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Dear Mr. Armijo: 
 
REMEDIAL INVESTIGATION FOR THE 100-KR-1, 100-KR-2, AND 100-KR-4 
OPERABLE UNITS, DOE/RL-2010-97, REVISION 0 AND FEASIBILITY STUDY 
FOR THE 100-KR-1, 100-KR-2, AND 100-KR-4 OPERABLE UNITS, DOE/RL-2018-
22, REVISION 0 
 
References: (1)   DOE letter from H.L. Dale to R.C. Armijo, EPA, “Feasibility 

Study, Draft Rev. 0,” 23-SGD-0031, dated November 6, 2023. 
 

(2) DOE letter from H.L. Dale to R.C. Armijo, EPA, “Remedial 
Investigation, Draft Rev. 0,” 23-SGD-0026, dated October 12, 2023. 

 
(3)  DOE letter from M.W. Cline to L.C. Buelow, EPA, “Feasibility 

Study, Draft B,” 20-SGD-0052, dated May 26, 2020.     
 

(4)  DOE letter from W.F. Hamel to D.R. Einan, EPA, “Remedial 
Investigation, Draft B,” 19-SGD-0022, dated May 1, 2019. 

 
(5)   DOE letter from J.A. Dowell to D.A. Faulk, EPA and J.A. Hedges, 

Ecology, “Remedial Investigation/Feasibility Study, Draft A,” 
11-AMCP-0228, dated September 19, 2011. 

 
The U.S. Department of Energy (DOE) is providing the Remedial Investigation (RI) for the 
100-KR-1, 100-KR-2, and 100-KR-4 Operable Units, DOE/RL-2010-97, Revision 0, and 
the Feasibility Study (FS) for the 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units, 
DOE/RL-2018-22, Revision 0, to the U.S. Environmental Protection Agency.   
 
 
 

September 25, 2024



 
 
Mr. Roberto C. Armijo  -2- 
24-SGD-0046 
 
 
 
The RI and risk assessment determined that contaminants in the vadose zone and 
groundwater pose a threat to human health and the environment, and a Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) remedial action is 
warranted for the 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units.  The FS includes 
evaluation of remedial alternatives for the 100-KR-1, 100-KR-2, and 100-KR-4 Operable 
Units, under CERCLA.  The FS supports the development of a proposed plan for public 
review and will provide the basis for a Record of Decision (ROD).  As previously discussed, 
and agreed with the EPA project manager, monitored natural attenuation timeframes for 
contaminants in groundwater are considered reasonable for the conditions at 100-K, and 
consideration for a potential technical impracticability waiver has been removed from the 
FS and subsequent planning. 
  
The RI and FS are primary documents as described in Section 9.2 of the Hanford Federal 
Facility Agreement and Consent Order.  The Draft A RI/FS and Proposed Plan were 
submitted to EPA for review, on September 19, 2011, by DOE letter, 11-AMCP-0228 
Reference (5), the updated Draft B RI was submitted on May 1, 2019, by DOE letter 19-
SGD-0022 Reference (4), the updated Draft B FS was submitted on May 26, 2020, by 
DOE letter 20-SGD-0052 Reference (3), the updated Rev. 0 Draft RI was submitted on 
October 12, 2023, by DOE letter 23-SGD-0026 Reference (2) and the updated Rev. 0 
Draft FS was submitted on November 6, 2023, by DOE letter 23-SGD-0031 Reference 
(1).  DOE has worked closely with EPA to resolve comments and incorporate associated 
changes into this document. 
 
If you have any questions, please contact me, or you may contact, Naomi Jaschke, 
Director, Soil and Groundwater Division, at (509) 376-5594.   
 

Sincerely, 
 
 
 
 

Heather L. Dale, Assistant Manager 
SGD:ETG    for River and Plateau  
 
Attachments:  
1. DOE/RL-2010-97 Rev 0 
1a. Appendix D, Supporting Information 1 of 4 
1b. Appendix D, Supporting Information 2 of 4 
1c. Appendix D, Supporting Information 3 of 4 
1d. Appendix D, Supporting Information 4 of 4 
1e. Appendix G, Supporting Information 
1f. Appendix H, Supporting Information 
1g. Appendix J, Supporting Information 
2. DOE/RL-2018-22, Revision 0 
 
cc: See page 3 
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Remedial Investigation for the  
100-KR-1,100-KR-2, And 100-KR-4 Operable Units,  

DOE/RL-2010-97 Rev 0  
 

(1,696 pages including cover sheet) 
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Figure 7-11. Ecological Conceptual Site Model for the Aquatic Environment (Riparian, Nearshore, and Riverine Zones) 
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Figure 7-12. Summary of Measures of Exposures and Effects Evaluated in the Riparian,  

Nearshore, and Riverine Environments 

The following ecological exposure routes were identified for the riparian zone: 

1. Incidental or intentional ingestion of contaminated soil, sediment, water, or food items (biota) 

2. Dermal (skin) contact with contaminated soil, sediment, water, or biota 

3. Exposure of terrestrial and aquatic vertebrates, invertebrates, and plants to external radiation emitted 
by contaminated soil or food items 
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4. Uptake (absorption) of the bioavailable contaminant fractions from soil, sediment, or water 

5. Inhalation of contaminated dust or volatilized contaminants 

The riparian ecological exposure pathways that were evaluated in this ERA include ingestion of 
contaminated soil, seep water, and food items (biota). Exposure from external radiation was considered 
by comparing soil radioactivity to radionuclide-specific BCGs. Although there is a potentially complete 
exposure pathway via inhalation of fugitive dust and dermal contact with chemicals, these are generally 
considered minor exposure routes for ecological receptors (OSWER Directive 9285.7-55). 

Sampling locations were selected near historical operating areas and in areas likely to have been affected 
by contaminated source media such as surface soil, shoreline seeps, or groundwater plumes. The sampling 
locations were generally selected to optimize the potential for detecting contaminants and effects. 

Nearshore and Riverine Zones Exposure Pathways 
The nearshore aquatic zone is defined as the area that is permanently inundated by river water, extending 
from the seasonal mean low-water mark (that is, a “green line” where the periphyton [sessile algae] 
remains green year-round) into the river to a water depth of about 2 m (6 ft). A nearshore study boundary 
depth of 2 m (6 ft) was selected to optimize the ability to measure potential influence of emergent 
groundwater and other potential Hanford Site contaminant sources within the Columbia River. Potential 
sources of contamination within the nearshore aquatic zone include contamination along the Columbia 
River shoreline at riverbank seeps/springs and submerged locations of Columbia River where upwelling 
groundwater mixes with the river water (sediment). Exposure pathways related to the primary 
contaminated media are presented in Figure 7-10.  

Secondary media, such as surface or pore water, or biota may become contaminated through transport 
pathways such as biotic uptake or upwelling of groundwater, as described in the Contaminant Release and 
Transport Mechanisms subsection. These secondary contaminated media, in turn, may be contacted or 
consumed by receptor species, contributing to exposure. 

Ecological exposure routes identified for the nearshore and riverine zones are the same as those identified 
for the riparian zone (described above), with the exception of inhalation. 

The nearshore and riverine ecological exposure pathways that were quantified in this BERA include 
ingestion of contaminated sediment, surface water, and biota. Exposure from external radiation was 
considered by comparing contaminated sediment and water to radionuclide-specific biota concentration 
guidelines. Although there is a potentially complete exposure pathway to wildlife via dermal contact with 
chemicals, this is generally considered a minor exposure route for ecological receptors (OSWER 
Directive 9285.7-55). For aquatic receptors such as benthic organisms that spent their entire life exposed 
to abiotic media, dermal contact is a key component and is a key element of direct toxicity. 

Sampling locations were selected near historical operating areas and in areas likely to have been affected 
by contaminated source media such as surface soil, shoreline seeps, or groundwater plumes. The sampling 
locations were generally selected to optimize the potential for detecting contaminants and effects. 
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7.7.2.3 Assessment Endpoints 
Section 7.2.3 presents the purpose and process for selecting assessment endpoints for a risk evaluation 
and defines the entities, represented by trophic guilds. The attribute selected for each entity was based on 
the organizational level of the entity and the primary criteria that were used to select it. Entities and 
attributes were selected for community and population levels of assessment. The following entities, and 
their associated organizational level, have been identified as assessment endpoints for evaluation: 

• Aquatic plants—community level 

• Aquatic invertebrates—community level 

• Fish—community, population, and individual level (individual level was only evaluated for steelhead 
trout [Oncorhynchus mykiss], fall-run Chinook salmon44 [Oncorhynchus tshawytscha], spring-run 
Chinook salmon [Oncorhynchus tshawytscha], and bull trout [Salvelinus confluentus]45) 

• Riparian plants—community level 

• Terrestrial (riparian) invertebrates—community level 

• Shorebirds, riparian birds—population level 

• Riparian mammals—population level 

• Reptiles46 and amphibians—community level 

Endpoint representative species were selected for several entities identified above that could use the site. 
Unlike birds and mammals, methods to differentiate exposure and effects among different plant, 
invertebrate, or amphibian species are unavailable nor are they well developed and accepted. Therefore, 
individual species of plants, invertebrates, and amphibians were not selected to represent the plant, 
invertebrate, or amphibian populations and communities for evaluation. Consistent with ERAGS 
(EPA 540-R-97-006) and EPA/630/R-95/002F, endpoint species should preferably be ones that have 
ecological relevance, are of societal value, are susceptible to chemical stressors at the site, or allow risk 
managers to meet policy goals. These factors were used to select representative receptor species common 
to the Hanford Site riparian, nearshore, and riverine environments that are within the bird and mammal 
trophic guilds identified above. Selected receptors are conservative indicators of the potential for risk to 
the trophic guilds identified for assessment.  

The following are representative Hanford Site receptor species selected for those avian and mammalian 
assessment endpoints evaluated at the population level: 

• Herbivorous birds—California quail (Callipepla californica) 

• Herbivorous mammals—Great Basin pocket mouse (Perognathus, parvus) 

 
44 Fall-run Chinook salmon are included in this evaluation because of their economic and cultural significance in the 
Hanford Reach. 
45 Spring-run Chinook salmon and bull trout do not spawn in the Hanford Reach of the Columbia River. Spring-run 
Chinook spawn primarily in headwater streams. The Hanford Reach only serves as a migration corridor for adult bull 
trout (PNNL-SA-75348, Assessment of Apatite Injection at 100-NR-2 for Potential Impact on Threatened and 
Endangered Species).  
46 Although part of the food web for the upland environment, effects data for reptiles are limited. Therefore, SSLs 
were not developed for this trophic guild. 



DOE/RL-2010-97, REV. 0 
 

7-124 

• Insectivorous birds—killdeer (Charadrius vociferus), western kingbird (Tyrannus verticalis), bank 
swallow (Riparia riparia) 

• Insectivorous mammals—northern grasshopper mouse (Onychomys leucogaster), little brown bat 
(Myotis lucifugus) 

• Omnivorous birds—western meadowlark (Sturnella neglecta), bufflehead (Bucephala albeola) 

• Omnivorous mammals—deer mouse (Peromyscus maniculatus) 

• Carnivorous birds (raptors)—red-tailed hawk (Buteo jamaicensis) 

• Carnivorous mammals—badger (Taxidea taxus) 

• Piscivorous mammals—mink (Mustela vison) 

• Piscivorous birds—Great blue heron (Ardea herodias) 

For fish, methods to differentiate exposure and effects among different species are complex and are not 
widely used unless there is an identified concern with a specific species of societal or other importance. 
In most ERAs, fish are assessed at the community level. However, as described in greater detail in 
Sections 7.7.9 and 7.7.10, there are threatened and endangered species present within the Hanford Reach. 
As such, in addition to an evaluation of fish at the community level, the Upper Columbia River steelhead 
trout, fall-run Chinook salmon, spring-run Chinook salmon, and bull trout species were selected for 
evaluation at the population and individual levels. 

7.7.2.4 Measures of Exposure and Effects 
Measures of exposure and effects are previously described for the upland environment in Section 7.2.4. 
Multiple site-specific measures of exposure and effects were identified for the BERA for the riparian, 
nearshore, and riverine environments. These are summarized in Table 7-14 to help answer risk questions 
from the RCBRA (DOE/RL-2007-21) and in the CRC (DOE/RL-2010-117). 

Table 7-14. Measurement Endpoints—Measures of Exposure and Effects 

Aquatic Plants 
Aquatic and Benthic 

Invertebrates Fish Amphibians 

Terrestrial Plants, 
Invertebrates, 
and Wildlife 

Surface Water 
Quality Criteria 
and Standards 
Sediment Quality 
Guidelines  
Pak choi 
bioassays 

Sediment Quality Guidelines  
Surface Water Quality Criteria and 
Standards 
Tissue effect level 
Chronic Hyalella azteca 
Ceriodaphnia dubia bioassays 
Benthic community surveys using 
rock baskets 
Corbicula fluminea survival using 
clam tubes 
Mussel histopathology measures 
Mollusk surveys 

Surface Water 
Quality Criteria and 
Standards 
Site-specific studies 
for the effects of 
Cr(VI) on salmonids 
Tissue effect levels  
Fish histopathology 
measures 
Fish population and 
community surveys 

Surface Water 
Quality Criteria 
and Standards 
Tissue 
concentrations 
Xenopus 
bioassays 

Chronic bioassays 
(Poa secunda and 
Folsomia candida) 
DOE’s BCGs  
Site-specific SSLs 
and PRGs 

BCG = biota concentration guide 
DOE = U.S. Department of Energy 

PRG = preliminary remediation goal 
SSL = soil screening level 
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7.7.3 Baseline Effects and Exposure Assessment 
Effects levels in this BERA were used for comparison with analytical results in water, soil, and sediment. 
At this point in the BERA process, effect levels were not identified as screening thresholds because 
screening was previously conducted and presented in the RCBRA (DOE/RL-2007-21) and CRC 
(DOE/RL-2010-117). The baseline effect levels were used, consistent with ERAGS, to identify COPECs 
that warrant further evaluation in the FS. The effect levels were derived from available sources of 
chemical-specific ARARs, readily available SSLs (organics and radionuclides in soil), or site-specific 
PRGs for plants and invertebrates or wildlife (inorganics in soil). A summary of effect levels for water are 
listed in Table 7-15. A summary of the lower and upper threshold sediment effect levels is provided in 
Table 7-16. The plant/invertebrate and wildlife effect levels were presented earlier in the Upland Habitat 
ERA (Sections 7.3 and 7.5). The specific effect level values used for comparisons in the aquatic BERA 
are shown in Appendix J, Table J-4. 

7.7.3.1 Effect Levels for Water 
The following represent the sources used to obtain water effect levels: 

• Blindow, 1988, “Phosphorus Toxicity in Chara” 

• BCMOE, 1995, Ambient Water Quality Criteria for Fluoride 

• Camargo et al., 2005, “Nitrate Toxicity to Aquatic Animals: A Review with New Data for 
Freshwater Invertebrates” 

• CRWQCB, 2007, Screening for Environmental Concerns at Sites with Contaminated Soil and 
Groundwater 

• DOE/EH-0676, RESRAD-BIOTA: A Tool for Implementing a Graded Approach to Biota Dose 
Evaluation, User’s Guide, Version 1  

• DOE-STD-1153-2002, A Graded Approach for Evaluating Radiation Doses to Aquatic and 
Terrestrial Biota 

• EPA 440-5-88-093, Ambient Aquatic Life Water Quality Criteria for Antimony (III) 

• EPA, 2009, National Recommended Water Quality Criteria  

• ES/ER/TM-96/R2, Toxicological Benchmarks for Screening Potential Contaminants of Concern for 
Effects on Aquatic Biota: 1996 Revision 

• MDEQ, 2011, “Water Quality Values,” Rule 57 

• Nautilus, 2013, Evaluation of the Role of Hardness in Modifying the Toxicity of Nitrate to 
Freshwater Organisms 

• Neumann et al., 2001, “Detrimental Effects of Nitrite on the Development of Benthic Chironomus 
Larvae, in Relation to Their Settlement in Muddy Sediments” 

• Sheppard et al., 2005, “Derivation of Ecotoxicity Thresholds for Uranium” 

• WAC 173-201A, “Water Quality Standards for Surface Waters of the State of Washington” 

• WHO, 2001, Vanadium Pentoxide and Other Inorganic Vanadium Compounds 

http://www.iscors.org/doc/RESRADBIOTA.pdf
http://www.iscors.org/doc/RESRADBIOTA.pdf
http://www.epa.gov/waterscience/criteria/wqctable/index.html
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Table 7-15. Surface Water Effect Levels for Aquatic Biota and Amphibians 

Analyte Name CAS# Units 

Surface 
Water 
Effect 
Level 

Effect Level 
Basis Effect Level Source Notes 

4,4’-DDT 
(Dichlorodiphenyltrichloroethane) 

50-29-3 µg/L 0.00100 WQC CCC EPA, 2009 -- 

Acetone 67-64-1  1500 Tier II SCV ES/ER/TM-96/R2 -- 
Aldrin 309-00-2  1900 WQS WAC 173-201A WAC 173-201A, Table 240(3) 
Alpha-Chlordane 5103-71-9  0.00430 WQC CCC EPA, 2009 -- 
Aluminum 7429-90-5  87 WQC CCC EPA, 2009 -- 
Antimony 7440-36-0  30 WQC CCC EPA 440-5-88-093 Proposed continuous chronic criterion 
Aroclor-1016 12674-11-2  0.0140 WQC CCC EPA, 2009 -- 
Aroclor-1221 11104-28-2  0.0140 WQC CCC EPA, 2009 -- 
Aroclor-1232 11141-16-5  0.0140 WQC CCC EPA, 2009 -- 
Aroclor-1242 53469-21-9  0.0140 WQC CCC EPA, 2009 -- 
Aroclor-1248 12672-29-6  0.0140 WQC CCC EPA, 2009 -- 
Aroclor-1254 11097-69-1  0.0140 WQC CCC EPA, 2009 -- 
Aroclor-1260 11096-82-5  0.0140 WQC CCC EPA, 2009 -- 
Arsenic 7440-38-2  150 WQC CCC EPA, 2009 -- 
Barium 7440-39-3  364 Tier II SCV Michigan DEQ Based on a 2005 hardness equation developed by 

the Michigan DEQ (MDEQ, 2011) and used by 
the Province of Quebec. An earlier (1996) version 
of the MDEQ, 2011, equation was previously 
used by Quebec and cited by MacDonald et al., 
2000a, and used by RCBRA to calculate a 
screening value. The proposed NOEC value of 
0.364 mg/L reflects the use of the updated 
MDEQ, 2011, equation, which is now also used 
by Quebec. Value calculated at a hardness of 
84 mg/L.  

Cadmium 7440-43-9  0.220 EPA, 2009 EPA, 2009 Hardness adjusted to 84 mg/L, average for 
Columbia River.  
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Table 7-15. Surface Water Effect Levels for Aquatic Biota and Amphibians 

Analyte Name CAS# Units 

Surface 
Water 
Effect 
Level 

Effect Level 
Basis Effect Level Source Notes 

Calculated total uranium calc_tot_U  5.0 PNEC Sheppard et al., 2005 Sheppard aggregate value for invertebrates and 
plants. RCBRA receptor-specific value.  

Chlordane 57-74-9  0.00430 WQC CCC EPA, 2009 -- 
Chloride 16887-00-6  230000 WQC CCC WAC 173-201A -- 
Chloroform 67-66-3  28 Tier II SCV ES/ER/TM-96/R2 -- 
Chromium 7440-47-3  64 WQC CCC  EPA, 2009 Hardness adjusted to 84 mg/L, average for 

Columbia River.  
Cobalt 7440-48-4  23 Tier II SCV ES/ER/TM-96/R2 -- 
Copper 7440-50-8  10 WQC CCC  WAC 173-201A Hardness adjusted to 84 mg/L, average for 

Columbia River.  
Cyanide 57-12-5  5.2 WQC CCC EPA, 2009 -- 
Dieldrin 60-57-1  0.00190 WQC CCC  WAC 173-201A WAC 173-201A, Table 240(3), “Toxic 

Substances Criteria.” 
Endosulfan I 959-98-8  0.0560 WQC CCC EPA, 2009 -- 
Endosulfan II 33213-65-9  0.0560 WQC CCC EPA, 2009 -- 
Endrin 72-20-8  0.00230 WQC CCC  WAC 173-201A WAC 173-201A, Table 240(3). 
Fluoride 16984-48-8  300 AWQC BCMOE, 1995 Tentative criterion; maximum where water 

hardness >/= 50 mg/L, – British Columbia.  
Gamma-BHC (Lindane) 58-89-9  0.0800 WQC CCC  WAC 173-201A WAC 173-201A, Table 240(3). 
Heptachlor 76-44-8  0.00380 WQC CCC EPA, 2009 -- 
Heptachlor epoxide 1024-57-3  0.00380 WQC CCC EPA, 2009 -- 
Hexavalent chromium 18540-29-9 

 
10 WQC CCC WAC 173-201A WAC 173-201A, Table 240(3). 

Iron 7439-89-6  1000 WQC CCC EPA, 2009 -- 
Lead 7439-92-1  2.1 WQC CCC  EPA, 2009 Hardness adjusted to 84 mg/L, average for 

Columbia River.  
Manganese 7439-96-5  120 Tier II SCV  ES/ER/TM-96/R2 -- 
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Table 7-15. Surface Water Effect Levels for Aquatic Biota and Amphibians 

Analyte Name CAS# Units 

Surface 
Water 
Effect 
Level 

Effect Level 
Basis Effect Level Source Notes 

Mercury 7439-97-6  0.0120 WQC CCC WAC 173-201A Washington State Water Quality Standards for 
SW, Table 240(3). Note based on HH 
consumption of fish, not designed to be protective 
of aquatic life which yields a different value. 

Methoxychlor 72-43-5  0.0300 WQC CCC EPA, 2009 -- 
Nickel 7440-02-0  45 WQC CCC  EPA, 2009 Hardness adjusted to 84 mg/L, average for 

Columbia River.  
Nitrate 14797-55-8  88600 IC-25 

Ceriodaphnia 
dubia 

Nautilus, 2013 Chronic NOEC for fish. In comparison, Camargo 
et al., 2005, suggest that 2,000 µg/L is protective 
of the most sensitive freshwater species. 

Nitrite 14797-65-0  493 -- Neumann et al., 2001 LOEC of 0.49 mg/L (0.15 mg/L NO2-N) for 
significant reduction in development.  

Nitrogen in nitrate NO3-N  20000 IC-25 
Ceriodaphnia 
dubia 

Nautilus, 2013 Chronic NOEC for fish. In comparison, Camargo 
et al., 2005, suggest that 2,000 µg/L is protective 
of the most sensitive freshwater species. 

Pentachlorophenol 87-86-5  13 WQS WAC 173-201A WAC 173-201A, Table 240(3). 
Phosphate 14265-44-2  1000 Plant NOEC Blindow, 1988 Plant value; no effect on growth. Phosphorous 

used as surrogate. 
Phosphorus 7723-14-0  1000 Plant NOEC Blindow, 1988 Plant value; no effect on growth.  
Selenium 7782-49-2 

 
5.0 WQC CCC WAC 173-201A -- 

Silver 7440-22-4  2.6 WQS WAC 173-201A Hardness adjusted to 84 mg/L, average for 
Columbia River.  

Total PCBs TOTALPCB  0.140 Tier II SCV ES/ER/TM-96/R2 -- 
Total petroleum hydrocarbons – 
diesel range 

TPHDIESEL  500 -- CRWQCB, 2007 TPH value.  

Toxaphene 8001-35-2  0.0002 WQS WAC 173-201A WAC 173-201A, Table 240(3). 
Trichloroethene 79-01-6  47 Tier II SVC ES/ER/TM-96/R2 -- 
Uranium 7440-61-1  5.0 PNEC Sheppard et al., 2005 Sheppard aggregate value for invertebrates and 

plants. RCBRA receptor-specific value.  
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Table 7-15. Surface Water Effect Levels for Aquatic Biota and Amphibians 

Analyte Name CAS# Units 

Surface 
Water 
Effect 
Level 

Effect Level 
Basis Effect Level Source Notes 

Vanadium 7440-62-2  100 NOEC WHO, 2001 World Health Organization gives range of LC50 
values for freshwater fish, from 400 µg/L (144-hr 
exposure) to 118,000 µg/L (96-hr exposure). 
Given the uncertainty in such a broad 
concentration range for the same endpoint, a 
NOEC was considered based on using the lowest 
LC50 (400 µg/L; Knudtson, 1979). This study 
apparently lacked controls, had nominal 
concentrations, and measured non-native species 
(guppy). It is recommended that Stendahl and 
Sprague, 1982, be used because of good study 
design (measured values, representative species 
and hardness [103 mg/L CaCO3], flow-through 
test) based on 11-d LC50 of 2,000 µg/L.  

Zinc 7440-66-6  90 Washington 
chronic WQS 

WAC 173-201A Hardness adjusted to 84 mg/L, average for 
Columbia River.  

Antimony-125 14234-35-6 pCi/L 367000 BCG DOE-STD-1153-2002 Aquatic animal value. 
Barium-140 14798-08-4  94.6 BCG RESRAD BIOTA v1.5 

(DOE/EH-0676) 
Riparian animal value.  

Carbon-14 14762-75-5  609 BCG RESRAD BIOTA v1.5 
(DOE/EH-0676) 

Riparian animal value. 

Cerium/praseodymium-144 CE/PR-144  1600 BCG RESRAD BIOTA v1.5 
(DOE/EH-0676) 

Aquatic animal value. 

Cerium-141 13967-74-3  8830 BCG RESRAD BIOTA v1.5 
(DOE/EH-0676) 

Aquatic animal value. 

Cerium-144 14762-78-8  1600 BCG DOE-STD-1153-2002 Aquatic animal value. 
Cesium-134 13967-70-9  21.1 BCG RESRAD BIOTA v1.5 

(DOE/EH-0676) 
Riparian animal value.  

Cesium-137 10045-97-3  42.6 BCG DOE-STD-1153-2002 Riparian animal value. 
Chromium-51 14392-02-0  268000 BCG RESRAD BIOTA v1.5 

(DOE/EH-0676) 
Aquatic animal value. 
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Table 7-15. Surface Water Effect Levels for Aquatic Biota and Amphibians 

Analyte Name CAS# Units 

Surface 
Water 
Effect 
Level 

Effect Level 
Basis Effect Level Source Notes 

Cobalt-58 13981-38-9  9680 BCG RESRAD BIOTA v1.5 
(DOE/EH-0676) 

Aquatic animal value. 

Cobalt-60 10198-40-0  3760 BCG DOE-STD-1153-2002 Aquatic animal value. 
Europium-152 14683-23-9  25500 BCG RESRAD BIOTA v1.5 

(DOE/EH-0676) 
Aquatic animal value. 

Europium-154 15585-10-1  21600 BCG DOE-STD-1153-2002 Aquatic animal value. 
Europium-155 14391-16-3  26400 BCG DOE-STD-1153-2002 Aquatic animal value. 
Iodine-129 15046-84-1  38400 BCG DOE-STD-1153-2002 Riparian animal value.  
Iodine-131 10043-66-0  13700 BCG DOE-STD-1153-2002 Riparian animal value.  
Neptunium-237 13994-20-2  68.5 BCG RESRAD BIOTA v1.5 

(DOE/EH-0676) 
Aquatic animal value. 

Plutonium-238 13981-16-3  176 BCG RESRAD BIOTA v1.5 
(DOE/EH-0676) 

Aquatic animal value. 

Plutonium-239 15117-48-3  187 BCG DOE-STD-1153-2002 Aquatic animal value. 
Plutonium-239/240 PU-239/240 

 
187 BCG RESRAD BIOTA v1.5 

(DOE/EH-0676) 
Aquatic animal; value for plutonium-239. 

Potassium-40 13966-00-2  250 BCG RESRAD BIOTA v1.5 
(DOE/EH-0676) 

Riparian animal value.  

Radium-226 13982-63-3  4.1 BCG DOE-STD-1153-2002 Riparian animal value.  
Radium-228 15262-20-1  3.4 BCG DOE-STD-1153-2002 Riparian animal value.  
Selenium-75 14265-71-5  47800 BCG RESRAD BIOTA v1.5 

(DOE/EH-0676) 
-- 

Strontium-90 10098-97-2  278 BCG DOE-STD-1153-2002 Riparian animal value.  
Technetium-99 14133-76-7  667000 BCG DOE-STD-1153-2002 Riparian animal value.  
Thorium 7440-29-1  304 BCG RESRAD BIOTA v1.5 

(DOE/EH-0676) 
-- 

Thorium-230 14269-63-7  2570 BCG RESRAD BIOTA v1.5 
(DOE/EH-0676) 

Aquatic animal value. 

Thorium-232 TH-232  304 BCG DOE-STD-1153-2002 Aquatic animal value. 
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