M,EPA- 1 0 

5.24E-01 9.19E-03 37 MANGANESE M 

38 MERCURY M 1.17E-01 

39 METHYL ETHYL KETONE I 4 79F-0fi 

~~ 

49 RUTHENIUM 106+D 2.31 E-06 

50 SELENIUM M 2.44E-03 

51 SlLiCOPi akg,ivl 

52 SILVER W.1 
53 SODIUM M.EPA-10 

WQC Screen Ranking 1 LC50/100 Screen Ranking I TLM Screl I Ranking ' 

Surface Ground- Surface Ground- Surface 

Water water Water water Water 

5.41E-02 

I I 1 I 

2.17E-04 

1.00E-02 

G 0 u n d - 
water 

3.26E-04 

8.00E-07 

1.26E-03 

5.49E-05 

1 
6.88E-06 

1.55E-06 

7.50E-03 

3.75E-05 



Table C.l .  (contd) 

I I Carcinogenic Risk Ranking I Hazard Index Ranking I WQC Screen Ranking I LC501100 Screen Ranking I TLM Screen Ranking .__.___-. - 

water 

Surface Ground- Surface Ground- Surface Ground- Surface 

Name of Analyte Notes Water water Water water Water water Water 
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Table C.2. (contd) 

49 

50 

51 

52 

53 

54 

- 

55 

56 

57 

58 

59 

60 

61 -__~ 
62 

CHLORINE (a) BkgJ 

CHROMIUM i 8.77E-02 4.13E-02 2.14E-03 1.01E-03 2.35E-01 1.1 1E-01 1.22E-01 

CHRYSENE M 1.84E-05 

COBALT M 1.00E-02 3.39E-03 

COPPER M l . l l E + 0 3  3.18E-01 1.17E+02 3.33E-02 8.00E-02 

CYANIDE M 2.29E-O> 2.02E-03 

. 

- _ _ _ _ ~ _ _ _  

- 
--__ DIBENZOFURAN Inadequata?,M 

DIESEL FUEL M 9.47E-02 2.80E+00 

-- ENDRIN ALDEHYDE M 6.42E-04 1.65E-02 

ETHYL BENZENE M 1.39E-03 

FLUORANTHENE i 5.30E-03 4.5OE-04 

FLUORENE I 

FLUORIDE M 9.63E-05 
-___ 4.75E-05 1.35E-04 -__ __ ______ 

- __ - 
FLUORINE la) Bkg.1 

~~~ 

TLM Screen Ranking 

Soil I Sedimenc 
__ - 

63 lNDENOl1 ,Z,B-CD)PYRENE 

64 IRON 

3.56E-04 

2.25E-03 

1.30E-04 ______ M, Suspect 1.09E-03 

M,EPA- 1 0 

7t---- 
t 

. 

3 . 4 l E - O i  1.15E-0 --- 
d-- 

t---- 
---I___ 

2.04E-05 

- 

- 



Table C.2. (contd) 

Hazard Index Ranking 

Soil Sediment 

5.36E-02 

I .___ 

(a) Concentrations of these chemicals fall within 

their respectively occurring background levels. 

~~~ 

WQC Screen Ranklng LC601100 Screen Ranking TLM Screen Ranking 

Soil Sediment Soil Sediment Soil Sediment - 

1.54E-01 

1.67E+00 ___ __._ 2.26E-01 1 . 6 9 € + 0 0  2.28E-01 

I I 

5.67E-01 

1.05E-06 

3.58E + 00 4.30E-01 

2.18E-07 

4.80E-02 

1.12E-01 

1.48E-03 

1.05E-05 

5.82E-03 5.1 8E-04 - 4.28E-03 1.38E-02 1.23E-03 

__. 1.52E-03 

3.75E-04 . ___ ____ ... -. . 

4.40E-03 

5.95E-03 

1.79E + 00 

___ - - - 

__ 3.00E-04 

8.40E-03 1.68E-03 

2.66E-04 

3.98E-09 

5.5OE-05 

2.12E-03 

5.67E-02 

1.01E-01 

~l-~-~tE&9!?! 
~ 

___________ ___ .- 1.64E-05 ._ 

____-__I_ _____ 
__ 5.83E-03 ___ 

- 

_ _  
4.50E-03 

1.30E-01 >El€-02 3.61E-02 7.19E-01 9.23E-01 



Table C.3. Results for Groundwater Away from the Columbia River 

C.8 
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