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REVIEW MATRIX OF 12-21-2011 ECOLOGY COMMENTS ON SLERA DRAFT A: FINAL DISPOSITIONS
5-1-2012

Recv'd Comment Location
From Number Comment Response Disposition

Ecology 1. General The document does not give a clear presentation of contamination in the river. Visual methods such as Accept Contaminant nature and extent mapping and description is beyond
maps of contaminant concentrations are kept to a minimum. This makes it difficult for the reader to see the scope of the risk assessment. However, the RI data were

potential sources of contamination. Please add maps showing concentrations of contaminants in the presented in the 2010 Data Summary Report (WCH-398), and the

river (for example, colored contour maps). The current presentation leaves the reader wondering which maps from that report were added to the SLERA as Appendix H.

areas are contaminated and which areas are not. (BR)

Ecology 2. General Text highlights that the inconsistency found in the fish conditions parameters is interpreted to be due to Accept in Part; A reference to the sources that supports the effect of natural

possible observed changes of natural conditions. Provide adequate justification and reference (if additional conditions was added, and the language regarding inconsistencies

possible with examples from the Columbia River or similar environmental situations) with data to make information in site data was clarified.
such a possible conclusion to compare with the observation. (DG) provided

Ecology 3. General It seems the immune response study conducted from the tissue histology didn't address the Accept in Part; Histology often doesn't point to a specific stressor since many
environmental stressor pending further study from an uncontaminated site(s) from fish of similar age. additional have similar effects. We did not do immunity studies to identify
This is an important aspect to make sure whether and/or how the Hanford contamination impacted fish information stressors specifically related to the Hanford Site, and this point will

population specially-sturgeon, etc. This major data gap needs to be highlighted. (DG) provided be emphasized in the text. Histological responses similar to those
observed in Hanford Reach fish were also observed in Upriver fish
and in sturgeon collected as part of the Lake Roosevelt studies.

Ecology 4. General The assessment includes the assumption that the contaminants in the river will decrease due to the No change The current RIIFS program at the Hanford Site is designed to

current active remediation. However, there are a number of documents Identifying continued flux of address releases from all Hanford sources and to prevent Hanford

contaminants from yet to be identified sources -such as chromium, uranium, strontium, etc. which are Site-related constituents from entering the river. Sources were

yet to be captured in our final remedial design effort Besides, the sources of various contaminants discussed as part of the RI/FS program for each Operable Unit.

already detected in upwellings are yet to be connected to any sources. Discuss how the unknown
_sources of contamination will be remediated. (DG)
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Recv'd Comment Location
From Number Comment Response Disposition

Ecology 5. General The sample design for this study was a judgmental design, with locations picked specifically because Accept in Pat, As described in the Work Plan, sediment and surface water
there was an interest in those locations, ease of access, or the locations were thought to represent additional sample locations targeted general areas of the river that were
.worst case conditions. This drastically limits the statistics that can be performed with the data, information downstream of known source areas. Within the general area of
because many statistical tests rely on an assumption of random sampling. provided interest, however, specific sample locations were randomly

selected to ensure that the samples were generally representative
For instance, based on Appendix B, the tests performed included t-tests (which assume random of the sample area. Sediment samples were obtained from pre-
samples), and Wilcox (is this Wilcoxon? Wilcoxon assumes random samples). Also, frequency of identified depositional areas, but at each location the specific
detection Is used, but time and location trends may be more meaningful. This judgmental design sample point was randomly selected from within the deposit.
warrants a corresponding point by point (or river mile by river mile) data analysis method. Several Because of this approach, the resulting data can be classified as
comments are included pointing out specific areas where contaminants need to be added to the risk sufficiently random to approximate the requirements of the
assessment. Please perform location-specific analyses and add the contaminants requested in later Wilcoxon test and other standard parametric and non-parametric
comments to the assessment. (BR) tests. The inclusion of judgemental samples, which focused on

areas of known contamination, will tend to increase the
conservatism of Site - Reference statistical analysis, and will result
in the identification of more constituents as COPECs that would be
the case if no judgemental samples from contaminated areas were
used. This conservative bias is acceptable for risk assessment,

As agreed on 3/20/12 the review of the statistical methods used,
conducted by Dr. John Kern, was summarized and inserted into
the text in Section 3.2.2. Section 2.2.5. was also expanded to
include some further explanation regarding the sample location
selection process. Additionally, in Section 10 of the document, a
discussion regarding non-COPECs that may have exceeded
background and benchmarks was inserted. Examples such as
those identified in the data tables provided in response to
comments 27, 28, and 30 were included in a discussion found in
Section 10.2.2. and supported by data shown in Table 10-2.

Ecology 6. General Wasteways are not acceptable reference sites. Wasteways are very localized drainages and not Accept in Part; The Reference data set was compiled in accord with Section 4.4.3
representative of the Columbia River wastershed. Do not use wasteways as reference sites. A specific additional of the Work Plan. Wasteways were included because they
comment is also Included regarding wasteways. (BR) information comprise a continuing non-Hanford Site source of many

provided constituents found in the Columbia River.

In response to this comment, a supplemental analysis was
conducted to understand the influence the wasteways and
irrigation retums had on the risk assessment This supplemental
analysis will be included in Appendix I and discussed in the
document.

Ecology 7. General The document states that pore water data were not collected for use in the risk assessment, because it Accept Text was modified as requested. Risks to hyphoreic organisms
was assumed that pore water is below the depth of normal habitat However, the hyporheic zone is from porewater exposure were evaluated in Sections 7.4 and 8.5
habitat, and requires protection. Delete statements that suggest that there Is minimal habitat in this of the current Draft.
zone and assess risk to hyporheic organisms using the pore water and sediment data. (BR)
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Recv'd Comment Location
From Number Comment Response Disposition

Ecology 8. General Reductions in COPEC lists beyond what is given In the tables in Part 1, Section 3.0 (along with the No change; Analysis was conducted in accord with the Work Plan (Sections
additions Ecology is requesting to these tables) are not necessary or helpful. Also, calculations for additional 4.5.3.3 and 4.5.3.4), which says that only COPECs exceeding

HQs should be performed at all locations, since HQs are simple ratios. Specific comments are Information benchmarks will be evaluated in Refined Analysis, not all
included that give details on COPECs. (BR) provided COPECs.

See the response to Comment 5 for more details. Text was
added to Section 10.2.2, and Table 10-2 to discuss samples at
specific locations.

Ecology 9. General It appears that the screening levels were not systematically selected in all cases. In some cases it Accept in Part; The reference in Table 8-1 for the mercury soil (bird) reference
appears that site-specific Hanford values (from documents that Ecology has not approved) were text clarified was corrected. See response to specific comments.
selected. In some cases, the selection of literature values was also influenced by site-specific Hanford
values (unapproved). Specific comments are included with examples. Please see the specific
comments. (BR)

Ecology 10 p. ES-4, 3"d Text notes that the SLERA and RCBRA provide "....seamless coverage of the Columbia River...' More No change Uncertainties associated with sampling are discussed in Section

paragraph realistically, acknowledge that there are always data gaps In these types of studies involving large 10.
spatial and temporal domains. (DD)

Ecology 11 p. ES-9, 3rd Inclusion of wasteways and irrigation retums as Reference Areas is atypical for Reference Areas which Accept in Part; See response to Comment 6. See text on page 3-6. Additional
paragraph are conventionally uncontaminated areas. Wasteways and irigation retums are likely to contain additional text was added to on page 10-3. Appendix I has been added to

pesticides, herbicides, nitrates, phosphates, and other agriculturally-derived contaminants. Do not use information evaluate the effects of wasteways and irrigation returns.

wasteways and irrigation retums as reference areas. (DD) provided

Ecology 12 p. ES-12, 3rd Text states that '...the maximum detected concentration of each COPEC was compared to the NOEC No change The screening of COPECs was conducted in accord with EPA
paragraph for each Sub-Area or groundwater OU." EPAs ProUCL recommends that a UCL95 (rather than the guidance for ecological risk assessment (EPA 1997), which

sample max) be estimated to represent EPC. A UCL95 better captures population variability, and specifies the use of maximum values. See Work plan Section

therefore, better represents EPC. For EPC use ProUCL guidance. (DD) 4.5.3.3.

Ecology 13 p. ES-13, COPCs with concentrations greater than NOEC (NOEC-based HQ>1) but less than LOEC (LOEC- Accept in Part; The SLERA was conducted in accord with the Work Plan and EPA

2n based HQ<1) may exert adverse effects, since the effect threshold is between NOEC and LOEC in additional guidance, so is appropriate for the evaluation of site risks and

paragraph theory. Therefore, use of NOEC to evaluate COPCs is preferred and more protective than use of information population-level risk assessments. The description of the NOEC
LOEC. Add text describing this uncertainty. (DD) provided was expanded in Section 5, page 5-9. In addition, as agreed

upon on 2116/12, the term NOEC was explained in the text of
Section 7 using an initial text box to more clearly and visibly
provide the definition of this term as used throughout the
document.

Ecology 14 p. ES-13, Eliminating COPECs, due to an assumed non-Hanford source (e.g., TPH), introduces uncertainty. Text changed As discussed on 3/5/2012, the current Michelsen 2003 values
3rd Furthermore, from the perspective of an ecological receptor, COPEC source is moot in terms of were replaced by Michelsen 2011 in Table 6-2, and the Michelsen

paragraph potential for exerting an adverse effect. Demonstrate the source of the TPH or retain it as a COPEC. 2011 values were discussed in Section 6.2.2. A review of the
(DD) meaning and use of Sediment Quality Standards (SQS) and the

Cleanup Screening Levels (CSLs) in Michelsen was also included.
All detected TPH concentrations fall below the 2011 CSLs, which
are used as LOECs in the SLERA. Thus, TPH was no longer
identified as an exceedance.
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Rev'd Comment Location Responise Disposition
From NumberComn_____

Ecology 15 p. ES -16 This evalualion showed that the greatest number and magnitude of LOEC exceedances occurred for Accept in part Language stating that constituent detections are 'not Hanford-

Sentences 1, cadmium, copper, selenium, and zinc. These are not known to be Hanford Site contaminants. Not sure related' was either deleted or modified to Indicate that no clear ties

2 what this means. Provide the evidence that are these not Hanford contaminants. On page ES- to the Hanford Site are present

22,23,24 the RCBRA is compared to the RCBRA inferring these contaminants will be evaluated.

Cadmium does not appear on the RCBRA tables. Explain what happens to cadmium In the RCBRA. The rationale for selecting the Reference sampling locations was

Provide rationale for the dissociation of these COPCs with Hanford operations. Also, please describe described in the Work Plan, Section 4.4.3, and on page 4-76 of the

criteria for establishing Reference Areas. (JY) (DD) SLERA. RCBRA discussions of cadmium are discussed in that
report, and the findings are not reproduced in the SLERA. The

RCBRA comparison table in the ES was deleted,

Ecology 16 p. ES-i7, 2nd Looks like a typo for 'elanomacrophage' (should be 'melanomacrophage'). (DD). Accept Text was modified as requested,

paragraph

Ecology 17 p. ES-i 9, 3rd The text states "No further action is recommended for hexavalent chromium in shoreline sediments. Accept in Part; The paragrah with the sentence cited has been removed from the

paragraph This COPEC was detected in only one shoreline sediment sample at a concentration of 1.73 mg/kg, text clarified ES, based on revisions in Section 8. However, the results cited

slightly less than the LOEC of 1.8 mg/kg.' There were several detections of hexavalent chromium in are from sediment samples, not shoreline sediment samples.

the Data Summary Report (WCH-398) in sloughs and islands at depths of 0 ft, at concentrations close Specifically, they were obtained from shallow sediment samples SI

to or above the detection cited in the text (for example see river miles 371 (1.73 mg/kg), 358 (1.76 8SO, SI-10SD, and LI-9SD, which werd collected from

mg/kg) and 357 (17.3 mg/kg)) . It is not clear why these were not evaluated as shoreline sediments in permanently inundated areas, not shoreline sediment from

this document. Add text explaining why some shallow sediments were not included. (BR) intermittently inundated areas. Only samples collected

specifically for shoreline sediment evaluation were used in the
shoreline sediment analysis. However, shoreline sediments were
also evaluated with other sediment samples as aquatic sediments,
to capture potential effects to benthic invertebrates during periods
of inundation. They were thus evaluated twice, both as aquatic
and terrestrial media, to reflect altemating river conditions.

Ecology 18 p. ES-22, Under 'Pore Water" for CRC/SLERA column, list LOEC exceedances for Al, Cr, Crs, Pb, Mn, Se, and Accept These COPECs were added to the table on page ES-22. The

table U (even though these exceedances will be evaluated in future River Conidor RIIFS reports for each extent to which porewater COPECs are Hanford Site-related will
OU) see . ES14).(DD)be considered by the River Corridor Operable Unit RIIFS

OU) (sea p. ES-14). (DO) rprograms.

S-- -.. , ~. .a..... ~ , h~nwthe zne Wo rchanci !Porewater exosures to benthic organisms are assessed in

p. 2-2, 2m
paragraph

Text notes that the collection deptn for por wanx vn u~ow um .
of exposure for most aquatic Invertebrates. However, benthic organisms have been observed at

sediment depths >30 cm at relatively high densities (e.g., Dole-Olivier et al. 1997. Freshwater Biol

37:257-276). Therefore, assess pore water exposure to benthic organisms. (DD)

Section 7.4 and 8.5. Contributions from Hanford operations are

being evaluated by the River Corridor Operable Unit RIIFS
programs.

_______________________ 4---------

Section 2.2.5. tAdd description of fish collection and sampling program.

L _______________________

5/1/12
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Recv'd Comment Location
From Number Comment Response Disposition

Ecology 20 p. 3-5, Section The document describes converting N values to nitrate and/or nitrite values. This is not consistent with No change Reporting conventions for nitrogen compounds vary, and reporting
3.2.1, the convention of reporting nitrogen as nitrate-N and nitrite-N. Use the conventional means of reporting forms are equivalent. EPA water quality criteria are presented in
3rd paragraph nitrogen, to avoid confusion, errors and so that the standards (such as MCLs) do not also need to be terms of nitrate.

converted to nitrate and nitrite values for comparison. (BR)

Ecology 21 p. 3-6, Section This section discusses that wasteways are used as reference sites. As previously stated, do not use Accept in Part; See response to Comment 6.
3.2.2, 2nd wasteways as reference sites. (BR) additional
paragraph information

provided

Ecology 22 p. 3-7,3rd The first bullet specifies use of the Shapiro-Wilk test if no nondetects are present in both site and Accept in Part; All tests were run for all data pairs, but statistical results were

paragraph Reference data sets. However, data in Appendix B1 (e.g., Table B1-1) show otherwise (for example, text clarified generally used in accordance with the hierarchy of the Work Plan.
aluminum has 17 nondetects and it appears that the Shapiro-Wilk test was used). Please make text The General Wilcoxon test was used for the evaluation of
consistent with the data tables. (DD) aluminum.

Text was added to the front of Section B-1 to explain the
methodology, and the headings in Appendix B-1 were clarified.
Additional text was added to Section 3.2.2.

Ecology 23 p. 3-8,3rd Bullets 1 and 2 appear the same. The criterion in Bullet 3 (FOO<30%) seems arbitrary, as a trigger for Accept in Part; The text is accurate but was expanded for greater clarity. FOD

paragraph potentially excluding analytes (see *Qualitative Analysis in Tables 3-2 to 3-18). ProUCL provides text clarified was not used as a basis for excluding constituents.
statistical methods for evaluating nondetects. Delete bullet 1 or 2. Also, do not use FOD as a basis for
excluding contaminants. (DD)

Ecology 24 p. 3-9, 3rd Text notes that nondetects in background groundwater data were replaced with half the reporting limit. No change; text The existing text describes the data summary practices used in

paragraph ProUCL recommends against using simple substitution methods for handling nondetects and offers clarified the original 1996 document, not in the SLERA. The text was

better methods. Follow ProUCL methods for handling nondetects. Simple substitutions are not clarified to include the phrase 'in the 1996 report'.

recommended. (DD)

Ecology 25 p. 3-1o,1 s Process point #2 states that negative values for radionuclides were not used in statistical calculations. Accept in Part; Use of zero is a conservative approach that was necessary to

paragraph Because all radionuclide data (positive and negative) should generally be used in calculations, provide text clarified allow the calculation of geometric means, which cannot be

an explanation as to why negative values were excluded (e.g., geo mean calculation), along with generated from negative numbers. Geometric means were

possible altemative statistical strategies. (DD) compared to the geometric means reported for the 1996
groundwater data. A description of the use of negative numbers
was added to the text.

Ecology 26 p. 3-11, The table shows that hexavalent chromium is not a COPEC for surface water in the 100 Area and 300 Accept in Pait; Hexavalent chromium was analyzed for in 44 suriace water

Section 3.3, Area sub-areas, though his given as a COPEC for the Lake Wallula sub-area. Appendix B (Tables BI- text added samples from the 100 Area Sub-Area and in 14 samples from the

Table; Section 1 and BI-2) shows no analysis of hexavalent chromium for the 100 and 300 area sub-areas surface 300 Area Sub-Area, but was not detected in any of them. Since

8.8, p. 8- 46, water. The database from the Data Summary Report (WCH398) shows only 5 results for hexavalent Appendix B only listed detected constituents, hexavalent

table chromium, with 4 in the Lake Wallula sub-area and 1 in the 300 area. Table 4-3 in the work plan for chromium is not included. This information was added to the text.

this study (DOERL-2008-1 1, Rev. 0) shows that hexavalent chromium was a target analyte for surface In addition, Inclusion List compounds that were not selected

water. It is perplexing that this major Hanford contaminant was not analyzed in the surface water. Add because they were not detected were added to the text of Section

analysis of hexavalent chromium in surface water for the 100 and 300 area sub-areas. (BR) 3.0.
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Recv'd Comment Location
From Number Comment Response Disposition

Ecology 27 p. 3-12, The following COPECs should be added for sediment in the general locations listed below: Heptachlor Accept in Part; SLERA COP ECs were selected by the method described in the
Section 3.3, (100 Area sub-area; see river mile 373) Lindane (100 Area sub-area; see river mile 370) Manganese additional Work Plan, Section 4.5.3.1.2. Point-specific data results
Table (100 Area sub-area; see river miles 373-377) Molybdenum (100 Area sub-area; see river miles 369- information requested in Comments 27, 28, and 30 were provided separately

371) Aroclor-1254 (Lake Wallula; see river mile 337) Aroclor-1260 (Lake Wallula; see river mile 337) provided on 2115/12 and discussed on 2116/12. For further discussion see
Arsenic (Lake Wallula; many observations of values greater than 15 mg/kg) (BR) the response to comment 5. A discussion of these results was

added in the Uncertainty Analysis as Section 10.2.2. and Table 10-
2 in Section 10.

PCBs were evaluated with total PCB values, which were obtained
by the addition of congeners and is considered to be more
accurate than Aroclor analysis.

Ecology 28 p. 3-15, 1st The following COPECs should be added for fish carcass samples in the general locations listed below: Accept in Part; SLERA COPECs were selected by the method described in the

table Alpha-chlordane (300 Area sub-area; see river mile 347) DDD (300 Area sub-area; see river mile 361) additional Work Plan (Section 4.5.3.1.2). Point-specific data results
DDT (100 Area sub-area -see river mile 380; 300 Area sub-area - see river mile 363) Uthium (100 information requested in Comments 27, 28, and 30 were provided separately
Area sub-area - see rver mile 378; 300 Area sub-area - see river mile 361) Selenium (100 Area sub provided on 2115/12 and discussed on 2116/12. For further discussion see
area - see river mile 381; 300 Area sub-area -see river mile 347) Tin (100 Area sub-area - see river the response to comment 5. A discussion of these results was
mile 375; 300 Area sub- Area - see river mile 363) Vanadium (100 Area sub-area - see river mile added in the Uncertainty Analysis in Section 10.
378; 300 Area sub-area - see river miles 343-346) Zinc (300 Area sub-area - see river mile 363)
(BR)

Ecology 29 p. 3-15 -3- For all biological sample types calculate the toxic equivalence (TEQ) using the WHO No change PCBs were evaluated by a total-POB approach, as indicated by
16, Tables birds/fish/mammals toxicity equivalent factors (using 2,3,7,8- TCDD as a reference congener) of the the benchmarks provided in Table 4-18 of the Work plan. The

dioxin-like PCB congeners for all locations. The data set for biological samples has at least 9 of the 12 total PCB approach was used to allow comparisons with historical
WHO dioxin-like PCBs. (BR) data, much of which does not have congener results. Based on

the low value of detected POB concentrations and historical site
usage and precedence at other Superfund sites (e.g., Duwamish,
Pord of Portland) additional detailed evaluation of PCBs by the
congener TEQ method is not warranted.

Ecology 30 p. 3-15, 2"d The following COPECs should be added for fish fillet samples in the general locations listed below. Accept in Part; SLERA COPECs were selected by the method described in the

table Alpha-chlordane (100 Area sub-area; see river mile 376) DDD (300 Area sub-area; see river mile 344) additional Work Plan (Section 4.5,3.1.2). Point-specific data results
Lithium (100 Area sub-area; see river mile 370) Manganese (100 Area sub-area; see river mile 382) information requested in Comments 27, 28, and 30 were provided separately
Selenium (300 Area sub-area - see river mile 363) Strontium (100 Area sub-area - see river mile 379- provided on 2115/12 and discussed on 2116/12. For further discussion see

384) Vanadium (100 Area sub-area- see river mile 367 and 379) Zinc (100 Area sub-area- see river the response to comment 5. A discussion of these results was
mile 378-381; 300 Area sub-area - see river mile 363) (BR) added in the Uncertainty Analysis in Section 10.

Page 6 of 16 5/1/12



Recv'd Comment Location
From Number Comment Response Disposition

Ecology 31 p. 3-17, For surface water and pore water, uranium has been eliminated as a COPEC. However, isotopes of Accept in Part; SLERA COPECs were selected by the method described in the
Section 3.8.1 uranium have been measured for surface water. Calculate total uranium based on the isotopes and text clarified Work Plan. Inorganic uranium, as well as isotopes of uranium, are

retain it in the risk assessment for surface water. For pore water, there are numerous detects of Inclusion List compounds that were designated as COPECs when
uranium (especially in the 300 area, and at concentrations greater than 100 p g/L). Retain uranium for they were detected in both porewater and surface water. As
pore water as well, and use isotopic analyses in addition to fill in gaps. (BR) shown In Section 3.8.3, uranium was retained as a COPEC for the

300-FF-5 OU in front of the 300 Area.

However, a reference to isotopic uranium results was made in
discussions where reference is made to the absence of inorganic
uranium detections.

Ecology 32 p. 5-9, 1st Re radionuclides, the EU has proposed a more stringent generic screening value (PNEDR) of 10 Accept in Part The current BCGs used as radionuclide benchmarks were derived

paragraph p.Gy/h (0.024 rad/d) for nonhuman biota (Anderson et al. 2009. JER 100:11001108). Add text text clarified by population-based models derived for specific use at DOE sites.
discussing these more stringent levels proposed by the EU and include this citation. (DD) They are consistent with the RCBRA program. No change in

benchmarks is proposed. The use of BCGs was specified in the
DOE Order 5400.5, Radiation Protection for the Public and the
Environment. However, a reference to the EU standard was made
in the text.

Ecology 33 p. 6-3, 3rd Some sediment NOECs are not really NOECs. For example, Michelsen (2003) values reflect a 10-20% Accept To increase the accuracy of the screening terms, and as agreed
paragraph effect, while OMOE (1993) values are based on a 10% effect level. Also, Michelsen (2003) has been upon on 2/16112, the term NOEC was explained in the text of

updated (Michelsen. 2011. Development of benthic SQVs for freshwater sediments in WA, OR, and ID. Section 7 using an initial text box to more clearly and visibly
Ecology Pub. No. 11-09-05, Olympia, WA.). Add text discussing the uncertainty of the term NOEC provide the definition of these terms as used throughout the
given these known effect levels associated with 'NOECs. (DD) document. An evaluation of COPECs in relation to the recent

Michelsen 2011 reference was added to the discussion of
benchmarks in Section 6.2.2.

Ecology 34 p. 6-4, 3rd Similarly, not all soil NOECs are true NOECs. For example, MTCA Table 749-3 values for plants and Accept As described above and as agreed upon on 2116/12, to more
paragraph soil invertebrates are the lowest 10% of ranked LOEC data. Add text discussing the uncertainty of the accurately reflect the characteristics of the evaluation values, the

term NOEC given these known effect levels associated with 'NOECs'. (DD) term NOEC was explained in the text of Section 7 using an initial
text box to more clearly and visibly provide the definition of these
terms as used throughout the document.

Ecology 35 p. 6-5, 4* For conversion of LOEC to NOEC, EPA recommends a UF of-.10 (not 2) (EPA. 1999. SLERAP for Accept A UF of 5 was used to convert LOEC to NOEC values.

paragraph Hazardous Waste Combustion Facilities, EPA 530-D-99-001 A). In all cases, data should supersede
extrapolation (Chapman et al, 1998). Add text discussing that the UFs are below EPA
recommendations. (DD)

Ecology 36 p. 6-6, 2nd For conversion of LC50 to NOEC, EPA recommends UF=100 (not 20) (EPA. 1999. SLERAP for Accept A UF of 5 was used to convert LOEC to NOEC values. The UF
paragraph Hazardous Waste Combustion Facilities, EPA 530-D-99-001 A). Add text discussing that the UFs are currently used for LD50 to LOEC conversion is 10. Both of these

below EPA recommendations. (DD) values are consistent with EPA Region 10 guidance.

Ecology 37 p. 6-7, 2nd Define "well-being" of individual species. (DD) Accept Text was modified as requested. The term 'general condition"
paragraph was used in place of 'well-being'.
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From Number ______Comment 
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Ecology 38 p, 6-7, 6 ~ EPA's ProUCL recommends that a UCL95 (rather than the sample max) be estimated to represent No change See response to Comment 12. Maximum values were used for

paragraph EPO. Follow ProUCL guidance for calculating EPO. (nD) screening, in accordance with the Work plan (Section 4.5.3.3.) and

L 
J- EPA guidance.

4. i dA A, f^ +,d isnoa tin Accent Text was exDanded.

Ecology 40 1
p. 7-3, 6th
1paragraph

This paragraph on radionuclide risk should be clanie. IL1OUg I nAL a ra
receptors is estimated based on single medium exposure, BOG methodology computes a sum of

ifractions (SOF) for multiple media (e.g., water plus sediment for aquatic and riparian receptors). (DD)

Many nondetects for Hg and Pb in surface water exceed the NOEC (Figures C-95 and C-96). This also

applies to several COPCs in other river sub-areas (as shown on p. 7-4), as well as in other media (e.g.,

sediment, pore water, shoreline sediment). This is problematic in the NOEC comparison and adds,

uncertainty to the analysis. Discuss this uncertainty in the text. (DD)

Clarify why COPCs with low FOD (e.g., Hg, N03, U) are not compared with ReferenceArea data,

given that ProUCL provides statistical methods for comparisons with nondetects. (DD)

Ecology 42 p. 7-5, 2nd Replace sediment with "surface water." (DD)

Ecology j 43
paragraph
p. 7-6, 2"w and Replace.'Table 7-4" with 'Table 7-3* in text. (DO)

3"' paragraph

Ecology 44 1p. 7-12, 4th

Ecology 45

Clarify that Reference concentrations for pore water COPCs used background groundwatel

concentrations from DOEIRL-96-61 (see Tables B2-1 to B2-7). (DO)

Text refers to the 'three sub-areas' with respect to pore water COP~s. However, pore watE

are grouped by OU (not by sub area per se). Please correct the text. (DD)

Apply an outlier test if claiming a soil Pb concentration (94,3 mg/kg) in the 100 Area Sub Aj

'outlier.' Even if this data point is a statistical outlier, it may be real and indicative of other

concentrations in this range that escaped measurement. Retain this data point in the analy

INU UIW.II~ IItO UIStU*LQI~S9 UOJ1%"'4W --. '... . . . - -- - -

No chang
No change

lAocept
4 LAccept I ext was moairieo as r~quuswu.

is discussed in Section 10.2.6 of the Uncertainty section.

evaluation was performed on all detected analytes, but
Statistical evaluation was performed on all detected analytes, but

the results were considered to be uncertain at FODs below 30%.
For these constituents, a qualitative analysis was used.

Statistical analysis was performed as described in the Work plan,
using the JMP statistical software.

IText was modified as requested.

Accept Text was modified as requested.

I I -~Accept text The text was clarified. This data point was not excluded.
Accept text
clarified
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Ecology 39 p. 7-2, 4
paragraph

Ecology 41 p. 7-5, 1st
paragraph

Ecology

pa graph
p. 7-13, 3
Daraclraph
p. 7-15,e
paragraph

46
The text was clarified. This data point was not excluded.

Th t int associa C

I

No chanuge

Tetwsmodiied as reque d.Accept

Text was modified as requested.Accept



Recv'd Comment Location
From Number Comment Response Disposition

Ecology 47 p. 7-16, 5* In addition to terrestrial plants and birds, sediment biota (e.g., invertebrates), mammals, and Accept in Part; Although some mammals, such as otter and mink, may cross

paragraph amphibians may also be exposed to shoreline sediments. Please include these receptors in the additional exposed shorelines as part of normal daily movements between
analysis. (DD) information habitats, the exposure of these animals to shoreline sediments is

provided expected to be less than for birds. Mammals are protected by fur
and most feed primarily in upland areas or in the river, consuming
fish and other organisms. In contrast, shorebirds congregate
specifically in exposed shorelines on a daily basis and feed on
organisms in or on shoreline sediment, consuming significant
quantities of shoreline sediment in the process. Thus, most
mammals are expected to have relatively low exposure to
shoreline sediments, since they do not routinely feed or
congregate in the exposed sediments the way shorebirds do.
Likewise, the exposed sediment would not be an attractive habitat
for feeding area for amphibians, who would be ready prey to
herons and raptors in this area, and who typically reside in upland
areas as adults. In addition, no amphibian-specific soil
benchmarks are available for amphibians, who do not root in the
soil while feeding. In summary, mammals and amphibians are
expected to have considerably less exposure, particularly
ingestion exposure, to shoreline sediments than birds, who
congregate specifically in these areas to feed. The discussion in
the text was expanded to include these points.

Also, note the uncertainty of employing soil NOECs to evaluate shoreline sediments. (DD) No change Uncertainty associated with the use of benchmarks and with the
evaluation of shoreline sediments is described in the Uncertainty
section (Section 10).

Ecology 48 p 7-17, 7th Cr" should be retained for all 3 sub areas (100, 300, Lake Wallula) for shoreline sediments for Accept Text was modified as requested. This was a typographical error.

paragraph terrestrial plants (see Table 7-14). (DD) I II
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Ecology 49 Chapter 8, The tables in this chapter should be expanded to include all COPECs, without further reductions in No change; In accordance with the Work Plan (Sections 4.5.3.3 and 4.5.3.4),

tables, COPEC lists beyond what is given in the tables in Part 1, Section 3.0 (along with the additions Ecology additional only COPECs exceeding benchmarks are canied forward for

General is requesting to these tables). Additionally, calculations for Hls should be performed at all locations; information evaluation in the Refined analysis of Section 8.0. As specified by
HQs are just ratios. As this assessment covers only about 100 miles, each river mile and its provided EPA guidance (EPA 1997), only maximums are compared to

associated HQs for each detected contaminant for which benchmarks have been developed should be benchmarks, not all data. Tabulating and mapping constituent

presented in tables organized by river mile (or maps of the HQs). It is recognized that there are concentrations below the NOEC benchmark is inconsistent with

multiple media types. Each river mile can be ranked from high HQs to low HQs for each contaminant the EPA approach and would have no effect on subsequent
for each medium. Colored contour maps should also be provided for selected contaminants. (BR) evaluations in Section 8.0. For this reason, no change to the text

is proposed. Added details for Sections.

Point-specific data results requested in Comments 27, 28, and 30
were provided separately on 2/15/12 and discussed on 2/16/12. A
discussion of these results was added in the Uncertainty Analysis
in Section 10. Examples such as those identified in the data
tables provided in response to comments 27, 28, and 30 were

included in a discussion found in Section 10.2.2. and supported by
data shown in Table 10-2.

Ecology 50 p. 8-1, 4* A small number of NOEC exceedances may not necessarily indicate low risk, since much of the data Accept This paragraph was removed from the text.

paragraph were collected In a nonrandomized design that may have missed unknown contaminated areas. This

should not be used as a criterion to eliminate contaminants. (DD)

Ecology 51 p. 8-2, 5m Change, '...the magnitude of the LOEC does not correlate....' to '...the magnitude of the LOEC HQ Accept Text was modified as requested.

paragraph does not correlate....' (DD)

Ecology 52 p. 8-2, 6t Re the first sentence, clarify the relationship between the terms 'screening calculation" with "sample- Accept Text was clarified and the reference to "screening' removed.

paragraph specific concentration" (rather than max value), since Chapter 8 (Refinement of COPCs) Is described
as occurring at Step 3 in the ERAGS process (part of BERA, rather than SLERA) (see p. ES-5 to ES-

6). (DD)

Ecology 53 p. 8-3, 2nd Since the goal of WOC is to protect 95% of aquatic species (see p. 1 in Stephan et al [1985]: Accept As noted previously, the term NOEC was explained in a text box to

paragraph http://water.epa.gov/scitech/swg-uidancelstandards/crteia/aglife/upload/85guidelines.pdf), WQC more clearly and visibly provide the definition of this term as used

should not be considered as NOECs. Also, it is unclear why acute WQCs are listed, since short-term throughout the document. Water quality criteria are ARARs for

exposures are inappropriate to represent long-term (chronic) NOECs or LOECs. Add text discussing surface water and must be used as screening criteria, when

the uncertainty of the term NOEC given these known effect levels associated with 'NOECs". Also, available. The reference to acute WQC was removed.

clarify why acute WQCs are presented. (DO)

Ecology 54 p. 8-6, 4  This discussion on reporting limits appears internally inconsistent, If all 70 samples had reporting limits Accept in Part; The text was clarified. Because no J-qualified values were

paragraph >0.0021 mg/L (WQC) but <0.005 mg/L, it is not clear that sample concentrations were generally text clarified reported, the constituents were considered to be truly absent. A

<WQC. Please provide the analysis to accompany the conclusion. (DD) reference was made to text in the Uncertainty section.

Ecology 55 p. 8-8, 2nd In cases where concentrations of COPCs in Reference samples exceed their respective LOEC (e.g., Accept In accordance with Section 4.4.3 of the Work Plan, the Reference

paragraph surface water Pb in the 300 Area Sub Area), this may indicate that Reference samples are Area dataset was constructed to accurately reflect on-gong non-

contaminated (a strong possibility, given that wasteways, irrigation returns, and upriver mining Hanford Site contributions to the Hanford Reach, not to represent

discharges are included in Reference Areas). This is problematic for Reference Areas. Acknowledge in pristine or uncontaminated conditions. A description of the

the text that reference areas with concentrations greater than LOECs may be problematic reference definition and intent of reference data was added to the text.

areas. (DD)
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From Number Comment Response Disposition

Ecology 56 p. 8-15, 3"e Add text discussing the uncertainty introduced by using a PAH sediment LOEC to evaluate TPH. TPH Accept TPH concentrations were evaluated against Michelsen 2011

and e' is a complex mixture, containing many components besides PAHs. Perhaps more relevant, Michelsen values in the revised report. A discussion of the updated

paragraphs (2011) provides freshwater sediment benchmarks for TPH-Diesel (340 mg/kg) and TPH-Residual Michelsen 2011 results was added to the benchmark discussion in
(3600 mg/kg). (DD) Section 6.2.2. All TPH values are below the CSLs contained in

this reference.

Ecology 57 p. 8-15 -8- The third paragraph (last sentence) on p. 8-15 states "TPH-diesel is thus retained for further evaluation Accept TPH concentrations were evaluated against Michelsen 2011
16, Section in the 100 Area Sub-Area." However, in the last paragraph of the section on p. 8-16, the text states values in the revised report. All TPH values are below the CSLs
8.4.1.1.2 "Because non-Hanford Site sources are a likely origin of some or potentially all of the detected TPH, contained in this reference. The reference to Non-Hanford Site
and table and because the 100-N Area is actively remediating residuals, no additional investigation of this sources was removed.
on p. 8-25 COPEC is recommended as part of the CRC investigation.' First of all, there have been a variety of
- 8-26 diesel spils at Hanford. Uttle attempt has been made here to demonstrate that the TPH in the 100

areas is not of Hanford origin. Second, the quoted statements appear to conflict. It is not clear what is
meant by "retained for further evaluation in the 100 Area Sub-Area." Delete the final sentence of
Section 8.4.1.1.2. The results here are ambiguous. Investigate TPH further. Also, modify the first
sentence in Section 8.4.1.1.6 by deleting TPH components. (BR)

Ecology 58 p. 8-16, 3" Because Cr+6 has FOD=26% (31/117) but no sediment benchmark, Cr" should be included in the No change Uncertainty associated with the lack of a hexavalent chromium

paragraph uncertainty discussion. (BR) benchmark was discussed on page 10-9 of the Uncertainty
section.

Ecology 59 p. 8-18, 5" Change "...producing LOECs ranging from 1 to 2.5' to "...producing LOEC HQs ranging from 1 to 2.5." Accept Text was modified as requested.

paragraph (DD)
Ecology 60 p. 8-18, The text states 'However, selenium is not known to have been widely used at the Hanford Site, so the Accept in Part; Contaminants in the Columbia River that are potentially associated

Section relationship of these two samples to Hanford operations is uncertain. If potential Hanford sources are text clarified with the Hanford Site are discussed in the appendices of the River
8.4.1.2.1 confirmed, further sediment investigations around each exceedence point is recommended to Corridor Operable Unit RI/FS reports. Selenium did not exceed

determine the distribution of selenium concentrations in the vicinity of each sample." Discuss any the Michelsen 2011 SQS, so the selenium discussion has been
efforts to determine the source of selenium in the sediments in the 300 Area sub-area. (BR) removed. The reference to the confirmation of potential Hanford

Site sources for selenium was also removed on page 8-35.

Ecology 61 p. 8-18 - 8- Sediment TPH results for the 300 Area sub-area are ambiguous. Investigate TPH further for the 300 No change The 2010 Annual Sitewide Groundwater Monitoring Report does

19, Section Area sub-area and discuss TPH occurrences in PO-1 groundwater. (BR) not identifyTPH as a concem for the 200-PO-1 groundwater OU.

8.4.1.2.2 and Further effort at source identification is beyond the scope of the
8.4.1.1.3, and SLERA. However, all TPH concentrations in sediment are below
table on p. 8- the updated criteria of Michelsen 2011, which were incorporated
25-8-26 into Section 6 of the SLERA

Ecology 62 p. 8-19, The text states "Active remediation systems are in place to remove chromium from groundwater, and No change; text Text regarding remediation systems was removed.

Section the on-going operation of these systems will lead to a reduction in groundwater-derived sediment clarified
8.4.1.2.4, concentrations of hexavalent chromium over time.' Please discuss in this section the active
e remediation that will address the hexavalent chromium in sediment at approximately river miles 356
paragraph (slough) and 352 (island). (BR)
oft section _ILI
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Ecology 63 p, 8-22, 1I Sediment Sb should be retained due to LOEC exceedances in Lake Wallula, despite LOEC Accept in Pat; No sediment values for antimony are included in Michelsen 2011,

paragraph exceedances in Reference areas. Although statistical analysis was incomplete, due to low FOD text clarified so antimony results were longer be discussed in Section 7 or 8;
(<30%), qualitative analysis concluded Site>Reference (Table B1 -6). (DD) instead, antimony was discussed in the uncertainty section. A

discussion regarding the uncertainty with the method that leads to
a high level of false positives, as presented in Michelsen 2011,
was included in that section.

Ecology 64 p. 8-22, 3rd Text states, "Although concentrations were within the range of adverse effects, no further evaluation of No change; text DDD was not be formally retained as a COPEC because
paragraph the distribution of DDD in this area is recommended, because the relationship of this COPEC to clarified concentrations are below Michelsen 2011 SQS.

Hanford Site operations is uncertain." Uncertainty is not suitable rationale for exclusion. Rather, DDD
should be retained and discussed in the uncertainty section. (DD)

Ecology 65 p. 8-24, This section discusses Total PCBs for the Lake Wallula section but does not discuss individual No change; text PCBs were evaluated by the total PCB approach, with total PCBs
Section aroclors. Both Aroclor-1 254 and -1260 are found at various Hanford waste sites, tank farms, and clarified determined by an addition of congeners. Aroclor data were not
8.4.1.3.8, and facilities, and in this study have been found in sediments-near Richland (river mile 337). These used because they are analytically less precise than congener
table on p. aroclors are in the sediment at river mile 337 at concentrations that are 20 to 1000 times the values data, and benchmarks are not available for all aroclors. This
8-25 that would be considered protective of the river. Retain them for further evaluation for Lake Wallula. discussion was added to the text. As an aside, the shoreline
to 8-26 (BR) sediment samples taken near RM 337 are located at Howard

Amon Park, in an area of shoreline that was extensively renovated
in the early 1990's, inIcuding the addition of fill material. Text was
added about the types of PCBs present in these samples.

Ecology 66 p. 8-24, 3rd Re 5 of 27 Lake Wallula sediment PCBs that exceeded the NOEC (0.06.mg/kg), texts states, "All Accept in part; Text was corrected and clarifications were added to the table. A
paragraph contained the same measured concentration of 0.000336 mg/kg." However, Table 7-3 lists detected database review of the database showed that these and selected other total

PCB concentrations in Lake Wallula sediment, ranging from 0.000336-0.133 mg/kg. Please make the updated. PCB and total PAH values resulted from the addition of non-
text and tables consistent. Also, please clarify the 5 lines of PCB samples for Lake Wallula sediment detected analytes, and should have been marked as non-detects;
with identical characteristics, except for "Sample Number of Maximum,' "Location of Maximum (RM)," these non-detect total PCB and total PAH values were thus
and "Designation of Maximum" (Table 7-3). It is not clear If there are a total of 27 PCB samples or [5 x removed from the analysis. In accordance with the Work plan,
27] PCB samples. It looks like a similar situation exists for low MW PAHs and high MW PAHs in Table PCBs were evaluated by a total PCB method, since the analytical
7-3, as well. Please check these PAH data entries in Lake Wallula sediment and correct if necessary. method is more accurate than the aroclor method and benchmarks
If data are available, PCB congeners should be quantified in terms of dioxin-like toxicity equivalents are not available for many aroclors (see Table 4-18 of the Work
(TEQ) and compared to an appropriate sediment dioxin TEQ benchmark. In any case, PCB should be plan). In addition, use of total PCB data allowed the evaluation of
retained as a COPC in sediments. Please include PCB congener data in table and make appropriate historical data, for which congener data is lacking. No significant
comparisons with dioxin-like TEQ. (DD) pathway for PCB transport to the river was established by River

Corridor Operable Unit Ris, and further detailed analysis of PCBs
by the TEQ method was not warranted.

Ecology 67 p. 8-24, 5th Due to the relatively large number of LOEC HQs>1 (Table 8-5), TPH-diesel (14/69) and TPH-motor oil No change; text Michelson 2011 TPH values were integrated into the benchmark

paragraph (21/69) should be retained as sediment COPCs. (DD) clarified discussion in Section 6. All TPH values are below the updated
CSLs in that document.
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Ecology 68 p. 8-26, The text states "However, unlike other media, exceedances of LOECs in pore water do not necessarily Accept Statement was deleted.
Section 8.5 translate into a potential for adverse effect to aquatic life, since the point at which pore water was

collected -12 or more inches beneath the sediment surface - is below the habitat and hence the
exposure zone for most aquatic organisms (Ward 1992)." This is contraly to what is known about the
hyporheic zone, where aquatic organisms are well known to exist at depths below 12 inches. Please
delete this statement. (BR)

Ecology 69 p. 8-25 and 8- Rather than Interpreting sediment LOEC exceedances as non-Hanford COPCs (i.e., 100 sub area No change; text The reference to the Hanford Site was removed for heptaclor
26, table heptachlor epoxide and TPH; Lake Wallula sub area DDD and TPH) or historical COPCs (i.e., Lake clarified epoxide. DDD and Total PCBs do not exceed Michelsen 2011

Wallula sub area Ag and total PCBs), these COPCs may be linked to Hanford sources and current SQS, so were not be discussed in Section 8.
releases. As such, these COPCs should be retained. (DD)

Ecology 70 p. 8-27, 2"' Chronic NAWQC are derived from at least 8 acute values and 3 chronic values (see p. 12 in Stephan Accept The sentence was modified to delete the phrase "but are not
paragraph et al, 1985). Therefore, chronic WQC are based on both acute and chronic effect levels. Please delete indicative of levels of actual effect".

or modify statement beginning "For most of the COPECs listed..." (DD)

Ecology 71 p. 8-28, 40 Refer to Table 8-6 for 100-KR-4 pore water discussion. Re last sentence, refer to Mn. (DD) Accept A reference to Table 8-6 and manganese was added to the

paragraph paragraph and last sentence, respectively.

Ecology 72 p. 8-29, 1 Replace '...producing LOECs ranging from 1.6 to 6 mg/L (Table 8-8)" with "...producing LOEC HQs Accept Text was modified as requested.
paragraph ranging from 1.6 to 6 (Table 8-8)." (DD)

Ecology 73 p. 8-30, ei Replace "Section 8.3.1.1.4" with "Section 8.3.1.1.3." (DD) Accept Text was modified as requested.
paragraph

Ecology 74 p. 8-32, table Re Cr4 in 100-HR-3, numerical range under "Range of LOEC HQs>1.0" should read "1.1-64" and Accept Text was modified as requested.
numerical range under 'Concentration Range of LOEC Exceedances mgL' should read "0.011-0.64."
(DD) I II
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Ecology 75 p. 8-33, The lead LOEC value of 141 mg/kg for soil for protection of plants is a subjective choice from EPA, Text changed The LOEC used in this study was drawn from the EPA SSL
Section 8.6.1, 2005. Currently, Ecology has not accepted the PRGs that have been developed for Hanford (as in ECF database, which is currently considered to be the definitive toxicity
and Part 2, Hanford-11 -0158) (and we question that the results are representative). This draws into question all dataset for soil constituents. All the approved lead plant data in
Table 8-1; remaining values in Table 8-1. Please clarify why the EPA Eco-SSL (120 mg/kg) was not selected as this database consists of maximum acceptable toxicity
p. 8-41, the plant LOEC for Pb, rather than the LOEC shown in Tables 8-1 and 8-9 (141 mg/kg). Please use the concentrations (MATCs), which are geomeans of study NOEC and
Section literature values without influence of the Hanford bioassay results. (BR) (DD) LOEC values. The LOEC value chosen was the lowest MATC
8.7.1.3 value above the EPA SSL of 120 mg/kg. As a NOEC-LOEC

geometric mean, this value is a very conservative estimate of an
actual LOEC, and so was considered appropriate for use. It is not
a Hanford PRG. However, the value chosen (141 mg/kg) was
replaced with the next higher value (144 mg/kg) which is from a
study with a higher acceptability ranking from EPA.

The Eco SSL of 120 mg/kg Is intended by EPA to be used in the
same manner as a SLERA NOEC, not a LOEC, so was not used
as a LOEC for evaluations in Section 8.0. However, because the
SSL of 120 mg/kg reflects numerically the effects of LOEC study
values, site lead values were also compared to the SSL of 120
mg/kg for further reference. A discussion of the basis of the SSL
was added. Bioassay results were not used in the evaluation of
this COPEC. However, the use of Hanford bioassay results are
used elsewhere as appropriate, in accordance with the process
described in the Work Plan.

Ecology 76 p. 8-34, 51 Add 'Soil' to the beginning of tities of Table 8-11 and 8-12 to clarify that these are soil data. (DD) Accept Text was modified as requested.
paragraph

Ecology 77 p. 8-35, 4* Clarify why the Hanford Tier 2 soil PRG for birds for Pb (156 mg/kg) was not initially selected as a No change LOECs were drawn from the Eco SSL database where available.
paragraph LOEC, as was the case for Hg (see Table 8-1). That is, the initial LOEC selected for Pb (25 mg/kg) No Eco SSL is available for mercury, so the RCBRA PRG was

was essentially replaced by the Tier 2 PRG (156 mg/kg) to maintain LOEC HQ<1. (DD) used as a LOEC. In accordance with the sequence of evaluation
described in the Work plan (Section 4.5.3.5), site-specific toxicity
data are used in sequence in the Preliminary Refinement to help
understand the potential effect of exceedances. Since PRGs are
based on site-specific data and species, they are considered to be
a better representation of true potential for risk than generic LOEC
values used for the initial LOEC assessment.

Ecology 78 p. 8-35, 5m Note that one source of Pb in Hanford soils is former orchard areas in the 100 Areas, due to the Accept Text was modified to reflect the presence of pre-Hanford orchards

paragraph historical application of lead arsenate pesticides. If any of the islands were used for orchards this may on the peninsula north of the White Bluffs Townsite (RM 370 -371;
be an additional source of lead. Include this possible source of lead in island soils (unless it is known see Map A-1i5).
that there were no orchards on the islands). (DD)

Ecology 79 p. 8-36, 2' Re Hg, replace 'Tables 8-8 and 8-9' with "Table 7-9.* (DD) Accept Text was modified as requested.

paragraph
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Ecology 80 p. 8-40, The text states "In the 300 Area Sub-Area, only the plant NOEC for selenium was exceeded in three of No change This section discusses shoreline sediment. Both samples cited
Section the 91 samples analyzed for this constituent. All three were obtained from the left shore of Island 18,..." (Si-1 OSD and JSI-4SD) are of shallow sediment, from areas
8.7.1.2, and p. The LOEC for plants is stated to be 1.0 mg/kg. Sediment samples from further upstream, river miles permanently inundated under shallow water. These are
8-45, table 357 and 346, had selenium concentrations of 6.30 and 8.46 mg/kg according to the Data Summary considered to be aquatic sediments, and were not included in the

Report (WCH-398). Discuss these results in this section. (BR) shoreline sediment dataset.

Ecology 81 p. 8-42, 3' Although benthic prey items may be imported from upstream areas, COPC concentrations in these non Accept Uncertainties associated with the concentrations of COPECs in

paragraph local prey are uncertain and may be lower or higher than COPC concentrations in the local benthic shoreline benthic invertebrates was addressed in Section 10.27.
community. (DD) As stated in that section, the methods used may either over- or

under-estimate risk. The Section 8.0 text was changed to be
consistent with this statement.

Ecology 82 p. 8-43,5th Text states, "The magnitude of the difference between this PRG (156 mg/kg) and the concentration in No change The uncertainty associated with the difference between these

paragraph shoreline sediment (111 mg/kg) suggests that little potential for effect to birds is likely." Given the large values is within the range normally associated with population-
uncertainty Inherent in wildlife PRG development (due to modeling assumptions) and in sediment level risk assessment.
COPC characterization (due to limited and judgmental/non-random sampling), this statement appears
overly confident, Recognizing these uncertainties, please include the altemate conclusion that the
avian PRG for Pb and sediment Pb levels are within a similar concentration range. (DD)

Ecology 83 p. 8-44, 2nd Although many shoreline sediment concentrations for vanadium (V) (Table 8-17) are below the 90th No change Because of low vanadium levels and multiple anthropogenic

and 3"I percentile of Hanford soil background (85 mg/kg), the EPA EcoSSL for birds (7.8 mg/kg) or the LOEC sources, further investigations of vanadium are not warranted.

paragraphs for shorebirds (11 mg/kg) both predict that adverse effects may be occurring at these background
levels. In some cases, it is possible that ecological receptors can be adversely impacted by
background levels of COPCs, especially considering cumulative effects from multiple Hanford COPCs,
non-Hanford related COPOs (e.g., derived from mining, agriculture, urban activities), physical
stressors, and habitat degradation. Because V exceeds background in 6 of 40 samples (15%) in the
Lake Wallula Sub Area (Table 8-17), shoreline sediment V should be retained as a COPC in this sub
area. (DD)

Ecology 84 p. 8-45, 1" Text notes that Pb should be retained, but the table below does not show this. Please make text and Accept Lead was removed from the list in the paragraph at the top of page

paragraph table consistent. (DD) 8-45
and table

Ecology 85 p. 8-46, table Clarify if the superscript footnote "a" should be associated with COPCs, rather than media (as shown). Accept Footnote was removed.

(DD)
Ecology 86 Appendix B2, Provide the sources of the background groundwater values used for the comparisons. (BR) Accept Source (DOEIRL-96-61; the 1996 groundwater report) was

Tables provided in Appendix B2.

Ecology 87 Appendix D, The TRV for Mo (35.3 mg/kg-d) should be divided by 10 (not 2) to generate a NOAEL TRV. As such, Accept See response to Comment 35. The chosen TRV of 17.6 reflects

p. D-1 Sample et al (1996) list a NOAEL TRV as 3.5 mg/kg-d (not 17.6 mg/kg-d) for chickens ingesting Mo. the use of a LOEC -NOEC UF of 2, as described in Section 6.2.4.

Add text discussing that the UFs are below EPA recommendations. (DD) The UF was changed to 5, to be consistent with Region 10
guidance.

Ecology 88 Appendix D Accept Units were corrected. This change has no effect on the calculation

p. D-1 to D-3 Units for FIR and SIR are kg/kg-d (not mg/kg-d). Please correct the units, (DO) outcome.
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From Number Comment Response Disposition

Ecology 89 Data SVOCs with values reported along with a U qualifier have generally been rejected by the data No change Because the SLERA did not use 95% UCLs, ProUCL was not
Summary validator. It is not clear if these results were used in any ProUCL calculations, or if some other value used and therefore not applicable to this document Rejected data
Report was substituted for statistical analysis. Please explain. Also, these results do not consistently have a were not used in either SLERA or HHRA.

Detection Status of ND. This seems to be inconsistent with the U qualifier. Please explain. (BR)

Ecology 90 Appendix 1, Overall, the re-analysis of COPC selection appears sound after excluding wasteway/irrigation retum Accept Comment noted; some metals are indeed higher in concentration
Wasteway (WW/R) data from the reference data set. However, the request for re-analysis appears justified, in the wasteways.
Analysis since qualitatiye inspection of boxplots (Appendix I Figures) indicates higher concentration for many

WW/IR COPCs vs. site/upriver and major tributary COPCs (e.g., 100 Area surface water As, Ba, B, Sr,
V, Zn; 300 Area surface water As, Ba, B, F, Li, Se, Sr, V, Zn; Lake Wallula surface water Ba, B, Se, Sr;
100 Area sediment Sr). (DD)

Ecology 91 Appendix 1, Please clarify why sediment Pu-238 appears to be the only.radionuclide identified in this re-analysis. Accept Pu-238 does not appear on the Inclusion List from RCBRA since it

Wasteway That is, explain if all other radionuclides in surface water and sediment were either already included as is not a common contaminant from Hanford Site operations.

Analysis COPCs (e.g., Site>Reference, inclusion List) or were previously excluded as COPCs from this re- Therefore, it was subject to statistical analysis like other

analysis (e.g., absent from WW/IR media, Exclusion List). (DD) constituents. This analysis considers only detected compounds
that were not selected as COPECs. Radionuclides that do not
show up on this list were either Exclusion Ust compounds, not
detected in the media, or Identified as COPECs. Most were
identified as COPECs. Some additional discussion was added to
the Introduction.

Ecology 92 Appendix 1, Units for FOD (%) should be indicated. (DD) Accept Suggested edit was made.
Tables 1-5 and
1-6 1_1
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REVIEW MATRIX OF 12-21-2011 EPA COMMENTS ON SLERA DRAFT A: FINAL DISPOSITIONS
5/1/2012

Recv'd Comment
From Number Page Location Comment Response Disposition

EPA 1. General It was very confusing to have tables split into a separate part of No change Report structure is consistent with WCH format for recent
the document. Please incorporate into main body of the Hanford risk assessments. Due to the large number of
document. tables, integration of tables into the text would reduce the

usability of the report.

EPA 2. ES-19 Line 1-2 "In these cases, LOEC-HO were obtained...." Non-sequitur, Accept This section is no longer present in the ES. Ref pg ES-1 9.
unclear.

EPA 3. ES-20 2"d paragraph, 2 nd "....both of these..." not clear which 'these' are. Accept The phrase "both of these" was replaced by "hexavalent

line chromium".

EPA 4. ix Acronyms Several missing acronyms. Please do a general search and Accept Missing acronyms were added as necessary.
update (e.g. ACR, GLWQI, CMC, FOD, etc.)

EPA 5. 2-2 2"" paragraph The decision to go 12" down was based off the depth of salmon Accept Text was modified as requested.
redds. Please mention.

EPA Verbal, A. 2.3 Beef up Section 2.2.2 to illustrate random nature of sediment Accept Text was modified as requested.
3-5-2012 sampling

EPA 6. 2-4 Top 4 paragraphs Clarify with core samples which part was used for risk Accept; Most sediment samples were collected from 0-4". Core
assessment (top 4" or 12"?). Also clarify what part of the deep additional samples, which were collected with a vibracore, required
cores was used for HH RA. information at least 0.66 ft. of sample to obtain necessary sample

provided. volumes. For these samples, the entire top interval was
used, which typically comprised 0-.79 ft (1-10 inches).
Text was expanded to discuss sample depth.

EPA 7. 3-3 (and Exclusion list This should be the same list as was agreed to in the "RI Work Accept The Inclusion and Exclusion Lists in the SLERA are a
Table 3-1) Plan for Hanford Site Released to the Columbia River (DOE/RL- consolidation of the lists in the Workplan and are intended

2008-11)". to contain the same constituents. Minor variations were
corrected. Thorium was added as a fish liver COPEC.

EPA 8. 3-3 (and 3.2.1 second Why is the RCBRA SAP referenced here and not the RI work No change The SAP is referenced because it is the source of the
Table 3-1) paragraph plan? Indicator Compound list Specific indicator compounds

were not identified in the Workplan, which itself referenced
the SAP.
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Recv'd Comment
From Number Page Location Comment Response Disposition

EPA 9. 3-6 Section 3.2.2 Does the comparison to reference take into account volume of Accept; The wasteway data was added to the reference dataset by
that reference? The wasteways may have higher concentrations additional Sub-Area as indicated in the Work Plan and described in
of contamination but their flow is a fraction of the Columbia River. information Section 3.2.2 of the risk assessment. Flow data is not

provided. available with which to flow-weight contributions or
concentrations, nor was it incorporated into the study
design during the development of the Work Plan.
However, in response to this comment, a Supplemental
Analysis was conducted to evaluate the effect of the use of
the wasteway/irrigation return data. This information was
included as Appendix I to the report.

EPA 10. Section 3.3 Tables 3-1 "Qualitative analysis" is vague. Be more specific (e.g. FOD low, Accept Each table contains a footnote summarizing the qualitative
through 3.7 through 3-19 lab contaminant, site < background). analysis process. This footnote was expanded.

EPA 11. Section 3.8 Tables 3-19 For surface water, VOCs, SVOCs and pesticides were sampled Accept On these tables, the term "Uncertain COPEC" was
through 3-30 to augment near shore RCBRA surface water sampling. Most replaced by the term "Constituents Analyzed and Not

were not target analytes as listed in Table 4-3 in the RI work Detected" or similar, as appropriate. The term 'uncertain
plan, therefore they should not be uncertain COPECs. The COPEC' will not be used in the document. Text changed
same goes for other media- if it wasn't in Table 4-3 and not in Figure 3-1, and on pages 3-3 and 3-10. Titles were
detected, then it shouldn't be an uncertainty. Right now, there changed on Tables 3-19 through 3-30.
are several more uncertain COPECs than there were target
analytes to begin with.

EPA 12. 5-3 2nd paragraph Change "...benthic invertebrates would also be potentially Accept Text was modified as requested.
exposed..." to "...benthic invertebrates are exposed..."

EPA 13. 5-7 Figure 5-1 Why were these changed from the agreed to CSM in the RI work Accept The CEM was simplified to represent fish, aquatic
plan? invertebrates, algae, plants, and zooplankton as "aquatic

biota" and to accurately reflect the terrestrial receptors
described in Table 4-17 of the Workplan. Text was added
describing the rationale for the change.

EPA 14. 6-2 to 6-3 NOEC sources Make note that some are updated from the RI work plan. Accept Text was modified as requested.
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Recv'd Comment
From I Number Page Location Comment Response Disposition

Both Lowest Observed Effect Concentrations (LOECs), as well
as (NOECs) appear to be used for screening purposes in the
document. Further, section 6.2.4 show conversion factors that
were used for "conversion" from LC50 values to LOECs and
NOECs. Thus, it is unclear whether the NOECs reported are
indeed NOECs as reported from the primary literature, or if they
were "conversion" NOECs. Further, tables in section 8 appear to
indicate that LOECs were primarily used for screening decisions
and HQ calculation? Was that the case? More clarity and
specificity in labeling these terms in needed.

EPA Region 10 Guidance gives conversions of acute or
subchronic LOAELs or chronic LOAELs to NOAELs and also
gives conversions from NOAELs from species of different orders
or families. Clarify how this was applied.

Accept

4. 4
Accept

EPA

Region 10 guidance was considered in the selection of
UFs for the SLERA. The UF of 10 used in the SLERA to
convert acute values to chronic is consistent with Region
10 guidance for the conversion of LC50 data to chronic.
The use of 2 to convert LOECs to NOECs was changed to
a UF of 5, in accordance with Region 10 guidance.

See revised text on page 6-5. See also revised NOECs
for surface water nitrite and vanadium in Table 6-1; for
DDT and PCBs in Table 6-4 (soils - invertebrates), and for
molybdenum in Table 6-5 (soil-bird) and Appendix D-1.

Page 3 of 6

15. 6-5 6.2.4 In accord with the Workplan and the approach described in
Section 1.3, Section 7.1, and Section 8.2, both NOECs
and LOECs were used in sequence to evaluate COPECs.
As described in Section 6.2, most NOECs were obtained
from conventional benchmark sources, althought literature
values were used for some COPECs without benchmarks.
The source of all NOEC benchmarks, as well as the use of
UFs, if any, is described in the NOEC tables of Section 6.
The source of LOEC values, and the use of UFs, if any,
are described in Table 8-1. Because of the uncertainty
associated with NOECs, HQs were not used in the NOEC
screening in Section 7. As described in Section 8.2.2, only
LOEC exceedances were expressed as HQs. The
introductory text of Section 8.1 was clarified to more
clearly indicate how the Section 8 evaluation was
conducted. In addition, as agreed upon on 2116/12, the
term NOEC was explained in the text of Section 7 using an
initial text box to more clearly and visibly provide the
definition of this term as used throughout the document.

I &
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Recv'd Comment
From Number Page Location Comment Response Disposition

EPA 16. 7-8 Last paragraph It is misleading to say that WQC may not be appropriate for use Accept The phrase was deleted. Porewater is evaluated in same
in pore water. Salmon are sensitive to Cr(VI), and as stated manner as other media in this section.
before, the depth of 12" was chosen to protect salmon redds.
Also, the Hanford reach of the Columbia River has large
substrate and using the top 4" does not apply in these conditions.

EPA 17. 7-8 Pore water NOEC The number of samples used for the pore water analysis appears Accept As noted in Section 7.4 (paragraph 2), only filtered metals
to be only from the Phase Ill sampling. The Phase 11(b) sampling samples, which provide data for dissolved metals were

results should also be included. This gives a very different used in the COPEC analysis since this is the most

picture of the pore water. E.g., 100-BC-5 had several bioavailable and mobile fraction, and also the fraction

exceedances of the NOEC for Cr(VI) in Phase 11(b), but this is not represented by the WQC used as NOECs. Both Phase

represented in the RA. Sr(90) was also detected above the DWS lIb and Phase II filtered samples were used. However,
at 1 00-N in Phase 11(b) but is not mentioned in the RA. the analysis was revised to use both filtered and unfiltered

sample results for both radionuclides and hexavalent
chromium.

EPA 1 B. 8-5 8.3.1.1.1, 2' 100-N does not have a chromium groundwater plume. Accept Text was modified. Plume boundary is upriver from 100-N.

paragraph
EPA 19. 8-19 8.4.1.2.4 1s' What OU will the Cr(VI) detect of 17.3 mg/kg be tied to? No change The specific origin of the hexavalent chromium in sediment

paragraph at this location (behind Savage Island) is unknown and
therefore this detection cannot be tied to a specific
Hanford OU. It should be noted that hexavalent chromium
in sediment was also detected at other locations such as
near Bateman Island, and in the Yakima River, Snake
River, and Walla Walla River.

EPA 20. 8-19 8.4.1.2.4 2nd EPA agrees that the pore water should be addressed by each Accept in An expanded and more general discussion of the role of

paragraph OU. However, the recommendation is for continued monitoring, Part; text the River Corridor RIFS programs has been added.

and there was no continued pore water monitoring mentioned in clarified
the draft 100-K RI/FS report. This information needs to be added
to the RI/FS reports.

EPA 21. 8-21 8.4.1.3.2, 2nd Why are 4 samples from Priest Rapids Dam excluded? Accept Anitmony text has been removed, since the antimony SQS
paragraph was rescinded in Michelsen 2011.

EPA 22. 8-22 8.4.1.3.4, 2nd Were the phosphorous samples in the Lake Wallula area Accept As indicated by Table 81-6, Lake Wallula sediment

paragraph statistically different from the reference samples? concentrations of phosphorus were statistically higher than
Reference concentrations, which was the reason
phosphorus was designated as a COPEC.
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Recv'd Comment
From Number Page Location Comment Response Disposition

EPA 23. 8-23 8.4.1.3.6, 2' Should LOEC here be NOEC? Accept Yes. Text was modified.

paragraph, last
line.

EPA 24. 8-26 8.5 See previous comments re: depth of exposure. Accept Text was modified.
EPA 25. 8-27 Table (Part 1) "Number of Samples with One for More LOEC Exceedances"- Accept The table at the end of the section was expanded. The

split this by COPEC. first table was deleted, since in expanded form as
requested it is largely the same as the summary table at
the end of the section.

EPA 26. 8-29 8.5.3 Sr-90 should be mentioned here. Accept Only 3 filtered strontium-90 results above detection were
initially available for this OU, but all were below the NOEC.
This was later found to be in error. The analysis was
expanded to include all unfiltered and filtered radionuclide
results. See the response to comment 17.

EPA 27. 8-40 2"d paragraph, How will Cr(VI) and Se be determined to be from Hanford or not? Accept This is out of scope for the risk assessment but is

and last line on appropriate for discussion in the River Corridor Operable

page under Unit RI/FSs. No change will be made to the SLERA. A

8.7.1.2 contaminant pathway analysis (i.e., the riparian/near shore
CSM) is included in the appendices of the River Corridor
Operable Unit RI/FS studies. For example, the analysis
for the 300 Area shows that no complete or significant
pathway from riparian area to sediment (including
shoreline sediment) exists at the 300 Area. Positive
associations with Hanford operations may be impossible,
particularly at locations, such as those for hexavalent
chromium in Lake Wallula, which are miles from the site
and downriver of major rivers with detected hexavalent
chromium.

In addition to these analyses found in the appendices, the
analysis of nature and extent of contamination (Section 4
of the RI/FS reports) identifies the potential for Hanford
Site contaminants to migrate from waste sites or
contaminated groundwater to the Columbia River.
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Recv'd Comment
From Number Page Location Comment Response Disposition

EPA 28. 9-9 Table, Not being on the Hanford Inclusion List is not a valid reason for Accept Text regarding Inclusion list status was removed, and text
Liver/kidney for dismissing Se. No ties to the Hanford site is more appropriate. saying that associations with the Hanford Site are
Se uncertain were changed to say that no strong ties to

Hanford contaminants are apparent.

EPA 29. B2-3 Table B2-1 For this series of Tables, the rationale should include both No change Geomean information is not provided about Inclusion List
"Inclusion List Compound" and if the GM is greater than compounds, since these compounds are automatically
background GM, etc. included in the risk assessment.

EPA 30 Section 10.2.2 re. Replace the last paragraph of proposed text with the entire Accept The text from the Conclusion section of Appendix I was
Appendix I Results and Discussion section from Appendix 1. It's only 1 page added on page 10-3. The conclusion adequately

long and it is a much clearer explanation than this summary. summarizes the findings, and does not require the 7 tables
referenced in the Results and Discussion section of
Appendix 1.

TBD = to be determined.
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EXECUTIVE SUMMARY

This document presents the methodology and results of a screening-level ecological risk

assessment (SLERA) of the surface water, sediment, island soils, porewater, and fish of the

Columbia River adjacent to and downriver of the Hanford Site in Benton County, Washington.

The study was conducted to obtain information about the potential for Hanford Site-related

contaminants to affect the fish and wildlife species of the Columbia River. This information will

be used, along with the findings from a complementary human health risk assessment, to support

cleanup decisions regarding the Hanford Site that will be protective of human health and the

environment.

SITE DESCRIPTION AND HISTORY

The Columbia River stretches 2,000 km (1,243 mi) from the Canadian province of

British Columbia through the United States' Washington State, forming much of the border

between Washington and Oregon, before emptying into the Pacific Ocean. Measured by the

volume of its flow, the Columbia River is the largest river flowing into the Pacific from

North America and is the fourth largest river in the United States. In south-central Washington

State, the river flows through the U.S. Department of Energy's Hanford Site (Figure ES-1). The

area known as the Hanford Reach is an 82-km (51-mi) stretch of the Columbia River that flows

unimpeded between Priest Rapids Dam to the head of Lake Wallula upstream of McNary Dam.

The Hanford Reach is the only free-flowing portion of the river above Bonneville Dam in the

United States.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 ES-1
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Figure ES-1. Columbia River Remedial Investigation Area.

S1-90
Bridge

Upriver
...- Sub-Area

Wanapum
Dam I 100 Area

410 I Sub-Area Hanford Site
Boundary

100-D 1 00-H I
400 Priest

Rapids Dam 100-N
100-K os370-

39038

100-B/CL L-------------- ----
Vernita 360
Bridge

300 Area
Sub-Area

350

Lake Wallula
Sub-Area

oOO % aRemedial Investigation Area

Upriver Sub-Area

100 Area Sub-Area

300 Area Sub-Area

Lake Wallula Sub-Area

Bonneville Dam Pool Sub-Area

340 @ River Mile

310
Bonneville Dam Bonneville
Pool Sub-Area I Dam

148 McNary Dam
146 300

147

- - - - - - --- E0804026_1

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 ES-2



DOE/RL-2010-117

Executive Summary Rev. 0

The Hanford Site is a 1,517-km2 (586-mi 2) federal facility located within the semiarid

shrub-steppe Pasco Basin of the Columbia Plateau in south-central Washington State.

(NOTE: For the purposes of this report, the Hanford Site refers to the boundaries of the

Hanford Reservation.) It is situated north and west of the cities of Richland, Kennewick, and

Pasco.

The Hanford Site became a federal facility in 1943 when the U.S. Government took possession

of the land to produce weapons-grade plutonium during World War II.

During Hanford Site operations, liquid effluents from plutonium production reactors were

discharged directly to the Columbia River, and unplanned overland flows from retention ponds

and basins occasionally occurred. In addition, plumes of contaminated groundwater developed

in portions of the Hanford Site as a result of the practice of discharging waste waters to the soil

column and subsequent migration through the soil. Some of these contaminated groundwater

plumes have reached the Columbia River, discharging in seasonal springs along the shoreline

and upwelling through the river bottom.

Hanford Site production activities continued until the late 1980s, when the mission focus

changed to cleaning up the radioactive and hazardous wastes that had been generated during the

previous decades. In 1989, areas of the Hanford Site were placed on the National Priorities List

under the authority of the Comprehensive Environmental Response, Compensation, and Liability

Act of 1980 (CERCLA). Placement on the National Priorities List initiated the CERCLA process

that would result in the cleanup of contaminated areas.

A primary objective of the Hanford Site cleanup mission is protection of the Columbia River,

through remediation of contaminated soil and groundwater that resulted from its production

mission. These remedial actions were initiated in 1994 and continue today, with an emphasis on

activities in the "River Corridor," a 570-km2 (220-mi 2) portion of the Hanford Site that includes

the former plutonium production reactors in the 100 Area and research and development

facilities in the 300 Area.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 ES-3



DOE/RL-2010-117

Executive Summary Rev. 0

This SLERA focuses on the Columbia River itself, which contains residue from historical

activities at the Hanford Site as well as current upriver and non-Hanford Site sources. The

Columbia River is not a part of the Hanford Site, but because it is a potentially affected area, it is

being investigated under the same CERCLA process and guidance. The general approach for the

entire baseline ecological risk assessment (BERA) was described in DOE/RL-2008- 11, Remedial

Investigation Work Plan for Hanford Site Releases to the Columbia River (RI Work Plan). This

study follows the approach outlined in that work plan.

PURPOSE AND SCOPE

The purpose of this SLERA is to evaluate whether Hanford Site-related contaminants released to

the Columbia River currently exist at concentrations that may warrant further investigation due

to the potential for adverse effects to ecological receptors either within the Columbia River or on

the numerous islands that exist within the river channel. A parallel goal is also to identify

constituents and media that are not expected to have ecological impact and for which no further

consideration is necessary. Because of the conservatism of the screening approach used in this

assessment, constituents identified in the SLERA are not necessarily considered to present an

ecological risk, but rather to require further evaluation to determine if a risk from Hanford Site

contaminants exists.

This study is designed to complement the work of the River Corridor Baseline Risk Assessment

(RCBRA) (DOE/RL-2007-21), which evaluates upland, riparian, and near-shore portions of the

Columbia River in the Hanford Reach. The present study evaluates the main channel, islands,

and the opposite shore areas of the Columbia River (those areas beyond the near-shore area of

RCBRA) in the Hanford Reach, in addition to the whole of Lake Wallula, which was not

evaluated by RCBRA. These two studies were designed to provide a seamless coverage of the

Columbia River and were conducted in coordination to ensure a consistent and accurate

approach to assessment. This study is based on application of the eight-step process outlined by

the U.S. Environmental Protection Agency (EPA) (EPA-540-R-97-006 Ecological Risk

Columbia River Component Risk Assessment
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Assessment Guidance for Superfund: Process for Designing and Conducting Ecological Risk

Assessments, Interim Final) for ecological risk assessment, shown in Figure ES-2.

The first two steps of this process comprise a SLERA, where generic benchmarks are used to

evaluate site data. Steps 3 through 8 are considered to be components of a BERA, which relies

on detailed, site-specific studies and data to obtain a more refined understanding of risk.

However, at the beginning of Step 3, the Problem Formulation for a BERA, EPA guidance

provides for a "Refinement" step, where the conclusions from the screening-level assessment are

reviewed further before initiating the site-specific analyses for the BERA.

The present study spans all three levels of assessment. It consists of the following:

* A SLERA, as defined by Steps 1 and 2

* A "Refinement" analysis of the constituents identified by the SLERA, included at the

beginning of Step 3

* A fish evaluation, which consists of the evaluation of body characteristics and tissue samples

from fish collected from the Columbia River. This site-specific evaluation is characteristic of

BERA analyses.

At the end of this study, constituents are identified that may have the potential for risk and

require some level of additional evaluation to reduce the uncertainty associated with that

assessment.
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Figure ES-2. Eight-Step Ecological Risk Assessment
Process for Superfund.
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STUDY COMPONENTS

The components, data, and structure of the SLERA are described below.

Area of Study. For purposes of statistical evaluation and assessment of surface water, sediment,

and fish, the area of investigation was divided into four sub-areas. As described in the

RI Work Plan (DOE/RL-2008-1 1), the boundaries of the sub-areas downriver of

Priest Rapids Dam were determined based on spatial distribution of contaminant concentrations

observed in surface water and sediment with respect to the various sources of contamination

from the Hanford Site. The four sub-areas are as follows:

* Upriver Sub-Area (RM 420 to RM 388)

* 100 Area Sub-Area (RM 387 to RM 366)

* 300 Area Sub-Area (RM 365 to RM 340)

* Lake Wallula Sub-Area (RM 339 to RM 292).

For porewater analysis, porewater data were evaluated relative to CERCLA groundwater

operable units (OUs) on the Hanford Site, to facilitate the correlation of these data with

groundwater plumes in OU areas. Porewater data were divided into seven different groups,

corresponding to the following groundwater OUs:

* 100-B/C-5 OU (RM 385 to 382)

* 100-KR-4 OU (RM 382 to 379.65)

* 100-NR-2 OU (RM 379.48 to 378.37)

* 100-HR-3 OU (RM 378.10 to 369.86)

* 100-FR-3 OU (RM 369.79 to 365)

* 200-PO-1 OU (RM 365 to 346)

* 300-FF-5 OU (RM 346 to 343).
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Within the study area, the lateral area evaluated extends shore to shore (ordinary high water mark

to ordinary high water mark) except for "near-shore" areas within the Hanford Reach that have

been previously characterized and assessed by the RCBRA. The RCBRA near-shore study area

consisted of the right bank of the river from the land to a water depth of 2 m (6 ft), as measured

at low water. In the Hanford Reach, the lateral study area for this risk assessment begins

where the RCBRA investigation stopped, namely at water depth greater than 2 m (6 ft),

measured at low water. Downstream of the Hanford Site, the lateral study area extended from

shore to shore.

Prior to the study, these areas were visually reviewed and documented during a habitat survey

that was used to confirm sample locations and visually identify the types and locations of

habitats within each sub-area.

Data Use. The data used for the risk assessment were drawn from a wide variety of sources,

reflecting the high level of monitoring and assessment historically associated with the

Columbia River and the Hanford Site. The final data set used for this SLERA is composed of

data collected during the Columbia River RI, which was conducted between 2008 and 2010

specifically to support the risk assessments, and "historical" data, which were collected as part of

other studies prior to 2008. Remedial investigation data were described in detail in WCH-398,

Data Summary Report for the Remedial Investigation of Hanford Site Releases to the

Columbia River, Hanford Site, Washington. Because of the importance of consistent

methodology, only porewater data from the RI were used. Historical data were obtained from a

variety of sources and were screened to exclude data from outside the geographical or lateral

boundaries of the RI study area.
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Data from the following date ranges were used:

Medium Data Set Range

Surface water Selected 2000 - 2010

Sediment Selected 2000 - 2010

Porewater 2008 - 2010

Island soil 2008 - 2010

Fish tissue 2000 - 2010

No soil data prior to the 2008 to 2010 RI were available; therefore, the RI data form the basis for

the soils data set.

Contaminant of Potential Ecological Concern Selection. Detected constituents in each Site

media (surface water, sediment, porewater, island soils, and fish tissue) and sub-area were

designated as contaminants of potential ecological concern (COPECs) if they met one of three

criteria:

* The constituent was present at concentrations higher than Reference, as determined by

statistical or qualitative analysis

* The constituent was identified as an Inclusion List compound in the RCBRA program

* The constituent was either not detected or not sampled for in Reference data.

Because of the numerous offsite contributions to the river within the length of the study area, the

specific Reference areas for surface water and sediment vary for each sub-area. In general,

Reference samples for surface water and sediment consist of Upriver Sub-Area samples plus

samples from any tributaries, wasteways, or irrigation returns that empty directly into the

Columbia River within or upriver of the specific sub-area in question. Thus, the number of

Reference sources for surface water and sediment increases with distance downriver, since all

sources would combine to affect downriver sub-areas. Reference samples for fish and soils were

obtained from the Upriver Sub-Area only. Porewater was compared to Hanford Site background
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groundwater concentrations, obtained from DOE/RL-96-6 1, Hanford Site Background: Part 3,

Groundwater Background, for this analysis.

Inclusion List analytes were identified as part of the RCBRA based on an evaluation of the

commonly reported analytes in waste site cleanup reports or based on the most prevalent

contaminants in groundwater plumes. They are thus considered to be constituents known to be

associated with Hanford Site operations.

The COPEC selection method was described in detail in the RI Work Plan (DOE/RL-2008-1 1).

This process produced separate COPEC lists for each media and sub-area and groundwater OU.

Exposure Pathways and Assessment Endpoints. Contaminant sources, exposure pathways,

media, potential receptors, and measures of effect were identified as part of the Problem

Formulation phase of the SLERA. Exposure pathways are the linkage between the contaminant

source and the receptor and identify how contaminants can reach potential receptors as well as

how and where these receptors might be exposed. Ecological receptors are those organisms that,

based on the exposure pathways and the life history of the receptor, are likely to be exposed to

site contaminants. Exposure pathways and potential receptors in turn form the basis for the

ecological conceptual exposure model for the river. The primary purpose of the ecological

conceptual exposure model is to illustrate how stressors might reach and affect ecological

resources in the natural environment.

Hanford Site contaminants were discharged to the Columbia River by a variety of mechanisms,

both during production and after operations had ceased. Exposure pathways between

Hanford Site releases and the Columbia River consist primarily of the following:

* Discharge of Hanford Site contaminants in groundwater to sediment and surface water

* Discharge of Hanford Site contaminants to surface water, as overland flow, runoff, or

riparian seeps and springs (evaluated by the RCBRA)
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* Historical discharge of wastewater and cooling water through submerged or riparian

discharge pipes (e.g., the discharge pipes in the 100-D Area that released effluent directly to

the Columbia River).

In addition, numerous offsite sources such as irrigation return flows contribute additional

constituents through runoff and direct discharge to the river on an ongoing basis, both within the

Hanford Site sub-areas and the Upriver Sub-Area.

Once in the river, many constituents bind with sediment and may be redistributed to downstream

depositional areas or island shorelines during floods and high-water events. These sources and

transport mechanisms combine to distribute constituents in surface water and sediment, both of

which are media to which ecological receptors have continual or periodic exposure. The

transport of contaminants with sediment can result in an exposure pathway to benthic organisms

at locations relatively remote from the source, and the historical deposition of sediments on

higher elevations on islands provides an exposure pathway to terrestrial receptors. A complete

exposure pathway thus exists between these Hanford Site and offsite sources and the wide

variety of aquatic and riparian species that are present in the river and on islands.

These characteristics were integrated into a conceptual site model and used to establish the

assessment endpoints of the study. An assessment endpoint is the explicit expression of the

ecological value to be protected and includes both the ecological entity (such as wading birds)

and a characteristic of that entity (e.g., survival and reproduction). Assessment endpoints are the

ultimate focus of the risk assessment and are linked by the measures of effects to the risk

characterization process for the Hanford Site. In accordance with the conservative nature of a

screening assessment, receptors with the highest potential exposures to contaminated media in

the Columbia River were selected.
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Assessment endpoints for the Columbia River SLERA are as follows:

Aquatic Habitat

1. Survival, growth, and reproduction of fish

2. Survival, growth, and reproduction of aquatic plants

3. Survival, growth, and reproduction of algae (phytoplankton and periphyton) and zooplankton

4. Survival, growth, and reproduction of amphibians

5. Survival, growth, and reproduction of benthic organisms.

Terrestrial Habitat (Islands)

1. Survival, growth, and reproduction of soil invertebrates

2. Survival, growth, and reproduction of terrestrial plants

3. Survival, growth, and reproduction of mammals

4. Survival, growth, and reproduction of birds

5. Survival, growth, and reproduction of shorebirds.

Risk Calculation. In accordance with EPA guidance for screening-level assessments, effects on

these receptors were evaluated by the use of screening benchmarks (referred to collectively as no

observed effect concentrations, or NOECs, in this report), which are conservative, generic values

below which the potential for risk is expected to be negligible, although effects are typically

observed in a low percentage of the supporting data used to generate the benchmark. These

benchmarks are media- and often receptor-specific, and exceedance of these values does not

indicate risk but rather that further evaluation is necessary. To reflect "worst-case" exposures,

the maximum detected concentration of each COPEC was compared to the NOEC for each

sub-area or groundwater OU. The COPECs with maximum concentrations less than the NOEC

were considered to present negligible risk and were eliminated from further consideration.

Contaminants of potential ecological concern with maximum concentrations equal to or greater

than the NOEC were retained for further evaluation.
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Based on this evaluation, up to nine COPECs per media (surface water, sediment, porewater, and

soils) and sub-area were identified as having maximum concentrations greater than the NOEC.

Metals, particularly chromium and lead, exceeded NOECs in many areas. These COPECs were

retained for further evaluation.

Contaminant of Potential Ecological Concern Refinement Process. Surface water, sediment,

porewater, and soil COPECs with maximum concentrations that exceeded NOECs were then

subject to additional evaluation. This additional evaluation was conducted as part of a

Refinement of COPECs, which is a preliminary stage of Step 3 of the CERCLA ecological risk

assessment process.

In this step, additional factors were reviewed to evaluate the potential risk represented by the

NOEC exceedances identified during the screening stage. Factors reviewed included the number

and magnitude of all NOEC exceedances, as well as the date and location of the samples that

produced them; the field and laboratory notes associated with the data; and the magnitude of the

concentration relative to lowest observed effect concentrations (LOECs). The ratio of COPEC

concentration to the LOEC, termed the hazard quotient (HQ), was calculated for all samples with

a NOEC exceedance. Many LOECs were derived by applying an uncertainty factor to the lowest

credible value from the scientific literature, an approach that typically produces relatively

conservative values. Lowest observed effect concentration HQs equal to or higher than 1.0 were

considered to be LOEC "exceedances" and reviewed further.

Many COPECs were eliminated in this step. In some cases, the maximum HQ reflected

concentrations in a single sample collected 5 to 8 years ago. In others, the detected

concentration, while above the NOEC, was well below the lowest LOEC value where effects

have been documented. Single LOEC exceedances were present for several constituents that

have multiple anthropogenic sources and no clear tie to the Hanford Site. For these and other

reasons, many COPECs were not retained for further evaluation, since they are not considered to

reflect a current Hanford Site-related ecological risk.
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However, nine different COPECs in abiotic media were retained from this evaluation and are

recommended for further evaluation under the existing River Corridor OU remedial

investigation/feasibility study (RI/FS) programs. These COPECs are identified below.

Media 100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area

Surface water None None None

Chromium
Sediment h Hexavalent chromium None

Hexavalent chromium

Soil None None

Shoreline sediments None None None

Porewater:

Aluminum

100-BC-5 Hexavalent chromium

Lead

Hexavalent chromium
100-KR-4

Manganese

Hexavalent chromium
100-NR-2

Nitrate

Aluminum
Chromium
Hexavalent chromium
Lead

Nickel
Nitrate

100-FR-3 Hexavalent chromium
Manganese

200-PO-1 Hexavalent chromium
Lead

Aluminum
Lead

300-FF-5 Nitrate
Selenium
Uranium

NOTE: Shoreline sediment is an exposure media for terrestrial birds, as well as aquatic biota; sediment is an exposure media for
aquatic biota only.

-- = no COPECs in this sub-area
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Fish Risk Evaluation. For the evaluation of fish, three lines of evidence were assessed to

estimate fish exposure and effect. These additional lines were as follows:

* Comparison of fish tissue concentrations to literature-derived tissue effect (LOECs)

* Comparison of fish condition factors between sub-areas

* Sturgeon histology.

These additional studies were included in this screening-level assessment to provide additional

direct and site-specific information about the condition of fish in the Columbia River.

During the RI, composite samples of bass, sucker, carp, whitefish, and walleye, as well as

samples from individual sturgeon, were collected from each sub-area to provide a robust data set

representative of current conditions in the Columbia River. Samples of fillet, combined liver and

kidneys (except for carp and sturgeon, for which the livers and kidneys were separate), and

carcass were analyzed for a wide variety of analytes. These recent data were combined with

comparable historical samples from 2000 to 2007 to provide a basis for the evaluation.

Fish tissue concentrations from each of the six species included in the sampling program were

compared to tissue-specific LOECs from the EPA Toxicity Residue (ToxRes) database. Tissue

effect levels were specific to fillet, liver, kidney, and carcass; however, values were not available

for all COPEC/tissue combinations. The lower of either liver or kidney literature values was

used for comparison to combined liver and kidney tissue sample results from the RI data.

The tissue data compiled in the ToxRes database show concentrations in fish tissue resulting

from varying levels of exposure in food and/or water. However, as described in Section 10.0, the

relationship between effects and tissue concentrations is inconsistent and generally poorly

understood for most constituents, due to a variety of factors. These include differing

accumulation rates with time and exposure concentration, varying physiologic responses of

species to exposure, natural sequestering of metals in nontoxic forms, varying effects and

accumulation rates by exposure route, and other considerations. In addition, tissue
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concentrations may simply vary with chemical exposure without having any causal relationship

to effects and therefore do not represent a "critical" body residue directly correlated with

toxicity. For these reasons, inferences about potential risk were avoided to prevent over-

interpretation of relatively imprecise tissue and LOEC relationships. The LOEC tissue analysis

is thus valuable primarily as a comparative tool, showing differences over time and between

sub-areas and species.

This evaluation showed that the greatest number and magnitude of LOEC exceedances occurred

for cadmium, copper, selenium, and zinc. Cadmium produced LOEC HQs close to or greater

than 1.0 in carp liver tissue. Copper produced LOECs close to or greater than 1.0 in kidney and

liver/kidney tissue. Selenium exceeded LOECs in many kidney and liver/kidney samples. Zinc

exceeded LOECs in liver and liver/kidney samples for several species. No COPEC

concentrations approached or exceeded LOECs in fillet or carcass. Results were similar to

Reference area fish for all tissues except liver. The relationship of these COPECs to

Hanford Site operations is uncertain.

As a second line of analysis, fish condition parameters were reviewed for general morphological

differences between areas. Factors considered consisted of weight, length, condition factor, and

hepatosomatic index (HSI). Data comparisons (via averages and standard deviations) were made

between the Upriver Sub-Area and the three downriver sub-areas, and were separated by species.

This study found changes but no consistent trends among the species or parameters evaluated.

High variability was found for weight and length values within and between species. No trend in

any of the parameters was found across sub-areas. The average HSI of bass, sturgeon, and

walleye decreased in the 100 Area Sub-Area, relative to upriver, while average HSIs of carp,

sucker, and whitefish increased in this location. In the 300 Area Sub-Area the average HSI of

sturgeon, walleye, and whitefish decreased relative to the 100 Area Sub-Area, while the HSI of

carp, sucker, and bass increased. Within the Lake Wallula Sub-Area, carp and sucker each had a

decreasing average HSI relative to the 100 Area Sub-Area. Because the parameters evaluated

are also sensitive to seasonal-, habitat-, and feeding-related environmental effects, these observed
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changes may reflect the effect of natural conditions. The relationship of any of these

observations to Hanford Site operations is thus uncertain.

As a third line of evidence, kidney, liver, gill, and gonad tissues from 30 white sturgeon collected

from the Columbia River (both Upriver and Site Sub-Areas) were submitted to the Bozeman Fish

Health Center for histological evaluation. This evaluation identifies effects on fish, but does not

indicate what constituents cause the effects. Histological changes observed in gill and other

tissues were indicative of an internal insult (e.g., an ingested toxicant rather than an external

toxicant in water). Widespread vasculitis suggests transport of a toxicant or pathogen via blood,

subsequent absorption into surrounding tissue, and injury to the endothelial lining of blood

vessels eliciting a strong immune response. Additionally, the blood vessel inflammation,

considered a nonspecific response, is indicative of chronic insult and not the result of a transient

event (e.g., handling, single acute contaminant exposure).

The immune response of the sampled sturgeon is considered to be active and chronic. The

integrity of some blood vessel walls was compromised in fish with moderately severe

widespread vasculitis, which could have a negative impact on vascular function. In addition,

high numbers of macrophage aggregates or melanomacrophage centers, which are widely used

as a biomarker for exposure to environmental stressors (i.e., chemical contaminants), were

observed in liver tissue sections. However, the type of environmental stressor is not identified

by the tissue histology; this characteristic would need to be compared to fish of similar ages from

an uncontaminated site and related to body burdens of contaminants in order to confirm whether

contaminant associations, as opposed to other forms of environmental stressors, are associated

with the observed effect. The Upriver Sub-Area, while not influenced by Hanford Site

contaminants and so suitable as a Reference area for this study, is still subject to inputs from

many industrial sources on the upper Columbia River and cannot be considered

"uncontaminated" for histological purposes. Because upriver fish data histology was similar to

the histology of fish from downriver sub-areas, no effects from Hanford Site operations could

be identified from the histological measures evaluated. In addition, no stressor studies were

conducted to identify the specific effects that might be caused by potential Hanford Site
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contaminants; rather, the histology of all fish was assessed in relation to catch location, and no

relationship between observed effects and specific downriver sub-areas was identified.

CONCLUSIONS AND RECOMMENDATIONS

This ecological risk assessment study provided a comprehensive assessment of surface water,

sediment, porewater, soils, and fish within the Columbia River adjacent to and downriver from

the Hanford Site. Based on this effort, nine COPECs in two media were identified for further

evaluation. COPECs identified for further evaluation are as follows:

* 100 Area Sub-Area sediment: Chromium and hexavalent chromium

* 300 Area Sub-Area sediment: Hexavalent chromium

* 1 00-BC-5 OU porewater: Aluminum, hexavalent chromium, and lead

* 1 00-KR-4 OU porewater: Hexavalent chromium and manganese

* 1 00-NR-2 OU porewater: Hexavalent chromium and nitrate

* 1 00-HR-3 OU porewater: Aluminum, chromium, hexavalent chromium, lead, nickel, and

nitrate

* 1 00-FR-3 OU porewater: Hexavalent chromium and manganese

* 200-PO-I OU porewater: Hexavalent chromium and lead

* 300-FF-5 OU porewater: Aluminum, lead, nitrate, selenium, and uranium.
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Chromium, which is a natural component of sediment, was detected above the sediment LOECs

of 88 mg/kg in three sediment samples collected during the groundwater upwelling investigation

along the right bank of the river. Sample designation T100D3A from river mile (RM) 377.72

was collected from along the right edge of the river just upriver of the 1 00-D Reactor Area

boundary. This sample contained 122 mg/kg of chromium. A second sample designated as

J100H43 was collected from in front of the White Bluffs townsite and contained 275 mg/kg of

chromium. The third sample (designation J100F11) was collected from the right edge of the

river in front of the 100-F Reactor Area and contained 151 mg/kg of chromium.

Chromium was included in the risk assessment because it is an Inclusion List compound;

however, concentrations of this COPEC in the 100 Area Sub-Area were in fact statistically

higher in the Reference areas than in the 100 Area Sub-Area, indicating no discernible effect

from the Hanford Site.

Hexavalent chromium in sediment was designated for further evaluation because it is a known

site contaminant and has no sediment NOEC or LOEC by which it can be evaluated. It was

detected in 31 of 117 sediment samples in the 100 Area Sub-Area, with a maximum

concentration of 7.38 mg/kg. The location of the sample with this concentration was on the left

side of the river opposite Locke Island and the 100-H Area, just past the bend in the river known

as "The Horn." In the 300 Area Sub-Area, hexavalent chromium was present in 38 of

133 sediment samples, with a maximum of 17.3 mg/kg detected in the slough in back of

Savage Island at sample designation SI-1OSD.

While hexavalent chromium at the Hanford Site may arise from both the Site and offsite sources,

the most current Hanford Site-related concentrations of hexavalent chromium derive from the

discharge of groundwater from one or more OUs at the Hanford Site. Hexavalent chromium is

highly soluble, and much of the hexavalent chromium measured in sediment is likely associated

with interstitial porewater. Hexavalent chromium exists in groundwater at the 100-K and

1 00-D Areas and throughout the Horn area, as well as at the 100-H Area.
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Any further evaluation of COPECs in sediment or porewater will be undertaken as part of the

ongoing River Corridor RI/FS programs. The RI/FS for the relevant OU will evaluate the nature

and extent, conceptual site model, and fate and transport of SLERA COPECs identified above to

determine if detected concentrations in the river are potentially from current or historical

operations from that OU. Based on this assessment, the need for further study or remedial action

will be determined. Therefore, no BERA will be conducted under the CRC program.
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1.0 INTRODUCTION

1.1 BACKGROUND

This document presents the methodology and results of a screening-level ecological risk
assessment (SLERA) of the surface water, sediment, island soils, porewater, and fish of the
Columbia River adjacent to and downriver of the Hanford Site in Benton County, Washington.
The study was conducted to obtain information about the potential for Hanford Site-related
constituents to affect the fish and wildlife species of the Columbia River.

The U.S. Department of Energy (DOE), which retains responsibility for the Hanford Site, is
currently in the process of conducting remedial investigations and cleanup activities at the site in
accordance with the requirements and guidelines of the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) program. The Columbia River
itself, which contains residuals both from historical activities at the Hanford Site as well as
current upriver and non-Hanford Site sources, is not formally part of the Hanford Site, but is
being investigated under the same CERCLA process. Accordingly, this SLERA is conducted in
accordance with the following guidance:

* EPA 540-R-97-006, Ecological Risk Assessment Guidance for Superfund: Process for
Designing and Conducting Ecological Risk Assessments, Interim Final

* EPA/630/R-95/002F, Guidelines for Ecological Risk Assessment

* EPA 540/F-01/014, ECO Update: The Role of Screening-Level Risk Assessments and

Refining Contaminants of Concern in Baseline Ecological Risk Assessments.

These guidance documents were incorporated into the general approach for the entire baseline
ecological risk assessment (BERA), which was described in the following project document:
DOE/RL-2008-1 1, Remedial Investigation Work Plan for Hanford Site Releases to the
Columbia River (RI Work Plan).

Subsequent sections of this report describe the purpose, area of study, data, methods, screening
values, and results of the SLERA.

1.2 PURPOSE AND SCOPE

The purpose of this SLERA is to evaluate whether Hanford Site-related constituents in the
Columbia River currently exist at concentrations that may warrant further investigation due to
the potential for risk to ecological receptors either within the Columbia River or on the numerous
islands that exist within the river channel. A parallel goal is also to identify constituents and
media which are not expected to have ecological impact and for which no further consideration
is necessary. Because of the conservatism of the screening approach used in this assessment,
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constituents identified in the SLERA are not necessarily considered to present an ecological risk,
but rather to require further evaluation to determine and quantify if a risk from Hanford Site
constituents exists.

As described in more detail in Section 1.4, this study is designed to complement the work of the
River Corridor Baseline Risk Assessment (RCBRA), which evaluated riparian and near-shore
portions of the Columbia River in the Hanford Reach. The present study evaluates the main
channel, islands, and the opposite shore areas of the Columbia River (those areas beyond the
near-shore area of RCBRA) in the Hanford Reach, in addition to the whole of Lake Wallula,
which was not evaluated by RCBRA. These two studies were designed to provide a seamless
coverage of the Columbia River and were conducted in coordination to ensure a consistent and
accurate approach to the river assessment.

This study is part of the eight-step process outlined by the U.S. Environmental Protection
Agency (EPA) for ecological risk assessment, shown in Figure 1-1.

The first two steps of this process comprise a SLERA, where conservative, generic benchmarks
are used to evaluate site data. The main purpose of this step is to eliminate from the study
constituents for which risks are clearly negligible. Steps 3 through 8 are considered to be
components of a BERA, which relies on detailed, site-specific studies and data to obtain a more
refined understanding of risk. However, at the beginning of Step 3, the Problem Formulation for
a BERA, EPA guidance provides for a "Refinement" step, where the conclusions from the
screening-level assessment are reviewed further before initiating the site-specific analyses for the
BERA.

The present study spans all three levels of assessment. It consists of the following:

* A SLERA, as defined by Steps 1 and 2

* A "Refinement" analysis of the constituents identified by the SLERA, included at the
beginning of Step 3

* A fish evaluation, which consists of the evaluation of body characteristics and tissue samples
of fish collected from the Columbia River. This site-specific evaluation is characteristic of
BERA analyses.

At the end of this study, constituents are identified that may have the potential for risk, but which
require some level of additional evaluation to reduce the uncertainty associated with that
assessment.
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Figure 1-1. Eight-Step Ecological Risk
Process for Superfund.
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1.3 REPORT ORGANIZATION

This report follows a presentation structure designed to both comply with EPA guidance and to
facilitate the understanding of this large and complex site by presenting information in a logical
and sequential fashion. The overview below provides a "roadmap" to the presentation of
methods and data used in the SLERA and correlates section content with the EPA risk
assessment steps previously described. Because of the amount of information to convey, some
components of each step are presented as separate sections, in an order that promotes a logical
and sequential understanding of the project components. As noted previously, the evaluation of
fish is presented separately from that of abiotic media, because this receptor is evaluated using
characteristics different than those of abiotic media.

Subsequent portions of this section and following sections provide the following information.

* Section 1.0 - Introduction. In the remaining subsections, the area encompassed by this
study is described in relation to both the river features as well as the study area of the
RCBRA, which has addressed the near-shore portion of the river. The boundary between
these two parallel studies determines both the use and interpretation of data in the SLERA
and is a fundamental point of understanding for subsequent discussions. In addition, the
location of upriver areas and adjacent tributaries, the source of Reference data to which study
area data were compared, is illustrated.

* Section 2.0 - Overview of Risk Assessment Data (Step 1). This section describes the body
of data that were used in the SLERA to characterize and evaluate the Columbia River. Much
of these data were collected between 2008 and 2010 specifically to support the ecological
and human health risk assessments, but additional historical data from other studies were
included as well (where available). This section presents both the data and the rationale for
selecting historical data for current use.

* Section 3.0 - Selection of COPECs (Step 1). In this section, the method used to select the
specific constituents that are evaluated in the SLERA is described and implemented. This
method was presented previously in the RI Work Plan (DOE/RL-2008-1 1) and generally
follows the approach used in the RCBRA. When sufficient data are available, the method
includes a statistical comparison of the concentration of detected constituents to offsite
"Reference" concentrations to identify constituents that are not likely to be associated with
Hanford Site activities.

* Section 4.0 - Habitat Assessment (Step 1). A brief summary of the ecology of the
Columbia River as it relates to the specific goals of this SLERA is presented in this section.
Information is presented about the flora and fauna of the Columbia River and a discussion of
rare, threatened, or endangered species is included. This information is summarized from a
habitat survey conducted in November 2008, plus a variety of other reports or state sources
and from the more detailed description in the RI Work Plan (DOE/RL-2008-1 1).
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* Section 5.0 - Screening-Level Problem Formulation (EPA Step 1). This section identifies
exposure pathways (the transport route by which Hanford Site contaminants could reach
ecological receptors) and potential receptors in the Columbia River. This is illustrated
visually in an ecological conceptual site model for the Hanford Site. From this model,
assessment endpoints (the ecological receptors, such as fish or invertebrates that are
evaluated by the SLERA) and measures of effect (the techniques used to evaluate the species
chosen as assessment endpoints) are selected and described. Consistent with EPA guidance,
most measures of effect consist of ecological toxicity benchmarks, to which maximum site
concentrations are compared.

* Section 6.0 - Screening-Level Toxicity Evaluation (Step 1) and Exposure Assessment
(Step 2). In this section, the ecological benchmarks used as measures of effect are presented
for each medium and ecological receptor. Benchmarks are drawn from a variety of sources
and consist of highly conservative screening concentrations useful for identifying
concentrations of negligible effect. Benchmarks are drawn from the scientific literature and
are presented for sediment, surface water, and soils. Additionally, the data that will be used
to estimate the exposure of ecological receptors to contaminants are described. For most
media, exposure is represented by measured concentrations of constituents in river media.
For sturgeon, various histological examinations of selected tissue types were also performed,
and these are described as well. In accordance with EPA guidance, this SLERA uses the
maximum detected concentration of each constituent to identify constituents likely to present
negligible risk. However, to present a more robust understanding of media characteristics, all
detected concentrations are shown in subsequent risk calculations.

* Section 7.0 - Screening-Level Risk Calculation (Step 2). In this section, maximum abiotic
media concentrations are compared to screening benchmarks. Constituents with maximum
concentrations that fall below the corresponding benchmark are considered unlikely to
present a potential risk to ecological receptors. Surface water, sediment, and soil constituents
with concentrations that are higher than ecological benchmarks require more evaluation to
determine if a potential for risk exists.

* Section 8.0 - Risk Refinement (Step 3: Initial). As a final evaluation step, the constituents
from Section 7.0 that have maximum concentrations that exceed the benchmarks are
examined further to identify those that have a potential for adverse effect. In this section,
additional considerations such as the number, magnitude, and location of exceedances;
concentrations relative to low-effect toxicity levels; and the results of the findings for the
same constituents in the RCBRA are reviewed to obtain a more comprehensive
understanding of the potential effects.

* Section 9.0 - Fish Risk Evaluation (Site-Specific Baseline: Steps 3-8). The evaluation of
fish data was completed separately from the screening-level evaluation discussed in
Sections 7.0 and 8.0. In this section, fish are evaluated by three additional lines of evidence:
(1) a comparison to literature-derived tissue effect levels, (2) a comparison of fish condition
factors between sub-areas, and (3) a histological review of sturgeon tissue. These additional
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studies are beyond those normally included in a screening-level assessment, but provide
additional direct and site-specific information about the condition of fish in the
Columbia River.

* Section 10.0 - Uncertainty Analysis. This section lists the points of estimation and
uncertainty in the study and notes how they may affect the study results.

* Section 11.0 - Summary and Conclusions. This section presents a concise summary of the
findings of the risk assessment. Several constituents are recommended for further study. For
each of these constituents, the general form of further evaluation - additional sampling or
toxicological studies - is identified.

In addition, the report contains the following appendices:

* Appendix A - Location of abiotic samples collected during the remedial investigation (RI)
* Appendix B 1 - Statistical output for reference comparisons (on compact disc (CD) only)
* Appendix B2 - Porewater statistical analysis by groundwater operable unit (on CD only)
* Appendix C - Scatter plots of sample data (on CD only)
* Appendix D - Food chain calculations for lowest-observed-effect values (on CD only)
* Appendix E - Access data file of SLERA data (on CD only)
* Appendix F - Habitat survey (on CD only)
* Appendix G - Summaries of reference data (on CD only)
* Appendix H - Data figures from the RI Data Summary Report (on CD only)
* Appendix I - Supplemental Analysis of Wasteway and Irrigation Return Reference Data (on

CD only)
* Appendix J - Ecological Evaluation of Dredge Spoils (on CD only)

A description of the specific areas evaluated in this SLERA is described in the following section.

1.4 STUDY AREA DESCRIPTION

The area considered in the Columbia River RI and this SLERA consists of the reach of the
Columbia River extending from above Wanapum Dam (river mile [RM] 440) to McNary Dam at
RM 292 (Figure 1-2). The portion of the river for which risk is evaluated extends from just
downstream of Vemita Bridge (RM 388) to McNary Dam, a distance of approximately 154 km
(96 mi). The 77-km (48-mi) stretch of river adjacent to the Hanford Site, from RM 388 to
Richland at RM 340, is referred to as the Hanford Reach, in accordance with general practice.
Additionally, the Bonneville Dam Sub-Area is shown in Figure 1-2. Although no SLERA
analyses were completed for this area, it is relevant to the RI/feasibility study (FS) project
because the Hanford Site operated for a short period of time before McNary Dam was
constructed. During that time period, the Bonneville Dam was the first dam downriver of the
Hanford Site.
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Figure 1-2. Columbia River Study Areas.
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In the Hanford Reach, the lateral study area for this risk assessment begins where the RCBRA
investigation stopped, namely at a water depth greater than 2 m (6 ft), measured at low water.
The lateral investigation areas are depicted in Figures 1-3 and 1-4. An exception to this is
groundwater upwelling data (Section 2.2) that were collected near the right bank in some areas;
sediment, surface water, and porewater data from these sampling points were included in the data
set for this SLERA.

For purposes of statistical evaluation and assessment of surface water, sediment, and fish, the
area of investigation was divided into four sub-areas. As described in the RI Work Plan
(DOE/RL-2008-1 1), the boundaries of the sub-areas downriver of Priest Rapids Dam were
determined based on spatial distribution of contaminant concentrations observed in surface water
and sediment with respect to the various sources of contamination from the Hanford Site. The
four sub-areas are as follows:

* Upriver Sub-Area (RM 420 to RM 388)
* 100 Area Sub-Area (RM 387 to RM 366)
* 300 Area Sub-Area (RM 365 to RM 340)
* Lake Wallula Sub-Area (RM 339 to RM 292).

Figure 1-2 shows the four sub-areas in relation to the Hanford Site. Features and characteristics
associated with each of these sub-areas are illustrated in Figures 1-5, 1-6, 1-7, and 1-8,
respectively.

In contrast, porewater data were evaluated relative to CERCLA groundwater operable units
(OUs) to facilitate the correlation of these data with groundwater plumes in OU areas. As
described in further detail in Section 2.0, porewater data were divided into seven different groups
corresponding to the following OUs:

* 100-B/C-5 (RM 385 to 382)
* 100-KR-4 (RM 382 to 379.65)
* 100-NR-2 (RM 379.48 to 378.37)
* 100-HR-3 (RM 378.10 to 369.86)
* 100-FR-3 (RM 369.79 to 365)
* 200-PO-1 (RM 365to 346)
* 300-FF-5 (RM 346 to 343).

Gaps between the numerical boundaries of the OUs reflect areas where no samples exist. The
approximate boundaries of these OUs are shown in Figures 1-6 and 1-7.
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Figure 1-3. Columbia River Remedial Investigation
Area Adjacent to the Hanford Site.
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Figure 1-4. Columbia River Remedial Investigation Area
Downriver and Upriver of the Hanford Site.
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Figure 1-6. 100 Area Sub-Area River Features.
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Within this report, reference is frequently made to different banks of the river. By convention,
all lateral references are made looking downriver. Thus, "left bank" of the river or an island
refers to the left side, looking downstream. The Columbia River flows generally north to south
in the study area, so Vernita Bridge is upriver of the Hanford Site, while Richland is downriver.

Hanford Site sources of contamination to the Columbia River include past river effluent pipeline
discharges, current contaminated groundwater seepage to the river, and limited overland flow
from the operational areas. Detailed descriptions of these Hanford Site-related sources are
provided in the RI Work Plan (DOE/RL-2008-1 1).

1.5 REFERENCE AREA DESCRIPTION

Non-Hanford Site contaminants are most likely to be present in the study area surface water,
sediment, and fish as the result of contributions by upriver or off-site sources. For this reason, a
"Reference" data set was assembled from both historical and RI data results. The purpose of
Reference data is threefold: (1) to provide information about the chemical characteristics of
waterways and river reaches unaffected by the Hanford Site, (2) to obtain information about
possible sources of constituents detected in the Study Area, and (3) to provide a means for
quantitatively identifying constituents with concentrations that are elevated in the Study Area
relative to the Reference data, since these constituents may be related to Hanford Site operations.
The Reference dataset is not intended to reflect natural or "pristine" river conditions, which no
longer exist in the Columbia River, but rather to depict conditions in regional waterways
unaffected by Hanford Site discharges. For these reasons, all major sources of off-site
constituents are included in the pool of Reference data.

The majority of Reference samples is obtained from the Upriver Sub-Area and reflects
conditions that are unrelated to any potential effect from Hanford Site operations. Data from
other sources that contribute to the river are added in sequence to the Reference data set for the
evaluation of downriver areas. These include the major river tributaries, consisting of the
Yakima, Snake, and Walla Walla Rivers, as well as irrigation returns and wasteways, which
transport irrigation runoff (see Section 3.0 for further discussion). Collectively, these upriver
and off-site sources are referred to as Reference areas and are used in the risk assessments as a
source of anthropogenically influenced "Reference" concentrations.

The Reference data set is used in the risk assessment as the first line of constituent evaluation.
Specifically, it is used in statistical evaluations to identify constituents with concentrations that
are higher in the Hanford Reach or Lake Wallula than in upriver and off-site areas, and so
warrant further investigation in the risk assessment (Section 3.0). This is the first step in
distinguishing effects that may be related to Hanford Site operations from other source area
effects.

Constituents from a number of off-site sources may affect chemical composition of media in the
SLERA Study Area. The potential current and historical contaminant sources upriver of the
Hanford Site, as well as in tributaries and wasteways within the study area, are described in
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detail in the RI Work Plan (DOE/RL-2008- 11) and WCH-9 1, Columbia River Component Data
Evaluation Summary Report. These sources were referred to as "other contributing influences"
(OCI) in that document. These sources and additional ones include the following:

* Upriver sources: Mining operations, smelting, pulp and paper production, runoff from
agricultural areas, municipal and industrial wastewater treatment plants, and other activities
that have released materials that reach the river. Associated contaminants include heavy
metals, polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAH), dioxins
and furans.

* Global-contributing sources: Worldwide atmospheric nuclear testing contributed to
radionuclide contaminants in surface waters and ultimately to sediments throughout the
Pacific Northwest. Associated contaminants consist primarily of radionuclides such as
cesium-137 and strontium-90, along with shorter lived radionuclides such as cerium-141,
zirconium-95/niobium-95, and ruthenium-103/106. In addition, constituents such as
mercury, lead, and PAH are ubiquitous in emissions from urban areas worldwide and are
transported long distances as airborne particles.

* Naturally occurring sources: The following naturally occurring inorganic elements and
radionuclides have been detected at Reference sediment locations: antimony, arsenic,
barium, cadmium, manganese, nickel, potassium, zinc, uranium-234, uranium-238, and
potassium-40. Aluminum, arsenic, barium, cadmium, manganese, elemental uranium,
tritium, uranium-234, and uranium-238 have been detected in surface water samples from
Reference locations.

* Municipal/urban sources: National Pollutant Discharge Elimination System permitted
discharges to the Columbia River include stormwater, minor industrial process wastewater,
contact and noncontact cooling waters, treated waters, and construction sites. Urban
contributions including nonpermitted residential and commercial stormwater runoff,
residential use of fertilizers and pesticides, and septic sewage systems are some of the
potential sources of contamination from communities along the banks of the Columbia River.

* Agricultural sources: Water from the irrigation returns (wasteways) in the Hanford Reach
has been sampled, and contaminants include nitrogen, phosphate, copper, uranium, and
suspended solids. Uranium is commonly present in phosphate-based fertilizers and is a
natural constituent that weathers from some types of rocks in the region.

* Commercial/recreational vessels: Recreational and commercial activities on the
Columbia River contribute contamination to surface water and sediments via marinas, boats,
or other recreational watercraft, and discharge of bilge and ballast water, engine oil, spills,
and materials associated with boat maintenance.

Reference samples were considered to be reflective of all of these potential sources.
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Because of the numerous offsite contributions to the river within the length of the study area, the
specific Reference areas for surface water and sediment vary for each sub-area. In general,
Reference samples consist of Upriver Sub-Area samples, plus samples from the tributaries,
wasteways, or irrigation returns that empty directly into the Columbia River within or upriver of
the specific sub-area in question. Thus, the number of Reference sources for surface water and
sediment increases with distance downriver, since all sources would combine to affect downriver
sub-areas.

The following table summarizes the areas that were used to generate Reference data sets for use
in comparisons of sediment and surface water data in the 100 Area, 300 Area, Lake Wallula
Sub-Area data.

Summary of Reference Areas Used to Evaluate Surface Water and
Sediment in Each Sub-Area.

100 Area Sub-Area Upriver 300 Area Sub-Area Upriver Lake Wallula Sub-Area Upriver

Upstream Columbia River Upstream Columbia River Upstream Columbia River

Saddle Mountain Wasteway a Saddle Mountain Wasteway a Saddle Mountain Wasteway a

WB-10 Wasteway WB-10 Wasteway WB-10 Wasteway

WB-5 Wasteway WB-5 Wasteway

Ringold Springs Wasteway Ringold Springs Wasteway

PE 16.4 Wasteway PE 16.4 Wasteway

Potholes Canal Wasteway Potholes Canal Wasteway

Esquatzel Coulee Wasteway Esquatzel Coulee Wasteway

Yakima River

Snake River

Walla Walla River

a No remedial investigation samples were collected from the Saddle Mountain Wasteway when it was found to be
inactive during a field visit.

This array of Reference areas applies only to surface water and sediment. All soils and fish
tissue Reference data were collected from upriver areas only. Likewise, porewater was
compared to upgradient groundwater, as described in Section 3.0.

In this report, the term "Reference" includes both upriver and other sources such as tributaries
and wasteways, as appropriate. The Upriver Sub-Area includes only upriver sources and is used
when this distinction is intended.

An overview of both Sub-Area and Reference data used to complete the risk assessment is
provided in Section 2.0.
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2.0 OVERVIEW OF RISK ASSESSMENT DATA

2.1 OVERVIEW

The data used for the risk assessment were drawn from a wide variety of sources, reflecting the
high level of monitoring and assessment historically associated with the Columbia River and the
Hanford Site. The final data set used for this SLERA is composed of data collected during the
remedial investigation ("RI" data), which were collected between 2008 and 2010 as part of the
RI field effort, and "historical" data, which were collected as part of other studies prior to 2008.
The data from these two sources are described separately, below. Because both recent and
historical data are combined, the data set used for this risk assessment differs from that described
in WCH-398, Data Summary Report for the Remedial Investigations of Hanford Site Releases to

the Columbia River (Data Summary Report [DSR]), which includes only the RI data. The
number of samples by area and medium is summarized in Table 2-1.

The data set used for this risk assessment was assembled to meet specific data quality objectives
(DQOs) identified in WCH-265, DQO Summary Report for the Remedial Investigations of
Hanford Site Releases to the Columbia River. Specifically, the data set was developed to
provide the basis for answering the following principal study question (WCH-265):

"Do Hanford Site-related contaminants in sediment, soil, surface water, and/or
fish pose an unacceptable risk to human health or biota and need to be evaluated
in a further study?"

The RI sampling program was initiated to provide a robust and current set of data to meet this
objective. The results from the RI program were then combined with the smaller historical data
set to add a temporal dimension to site understanding. Both of these data sources are described
below.

2.2 2008 TO 2010 REMEDIAL INVESTIGATION DATA

As part of the RI of the Columbia River, a large and comprehensive field program was
conducted to document conditions in the surface water, sediment, porewater, soil, and fish of the
Columbia River adjacent to and downriver from the Hanford Site. This effort produced an
equally large and comprehensive data set that reflects the use of consistent collection techniques,
analytical methods, laboratories, staff, and other parameters. In consequence, the RI program
produced a high-quality and technically uniform data set that provides an accurate depiction of
current conditions in the Columbia River. It thus forms the bulk of the risk assessment data set
used to support both the SLERA and the human health risk assessment of the Columbia River.
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The RI data, described in detail in the DSR (WCH-398), were obtained from samples from the
main channel of the Columbia River, as well as from islands and left-bank shorelines. The RI
data collection effort was composed of three separate components:

* 2008 to 2009 surface water, sediment, and soil data collection

* 2010 groundwater upwelling investigation (collocated porewater, surface water, and
sediment sample collection)

* 2009 to 2010 fish tissue sample collection.

Data collected from the three RI components above were used in the SLERA. Porewater
samples collected as part of the groundwater upwelling study were collected primarily to identify
upwelling areas and so were obtained from 30.5 cm (12 in.) or less below the sediment surface.
This is below the habitat zone of many (but not all) aquatic invertebrates, but is within the typical
depth zone of salmon redds. These data were screened against ecological benchmarks as a
means of identifying areas of potential effect from upwelling groundwater. As noted previously,
the scope of the 2008 to 2010 RI sampling program was based on the outcome of the DQO
process (WCH-265) to address data needs for the RI/FS.

The rationale for the sampling approach and strategy are detailed in the RI Work Plan
(DOE/RL-2008-1 1). Appendix A of the RI Work Plan is the sampling and analysis plan (SAP)
that describes the sampling activities. Requirements for sampling methods, sample handling and
custody, and analytical methods are detailed in WCH-286, Sampling and Analysis Instructions
for the Remedial Investigation of Hanford Site Releases to the Columbia River (SAI). The
RI Work Plan, SAP, and SAI directed the sample collection methods and locations.

The 2008 to 2010 RI field activities associated with the collection of sediment, river water, and
island soil are documented in WCH-352, Field Summary Report for Remedial Investigation of
Hanford Site Releases to the Columbia River, Hanford Site, Washington: Collection of Surface
Water, River Sediments, and Island Soils. WCH-352 describes the sampling locations, identifies
samples collected, and describes modifications and additions made to the SAP.

In addition, the groundwater plume upwelling survey was completed to delineate areas of
groundwater plume upwelling into the Columbia River for subsequent sampling. During
Phase III of that study, collocated porewater, surface water, and sediment samples were collected
from 49 stations identified previously in the RI as being areas of groundwater upwelling. The
groundwater upwelling field activities and data collection are documented in WCH-380, Field
Summary Reportfor Remedial Investigation of Hanford Site Releases to the Columbia River,
Hanford Site, Washington: Collection of Surface Water, Pore Water, and Sediment Samples for
Characterization of Groundwater Upwelling.

The RI field activities associated with the collection of fish tissue samples are documented in
WCH-387, Field Summary Report for Remedial Investigation of Hanford Site Releases to the
Columbia River, Hanford Site, Washington: Collection of Fish Tissue Samples.
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While detailed information about the RI sampling program methodology and results is contained
in the documents above, a summary of the data is provided below, by medium. In addition,
figures from WCH-398 illustrating the results of the RI sampling program are included as
Appendix H.

2.2.1 Remedial Investigation Soil Sample Collection

Island soil samples were collected from island soil that may have been transported during high
river levels during floods or other nonroutine events. Samples were collected from the
Upriver Sub-Area (Reference), 100 Area Sub-Area, and 300 Area Sub-Area, specifically
Island 3, Locke Island, White Bluffs, Homestead Island, Wooded Island, Johnson Island,
Island 19 (Gull Island), and an unnamed island in Wanapum Pool (upriver Reference). These
samples were collected from the riparian zone, above the normal zone of inundation, and were
generally composed of soil to a maximum depth of 0.09 m (0.3 ft) below the soil surface. This is
the depth of maximum biological importance as both substrate for rooting plants and habitat for
terrestrial invertebrates (Suter et al. 2000, Ecological Risk Assessment of Contaminated Sites). A
total of 84 soil samples (not including Reference samples) were collected as part of the RI and
used to evaluate effects to terrestrial island receptors.

An approach similar to a stratified random sampling design was used for island soils. For island
soils, the target "population" is the river-transported sediments from the Hanford Site that have
been deposited on islands during high river levels. To ensure that samples were representative of
this population, a single-cell sample grid was established prior to sample collection. Samples
were collected at random locations within each grid cell. This random sampling enhances the
representativeness of these samples for the population.

As noted in Section 1.5, Reference samples for island soils were collected only from
Upriver areas, so the Reference data set for soils is the same for all three sub-areas.

2.2.2 Remedial Investigation Sediment Sample Collection

Sediment sampling consisted of the collection of shallow and deep sediment, shoreline sediment,
and shallow and deep sediment cores. Sediment was also collected as part of the groundwater
upwelling investigation. A total of 811 sediment samples (not including Reference samples)
were collected as part of the RI and used for the ecological risk assessment. Descriptions of
sediment depositional areas within the Hanford Reach and McNary Dam Pool are provided in
Appendix B (Preliminary Assessment of Sediment Deposition Areas) of the RI Work Plan
(DOE/RL-2008-1 1).

A stratified random approach was used for the design of the sediment sampling program.
Because most of the river bottom consists of coarse to medium gravel, a fine-grained sediment
survey was conducted prior to the selection of sample locations to identify depositional areas
where fine-grained material is present in quantities sufficient for sampling. The survey was
conducted by sonar, which was initially verified by petite ponar sediment collection to verify the
accuracy of the technique. In the subsequent RI, all sediment samples were collected within
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these pre-identified areas of fine-grained sediment deposition, which comprise the population
"strata" for statistical purposes.

To ensure that samples are representative of the sediment at each location, sampling locations
must be positioned within a sampling grid designated as part of the sample design. Because of
the nonhomogeneous distribution of fine-grained sediment within the river, however, each area
of fine-grained deposits was considered to be a single cell from a sample design grid, and the
exact location of sample collection was selected at random from within the cell.

Shallow sediment samples were collected from shallow water, less than 1.8 m (6 ft) in depth.
The samples consisted of the upper 10 cm (4 in.) of sediment near island and river shorelines,
and from the shallow areas of irrigation returns, tributary deltas (Yakima, Snake, and
Walla Walla), and other depositional areas between the reactors and McNary Dam.

Deep sediment samples were collected in deep water, in areas where water depth was greater
than 1.8 m (6 ft). These samples consisted of the upper 10 cm (4 in.) of sediment from deep
water areas of the Columbia River, as well as depositional areas upriver of the Yakima River
confluence and downriver of the Walla Walla River confluence.

Shoreline sediment samples were collected from downriver islands and along the left-bank
(non-Hanford) shoreline within the Hanford Reach. These samples were collected from the
lower riparian zone, defined as the area devoid of terrestrial vegetation and inundated on a daily
basis by water-level fluctuations. Shoreline sediment samples are included with other sediment
samples for the evaluation of aquatic receptors, but are considered separately for the evaluation
of terrestrial receptors (Section 5.2.2).

Shallow sediment core samples were collected using a vibracorer drilling tool in selected
sediment deposits that were generally thinner than 3 m (10 ft) thick. Sampled sediment deposits
potentially date back to reactor operations and were located at the 100-B/C, 100-K, 100-N, and
100-D Reactors, selected reactor water intake structure inlets; the head of Lake Wallula pool
(near the 300 Area Sub-Area); and the Yakima and Snake River deltas. To obtain sufficient
media for analysis, sediment core samples were composed of sediment from 0 to 0.2 m (0.8 ft)
below the lake bottom.

Deep cores were completed at water depths of up to 27 m (90 ft) with anticipated thick sediment
sequences greater than 3 m (10 ft) thick. Deep sediment cores were collected from above
Priest Rapids Dam and from areas in Lake Wallula (Port Kelley, Hat Rock, and just upriver of
McNary Dam) where sediment deposits may date back to the era of reactor operations. Cores
were collected to a depth of up to 2.7 m (8.8 ft) behind McNary Dam and elsewhere, but only
sediment from 0 to 0.2 m (0.8 ft) below the lake bottom were used in the SLERA. This is the
zone of greatest biological activity and the habitat of most benthic organisms.

Lastly, sediment was also collected as part of the groundwater upwelling investigation. This
sediment was collected of the top 10 cm (4 in.) of sediment in areas previously determined to be
the zone where site groundwater discharges to the surface water of the Columbia River.
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These samples, which are within the discharge plume, are designated as "groundwater
upwelling" in the database and are collocated with porewater and surface water samples.

All sediment samples, along with core sediment samples from the upper top 30 cm (12 in.) or
less of sediment, were used to evaluate effects on aquatic biota in the ecological risk assessment.
Deep core samples were also used in both the RI and the human health risk assessments.

2.2.3 Remedial Investigation Surface Water Sample Collection

Surface water samples were collected from the reactor areas; 300 Area Sub-Area; recreational
locations (parks and boat launches); Lake Wallula; McNary Dam; irrigation returns; and
tributary deltas at the Yakima, Snake, and Walla Walla Rivers. Upriver Reference samples were
collected in a random design, as described earlier. For this approach, the target population was
considered to be upriver surface water above Priest Rapids Dam, and sample locations were
identified at random within this area. Within the river, surface water samples were collected at
approximately two-thirds of the depth of the water column and, within the irrigation wasteways,
samples were collected approximately 15 cm (6 in.) from the surface.

Two surface water sampling events (fall and spring) were conducted. The fall sampling event
occurred between October 16, 2008, and November 13, 2008, and the spring sampling event
occurred between June 1 and 9, 2009.

In addition to these surface water samples, additional deep surface water samples were collected
during RI field sampling activities. These three samples were collected directly above the
riverbed within Lake Wallula, downriver of the Walla Walla River confluence, and behind
McNary Dam.

Surface water was also collected as part of the groundwater upwelling investigation. For this
evaluation, surface water was collected from within a foot of the sediment surface in areas of
documented plume release. Sediment and porewater samples were collected at the same
locations.

A total of 1,810 surface water samples were collected and used to evaluate effects on aquatic
biota in the SLERA, not including Reference samples. Both total and dissolved metals were
included in the analysis. While samples were collected from a variety of aquatic environments,
aquatic receptors were assumed to be exposed to all samples for the purposes of the screening
assessment. Specific details of surface water location and depth are provided in WCH-352.

2.2.4 Remedial Investigation Porewater Sample Collection

Porewater samples were collected as part of the groundwater upwelling study at specified
locations associated with reactors and documented groundwater plumes in both the 100 and
300 Area Sub-Areas. This study was completed in three phases, which are detailed in the SAP
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(DOE/RL-2008-1 1, Appendix A). During Phase I, the proposed TridentTM probe technology was
tested for its application in Hanford Reach conditions. Phase II consisted of two events:
Phase 11(a), Conductivity Mapping, and Phase 11(b), Indicator Contaminants Screening. During
Phase 11(a), five conductivity transects were mapped for each of eight upwelling study areas
(100-B/C, 100-K, 100-D, 100-H, 100-F, 100-N, Hanford townsite, and 300 Area).

Phase 11(b) chemical sampling locations were determined based on areas of high water
conductivity, spatial distribution of data identified in Phase 11(a), and consideration of other
factors. A total of 233 stations were visited and sampled for analysis of selected water quality
parameters as well as area-specific indicator contaminants. Results (provided in WCH-380)
were used to determine the sampling locations for additional porewater, sediment, and surface
water sampling needed for plume characterization in Phase III of the study.

Phase III (Groundwater Plume Upwelling Characterization) consisted of the collection of
porewater, surface water, and sediment samples from 49 stations selected from a review of the
Phase II results.

In total, groundwater upwelling locations were mapped using conductivity and temperature
measured at 685 sample locations. Indicator contaminant levels in the porewater were analyzed
in 237 samples, and subsequent characterization of multiple Hanford Site contaminants was then
conducted in 49 samples of porewater and surface water during the spring of 2010.

2.2.5 Remedial Investigation Fish Tissue Sample Collection

In accordance with the SAP, specimens of six fish species (common carp [Cyprinus carpio],
mountain whitefish [Prosopium williamsoni], walleye [Stizostedion vitreum], smallmouth bass

[Micropterus dolomieui], bridgelip sucker [Catostomus columbianus], and white sturgeon
[Acipenser transmontanus]) were collected as part of the fish sampling program. These six fish
species are year-round resident fish that reflect a range of trophic levels and have a higher rate of
harvest and consumption among the local population. The objective of the proposed fish
sampling project was to obtain tissue samples for analysis of contaminants that have been
identified as originating from the Hanford Site. The primary use of the fish sampling data is to
determine the potential health risk to nearby residents who consume these fish as a part of their
diet. However, fish tissue data were also used to support the evaluation of fish in the ecological
risk assessment.

The species sampled all consisted of fish resident year-round in the Study Area. The conclusions
of several studies, including EPA 91 0-R-02-006, Columbia River Basin Fish Contaminant
Survey 1996-1998, indicate that resident species of fish have the highest levels of contaminants
from the Hanford Site. For example, data from this study (EPA 910-R-02-006) confirm that
higher concentrations of organic chemicals have been detected in nonmigratory resident fish
such as sturgeon, suckers, walleye, and whitefish than in the migratory transient fish such as
salmon and steelhead. Salmon, which spend most of their lives in the ocean and therefore have

TM Trident is a trademark of Environmental Sciences, San Diego, California.
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little opportunity to be exposed to Hanford Site-related contaminants, were not sampled as part
of this program. Because of their longer residency time in the river, nonmigratory fish have
more opportunity for exposure and for accumulation of site-related contaminants. Therefore,
based on this information, the fact that resident fish are available year-round for harvest, and
because many of the resident species are also species routinely harvested and eaten, the fish
sampling effort focused on resident species (rather than anadromous species) to develop both
representative and conservative human health and ecological risk estimates.

The number of fish collected during the 2008 to 2010 sampling event is shown in Table 2-2.
Table 2-1 shows the total number of fish samples used in the SLERA. Details of the fish
collection and sampling program are provided in WCH-387, Field Summary Reportfor Remedial
Investigation of Hanford Site Releases to the Columbia River, Hanford Site, Washington:

Collection of Fish Tissue Samples.

Fish were collected by various methods. Whitefish were collected by electrofishing only, while
suckers and carp were collected by both electrofishing and by hook-and-line methods. Walleye
were collected only by hook-and-line methods, and sturgeon were collected only by long-lines.
Bass, sturgeon, and walleye were collected during the summer months; carp and suckers were
collected during the fall; and whitefish were collected during the winter.

Species were collected from areas of the river where they are known to be present. Since the
primary objective of the samples was to provide data for the human health risk assessment,
sampling efforts initially focused on popular recreational fishing spots that receive high use from
the local population. However, this approach did not satisfy sample requirements, so fish were
retained from wherever they could be caught. Sampling continued until the required sample
numbers were met. Specific fishing areas were not designated for suckers; these fish were
collected from fast-water areas. Only fish within the legal size limit (where applicable) were
collected. For all species except sturgeon, fish samples were composite samples composed of
tissue from approximately five fish. Five samples of each species were collected from each area,
and each sample included separate fillet, carcass, and combined liver and kidney tissue for
analysis. For carp, sufficient tissue mass was available to obtain separate liver and kidney
samples. Fillet samples for these species were prepared with the skin on.

Sturgeon samples were not composited, and thus samples represent tissue from individual fish.
Sturgeon fillet samples were collected with the skin off, and separate liver and kidney samples
were prepared. Twenty-five sturgeon were collected from the 100 Area, 300 Area, and
Lake Wallula Sub-Areas, while five reference fish were collected from upriver of
Wanapum Dam.

In addition, fish tissue was also collected for histological evaluation. Further details are provided
in Section 6.2.6.

A total of 534 individual fish were collected in support of the RI fish collection program. A total
of 1,249 fish samples (including Reference) were used in this SLERA. Results from the fish
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tissue study were used to support both the SLERA and human health risk assessment. Details of
fish collection are contained in WCH-387.

2.2.6 Remedial Investigation Analytical Methods and Reported Results

As detailed in the DSR (WCH-398), samples from all media were analyzed for a wide variety of
constituents. Analyses varied somewhat by medium and sampling objective, but typical analyses
for most constituents included metals, hexavalent chromium, total petroleum hydrocarbons
(TPH), PCBs, pesticides, radionuclides, volatile organic compounds (VOCs), and semivolatile
organic compounds (SVOCs). Surface water and porewater samples included both dissolved and
total metals analysis. In addition, both strontium and uranium were analyzed by radioisotopic
methods and standard ICP metal analysis. All fish tissue was analyzed for PCB congeners,
metals, pesticides, and radionuclides; sturgeon was analyzed for methyl mercury and hexavalent
chromium, in addition. Specific analytical details for all medium types are provided in
WCH-398.

Fish tissue results are reported in wet weight; all other media results are reported in dry weight.
Sediment results were received from the laboratory in wet weight, and converted to dry weight
using percent moisture data, as described in WCH-398.

The RI effort produced a large, consistent, and high-quality data set focused specifically on the
needs of risk assessment. For this reason, this data formed the bulk of the data used to evaluate
river conditions in both the SLERA and the human health risk assessment. An assessment of the
quality of the data obtained during the RI is presented in WCH-3 81, the Data Quality Assessment
Report for the Remedial Investigation of Hanford Site Releases to the Columbia River, Hanford
Site, Washington. However, historical data were also reviewed for use in the risk assessment,
and the data incorporated from these sources are described below.

2.3 PRE-2008 HISTORICAL DATA

Historical data were compiled into a single database as part of the effort for the 2007
Columbia River Component Data Gap Analysis (WCH-20 1). The combined database created for
the Data Gap Analysis consisted of data from the following sources:

* The original Columbia River Component (CRC) database

* U.S. Army Corps of Engineers

* Data used in the 100/300 Area Sub-Area RCBRA

* Mid-Columbia River Sediment Data provided by EPA Region 10, Watershed Restoration
Unit, on June 8, 2007

* 2004 and 2005 data from the Pacific Northwest National Laboratory (PNNL).
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Since the completion of the Data Gap Analysis (WCH-201), additional data collected after 2007
have been added to the database. Additional data (other than RI data) were composed primarily
of monitoring and sampling data from PNNL annual monitoring programs and other sources as
appropriate. No porewater data were present in the historical data set.

As described in WCH-201, the original CRC database was a compilation of data obtained from
the detailed data collection effort conducted as part of WCH-64, Existing Source Information
Summary Report Compilation/Evaluation Effort: December 2004 to September 2005,
Columbia River Component of the River Corridor Baseline Risk Assessment, and WCH-9 1,
Columbia River Component Data Evaluation Summary Report. As part of those efforts, data
were obtained, reviewed, and selected by a team composed of researchers from universities,
PNNL, WCH, and a Native American consulting firm through a process that involved extensive
review and input by DOE, Trustees, and regulators. The extensive details of the data collection
and evaluation method are provided in those documents, particularly WCH-64, and specific
decisions about what data to include or exclude were made by those researchers. Data quality
was categorized into tiers, and only Tier I data, the highest quality category, were retained for
use in this SLERA and the associated human health risk assessment.

Prior to use, the historical data set for each medium was reviewed on a sample-by-sample basis
to identify samples appropriate for use in the risk assessments. For all media, samples were
omitted if they were collected from outside the study area (Section 1.5) or used in the RCBRA
evaluation of the near-shore area of the river. Other factors used to select historical samples are
described by medium, below. Historical data exist for sediment, surface water, and fish, but not
soils, in the area of study.

2.3.1 Historical Sediment Data

Sediment samples results were reviewed for the period 1990 to 2007 to determine comparability
and consistency with the RI data set. Specific characteristics that were reviewed included data
reporting practices such as consistent units, nomenclature issues, duplicate reports, categories of
constituents analyzed and detected, the relative number of samples, the frequency of detection
(FOD) of constituents, and concentrations detected relative to the RI data set. This evaluation
was conducted separately for the 1990 to 2007 data set as well as for the more recent 2000 to
2007 data set. The goal of the separate evaluations was to determine if sediment conditions, as
reflected by the historical data, had remained consistent over the last 20 years or had changed
enough to warrant the use of more recent data only.

In general, the analysis showed that the sediment data from 2000 and later were more
comparable in concentration and detected constituents to the RI data than the older data from
1990 to 2000. This reflects the river as a dynamic system, where daily flow changes and
periodic flooding continually transport material and in general realign the sediment
characteristics with the changing array of Hanford Site and non-Hanford Site discharges that
influence sediment chemical composition. In addition, the process of radioactive decay will
naturally reduce the concentrations of many radionuclides over time. The results of the data
review show that river conditions for approximately the last 10 years have been relatively
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consistent and suggest that conditions reflected by older sediment no longer exist in the river.
For this reason, only historical sediment data from 2000 forward were retained for use in the
SLERA and the human health risk assessment, since these data were shown to be more
representative of current conditions in the river than data from 10 or more years ago.

In addition, historical samples were reviewed based on location. Sediment samples removed
from the data set consisted of samples from along the right bank of the river in the
Hanford Reach (the area addressed by the RCBRA study) and samples that were not collected
from the Columbia River or a nearby tributary.

In summary, the historical sediment data used for the SLERA and the human health risk
assessment consisted of selected data from year 2000 and later.

2.3.2 Surface Water Historical Data Review

Surface water was reviewed in a manner similar to sediment in regard to sample location and
data characteristics. Sample results over the last 20 years were reviewed semiquantitatively in
relation to the magnitude of concentrations, FOD, and types of constituents detected. Based on
this review, surface water data collected prior to the year 2000 were not included in either the
review or the resulting risk assessment data set, for the following reasons:

* Results from the last 10 years were largely consistent and differed from the data in the
previous years (i.e., pre-2000) in the number and types of constituents detected.

* As an inherently transient medium, surface water most accurately reflects recent conditions
and current influences on water quality. Thus, current river conditions and resulting risks are
most accurately estimated by the use of recent surface water data.

* The results of the sediment analysis suggest that conditions in the river have remained
relatively consistent over the last 10 years. Thus, surface water from this time period is
expected to be similarly consistent and so was included to provide a robust data set that
captures a variety of seasonal and flow conditions.

Thus, historical surface water samples from 2000 to 2008 were included in the risk assessment
data set.

As with sediment, surface water records were reviewed on a sample-specific basis, and some
samples were removed due to locations or sample content. Samples removed from the data set
consisted of samples not from the Columbia River or nearby tributaries; samples collected from
Hanford Reach springs, seeps, sloughs, or other source areas; and samples from the right bank of
the Columbia River within the area addressed by the RCBRA study.
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2.3.3 Fish Tissue Historical Data Review

Fish tissue has been a part of monitoring at the Hanford Site for many years, resulting in a wide
variety of species and fish tissue in the database of historical samples. As mobile and relatively
long-lived components of the river biota, fish reflect the conditions in both surface water and
sediment during the years they live in the river and therefore are good monitors of
bioaccumulative constituents over time. Thus, while the large fish collection effort conducted as
part of the RI comprises the bulk of the data set, selected historical fish samples were included as
well. The following describes the rationale for selection of historical fish data for use in this risk
assessment:

1. To minimize the effects of interspecific variability and maximize the temporal span of the
data set, historical data for only those species collected in 2009 and 2010 were reviewed for
inclusion in the data set. These species include bass, carp, sucker, whitefish, walleye, and
sturgeon. Historical data for smallmouth bass and bridgelip sucker were included in the
historical data review.

2. To be consistent with pre-2000 surface water and sediment data, fish data from prior to 2000
were not included in the data set. Surface water and sediment are the exposure media for
fish, and earlier data for both media have been found to differ from data from 2000 and later.
Depending on the age of the fish, adult fish data reflect conditions up to approximately
5 years prior to date of collection and therefore conservatively capture historical conditions.

3. Only data from adult fish were included in the data set to avoid underestimating
bioaccumulative compounds.

4. To maximize the size of the data set, both fillet samples with the skin on and the skin off
were combined for use in the data set for all species except sturgeon, for which samples with
the skin off only were considered. Sturgeon samples in 2009 were collected with the skin
off, whereas other species in the 2009 data set were collected with the skin on.

5. Upriver samples were included only if they were upstream of Priest Rapids Dam. Samples
from locations identified as "Vernita Bridge" were not included to be consistent with the
logic and location of the 2009 data set, which includes only locations physically separated
from the 100 Area.

6. Tributary river samples were included only as Reference samples if they were tributaries to
the Columbia River. Samples from tributaries in other watersheds were not included.
Examples of tributary samples not included in the study include bass samples from the
Okanagan River and walleye samples from the Umatilla River.

Thus, the final data set used for evaluation of effects on fish included fish samples from
2000 to 2010. This provides a robust and comprehensive array of samples for evaluation.
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2.4 SUMMARY OF RISK ASSESSMENT DATA

As described above, the data used for this SLERA are composed largely of the data produced by
the 2008 to 2010 RI sampling, supplemented as appropriate by historical data collected from
2000 and later. To summarize, the data spans for each medium are as follows:

Medium Data Set Range

Surface water Selected 2000 - 2010

Sediment Selected 2000 - 2010

Porewater 2008 -2010

Island soil 2008 -2010

Fish tissue 2000 - 2010

The location of all RI surface water, sediment, porewater, and soil samples used in the SLERA is
provided in Appendix A. Fish collection locations are provided in Appendix M of the DSR
(WCH-398).

2.5 INTERPRETING ANALYTICAL RESULTS

Analytical results used in this SLERA are based on the results reported by the analytical
laboratory. There are two types of results that are used in the risk assessment: detected and
nondetect (i.e., censored) results.

Chemical Analysis. For nonradionuclides, each result involves a laboratory reporting limit
(LRL) (this may also be referred to in laboratory reports as an estimated quantitation limit
[EQL]). The LRL is the lowest concentration that can be reliably reported within the
specified limits of precision and accuracy during routine laboratory operating conditions and
is unique to each sample and compound (SW-846, Test Methodsfor Evaluating Solid Waste,
Physical/Chemical Methods).

Note that the LRL is a value different from the instrument detection limit (IDL) and
method detection limit (MDL). The IDL is a concentration equivalent to an instrument
signal due to the analyte of interest that is equal to a multiplier of the standard deviation of
a series of replicate measurements of a reagent blank's signal measured at the same
response (SW-846). In effect, the IDL determines the baseline background "noise" of an
analytical instrument for the specific analyte of interest. The IDL determinations are
typically made using reagent water and do not incorporate any potential effects or the
components on the analytical instrument (i.e., matrix effects). The IDL is then typically
used to estimate a likely MDL.

The MDL is the minimum concentration of a constituent that can be measured and reported
with 99% confidence that the analyte concentration is greater than zero. The MDL is
determined from analysis of a given matrix type containing the analyte at a level derived
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from the IDL (SW-846). It is standard laboratory practice to perform MDL studies with
spiked reagent water or simple solid matrix materials (e.g., silica sand). However, MDLs
are unique to a method and not a particular sample.

The laboratories providing data for this report use limits of detection (LODs) to define the
detect/nondetect decision point during analyses. The LODs are derived from MDLs
adjusted for potential real-life sample effects on the analytical process. Analytical results
reported as detected below the LRL reflect the presence of the analyte but with less
precision and/or accuracy than results reported at or above the LRL. These results are
flagged to identify them as lower precision/accuracy values.

The LRLs are sample-specific and are highly matrix-dependent. As a result, the LRL of a
given sample may be 5 to 10 times higher than the MDL. For many analytes, the base LRL
analyte value is selected as the lowest nonzero standard in the calibration curve. For
reporting of actual sample results, base LRLs are adjusted if necessary to account for
sample-specific parameters (e.g., initial aliquot quantity, conversion to dry-weight reporting,
additional instrument dilutions). For nonuniform matrices, such as sediment, the LRLs
within a sample group may vary substantially; it is not uncommon to have individual sample
results within a sample delivery group with a 10-fold difference in LRLs.

For chemical data used in this risk assessment, positive chemical results are those results
reported at or above the LOD and nondetect results (U-qualified) reported at the LRL. The LRL
is used in generating statistics for nondetect results.

Radionuclide Analysis. Radionuclides are reported relative to a minimum detectable activity
(MDA) rather than an LRL. Minimum detectable activities are established based on analytical
detector baseline instrument activity (background). The MDA establishes a statistical confidence
that radionuclide activity is present in the sample (i.e., detected versus nondetected).
Radionuclide analytical results can be positive, negative, or zero. Results above the MDA are
treated as detected, results below the MDA as nondetected (i.e., censored). Positive results
below the MDA and negative results were used without modification in a manner similar to that
of detected results in generating the various statistics employed in the SLERA.

Hexavalent Chromium Analysis in Sediments. The methodology used to analyze sediment
samples from the Columbia River for hexavalent chromium was an alkaline digestion
(SW-846 Method 3060A) followed by a colorimetric determination (SW-846 Method 7196A).
The digestion process is described as one that will neither reduce hexavalent chromium nor
oxidize trivalent chromium. The components that comprise the sediment are all subject to the
digestion process. The digestion allows for the disassociation of hexavalent complexes so the
concentration of hexavalent chromium that is present can be determined.

Laboratory quality assurance and quality control techniques are employed in the analyses. The
matrix spike recovery is in most cases a combination of a soluble matrix spike and an insoluble
matrix spike to evaluate the impacts of the digestion on the chromium present and provide a
framework with which to evaluate the oxidizing and/or reducing conditions in the sample matrix.
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The laboratory control sample results generally provide a means to evaluate and assess accuracy
with duplicates providing a way to assess precision.

The question of what comprises sediment is open to differing interpretations. One EPA
description of sediments is that, "Sediments are a semi-solid media comprised of minerals,
organic material, interstitial water, and a myriad of physico-chemical and biological
components" (EPA 905-B94-002, Assessment and Remediation of Contaminated Sediments
[ARCS] Program Assessment Guidance Document). Examining the sediments and their
components as to how they might be categorized may lead to four general descriptors: an
interstitial or porewater subcomponent, an elutriate or water-extractable fraction subcomponent,
a solid subcomponent, and a sediment as a whole component.

The digestion of the sediments as a whole allows the subsequent measurement of the hexavalent
chromium in the sediment as a whole and includes any hexavalent chromium in any of its
subcomponents (i.e., interstitial water, elutriate, solid) but does not allow the quantitation of
hexavalent chromium for individual subcomponents. Separate analyses from splitting a larger
sample would be needed to differentiate the hexavalent chromium in the subcomponents.

Sediments are a dynamic system in nature. New materials are added through deposition,
removed through erosion, and altered by internal chemical or biological activities. A sample of
porewater taken from the same location but at a greater depth than a sediment sample would not
necessarily be representative of the sediment sample due to additional sediment with varying
characteristics being between the sediment sample and the porewater sample as well as the
changing characteristics of the porewater as it filters up through the sediments.

In summary, the hexavalent chromium concentrations determined in the sediment sample
analyses is the sum of all the hexavalent chromium in any of the sediment components, and care
must be taken not to add any individual component concentrations that may have been
determined because they are already included in the whole sediment analyses.
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3.0 SELECTION OF CONTAMINANTS OF POTENTIAL
ECOLOGICAL CONCERN

3.1 INTRODUCTION

Contaminants of potential ecological concern (COPECs) are the constituents for which risk will
be quantitatively evaluated in the SLERA. They are selected from among analyzed constituents
by a sequential process, outlined in the RI Work Plan (DOE/RL-2008-1 1) and implemented in
this section, which takes into account detection status, relationship to Reference concentrations,
and the availability of toxicity data. Selection of the appropriate COPECs is critical to preparing
an assessment that is representative of risks resulting from Hanford Site operations and useful for
making remedial action decisions.

Because the focus of this SLERA is on Hanford Site-related constituents, the COPEC selection
process uses two mechanisms to identify constituents potentially related to Hanford Site
operations. The first is a statistical comparison with Reference data. In this analysis,
constituents statistically higher in concentration in the Hanford Reach or Lake Wallula are
assumed to be potentially related to the Hanford Site and, therefore, are retained as COPECs.
The second is the Inclusion List developed during the RCBRA. This list identifies compounds
known to be used at the Hanford Site, and therefore these compounds were retained as COPECs
if they were detected in the Hanford Reach or Lake Wallula, regardless of the results of
statistical analysis. While this approach helps to narrow the COPEC list, it does not indicate
whether detected compounds are in fact Hanford Site related because many constituents
identified by this method also occur naturally or can be present from other anthropogenic
sources. Thus, for many COPECs, the relationship to Hanford Site activities remains uncertain.

This section summarizes the approach used to identify COPECs and presents the COPECs for
each medium identified by this process.

3.2 CONTAMINANT OF POTENTIAL ECOLOGICAL CONCERN
SELECTION METHODOLOGY

The method used to select COPECs was described in detail in the RI Work Plan
(DOE/RL-2008-1 1) and generally follows the approach used by the RCBRA study, modified as
appropriate for river media. Because the river is subject to contributions from upriver and
tributary sources, the identification of constituents with concentrations consistent with upriver
and tributary concentrations is an important component of this analysis, since the concentrations
of these constituents are considered to be representative of Reference conditions. The approach
for selecting COPECs is illustrated in Figure 3-1, and the steps are summarized from the
Work Plan description below. This process was applied to all media except pore water, for
which compounds were selected as described in Section 3.2.4.
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Figure 3-1. Contaminant of Potential Ecological Concern
Selection Process Flow Diagram.
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The approach used to select and evaluate COPECs differs from RCBRA in one important
respect. In the RCBRA, constituents that were determined to be present at concentrations above
Reference were then evaluated by the use of ecological "screening values," which were the most
conservative values available representing concentrations below which effects are unlikely.
Constituents that exceeded screening values were then identified as COPECs and subject to
evaluation by ecological "benchmarks," which include both no-effect and low-effect values, in
the body of the report. In the CRC, no screening values are used; all constituents that exceed
Reference concentrations are designated as COPECs and are subject to evaluation in the risk
assessment. The COPEC lists in this CRC are thus somewhat larger than corresponding lists in
the RCBRA. The CRC COPECs are evaluated against "no-effect" values in Section 7.0, and
exceedances are evaluated against "low-effect" values in Section 8.0 of this report. Figure 3-2
compares the RCBRA and CRC approaches.

3.2.1 Overview of Approach

All analytes, detected or not, were considered at the beginning of the COPEC selection process.
As the first step, constituents identified on either waste site or groundwater Exclusion Lists
developed for the RCBRA (DOE/RL-2007-21) were removed from consideration, in accordance
with regulator agreements developed for that study. These excluded constituents are listed in
Table 3-1 and include constituents such as calcium, magnesium, and other constituents that have
been identified as naturally occurring or determined not to be associated with Hanford Site
activities. The RCBRA study listed separate Exclusion Lists for groundwater and soils; for this
study, analytes from both lists were combined into a single Exclusion List, shown in Table 3-1.

Constituents were then divided into detected and undetected constituents, referred to as
"nondetects." Nondetected constituents were not detected above analytical reporting limits in
any sample within the medium and therefore could not be evaluated quantitatively in the
SLERA. Nondetect constituents that were identified as indicator compounds in Table 1-2 of
DOE/RL-2005-42, 100 Area and 300 Area Component of the RCBRA Sampling and Analysis
Plan (RCBRA SAP), and which met their required reporting limit were removed from further
consideration. Nondetect constituents that were not SAP indicator compounds or which did not
meet their required reporting limits were retained for qualitative evaluation in the Uncertainty
Analysis (Section 10.0). The results of the evaluation of nondetected constituents are presented
in more detail in Section 3.8.

Detected constituents were evaluated relative to their presence on the Inclusion List for waste
sites and groundwater, as provided in the RCBRA study. Inclusion List analytes were identified
as part of the RCBRA based on an evaluation of the commonly reported analytes in waste site
cleanup reports or based on the most prevalent contaminants in groundwater plumes. They are
thus considered to be constituents known to be associated with Hanford Site operations. For this
SLERA, the RCBRA waste site and groundwater Inclusion Lists were combined, so that a
constituent detected in any medium and present on either RCBRA Inclusion List was identified
as a SLERA COPEC.
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Figure 3-2. Comparison of River Corridor Baseline Risk Assessment and
Columbia River Component Contaminant of Potential

Ecological Concern Selection Approaches.

RCBRA CRC
COPEC Selection

Compare to Background

Exceeds
Background

Compare to
"SCREENING VALUES"

Exceeds SV

COPECS

Risk Evaluation

COPEC Selection

Compare to Background

= lowest available
values

NOEC = No Observed Effect Concentration (Section 5.4.2)
LOEC = Lowest Observed Effect Concentration (Section 8.2.2)

Exceeds
Background

COPECS

Risk Evaluation

NOEC
Evaluation

LOEC
Evaluation

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012

"BENCHMARKS"
- NOECS and LOECS,

(Section 7)

(Section 8)

3-4



Selection of Contaminants of DOE/RL-2010-117

Potential Ecological Concern Rev. 0

The list of Inclusion List constituents used in this SLERA is provided in Table 3-1. Any
Inclusion List constituent detected in a sub-area medium was designated as a COPEC for that
sub-area, regardless of its relationship to Reference data. In some cases, Inclusion List
compounds were present in sub-areas at concentrations consistent with or lower than Reference
concentrations, suggesting little relationship to Hanford Site activities; these cases are noted in
the evaluation.

Following comparison to the Inclusion List, detected constituents in each sub-area were
compared to Reference data either by statistical or qualitative methods. This process is described
in Section 3.2.2. Constituents determined to be present at concentrations higher than Reference
concentrations, or which are present on the Inclusion List, are identified as COPECs, and
evaluated in subsequent sections of the report. Because sub-areas were evaluated separately,
separate lists of COPECs were developed for each medium and sub-area. These are discussed
separately by medium in Sections 3.3 through 3.7.

To facilitate the analysis of nitrogen compounds (nitrate [NO 3] and nitrite [NO 2]), data were
converted mathematically to a common form prior to the selection of COPECs. Nitrogen results
collected in 2006 and earlier were originally reported as "nitrogen in nitrate" or "nitrogen in
nitrite," while the 2008 to 2010 RI sampling measured nitrate and nitrite directly. For the
evaluations in this SLERA, all "nitrogen in nitrate" and "nitrogen in nitrite" results, which show
only the amount of nitrogen in each molecule, were converted to nitrate and nitrite values, which
reflect the weight of the entire molecule, not just the nitrogen ion. Thus, the detected values of
"nitrogen in NOx" were increased to reflect the larger molecular weight of the molecule in which
the nitrogen ion occurs. This mathematical conversion, which is based on the molecular weight
of nitrogen versus the weight of the molecule in which it exists, is as follows:

Concentration of nitrate = concentration of nitrogen in nitrate x 4.428571
Concentration of nitrite = concentration of nitrogen in nitrite x 3.285714.

All nitrogen-in-NOx data were converted to the respective nitrate or nitrite value prior to use in
COPEC selection. These data were combined with the 2008-2010 data to form a single nitrate
and nitrite data set for evaluation.

In addition, constituents or constituent groups for which more precise analytical results are
available through another analytical method were also not included. These typically do not have
toxicological information. Examples include the following:

* Gross beta and gross alpha results, which were addressed by the evaluation of individual
radionuclides

* "Nitrogen in nitrate and nitrite" results, which were addressed by evaluating individual
nitrogen constituents
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* Uranium gamma results, which were addressed by "plate" results. For the radionuclides
analyzed by both gamma spectroscopy and plate methods (e.g., uranium-235 and
uranium-238), the values reported for the plate analysis were used in lieu of the gamma
values because the plate methods produced more measureable results.

The evaluation of data relative to Reference conditions is described below.

3.2.2 Reference Comparison

Detected non-Inclusion List surface water, sediment, and fish tissue constituents were evaluated
relative to their concentrations in Reference samples. The objective of the background
comparisons is to test the null hypothesis that analyte concentrations are the same between the
Reference and site locations. As described in Sections 1.4 and 1.5, Reference samples were used
to characterize non-Hanford Site contributions to study area media and include media from
upriver as well as tributary and wasteway locations.

As described in Section 1.5, the Reference data set for surface water and sediment increases in
size with each sub-area to reflect additional contributions with distance downriver. For the
100 Area Sub-Area, the Reference data set consists of upriver samples and the
WB-10 Wasteway. For the 300 Area Sub-Area, the contributions of several wasteways present
in the sub-area are included. For Lake Wallula, contributions from the Yakima, Snake, and
Walla Walla Rivers are added to reflect contributions from all sources. Thus, surface water and
sediment in each sub-area is evaluated separately against a Reference data set that reflects all
contributions upriver to or within the sub-area.

As described above, the Reference data set for all sub-areas includes a small number of samples
from wasteways and irrigation returns, which convey runoff from agricultural fields located near
the Columbia River. Because wasteways and irrigation returns may contain higher
concentrations of some constituents than other Reference areas, the potential exists that these
constituents in Site samples may be designated as non-COPECs because Site concentrations are
lower than the wasteway and irrigation return Reference data. To evaluate the potential effects
on COPEC selection of including wasteway and irrigation return data in the Reference data set, a
Wasteway Supplemental Analysis (Appendix I) was conducted to determine whether including
wasteway and irrigation return data in the Reference data set had any effect on the findings or
outcome of the SLERA. To complete the analysis, constituents that may have been designated
as non-COPECs because of wasteway and irrigation return data were identified and reevaluated
as if they were COPECs, using the same approach followed in Sections 7.0 and 8.0 of the
SLERA. The analysis found that none of the constituents excluded from the risk assessment by
the use of wasteway and irrigation return data affect the findings or conclusions of the SLERA,
as presented in Section 11.0 of this document. The use of wasteway and irrigation return data is
considered further in the uncertainty analysis in Section 10.0, and full details are provided in
Appendix I.
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For soils and fish tissue, however, the Reference data set consists only of samples from upriver
of Priest Rapids Dam. Thus, the same Reference data set is used to evaluate all three sub-areas.
No fish or soils samples were obtained from wasteways or irrigation returns.

The goal of the analysis was to identify and remove from the risk assessment constituents with
concentrations comparable to those in Reference areas, which have non-Hanford Site sources
and can be considered as anthropologically influenced Reference locations.

In summary, if constituent concentrations in the Reference data set were higher than or
statistically equal to concentrations in the sub-area under consideration, then the constituent was
not evaluated further in the risk assessment. Constituents with concentrations that were higher in
the study areas than in the Reference data were considered to be potentially related to the
Hanford Site and retained.

As part of the development of the work plan for the SLERA, the appropriateness of using
statistical methods on the SLERA data sets was considered. Because statistical methods are
typically specified for use with random samples, the sample design of the data set for each media
(surface water, sediment, soils, and fish tissue) was reviewed to identify any influence the
sample design and data set characteristics, described in Section 2.2, may have on the statistical
outcome. Sample design is reviewed by media, below.

* Fish tissue: Due to the sampling practice of obtaining fish from where they were available
rather than at specific sampling points (see Section 2.2.5), and the use of the same approach
in both Site and Reference areas, these samples are considered to be suitable for statistical
comparisons.

* Soils: Because soils were randomly collected from a single-cell grid in general areas of
interest, they were collected in a manner similar to a stratified random sampling design. The
strata are composed of the separate islands within which the sample locations were randomly
identified. Not all islands were sampled; however, the data are suitable for use in statistical
analyses.

Key soil sampling areas included the following downriver islands: Island 3, Locke Island,
Homestead Island, Wooded Island, Johnson Island, and Gull Island. These islands were
identified as key sampling locations because of their location downriver from source areas,
the presence of depositional areas, and/or their recreational use. Soil samples were collected
in areas above the ordinary high water mark, where riparian vegetation becomes dominant.

* Sediment and surface water: Most of the sediment and surface water samples collected
during the RI were from locations randomly selected within general areas of interest
(Sections 2.2.2 and 2.2.3). Sediment samples were collected according to a stratified random
design, with the depositional areas targeted for sampling representing the individual "strata"
for analysis.
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Surface water samples in the Upriver Sub-Area were collected according to a random design,
where sample locations were selected at random from within the area upriver of
Priest Rapids Dam. Within the downriver sub-areas, samples were collected at random from
within general areas of interest, which were typically areas where data were lacking.

However, the data set for both sediment and surface water also includes historical samples
and samples from the groundwater upwelling study, both of which included locations from
within known areas of contamination. These are judgmental samples, also called "focused"
samples in the RI Work Plan. The data set for sediment and surface water thus consists of a
mix of both random and judgmental (focused) data.

Unintentional bias from the use of focused sampling may cause inclusion of too few or too many
COPECs depending on the nature of the bias introduced by focused sampling. At the
Hanford Site, concentrations in focused samples are assumed to be higher than elsewhere, since
these areas consisted of reactor outfalls, plume discharge areas, and other locations of known or
suspected contaminant presence. Under these circumstances, the effect of including focused
samples in the otherwise random data set would be to overestimate the magnitude of the Site data
median and increase the chance that the null hypothesis (that the medians between two sample
groups are the same) will be rejected. In the COPEC selection process, this would mean that
concentrations between Site and Reference are more likely to be designated as different, when in
fact they are the same. This would in turn lead to the designation of constituents as COPECs that
are in fact similar in concentration to Reference. This introduces bias of a conservative nature.
This conservative bias, which tends to increase the number of constituents designated as
COPECs, is considered to be acceptable for risk assessment.

Statistical Reference analyses were completed using JMP* software, Version 8.0.2 (JMP)
(SAS 2008), a commercially available statistical package by SAS Institute Inc. The data for
evaluation were downloaded from the updated Hanford Site CRC database into Microsoft*
Access* software for initial processing and quality assurance checks, and then further analyses
were completed in JMP. In the JMP output, the results from all statistical tests are shown, and
the test used is chosen according to the hierarchy below and indicated in the tables in
Appendix B-1.

For each medium (island soil, sediment, surface water, and fish), two-sample statistical tests
were used to compare concentrations of each of the constituents between site and Reference
locations. Statistical comparisons were performed on all detected constituents, except those on
the Exclusion List (Table 3-1).

* JMP software is a registered trademark of SAS Institute Inc. in the USA and other countries. @ indicates USA
registration.
* Microsoft and Access are registered trademarks of Microsoft Corporation in the United States and/or other
countries.
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The specific test used for comparisons was dependent on characteristics of the site and Reference
data sets. The process used to select and implement statistical tests was as follows:

* If there were no nondetected values in both the site and Reference data sets for a given
constituent, the Shapiro-Wilk test was used to test whether the distribution of the data sets
approximate a normal distribution. If both data sets were normally distributed, a
Student's t-test was used to compare the data sets; if either the site or Reference data set was
not normally distributed, a nonparametric Wilcoxon rank-sum test was used to compare the
data sets.

* If either the site or Reference data set contained at least one nondetected value for a given
constituent, the data sets were compared using a generalized Wilcoxon test (Kalbfleisch and
Prentice 1980, Statistical Analysis ofFailure Time Data). This is a nonparametric test that
tests the null hypothesis that the site and Reference concentrations are the same and is a
recommended approach over substitution methods for nondetect values (Helsel 2005,
Nondetects and Data Analysis: Statistics for Censored Environmental Data). Much as with
a standard Wilcoxon rank-sum test, the comparison is made between the sums of the ranks of
the data in each data set. The generalized Wilcoxon test assigns an estimated rank to those
data below the detection limit. This statistical test does not rely on a specific data
distribution (e.g., is nonparametric) and addresses the fact that concentrations below a
specific value (the reporting limit) are not known. This test is implemented in JMP's
survival statistics platform, which was also used to generate Kaplan-Meier (KM)
summary statistics. As described below, comparative statistics were calculated but not
considered reliable for data sets with more than 30% nondetect values.

The results of the statistical comparisons indicated whether the concentrations of constituents in
the study area were different than in Reference areas and provided an initial assessment of
whether these constituents are related to Hanford Site releases. The null hypothesis being tested
as part of the statistical comparisons is that analyte concentrations are the same between the
Reference and site locations. An a (Type I error rate) of 0.10 was used to determine if site and
Reference concentrations were significantly different; two-tailed statistical tests, described
above, resulting in a p-value of less than 0.10 indicated site concentrations are significantly
greater or significantly less than Reference locations The Type 1 error rate of 10%, as opposed
to the standard 5%, was selected as a conservative measure to increase the probability that
analytes exhibiting elevated concentrations were included as contaminants of concern. While
this increases the chance of incorrectly including certain analytes as posing a risk when they in
fact do not ("false positives"), it reduces the probability of incorrectly concluding that an analyte
does not pose a risk when in fact it does ("false negative"). The consequences of the former
(increased remedial cost) are generally considered to be less than the potential consequences of
the latter (failing to address a potential ecological or human health risk). Appendix B provides
the output for the statistical comparisons. Polychlorinated biphenyls were evaluated as total
PCBs in the Reference evaluation. Polychlorinated biphenyls are reported in the database as
both total (measured) PCBs and specific congeners, which were measured in the 2008 to 2010 RI
sampling events. Congener data were summed to obtain a total PCB value comparable to
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measured total PCB values. Nondetected congeners were represented by values generated by the
Kaplan-Meier procedure.

Following the quantitative statistical analysis, two additional evaluations were conducted as part
of the Reference evaluation:

* If a constituent was detected above reporting limits in a study area (100 Area, 300 Area, or
Lake Wallula Sub-Areas) but was either not sampled for or not detected in the Reference
areas, the constituent was retained as a preliminary COPEC.

* If the FOD of the constituent was less than 30%, the results of the statistical tests were
considered to be uncertain and the constituent data were subject to further qualitative
analysis. While a statistical output was produced for these constituents, the results were
flagged because the accuracy of the statistical conclusion is less certain when few detected
values are present. Thirty percent was chosen as the conservative cutoff point for use of
statistical results (Antweiler and Taylor 2008, "Evaluation of Statistical Treatments of Left-
Censored Environmental Data using Coincident Uncensored Data Sets: I. Summary
Statistics"), and constituents were evaluated by qualitative analysis.

In the qualitative analysis, the magnitude and frequency of detected concentrations and
reporting limits were reviewed, the average concentration of study area samples were
compared to Reference averages, and the range of detected values and reporting limits in the
study area were compared to ranges in Reference data. If these comparisons suggested
higher concentrations in the study area, the constituent was retained as a COPEC.
Compound-specific details on these comparisons are provided in Appendix B.

The Reference evaluation identified constituents present only in the Hanford study area and
constituents present at concentrations higher than Reference areas. These constituents have the
potential to be related to Hanford Site operations and therefore were retained for further
evaluation as COPECs.

3.2.3 Toxicological Review

As a component of COPEC designation, a toxicological review of each COPEC was conducted.
This review consisted of determining whether an ecological benchmark value exists for the
constituent. As described in Section 5.0, benchmarks are conservative, generic screening values
to which Hanford Site data are compared to estimate a potential for risk. Some media, such as
surface water and soil, have benchmarks for more than one receptor; if a benchmark was
identified for any receptor evaluated in this SLERA, the constituent was retained as a COPEC for
the medium and area in question. Constituents for which no ecological benchmark exists are
discussed in the Uncertainty Analysis (Section 10.0). For clarity, these COPECs are identified in
the data summary tables of Section 7.0, where all COPECs are compared to ecological
benchmarks. In these tables, "NA" (meaning "not available") appears in the benchmark column,
but other useful information about the frequency and magnitude of detections is provided.
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This approach helps illustrate the characteristics and relative number of COPECs without
benchmarks.

3.2.4 Porewater Contaminant of Potential Concern Selection Methodology

Porewater COPECs were selected by a variation of the method described above. As described in
Section 2.0, porewater samples were collected at locations previously determined to be the point
of upwelling groundwater. By design, porewater samples thus were intended to consist largely
of groundwater rather than of surface water present elsewhere in the water column. For this
reason, Reference surface water data were considered to be inappropriate for the selection of
porewater COPECs, since Reference surface water data would not reflect the condition of
groundwater prior to Hanford Site influences; rather, Reference groundwater data were obtained
and used as a more relevant point of comparison.

Reference groundwater data were obtained from DOE/RL-96-6 1, Hanford Site Background:
Part 3, Groundwater Background. In this 1996 study, groundwater data from historical data
gathered in conjunction with monitoring activities and additional data collected specifically for
the purpose of evaluating groundwater background were screened and combined to develop a
sound background data set for use in site evaluation. The background data consisted of dissolved
levels of naturally occurring inorganic chemicals and radionuclides in the uppermost unconfined
aquifer. In the 1996 report, the historical data (1989 to 1993) were screened to eliminate samples
and/or constituents that may have been affected by Hanford Site activities. The screening
process was conducted in two steps as follows: (1) using thresholds based on an upper range of
background compositions to eliminate any data that show obvious signs of contamination, and
(2) evaluating the location of each well with respect to known groundwater contamination and
area activities. Samples obtained in 1993 to 1994 specifically for evaluating background were
collected from existing wells demonstrated to be free of contaminants and from wells situated in
areas that had little pre-existing data associated with them. A fundamental DQO for well
selection was to maximize the lateral coverage of groundwater across the Hanford Site.
Summary statistics, which included the geometric mean, standard deviation, and minimum and
maximum values computed for a lognormal distribution, were calculated from the combined data
set. For the statistical calculations in the 1996 report, "nondetect" values were replaced with
one-half the reporting limit.

The summary statistics of the background groundwater data in the 1996 report were used directly
in a qualitative evaluation to select porewater COPECs. Specifically, the selection process for
the selection of porewater COPECs at each OU was as follows:

1. Porewater data (including both filtered and nonfiltered results, as available) were divided into
seven separate data sets, each corresponding to a separate groundwater OU. The boundaries
of these data were determined based on a review of the OUs and related groundwater plumes,
as depicted in DOE/RL-20 10-11, Hanford Site Groundwater Monitoring and Performance
Reportfor 2009. Boundaries of the OU areas are shown on Figure 1-7 and in more detail on
the maps in Appendix A.
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2. For each OU data set, a geometric mean, geometric standard deviation, and maximum and
minimum value, based on dissolved concentrations, were computed. For these calculations,
negative values for radionuclides were not used, since geometric means cannot be calculated
with negative numbers. These statistics were developed to match those in the 1996
background report.

3. These statistics were then compared to the corresponding statistics in the background
groundwater data set to determine whether to include constituents as COPECs.

4. As with other media, Inclusion List constituents detected in porewater were categorized as
COPECs, regardless of the comparison of data statistics. Likewise, constituents detected in
porewater and not analyzed in the background data set were also included as COPECs.

From this procedure, separate porewater COPEC lists were developed for porewater at each
groundwater OU. Compounds that were not detected in porewater were evaluated in the same
manner as in other media, as described previously in Section 3.2.1.

3.3 SURFACE WATER CONTAMINANT OF POTENTIAL ECOLOGICAL
CONCERN SELECTION

Surface water data from 2000 to 2010 were evaluated in accordance with the COPEC selection
methodology described in Section 3.2. For conservatism, both total and dissolved samples were
included together in the analysis.

The results of the Reference evaluation for 100 Area, 300 Area, and Lake Wallula Sub-Areas are
provided in Tables 3-2, 3-3, and 3-4. The basis for including or excluding constituents is also
shown. Details of the Reference analysis are included in Appendix B-1.

Silica and carbonate ion had no Reference data but were not retained as COPECs because silica
is a naturally occurring compound in sand and carbonate ion is found in nearly all surface water,
as the result of dissolution of carbonate rocks.

Based on the methods described in Section 3.2, the surface water COPECs for each sub-area are
as follows:
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100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area

Sulfate b Nitrite Plutonium-239/240 a

Technetium-99 a Plutonium-238 Strontium-90 a

Total PCBs Plutonium-239/240 a Sulfate b

Tritium a Silver Total PCBs
Uranium-233/234 b Strontium-90 a TPH-diesel range a

Uranium-238 b Sulfate b TPH-motor oil (high boiling) a

Technetium-99 a Tritium a

Total PCBs Uranium a

Trichloroethene a Uranium-233/234 b

Tritium a Uranium-234
Uranium-233/234 b Uranium-235 a

Uranium-235 a Uranium-238 b
Uranium-23 8 b
Xylenes (total)

a Inclusion List analyte.
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined

by statistical or qualitative evaluation.
PCB = polychlorinated biphenyl
TPH = total petroleum hydrocarbons

The following Inclusion List compounds were not detected in surface water, and therefore were
not identified as COPECs:

* 100 Area Sub-Area: Carbon-14, cis-1,2-dichloroethylene, cobalt-60, europium-152,
europium-154, hexavalent chromium, plutonium-239/240, tetrachloroethene, TPH-diesel,
TPH-motor oil, trichloroethene, uranium (nonisotopic analysis only; isotopic forms were
quantified), and uranium-235

* 300 Area Sub-Area: Carbon-14, cesium-137, cis-1,2-dichloroethylene, cobalt-60,
europium- 152, europium- 154, hexavalent chromium, tetrachloroethene, TPH-diesel,
TPH-motor oil, and uranium (nonisotopic analysis only; isotopic forms were quantified)

* Lake Wallula Sub-Area: Carbon-14, cesium-137, cis-1,2-dichloroethylene, europium-152,
europium-154, technetium-99, tetrachloroethene, and trichloroethene.

Sediment COPECs are identified in the following section.

3.4 SEDIMENT CONTAMINANT OF POTENTIAL ECOLOGICAL
CONCERN SELECTION

Sediment data from 2000 to 2010 were evaluated according to the methodology of Section 3.2
for each sub-area. Samples included all sediment from shorelines, shallow and deep water, and
from the upper portion (e.g., top 24 cm [9.4 in.]) of sediment cores. Sample data were reported
in dry weight or converted to dry weight using percent moisture data (see WCH-398).
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The data set for sediments includes shoreline sediments, which are those sediments around
islands and shorelines that are routinely exposed during routine water-level changes as the result
of water release at Priest Rapids Dam. For this reason, the COPEC list for sediments is
considered to be appropriate for evaluation of shoreline sediments exposure as well, for the
purposes of potential risk evaluation and the COPEC refinement as presented in
Sections 7.0 and 8.0.

The results of the sediment Reference evaluation for the 100 Area, 300 Area, and Lake Wallula
Sub-Areas, as well as the basis for including or excluding constituents, are provided in
Tables 3-5, 3-6, and 3-7. Details of the Reference analysis are included in Appendix B-1.

Sediment COPECs for each sub-area are as follows:

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area
Acetone Carbon-14 a Alpha-BHC
Carbon-14 a Cesium-137 b Antimony
Cesium-137 b Chromium b Cesium-137 b

Chromium b Cobalt-60 a Chromium b

Cobalt-60 a Europium-152 a Cobalt-57
delta-BHC Hexavalent chromium a Cobalt-60 a

Endosulfan sulfate Lead b Dichlorodiphenyldichloroethane
Europium-152 a Mercury Europium-152 a

Heptachlor epoxide Plutonium-239/240 a Europium-154 a

Hexavalent chromium a Selenium Hexavalent chromium a

Lead b Strontium-90 a Lead b

Mercury b Technetium-99 a Mercury b

Plutonium-239/240 a Titanium Molybdenum
Strontium-90 a TPH-diesel range a Phosphorus
Technetium-99 a TPH-motor oil (high boiling) a Plutonium-239/240 a

TPH-diesel range a Tritium a Silver
TPH-motor oil (high boiling) a Uranium a Strontium-90 a

Uranium a Uranium-234 Thallium
Uranium-233/234 b Uranium-233/234 b Titanium
Uranium-235 a Uranium-235 a Toluene
Uranium-238 b Uranium-238 b Total PCB

TPH-diesel range a

TPH-motor oil (high boiling) a

Uranium-233/234 b

Uranium-234
Uranium-235
Uranium-238 b
Vanadium

a Inclusion List analyte.
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or

qualitative evaluation.
PAH = polycyclic aromatic hydrocarbons
PCB = polychlorinated biphenyl
TPH = total petroleum hydrocarbons
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The following Inclusion List compounds were not detected in sediment, and therefore were not
identified as COPECs:

* 100 Area Sub-Area and 300 Area Sub-Area: cis-1,2-dichloroethylene, europium-154,
tetrachloroethene, and trichloroethene

* Lake Wallula: Carbon-14, cis- 1,2-dichloroethylene, technetium-99, tetrachloroethene,
trichloroethene, and uranium.

Porewater COPECs area identified in the following section.

3.5 POREWATER CONTAMINANT OF POTENTIAL ECOLOGICAL
CONCERN SELECTION

Porewater COPECs for each of the seven groundwater OU areas were selected according to the
method described in Section 3.2.4. Each OU area was compared separately to background
groundwater concentrations, using the summary statistics of geometric mean and maximum,
and minimum detected, in accordance with the available summary information for
background groundwater. In general, when the site geometric mean was substantially greater
(i.e., more than a factor of 2 or so) than the background geometric mean, then the constituent was
retained as a COPEC, even if the site maximum was less than the background maximum.
The evaluation statistics and detailed rationale of the evaluation for each OU are provided in
Appendix B-2.

Based on this evaluation, porewater COPECs for each OU are as follows:

100-B/C-5 OU 100-KR-4 OU 100-NR-2 OU 100-HR-3 OU
Aluminum Aluminum Aluminum Aluminum
Arsenic Chromium a Chloride Arsenic
Cadmium Hexavalent chromium a Chromium a Chromium a
Chromium a Lead a Hexavalent chromium a Cobalt
Cobalt Manganese Lead a Copper
Hexavalent chromium a Nitrate a Nickel Hexavalent chromium b

Lead a Phosphate Nitrate a Lead a

Nitrate a Sulfate b Phosphate Manganese
Selenium Tritium a Strontium-90 b Mercury a

Strontium-90 a Vanadium Sulfate a Nickel
Sulfate a TPH-diesel range a Nitrate a
Tritium a TPH-motor oil a Strontium-90 b

Vanadium Tritium a Sulfate b

Zinc Vanadium Tritium a
Uranium a
Vanadium
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100-FR-3 OU 200-PO-1 OU 300-FF-5 OU
Aluminum Aluminum Aluminum Manganese
Chromium a Arsenic Acetone Mercury a

Cobalt Chromium a Arsenic Nickel
Hexavalent chromium a Hexavalent chromium b Barium Nitrate a

Lead a Lead a Cadmium Sulfate a

Manganese Nickel Chloride Selenium
Mercury a Nitrate a Chromium a Trichloroethene b

Nickel Nitrite Cobalt Tritium a

Nitrate b Selenium Copper Uranium a

Strontium-90 b Sulfate b Hexavalent chromium b Vanadium
Sulfate b Technetium-99 a Lead a Zinc

Tritium a

Vanadium

a Inclusion List analyte.
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined by qualitative

evaluation.
TPH = total petroleum hydrocarbons

3.6 ISLAND SOIL CONTAMINANT OF POTENTIAL ECOLOGICAL
CONCERN SELECTION

Constituents in island soil from the 100 Area and 300 Area Sub-Areas were evaluated according
to the methods described in Section 3.2. Soil Reference locations consisted of 10 soil samples
collected from an unnamed island in Wanapum Pool. The results of the soils Reference
evaluation for 100 Area and 300 Area Sub-Areas are provided in Tables 3-8 and 3-9. The basis
for including or excluding constituents is also shown in these tables. Details of the Reference
analysis are included in Appendix B-1.

Soil COPECs for the two sub-areas are as follows:

Arsenic
Carbon-14 a

Cesium-137 b

Chromium a
Dichlorodiphenyltrichloroethane
Diethylphthalate
Hexavalent chromium a

Lead a

Lithium
Mercury b

Nickel
Total PCBs
TPH-diesel range a
TPH-motor oil (high boiling) a

Uranium a

Uranium-233/234 b

Uranium-235 a

Arsenic
Cesium-137 b

Chromium a
Cobalt-60 a

Europium-152 a

Hexavalent chromium a

Lead a
Lithium
Mercury b

Nickel
Plutonium-239/240 a

Strontium-90 a

Total PCBs
TPH-diesel range a

TPH-motor oil (high boiling) a

Uranium a
Uranium-233/234 b
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100 Area Sub-Area 300 Area Sub-Area

Uranium-23 8 b Uranium-235 a

Uranium-23 8 a

a Inclusion List analyte.
b Inclusion List analyte consistent with or lower than Reference

concentrations, as determined by statistical or qualitative evaluation.
PCB = polychlorinated biphenyl
TPH = total petroleum hydrocarbons

The following Inclusion List compounds were not detected in soil and therefore were not
identified as COPECs:

* 100 Area Sub-Area: Cobalt-60, europium-152, europium-154, plutonium-239/240,
strontium-90, technetium-99, and tritium

* 300 Area Sub-Area: Carbon-14, europium-154, technetium-99, and tritium.

Fish tissue COPECs are identified in the following section.

3.7 FISH TISSUE CONTAMINANT OF POTENTIAL ECOLOGICAL
CONCERN SELECTION

Fish data from 2000 to 2010 were evaluated in accordance with the COPEC selection
methodology described in Section 3.2. Fish data include samples for fish carcass, fish fillet, and
fish liver/kidney throughout the study area. Details of the Reference analysis for each fish tissue
type are included in Appendix B-i.

Because historical data varied or were not explicit in details of tissue composition (e.g., skin on
versus skin off for fillets, inclusion of organs in "carcass"), only RI fish data were used for the
statistical Reference evaluation. These comprise the bulk of the fish data used in the risk
assessment. However, historical fish samples were included in the data set for risk evaluation, as
described in Section 2.0.

The results of the fish carcass Reference evaluation for 100 Area, 300 Area, and Lake Wallula
Sub-Areas as well as the basis for inclusion or exclusion of constituents are provided in
Tables 3-10, 3-11, and 3-12.

Fish carcass COPECs for each Sub-Area are as follows:

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area
Aluminum Aluminum Aluminum
Arsenic Arsenic Arsenic
Barium Barium beta- 1,2,3,4,5,6-Hexachlorocyclohexane
Carbon-14 a Carbon-14 a Carbon-14 a

Chromium b Chromium b Chromium b
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100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area

delta-BHC delta-BHC delta-BHC
Endrin Lead a gamma-BHC
gamma-BHC Mercury a Lead a

Lead a Methoxychlor Mercury b

Mercury a Methyl mercury Methyl mercury
Strontium-90 a Plutonium-239/240 a Uranium a

Total PCB Strontium-90 a

Uranium a Total PCBs
Tritium a

Uranium a
a Inclusion List analyte.
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined by

statistical or qualitative evaluation.
PCB = polychlorinated biphenyl

The results of the fish fillet Reference evaluation for 100 Area, 300 Area, and Lake Wallula
Sub-Areas as well as the basis for inclusion or exclusion of constituents are provided in
Tables 3-13, 3-14, and 3-15.

Fish fillet COPECs for each sub-area are as follows:

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area

alpha-BHC Aldrin Aldrin
alpha-Chlordane alpha-BHC Chromium a

Arsenic Arsenic Dieldrin
Carbon-14 b Cesium-137 b Hexavalent chromium b

Cesium-137 b Chromium a Lead b

Chromium a Cobalt Mercury a

Cobalt-60 b delta-BHC Methyl mercury
Dichlorodiphenyltrichloroethane Dieldrin Selenium
Endrin Hexavalent chromium b Tritium b

Hexavalent chromium b Lead b

Lead b Mercury b

Mercury a Methyl mercury
Methoxychlor Uranium-234
Plutonium-239/240 b Uranium-235 b

Strontium-90 b Uranium-238 b

a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by
statistical or qualitative evaluation.

b Inclusion List analyte.

The Reference evaluation for liver and kidneys included all tissue results from combined
liver/kidney samples as well as from separate liver and kidney analyses. The results of the fish
liver/kidney Reference evaluation for 100 Area, 300 Area, and Lake Wallula Sub-Areas as well
as the basis for inclusion or exclusion of constituents are provided in Tables 3-16, 3-17,
and 3-18.
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Fish liver/kidney COPECs for each sub-area are as follows:

alpha-Chlordane
Aluminum
Antimony
Arsenic
beta- 1,2,3,4,5,6-Hexachlorocyclohexane
Beryllium
Cadmium
Carbon- 14
Chromium
Copper
Dichlorodiphenyldichloroethylene
Dieldrin
Endosulfan I
Endrin
Endrin aldehyde
Endrin ketone
gamma-BHC
gamma-Chlordane
Heptachlor
Iron
Lead a

Manganese
Mercury a

Methoxychlor
Selenium
Silver
Strontium-90 a

Thallium
Thorium
Total PCBs
Uranium a

Zinc

alpha-Chlordane
Aluminum
Antimony
Arsenic
Barium
Cadmium
Cesium-137
Chromium
Copper
delta-BHC
Dieldrin
Endosulfan I
Endosulfan II
Endrin
Endrin ketone
gamma-Chlordane
Heptachlor epoxide
Lead a

Manganese
Mercury a

Methoxychlor
Selenium
Silver
Technetium-99 a

Thorium
Total PCBs
Tritium a
Uranium a
Zinc

Arsenic
Carbon-14 a

Chromium a
delta-BHC
Dieldrin
Endosulfan I
Endosulfan II
Endrin
Endrin ketone
Heptachlor epoxide
Mercury b

Total PCBs

a Inclusion List analyte.
b Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or

qualitative evaluation.

PCB = polychlorinated biphenyl

As listed above in this subsection, the COPECs vary by both tissue type and sub-area; however,
mercury and chromium are COPECs for all three tissue types (carcass, fillet, and liver/kidney)
within all three sub-areas. Lead is a COPEC for all tissue types within all three sub-areas except
for liver/kidney tissue within the Lake Wallula Sub-Area.

The lists above identified detected constituents carried forward into the risk assessment. As
described in Section 3.2.1, nondetected constituents were also evaluated to determine which
should be addressed in the Uncertainty Section and which can be eliminated from the study.
The results of this evaluation are presented in the following section.
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3.8 EVALUATION OF NONDETECT DATA

Analytical results for surface water, sediment, soil, and fish collected during the RI were
evaluated in accordance with the process illustrated in Figure 3-1. The process was conducted
separately for each medium and sub-area.

As shown in this process, analytes that were not detected within a particular medium
(i.e., surface water) were subsequently reviewed to determine if it was listed as an "indicator
contaminant," summarized in Table 1-2 of the RCBRA SAP (DOE/RL-2005-42). Analytes that
were not listed as indicator contaminants were retained for further evaluation in the Uncertainty
Analysis. If the analyte was listed as a SAP indicator compound for that particular medium, the
sample-specific reporting limits (listed as "results" for data qualified as nondetects in the
database) for nondetected constituents in the RI data set were compared to the laboratory-
required detection limits prescribed in Tables 3-1, 3-2, and 3-3 of the CRC Quality Assurance
Project Plan (QAPP) (Section 3.0 of the SAP [Appendix A of the RI Work Plan
(DOE/RL-2008-1 1)]). Analytes with reporting limits at or below the corresponding target
detection limits were not retained as COPECs. However, analytes not meeting the corresponding
target detection limits (i.e., nondetect results reported at values higher than the required detection
limits) were retained for evaluation in the Uncertainty Analysis.

The following subsections summarize the evaluation of nondetect data by sub-area for surface
water, sediment, porewater, soil, and fish, respectively.

3.8.1 Surface Water

In the 100 Area, 300 Area, and Lake Wallula Sub-Areas, many VOCs, SVOCs, inorganics,
metals, organics, pesticides, and radionuclides were reported as nondetect in surface water
(see Tables 3-19, 3-20, and 3-21, respectively). As shown in these tables, only a small
percentage of analytes are excluded as COPECs by this process; most are retained for evaluation
in the Uncertainty Analysis. A total of 127, 120, and 129 analytes in the 100, 300, and
Lake Wallula Sub-Areas, respectively, were retained as COPECs to be addressed in the
Uncertainty section. For each sub-area, the following nondetected constituents met their
reporting requirements and so were excluded as COPECs:

* 100 Area and 300 Area Sub-Areas (Tables 3-19 and 3-20): Hexavalent chromium, uranium,
TPH (diesel range and motor oil), methoxychlor, carbon-14, and cobalt-60

* Lake Wallula Sub-Area (Table 3-21): Methoxychlor and carbon-14.

3.8.2 Sediment

In the 100 Area, 300 Area, and Lake Wallula Sub-Areas, many VOCs, SVOCs, metals,
pesticides, radionuclides, and dioxins/furans (Lake Wallula only) were reported as nondetect in
sediment (see Tables 3-22, 3-23, and 3-24, respectively). A total of 111, 114, and 138 analytes
in the 100, 300, and Lake Wallula Sub-Areas, respectively, were retained as COPECs to be
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addressed in the Uncertainty section. The following nondetected constituents met their reporting
requirements and so were excluded as COPECs, while the remainder are addressed in
Section 10.0 (Uncertainty Analysis):

* 100 Area and 300 Area Sub-Areas (Tables 3-22 and 3-23): Methoxychlor
* Lake Wallula Sub-Area (Table 3-24): Carbon-14.

3.8.3 Porewater

Nondetect analytes in all OUs included metals and selected radionuclides, reflecting the focused
analytical scheme of these samples. Nondetected analytes for porewater from all OUs are shown
in Table 3-25. As shown by this table, the following nondetected constituents met their reporting
requirements and therefore were excluded as COPECs:

* 100-B/C-5 OU: Uranium
* 100-KR-4 OU: Strontium-90 and uranium
* 100-NR-2 OU: Mercury and uranium
* 100-HR-3 OU: None
* 100-FR-3 OU: Tritium and uranium
* 200-PO-1 OU: Mercury and uranium
* 300-FF-5 OU: None.

3.8.4 Soil

In the 100 Area and 300 Area Sub-Area soil, nondetected constituents included VOCs, SVOCs,
metals, pesticides, and radionuclides (see Tables 3-26 and 3-27, respectively). As shown in these
tables, only a small percentage of analytes are excluded as COPECs by this process; the majority
are retained for evaluation in the Uncertainty Analysis. A total of 87 and 89 analytes in the
100 and 300 Sub-Areas, respectively, were retained as COPECs to be addressed in the
Uncertainty section. For the two sub-areas, the following nondetected constituents met their
reporting requirements and therefore were excluded as COPECs:

* 100 Area Sub-Areas (Table 3-26): Cobalt-60, methoxychlor, strontium-90, and tritium
* 300 Area Sub-Area (Table 3-27): Methoxychlor and tritium.

3.8.5 Fish

Many metals, pesticides, and radionuclides were reported in the 100 Area, 300 Area, and
Lake Wallula Sub-Areas as nondetect in fish carcass (see Table 3-28), fish fillet (see
Table 3-29), and fish liver/kidney (see Table 3-30). As these tables show, a small percentage of
analytes are excluded as COPECs by this process; most have been retained for further evaluation
in the Uncertainty Analysis.
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The following is a summary of the number of constituents retained as COPECs and the specific
nondetected constituents that met their reporting requirements and therefore were excluded as
COPECs for each fish tissue type:

* Fish carcass (Table 3-28): A total of 27, 24, and 24 analytes were retained as fish carcass
COPECs in the 100 Area, 300 Area, and Lake Wallula Sub-Areas, respectively. The
following nondetected constituents met their reporting requirements and therefore were
excluded as COPECs:

- 100 Area Sub-Area: Cesium-137, nickel, uranium-233/234, and uranium-235

- 300 Area Sub-Area: Cesium-137, uranium-233/234, and uranium-235

- Lake Wallula Sub-Area: Antimony, cesium-137, silver, strontium-90, uranium-233/234,
and uranium-235.

* Fish fillet (Table 3-29): A total of 25, 36, and 26 analytes were retained as fish fillet
COPECs in the 100 Area, 300 Area, and Lake Wallula Sub-Areas, respectively. The
following nondetected constituents met their reporting requirements and therefore were
excluded as COPECs:

- 100 Area Sub-Area: Nickel, uranium-233/234, and uranium-235

- 300 Area Sub-Area: Carbon-14, nickel, strontium-90, and uranium-233/234

- Lake Wallula Sub-Area: Carbon-14, silver, strontium-90, uranium-233/234, and
uranium-235.

* Fish liver/kidney (Table 3-30): A total of 20, 19, and 18 analytes were retained as fish
liver/kidney COPECs in the 100 Area, 300 Area, and Lake Wallula Sub-Areas, respectively.
The following nondetected constituents met their reporting requirements and therefore were
excluded as COPECs:

- 100 Area Sub-Area: Uranium-233/234
- 300 Area Sub-Area: Carbon-14, strontium-90, and uranium-233/234
- Lake Wallula Sub-Area: Strontium-90, uranium-233/234, and uranium-235.

As this evaluation has shown, the majority of analytes reported as nondetect in all media and
sub-areas have been retained for further evaluation. This evaluation is detailed in the
Uncertainty Analysis in Section 10.0.
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4.0 HABITAT DESCRIPTION

4.1 OVERVIEW

The Columbia River originates in British Columbia, Canada's western Rocky Mountains and
flows to the Pacific Ocean along the Washington/Oregon State boundary. Approximately
1,207 km (750 mi) of the river flows through Washington State. The Hanford Reach of the
Columbia River is an 82-km (51-mi) stretch of river that flows from the base of
Priest Rapids Dam downstream to the head of Lake Wallula above McNary Dam. The focus of
this study is both the Hanford Reach (100 and 300 Area Sub-Areas) adjacent to the Hanford Site
and Lake Wallula.

In November 2008, a habitat survey was conducted to identify the general types of terrestrial and
shoreline habitats present on islands and left-shore riparian zones as well as around the sampling
points used in the RI. In more general terms, the purpose of this assessment was to obtain an
island-by-island understanding of habitats and island use to aid in the interpretation of sample
results. The survey itself was conducted by slowly circling each island by boat, observing,
describing, and photo-documenting the shoreline vegetation and topography. Upland vegetation
was noted, as was the presence of any observed wildlife or birds. Vegetation at this time was in
autumn colors, which facilitated distinguishing species from each other, but had not yet begun to
shed foliage. Also recorded was typical island use by human and ecological receptors, as well as
common feeding, congregation, and nesting and breeding areas for avifauna and amphibians
along the reach. Information from this survey was used in the evaluation of site data and as the
basis for the descriptions below. This survey, "Columbia River Ecological Risk Assessment
Habitat Survey Results" (CCN 144495), is included as Appendix F to this SLERA.

The Columbia River supports a large and diverse population of plankton (phytoplankton and
zooplankton), aquatic and riparian plants, benthic (bottom-dwelling) invertebrates
(e.g., insect larvae, clams, and crayfish), fish, and other communities. These communities have
been well described by others and are the focus of ongoing monitoring programs as part of the
management of the Hanford Site. The following subsections provide a brief overview of riverine
(water column), benthic, riparian, and shoreline habitats, and are summarized from existing
sources as well as from the habitat survey conducted by Woodard & Curran in November 2008.

4.2 RIVERINE ECOLOGY

This section describes the aquatic ecosystem within the Columbia River in the vicinity of the
Hanford Site. The following text was included in PNNL-6415, Hanford Site National
Environmental Policy Act (NEPA) Characterization, and has been modified and included below
for the purposes of this report. References associated with the text below have not been included
but can be found in PNNL-6415.
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The Columbia River crosses the Hanford Site entering at the northwest corner, traveling
eastward, and then turning south, forming the eastern boundary of the Hanford Site. The
Columbia River and associated riparian zones provide habitat for numerous wildlife and plant
species. The area known as the Hanford Reach, the Columbia River from Priest Rapids Dam
(RM 397) to McNary pool (RM 346), is the last unimpounded, nontidal segment of the
Columbia River in the United States.

Plants and animals residing in the water column include planktonic species (phytoplankton and
zooplankton), macrophytes, aquatic insects, and many species of fish. Phytoplankton and
zooplankton populations at the Hanford Site are largely transient, flowing from one reservoir to
another. With the relatively rapid flow of the Columbia River, there is generally insufficient
time for characteristic endemic groups of phytoplankton and zooplankton to develop in the
Hanford Reach, and cycles of population are more transient than observed within impoundments
and reservoirs.

Forty-five species of fish have been identified (see Table 4-1) in the Hanford Reach of the
Columbia River, of which 16 are introduced. Native species including Chinook salmon
(Oncorhynchus tshawytscha), sockeye salmon (Oncorhynchus nerka), coho salmon
(Oncorhynchus kisutch), and steelhead trout (Oncorhynchus mykiss) use the river for migration
and spawning, making this section of river of significant cultural and economic importance. Fall
Chinook salmon and steelhead trout also spawn in the Hanford Reach. Inundation of other
mainstream Columbia River spawning grounds by dams has increased the relative importance of
the Hanford Reach to fall Chinook salmon production in the Columbia and Snake Rivers. There
are presently 10 areas identified in the Hanford Reach that support salmon spawning.

White sturgeon (Acipenser transmontanus) is a long-lived, late-maturing, benthic species whose
habitat includes the Hanford Reach. Sturgeon is an important economic and cultural species to
the Columbia River, as it is popular both as a sport fishery as well as for the edible fillet and
fish roe (http://www.psmfc.org/habitat/edu wsturg fact.html). Sturgeon are also of considerable
cultural and economic importance to Native American peoples, who have relied on sturgeon, as
well as salmon and other river species, for thousands of years.

White sturgeon spawn in rivers with swift currents and large cobble; when not spawning, they
prefer slower water and pools in riverine areas. Sturgeon found upstream of Bonneville Dam
generally exhibit restricted movement, remaining within a single reservoir for their entire lives.
However, some exchange occurs within reservoir stocks. The nonimpounded nature of the
Hanford Reach allows for unrestricted movement of sturgeon within this area, providing both
important spawning and nonspawning grounds (Wydoski and Whitney 2003, Inland Fishes of
Washington).

American shad (Alosa sapidissima), an introduced anadromous species, may also spawn in the
Hanford Reach. The upstream range of the shad has been increasing since 1956 when less than
10 adult shad passed McNary Dam. Since then, the number of shad ascending Priest Rapids
Dam has risen to many thousands each year, and young-of-the-year (fish born the year of
collection) have been collected in the Hanford Reach. Shad are not dependent on the same
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conditions that are required by salmonids for spawning and apparently have found favorable
conditions for reproduction.

Benthic (bottom) habitat and its associated biota are defined by the composition of the sediments
that range from accumulations of fines (mud in the sloughs, backwater areas, and shoreline areas
of reduced current flow) to a gradation of gravel and cobbles up to large (>0.5 m [>1.6 ft]
diameter) boulders. Classification schemes have been proposed for characterizing benthic
habitat based on the distribution of cobble by size and the degree of embeddedness in the fines.
Bottom-dwelling organisms are found either attached to or closely associated with the
substratum. A total of 151 different taxa of aquatic invertebrates have been identified in the
Columbia River, and all major freshwater benthic taxa are represented. Insect larvae such as
caddisflies (Trichoptera), midge flies (Chironomidae), and black flies (Simuliidae) are dominant.
Other benthic organisms include clams (Corbicula spp., Anodontia spp.), limpets (Fisherola
spp.), snails (Physa spp.), sponges (Spongilla spp.), and crayfish (Astacus trowbridgii).

4.3 ISLANDS AND SHORELINES

Downstream shoreline portions of islands within the Columbia River provide a riparian habitat
for a number of semi-aquatic species and can be depositional areas for Hanford Site-related
contaminants. These areas consist largely of riparian habitats of exposed shorelines and island
areas that are flooded infrequently in the Hanford Reach and downriver as the result of releases
from Priest Rapids Dam. Upper portions of the shorelines are exposed for extended periods of
time, providing a feeding area for terrestrial or riparian species.

Islands present a diverse array of habitats. The Columbia River islands are characterized by
vegetated cobble shorelines, open interiors, and occasional areas of trees and more dense upland
vegetation. Topography is largely flat, with an elevated center. The 2008 habitat survey
indicates that islands in the Hanford Reach are primarily less vegetated while downstream
islands (Lake Wallula) have generally thicker vegetation. Suitable habitat exists for all the
terrestrial or semi-aquatic receptor groups identified in the RI Work Plan (DOE/RL-2008-1 1),
although not all habitats are represented on each island. Riverbank shorelines were found to be
similar in habitat array to the islands, with similar vegetation and topography.

River fluctuations from the operation of Priest Rapids Dam do not allow for the establishment of
persistent benthic communities, particularly in shoreline areas. Clams and crayfish have
difficulty in establishing populations in shoreline areas that are frequently left dewatered by
river-level fluctuations (PNNL-6415). However, benthic species may be present in shoreline
areas as the result of stranding following declining water levels, and these individuals can
provide a food source for shoreline birds ("Avian Interactions with Mid-Columbia River Water
Level Fluctuations" [Books 1985]). Species with rapid life cycles are less likely to be impacted
by river fluctuations.

Macrophytes are sparse in the Columbia River because of strong currents, a rocky bottom, and
frequently fluctuating water levels. Vegetation that occurs along the shoreline in the slackwater
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areas includes rushes (Juncus spp.) and sedges (Carex spp.); these areas include
White Bluffs Slough below the 100-H Area, the slough area downstream of the 100-F Area, and
the Hanford Slough.

Macrophytes are present along gently sloping shorelines that are subject to flooding during the
spring freshet and daily fluctuating river levels (downstream of Coyote Rapids and the
1 00-D Area). Where they exist, macrophytes have considerable ecological value, providing food
and shelter for juvenile fish and spawning areas for some species of warm-water game fish.
Some of these macrophytes include water smartweed (Polygonum amphibium), bulbous
bluegrass (Poa bulbosa), and common witchgrass (Panicum capillare) (PNNL-6415). These
occur throughout the sub-areas along shallow shorelines, in small coves and passages along and
between islands, and in sheltered areas along river shorelines generally.

Eurasian milfoil (Myriophyllum spicatum), an introduced macrophyte, has increased to nuisance
levels since the late 1980s and may encourage increased sedimentation of fine particulate matter.
Reed canarygrass (Phalaris arundinacea), the most common nonnative species of macrophyte,
has also reached nuisance levels in the Columbia River. This invasive plant often overwhelms
important native habitat, as it is extremely aggressive and grows very densely
(http://www.ecy.wa.gov/programs/wg/plants/weeds/agua011.html).

4.4 RARE, THREATENED, AND ENDANGERED SPECIES

A variety of species are present on the upland and riverine portions of the Hanford Site that are
considered to be rare and of management concern. Species listed as endangered or threatened by
either the federal government under the Endangered Species Act of1973 (50 CFR 17) or by the
State of Washington are listed in Table 4-2. No federal- or state-listed endangered or threatened
mammals, reptiles, amphibians, or invertebrates exist on the Hanford Site. However, 3 species
of fish, 4 species of birds, and 13 species of plants are present that are listed as threatened or
endangered by either the state or federal governments.

Of the three listed fish species, only the upper Columbia River steelhead trout (Oncorhynchus
mykiss) spawns in the Hanford Reach, although the extent of spawning is not known. Upper
Columbia River spring Chinook salmon (0. tshawytscha) do not spawn in the Hanford Reach,
but adults pass through the Hanford Reach while migrating to spawning grounds, and the
juveniles use the Hanford Reach as a nursery area while they migrate toward the ocean. The
bull trout (Salvelinus confluentus) primarily inhabits smaller, colder streams, usually at higher
elevations. Bull trout have been observed occasionally in the Hanford Reach, in association with
the spring freshet. Bull trout are not considered to be residents of the Hanford Site. The
remaining three state candidate fish species-the leopard dace, mountain sucker, and river
lamprey-have been sited in the Hanford Reach (PNNL-6415).

The American white pelican (Pelecanus erythrorhynchos) is relatively common along the
Hanford Reach but does not appear to nest or reproduce on site. The sandhill crane
(Gruscanadensis) migrates over the Hanford Site and on rare occasions is observed on the shore
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or islands of the Hanford Reach, and the greater sage grouse (Centrocercus urophasianus) has
been spotted in the Hanford Reach, but is less common in this area. Additionally, the loggerhead
shrike (Lanius ludovicianus), sage sparrow (Amphispiza belli), and sage thrasher (Oreoscoptes
montanus) are dependent on undisturbed shrub habitat and tend to roost and nest in lower
elevations along the Hanford Reach (PNNL-6415).

No plants listed by the federal government as threatened or endangered are found within the
Hanford Reach. Several are listed by the State of Washington, but only a few are associated with
riparian environments. These consist of the awned halfchaff sedge (Lipocarpha aristulata),
grand redstem (Ammannia robusta), lowland toothcup (Rotala ramosior), and Columbia
yellowcress (Rorippa columbiae), which are restricted to wetlands in the riparian zone of the
Columbia River.

In addition to the species listed by the state or federal resource agencies as threatened or
endangered, there are numerous animal species listed by the State of Washington as candidate,
sensitive, monitored, or species with priority habitat (Table 4-3). Plant species are also listed as
sensitive, review, or watch list (Table 4-4).

The bald eagle (Haliaeetus leucocephalus) was removed from threatened status in the lower
48 contiguous United States on July 9, 2007 (72 FR 37346). However, as reclassified in
January 2008, the State of Washington does list the bald eagle as a state sensitive species
(PNNL-18427, Hanford Site Environmental Surveillance Data Report for Calendar Year 2008).
The Bald and Golden Eagle Protection Act of 1940 and Migratory Bird Treaty Act of 1918 will
remain in place for continuance of protective and management actions. The bald eagle is a
relatively common winter resident along the Hanford Reach that occasionally attempts to nest on
the Hanford Site but has not been successful over the duration of Hanford Site operations
(PNNL-6415). Hanford Site bald eagle protection guidelines were revised in September 2009,
and these updated guidelines will continue to serve as the site-specific management plan for the
Hanford Site. Access controls on the Hanford Site will remain in place from November to
March for the protection of roosting and nesting sites (DOE/RL-94-150, Bald Eagle Site
Management Plan for the Hanford Site, South-Central Washington).

The common loon (Gavia immer) and the peregrine falcon (Falco peregrinus) are the only other
animal species on the Hanford Site listed as sensitive by Washington State. The Washington
ground squirrel (Spermophilus washingtoni), listed as a candidate species by both the state and
federal governments, is most likely to occur in the Franklin or Grant County portions of the
Hanford Site. Townsend's ground squirrel (S. townsendii), a Washington State candidate
species, may be found on the Benton County portions of the Hanford Site (PNNL-6415).
Of these species, only the common loon is expected in the Columbia River corridor.

Several state candidate and sensitive animal species, including the loggerhead shrike (Lanius
ludovicianus), burrowing owl (Athene cunicularia), sagebrush lizard (Sceloporus graciosus),
peregrine falcon, goshawk (Accipiter gentilis), Columbia River spire snail (Fluminicola
columbiana), and California floater (Anodonta ca/forniensis), as well as the state threatened

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 4-5



DOE/RL-2010-117

Habitat Description Rev. 0

ferruginous hawk, are considered to be species of concern by the U.S. Fish and Wildlife Service
(USFWS).

The State of Washington lists 14 species of plants as state sensitive species (PNNL-18427).
Three of these state sensitive plant species, Columbia milkvetch (Astragalus columbianus),
Hoover's desert parsley (Lomatium tuberosum), and gray cryptantha (Cryptantha leucophaea),
as well as the state endangered Columbia yellowcress, are considered by the USFWS to be
species of concern in the mid-Columbia Basin. Species of concern are not protected under
federal law, but are considered to be vulnerable and of special management concern
(PNNL-6415).

In 2002, the islands of the Hanford Reach were surveyed for the USFWS candidate species
Artemisia campestris subsp. borealis var. wormskioldii, or northern wormwood. While this
species has been found upstream of the Hanford Site, no specimens were found within the
Hanford Reach during the 2002 survey. However, suitable habitat was found on several islands
(Studies of Hanford Rare Plants 2002 [Caplow 2003]).

In 2008, the Columbia River in the downstream section of the Hanford Reach was surveyed for
the Columbia yellowcress, a USFWS species of concern. This is a species that requires
inundation part of the year, seasonal fluctuation of water level, wet soil, and open habitats.
A population exists in the Hanford Reach that is 1 of only 11 known populations of this species,
and the Hanford Reach population is considered to be the most vigorous: in 1982 and 1994
"millions" of stems were reported over the 80-km (50-mi) stretch of the Hanford Reach. A
2002 survey showed a severe decline in the numbers of these species: in the stretch between the
White Bluffs boat launch and the Ringold boat launch, where previously 36,000 stems had been
reported, only 200 stems were found, and none of them had flowers or fruits (Caplow 2003).
However, 2008 data indicated a significant increase in the number of Columbia yellowcress,
compared to the 2002 survey, with the number of stems creeping up over 5,000. The variation in
stem numbers is believed to be related to river-level fluctuations that inundate habitat for the
species through much of the growing season (PNNL-18427).

The study area provides habitats for as many as 45 fish species, hundreds of different aquatic
invertebrate taxa, and all the terrestrial and semi-aquatic receptor groups identified in the
RI Work Plan (DOE/RL-2008-1 1). Information about these habitats and species is used in the
next step in the ecological risk assessment, problem formulation, which is described in
Section 5.0.
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5.0 PROBLEM FORMULATION

5.1 INTRODUCTION

Problem formulation is the first step in an ecological risk assessment. The purpose of the
problem formulation is to identify the focus and scope of the SLERA by systematically
identifying the stressor characteristics, the ecosystems potentially at risk, and the ecological
effects to be evaluated. Selection of these elements will be based on the management goals
identified in the project planning phase preceding the assessment. In accordance with EPA
guidance (EPA-540-R-97-006), the problem formulation typically consists of the following:

* Selection of COPECs
* Habitat description
* Exposure pathways and potential receptors
* Ecological conceptual exposure model (CEM)
* Assessment endpoints and measures of effect.

The COPEC selection process and habitat description were presented separately in Sections 3.0
and 4.0 of this SLERA. The remainder of this section presents exposure pathways and potential
receptors, the ecological CEM, and the assessment endpoints and measures of effect that form
the basis of this SLERA.

5.2 EXPOSURE PATHWAYS AND POTENTIAL RECEPTORS

Exposure pathways are the linkage between the contaminant source and the receptor and identify
how contaminants can reach potential receptors as well as how and where these receptors might
be exposed. Ecological receptors are those organisms that, based on the exposure pathways and
the life history of the receptor, are likely to be exposed to site contaminants.

Exposure pathways and potential receptors in turn form the basis for the ecological CEM for the
river. As described in Ecological Risk Assessment (Suter 1993), the major purpose of the
ecological CEM is to illustrate how stressors might reach and affect ecological resources in the
natural environment. An ecological conceptual site model uses visual depiction to simplify and
illustrate risk pathways.

This section identifies potential exposure pathways and receptors for the habitats identified in the
Columbia River, as described below. These pathways are based on the Hanford Site as it
currently exists, with access by all potential receptors to all reaches of the river within the area of
study.
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5.2.1 Exposure Pathways

As summarized in the RI Work Plan (DOE/RL-2008-1 1), Hanford Site contaminants were
discharged to the Columbia River by a variety of mechanisms, both during production and after
operations had ceased. Exposure pathways between Hanford Site releases and the
Columbia River consist primarily of the following:

* Discharge of Hanford Site contaminants in groundwater to sediment and surface water

* Discharge of Hanford Site contaminants to surface water, as overland flow, runoff, or
riparian seeps and springs (evaluated by the RCBRA)

* Historical discharge of wastewater and cooling water through submerged or riparian
discharge pipes, for example the discharge pipes in the 1 00-D Area, which released effluent
directly to the Columbia River.

In addition, the numerous off-site sources documented in Section 1.5 contribute additional
constituents through runoff and direct discharge to the river on an ongoing basis, both within the
sub-areas and the Upriver Sub-Area. As shown in Figures 1-4 through 1-7, these include
agricultural wasteways, which are located in every sub-area.

Once in the river, many constituents bind with sediment and may be redistributed to downstream
depositional areas or island shorelines during floods and high water events. Most Hanford Site
inorganics either bind to particulates or complex with natural ions to form insoluble hydroxides
or carbonates, which combine with the sediment matrix. Bioavailability of metals is usually
lower when bound to sediments than in a free or dissolved form. Likewise, organic compounds
will bind to sediment carbon according to compound-specific partitioning factors and hence be
present in depositional areas where higher levels of carbon-rich organic matter is present.
Dissolved forms of both inorganics and organics would be transported downriver with surface
water. A complete description of the fate and transport of specific constituents detected in
sediment and surface water is provided in the DSR (WCH-398).

These sources and transport mechanisms combine to distribute constituents in surface water and
sediment, both of which are media to which ecological receptors have continual or periodic
exposure. The transport of contaminants with sediment can result in an exposure pathway to
benthic organisms at locations relatively remote from the source, and the historical deposition of
sediments on higher elevations on islands provides an exposure pathway to terrestrial receptors.
A complete exposure pathway thus exists between these Hanford Site and off-site sources and
the wide variety of aquatic and riparian species that are present in the river and on islands.

5.2.2 Potential Receptors

The biological resources of the Columbia River have been investigated by a number of authors,
and are summarized in PNNL-6415, Hanford Site National Environmental Policy Act (NEPA)
Characterization. Major receptor groups are described below.
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Potential receptors in the Columbia River consist of a wide array of flora and fauna that are
consistent with the ecology of a large, free-flowing river. Fish are the most economically and
culturally important group, with at least 45 species having been documented in the
Hanford Reach. Fall chinook salmon and steelhead trout spawn in the Hanford Reach, while
coho salmon and sockeye salmon migrate through it. While migrating salmon have been found
in all portions of the river, the primary migration routes are in the deepest part of the channel and
near the left-bank (looking downriver) shoreline (Dauble and Watson 1989, "Spatial Distribution
of Juvenile Salmonids in the Hanford Reach, Columbia River"). Native mountain whitefish and
white sturgeon, in addition to introduced bass, crappie, catfish, walleye, and others, are important
components of the strong recreational fishery on the river. Fish would be potential receptors
exposed to COPECs in both surface water and sediment. Exposure to sediments for adult fish
would occur primarily during feeding and spawning. Eggs and fry may be exposed to porewater
in sediment during the period of time before swim-up and dispersal.

Because of their diversity of natural history characteristics, benthic invertebrates are exposed to
surface water, sediment, and shallow porewater. The dominant kinds of aquatic insects present -
caddisflies, midge flies, and black flies - exist generally on the surface of rocks and would be
exposed primarily to surface water and suspended particles flowing over and under rock
surfaces. Likewise, the other major invertebrate species present, such as clams, limpets, snails,
sponges, and crayfish, also exist on or among the cobble bottom, putting them in close proximity
to sediment, which they may both contact and ingest. In quiescent areas, burrowing species
associated with the fine-grained sediment may be expected, although communities in these areas
would also be adversely affected by the regularly changing water levels. Crayfish, which are
abundant in the fall, may have adapted to fluctuating water levels by staying in deeper waters
except when flows are relatively constant (TNC 2003, Biodiversity Studies on the Hanford Site,
2002 - 2003). Because of their proximity to sediment, benthic invertebrates may be exposed to
constituents in sediment, surface water, and shallow porewater.

Aquatic macrophytes are exposed to contaminants in surface water and sediment through both
roots and leaves. However, these species are uncommon in the Columbia River due to the strong
current, rocky bottom, and fluctuating water levels (PNNL-6415). They exist in the backwater
of some islands, but are much more common on the Hanford Site side of the river, where the
many sloughs and inlets provide the quiescent conditions necessary for both fine-grained
sediment deposition and root establishment.

Amphibians and, to a lesser extent, reptile species have been documented in the Columbia River
but, like aquatic plants, are generally associated with the backwaters and sloughs, where the
presence of vegetation and protected waters provides favorable conditions for egg deposition and
suitable habitat for both developing larvae and adults. The habitat of this type that would have
the greatest exposure to Hanford Site contaminants is located on the Hanford side of the river,
where several sloughs exist downstream of operating areas and the Hanford townsite.

Like other littoral fauna, amphibians are subject to stress because of the frequently changing
water levels in the river, which can expose eggs to drying and reduce habitat for tadpoles seeking
both food and protection among littoral vegetation. Three species of amphibians-the
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Great Basin spadefoot toad, Woodhouse's toad, and the bullfrog-have been documented in the
shoreline areas of the Hanford Reach (PNNL- 15892, Hanford Site Environmental Reportfor
Calendar Year 2005; PNNL-16623, Hanford Site Environmental Report for Calendar
Year 2006). Of these, the bullfrog would have the highest potential exposure, since this species
is both the most common and is the only nearly fully aquatic species, spending its entire life
cycle in and around permanent ponds and waterways. Typically, amphibians breed in water but
spend their adult lives in riparian or upland areas, thus limiting exposure to surface water and
sediment. Both the Great Basin spadefoot and Woodhouse's toad are terrestrial as adults,
inhabiting shrub-steppe areas outside of the breeding season. The presence of the bullfrog,
however, particularly in irrigation wasteway systems, has been identified as a threat to other
herpetofauna because of the predatory nature of the large adults (Biodiversity Studies on the
Hanford Site, Final Report 1994 - 1999 [TNC 1999]). In general, the location and often
transitory nature of suitable amphibian habitat, as well as life history characteristics that for most
species includes a terrestrial phase, would serve to limit the exposure of this receptor group
relative to others in the river.

Of these major receptor groups, fish and benthic invertebrates are likely to have the greatest
potential exposure to site contaminants in surface water and sediment and, to a lesser extent,
porewater. These organisms spend their entire life cycle in surface water and/or sediment, and
many remain in the same segment of the river for the bulk of their lives. Because of the swift
and free-flowing nature of the river, much of the river substrate consists of gravel and cobble,
which provide abundant high-quality habitat for these organisms throughout the Hanford Reach
(PNNL-6415).

Some terrestrial species also have the potential to have a limited exposure to site contaminants.
Elevated inner portions of islands serve as upland habitat for typical terrestrial flora and fauna,
most of which would be similar to those found in surrounding upland or riparian areas. Island
upland areas have the potential to contain Hanford Site contaminants as the result of aerial
deposition of dust from the operating portions of the site, as well as direct deposition of
contaminated sediments in upland island areas during historical high flood events.

In addition, potentially contaminated sediments from Hanford Site sloughs and source areas are
routinely transported during normal annual periods of high flow to depositional shoreline areas
in downstream islands. During periods of moderate or low flow, these shoreline sediments are
exposed in the same manner as terrestrial media (soil) and thus may serve as an exposure media
for avian or mammalian species that feed on or pass near the shoreline. Although these routinely
scoured and dried sediments do not typically support robust invertebrate communities, they do
effectively entrap drifting aquatic insects deposited by a falling water level, and these stranded
invertebrates are an important food source to island and riparian shorebirds (Books 1985,
"Interactions with Mid-Columbia River Water Level Fluctuations"). While the invertebrates
themselves would not reflect local shoreline conditions, the shoreline sediments that shorebirds
typically ingest would be a potential exposure medium for these species.

Mammals, which may cross the shoreline areas en route to the islands, are expected to have
lower exposure to shoreline sediments than birds since typical species do not feed on benthic
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invertebrates to the same extent as shorebirds. Although some mammals, such as otter and mink,
may cross exposed shorelines as part of normal daily movements between habitats, the exposure
of these animals to shoreline sediments is expected to be less than for birds. Mammals are
protected by fur and most feed primarily in upland areas or in the river, consuming fish and other
organisms. In contrast, shorebirds congregate specifically in exposed shorelines on a daily basis
and feed on organisms in or on shoreline sediment, consuming significant quantities of shoreline
sediment in the process. Thus, most mammals are expected to have relatively low exposure to
shoreline sediments, since they do not routinely feed or congregate in the exposed sediments the
way shorebirds do.

Likewise, shoreline sediment would not be an attractive habitat for feeding area for amphibians,
who would be ready prey to herons and raptors in this area, and who typically reside in upland
areas as adults. In general, mammals and amphibians are expected to have considerably less
exposure, particularly ingestion exposure, to shoreline sediments than birds, which congregate
specifically in these areas to feed.

A small number of plants, most notably the state-endangered Columbia yellowcress
(Rorripa columbiae), can and do live on the cobble shorelines of Hanford Reach islands. Thus,
both shorebirds and plants are potential receptors to exposed sediments on island shorelines, and
shoreline sediments will thus be evaluated in the SLERA according to methodologies for the
evaluation of soil. While the exposure of benthic invertebrates to shoreline sediments is
expected to be minor, due to limited residency of organisms, the potential effects to these species
will be evaluated in the same manner as other river sediments.

Some receptors, such as piscivorous birds and mammals, may be exposed through diet to
compounds that bioaccumulate in benthic organisms and fish. Of these, birds are likely to have
the highest exposure due to their abundance and exclusive use of the river corridor. For this
reason, piscivorous birds (herons) were evaluated as part of the RCBRA using field-collected
prey items from the Columbia River. Because this receptor ranges freely over the entire river
and is included in the RCBRA study, an evaluation of this species is not repeated in this report.
As discussed in more detail in Section 10.0, the CRC COPECs that were associated with risk in
the RCBRA-heron evaluation are not present at concentrations above Reference in most of the
CRC study area. For this reason, the RCBRA evaluation of this receptor is considered to be
adequate.

5.3 ECOLOGICAL CONCEPTUAL EXPOSURE MODEL

As described by Suter (1993), the major purpose of the CEM is to develop a series of working
hypotheses about how stressors (e.g., COPECs) might affect ecological resources in the natural
environment. The conceptual site model combines information about stressors, exposure
pathways, and potential receptors into an integrated model of the Hanford Site, and through
visual depiction serves to simplify and illustrate risk hypotheses.
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For this study, the CEM has been constructed to depict not only the pathways from contaminant
source to receptors, but also to show the relationship of near-shore areas to the channel portions
of the river. Near-shore areas on the right bank of the river (looking downriver) in the
Hanford Reach include sloughs, seeps, and former pipe discharge areas that were also evaluated
by the RCBRA. Each of these areas may be a current or historical discharge point for site
contaminants. As described previously, however, sediments from near-shore areas are
transported during high water periods to downstream depositional areas near shorelines or
historically at higher elevations on islands. Likewise, surface water from near-shore areas enters
the normal river current system to mix downstream with water farther out in the channel.
Through these mechanisms, most Hanford Site-related constituents are transported from
near-shore areas to the main channel of the river, forming a complete exposure pathway to
aquatic receptors and to terrestrial receptors who contact sediment historically deposited on
islands, now functioning as terrestrial soil.

The CEM for this site is shown in Figure 5-1 and illustrates the potential movement of
contaminants from the Hanford Site to major receptor groups in the Columbia River. In this
CEM, fish, aquatic invertebrates, algae, plants, and zooplankton are represented as "aquatic
biota," since these receptors share exposure pathways. Likewise, island birds and mammals,
which are exposed to island soil, are also depicted together. As illustrated by the CEM, the
primary media of concern are sediments and surface waters and, to a lesser extent, island soil.

5.4 ASSESSMENT ENDPOINTS AND MEASURES OF EFFECT

Assessment endpoints and measures of effects are derived from the ecological CEM and describe
both the specific objectives and evaluation methodology of the SLERA. Assessment endpoints
and corresponding measures of effects are detailed below.

5.4.1 Assessment Endpoints

As defined by EPA, the assessment endpoint is "the explicit expression of the ecological value to
be protected" (EPA-540-R-97-006). Assessment endpoints are usually defined as a group of
organisms or an ecological guild of organisms (e.g., game fish in a river or wading carnivorous
birds) that are considered to have ecological or societal value. An assessment endpoint includes
both the ecological entity (such as wading birds) and a characteristic of that entity (e.g., survival
and reproduction). Assessment endpoints are the ultimate focus of the risk assessment and are
linked by the measures of effects to the risk characterization process for the Hanford Site.

At the Hanford Site, assessment endpoints reflect the major receptor groups described in
Section 4.0. In accordance with the conservative nature of a screening assessment, receptors
with the highest potential exposures to contaminated media in the Columbia River were selected.
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Assessment endpoints for the Columbia River SLERA are thus as follows:

Aquatic Habitat:

1. Survival, growth, and reproduction of fish
2. Survival, growth, and reproduction of aquatic plants
3. Survival, growth, and reproduction of algae (phytoplankton and periphyton) and zooplankton
4. Survival, growth, and reproduction of amphibians
5. Survival, growth, and reproduction of benthic organisms.

Terrestrial Habitat:

1. Survival, growth, and reproduction of soil invertebrates
2. Survival, growth, and reproduction of terrestrial plants
3. Survival, growth, and reproduction of mammals
4. Survival, growth, and reproduction of birds
5. Survival, growth, and reproduction of shorebirds.

Methods to evaluate each of these endpoints are presented in the following subsection.

5.4.2 Measures of Effect

Measures of effect are measurable or potential changes in an attribute (e.g., survival) of an
assessment endpoint (i.e., fish, macroinvertebrates) in response to a stressor to which the
assessment endpoint species is exposed. In the SLERA, the potential for changes in survival,
growth, or reproduction of ecological receptors exposed to COPECs (the stressor of concern) is
evaluated in sequence by two different measures, which represent concentrations reflective of
negligible and probable effect, respectively.

The first, lower tier measure is referred to in this report by the general term no observed effect
concentration, or NOEC. Typically called ecological screening benchmarks, these values are
conservative, generic criteria and literature-based values below which the potential for
significant adverse effect is considered to be negligible, although effects are in fact observed in a
low percentage of the supporting data. They are minimum threshold values generally used to
identify constituents for which further evaluation is warranted. They include approved or
accepted standards or guidelines (such as national water quality criteria) and are typically based
on large data sets (as opposed to single studies) and conservative exposure assumptions.
Benchmark values can be obtained from a variety of sources that differ in their approach and use
of supporting data, and standards from the same source are usually not available for all
constituents. Where available, promulgated criteria, such as chronic freshwater water quality
criteria (WQC), are used as the primary screening value. Many widely accepted benchmarks
have been adopted by states as guidelines, and in those instances, the state citations are provided
as the reference.
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Also included under the generic term "NOEC" are no-effect toxicity data obtained from
individual toxicity studies. When benchmarks (derived from aggregated data in large data sets)
are unavailable, the toxicity literature directly may be consulted to identify study values that
signify the concentration or dose at which no effect was observed.

Both of these data types, consisting of benchmarks derived from large data sets and true
no-effect levels from individual studies, are grouped under the collective term NOEC in this
SLERA. While, the "no-effect" portion of the term may not be fully representative of WQC or
benchmarks derived from aggregated data, the single term is used categorically for convenience
in this report. No observed effect concentrations are used for the first screening of site data in
Section 7.0.

No observed effect concentrations for radionuclides consist of biota concentration guides
(BCGs) as calculated by DOE's RESRAD BIOTA computer code (Version 1.5)
(http://web.ead.anl.gov/ resrad/home2/index.cfm). These values reflect the amount of ionizing
radiation that would not exceed 1 rad/day for aquatic animals and terrestrial plants and
0.1 rad/day for terrestrial animals, exclusive of all other sources. Both riparian animals and
aquatic animals are considered to be exposed to surface water, and the lower of the benchmarks
for either is chosen for use in COPEC screening. Values for the most sensitive receptor are
chosen as the screening benchmark. While other more stringent generic screening values for
nonhuman biota have recently been proposed using European guidance (Andersson et al. 2009),
the BCGs developed by DOE are considered to be appropriate values for use at the Hanford Site.

No observed effect concentrations are available for surface water, sediment, and soil and vary by
receptor group. For aquatic biota, NOECs are not typically available for each specific biota type
(fish, benthic organisms, amphibians, algae, and aquatic plants); however, WQC and Tier II
chronic aquatic life values typically take into account effects to all of these species. For this
reason, benchmarks for aquatic life are used to reflect effects to all aquatic biota in both surface
water and porewater.

The second, higher tier measure of effect is described by the generic term lowest observed effect
level, or LOEC. Described in more detail in Section 8.0 (Preliminary Refinement), these values
reflect concentrations where the effect level is high (typically 20% to 50%) or where actual
effect has been observed in laboratory studies. These values are used in Section 8.0 to further
evaluate the potential risk associated with constituents determined in Section 7.0 to have
concentrations that exceed NOECs. 1

Potential effects on fish are evaluated by surface water NOECs, but are also assessed by
additional measures that extend beyond those normally associated with a screening-level
assessment. These additional measures were incorporated to more fully understand the impacts
to this recreationally and ecologically important receptor group and used specimens collected in

I Doses to birds and mammals are typically referred to as no- or lowest-observed effects levels (NOELs and
LOELs). However, this study uses the term NOEC and LOEC for both exposures and doses to simplify categorical
discussions of no-effect and low-effect values.
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support of the human health risk assessment. Fish were evaluated by the following three
additional measures of effect:

* Comparison of tissue concentrations to tissue residue effect levels
* Evaluation of fish condition factors (weight, length, and hepatosomatic index)
* Tissue histopathology (conducted on sturgeon only).

Fish tissue histopathology, conducted by a specialist, identifies microscopic changes in tissue
structures caused by exposure to chemicals and assesses whether such changes may adversely
affect tissue function. These and other measures of effect specific to fish are discussed
separately in Section 9.0.

5.5 RELATIONSHIP TO BASELINE ECOLOGICAL
RISK ASSESSMENT ACTIVITIES

The NOEC measures of effect described above will be used in Section 7.0 (the SLERA Risk
Calculation) to identify constituents for which additional study is necessary, as indicated by the
presence of concentrations higher than NOECs. As described in Section 1.0, compounds that
require further study after the SLERA risk calculation will be subject to additional evaluation in
the Refinement of COPECs in Section 8.0, where additional toxicological data (LOECs) and
exceedance characteristics are examined to further refine the risk potential of each constituent.

At that point a decision is made about whether more in-depth BERA ecological studies are
necessary or whether further information about the nature and extent of exceedances is necessary
to reduce the uncertainty associated with the Section 8.0 findings. Because the potential for risk
for many constituents is related to the size of the affected area, an understanding of the areal
extent of elevated concentrations is often an important precursor to BERA studies as well as to
the consideration of subsequent remedial actions, if any. These findings will vary by COPEC
and media.

Reference data were used to select COPECs in the SLERA and are considered further as
appropriate in subsequent sections of this report. For instance, some constituents were
designated as COPECs because of their presence on the RCBRA Inclusion List, regardless of
how their concentrations compared statistically to Reference concentrations. In the refinement
of Section 8.0, the statistical comparison of Inclusion List COPECs to Reference concentrations
are considered, where appropriate.

More in-depth discussions of the source and value of each of the benchmarks used in the SLERA
are found in Section 6.0.
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6.0 SCREENING-LEVEL EFFECTS AND
EXPOSURE EVALUATION

6.1 INTRODUCTION

This section examines the two primary components of risk-exposure and effects-that together
provide the components necessary for determining or predicting ecological responses to
stressors. In the following sections the means for estimating the toxicity of COPECs and the
exposure of receptors to COPECs is described as the basis for the final risk calculation in
Section 7.0.

6.2 SCREENING-LEVEL EFFECTS EVALUATION

According to EPA guidance (EPA-540-R-97-006), the effects evaluation is the identification of
contaminant exposure levels that represent conservative thresholds for adverse ecological effects.
These are screening-level ecological benchmarks, referred to in this report by the generic term
NOEC, described in Section 5.4.2. In this section, the sources and values of ecological NOEC
benchmarks for the SLERA are identified. In addition, estimation practices, including the use of
uncertainty factors, used for both NOEC and LOECs (used in Section 8.0) are also presented.

Most of the NOEC literature sources and values in the SLERA are the same as those used in the
RCBRA and provided in the RI Work Plan (DOE/RL-2008-1 1). However, additional or more
recent benchmark values were added as appropriate, and include updated sediment NOECs
developed for the Washington State Department of Ecology. In addition, bioaccumulation-based
bird and mammal values are also used, as available.

When values were not available in these sources, a literature search was conducted to identify
toxicity values appropriate for use as screening values. The EPA's ECOTOXicology database
(ECOTOX), which contains summarized toxicity data for a wide variety of primarily aquatic
receptors and constituents, was used as the initial search tool (EPA 2010), followed by other
Internet-based search mechanisms. The procedures for deriving evaluation values from study
data for all media are described in more detail in Section 6.2.4. Studies identified by this
mechanism were then reviewed to determine if the values were suitable for use in risk
assessment.

No observed effect concentrations for radionuclides in all media consist of BCGs developed by
DOE for the first tier of evaluation of radionuclide effects. As described in Section 5.4.2, these
values, which are in picocuries, were developed by DOE to reflect a target dose of 1 rad/day to
aquatic animals and terrestrial plants and a dose of 0.1 rad/day to riparian animals and a
terrestrial animals. Where two receptors may be exposed to a single medium (e.g., aquatic
animals that live in the water and riparian animals that drink the water), the lower value is
chosen, in accordance with DOE guidance. The radionuclide-specific BCGs reflect the
assumption that the entire radiation dose is derived from the single radionuclide represented by
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the BCG and are designed to be used in a sum-of-fractions approach, described in more detail in
Section 7.0.

Sources of NOECs are provided in the following sections. The specific NOEC, as well as the
source of the NOEC, for each medium, receptor, and COPEC are shown in medium-specific
tables referenced in each section.

6.2.1 Surface Water Benchmarks

Surface water NOECs were used to evaluate both surface water and porewater and were drawn
from the sources described below.

Water quality criteria, where available, were used as the primary source for surface water values
because these are the source of legally enforceable criteria used by many states. Values used in
the SLERA are shown in Table 6-1.

Metals criteria were corrected for hardness using the average river hardness of 84 mg/L calcium
carbonate (CaCO 3), as derived from the large CRC data set. Federal WQC are based on a default
hardness value of 100 mg/L CaCO 3, so calculated CRC WQC are slightly lower than the default
values. However, the calculated values are also slightly higher than hardness-adjusted values
used in the RCBRA, which uses a data set that describes different portions of the river (such as
sloughs), and so is represented by a hardness value of 70 mg/L CaCO 3.

Ammonia criteria were calculated according to equations provided in the federal WQC
documents, assuming a water temperature of 20 'C and a pH of 8.0, both of which are at the
upper end of the range for the Columbia River. Because ammonia toxicity increases with
temperature and pH, this produced a value protective under most river conditions.

No observed effect concentration values for aquatic life were considered to appropriately reflect
effects to all species in the "aquatic biota" receptor group: fish, aquatic invertebrates, algae and
periphyton, and aquatic plants. In addition, because amphibians share an aquatic lifestage and
are included in the data for many water quality criteria, they were also considered to be
appropriately evaluated by surface water NOECs protective of aquatic life. Although specific
benchmarks are not available for these individual receptor groups, the majority of aquatic life
NOEC values are based on aggregate data that include effects to a diverse array of phyla,
including these and other species. For this reason, these values are considered to be sufficiently
protective of the aquatic biota and amphibian species.

The primary sources for surface water NOECs for aquatic biota are as follows:

* National Recommended Water Quality Criteria
http://www.epa.gov/waterscience/criteria/wqctable/index.html (EPA 2009). These are
national recommendations that are protective of 95% of species with the endpoints of
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survival, growth, and reproduction. Values are typically reflective of effects on fish,
invertebrates, and plants.

* Washington Administrative Code (WAC) 173-201A, "Water Quality Standards for Surface
Waters of the State of Washington." These are Washington State values developed in
accordance with EPA guidelines for WQC, with the same endpoints.

* ES/ER/TM-96/R2, 1996, Toxicological Benchmarks for Screening of Potential Contaminants
of Concern for Effects on Aquatic Biota: 1996 Revision. These values are based on the same
endpoints as EPA WQC, but are generated from a smaller data set using a modified
procedure (the EPA Tier II methodology).

* LA-UR-08-6673, Los Alamos National Laboratory Ecorisk Database (Release 2.3). This is a
compilation of no-effect toxicity data for aquatic and terrestrial species.

* RESRAD BIOTA for Windows, Version 1.5 (http://web.ead.anl.gov/resrad/home2/)
(radionuclides only). RESRAD values are designed to be protective of sensitive species
against radiation-incurred effects primarily on reproduction and survival.

Chronic values for freshwater systems were used, where available. For constituents with no
benchmark listed in the source above, values were derived from other regulatory agencies or
from the primary literature, as described in Section 6.2.4. Values for only freshwater species
were used.

6.2.2 Sediment No Observed Effect Concentration Benchmarks

While no criteria for sediment have been promulgated, effects values have been developed by
several agencies and adopted as guidelines by many states. For this study, sediment benchmarks
were drawn from the following sources:

* Michelsen, 2011, Development of Benthic SQVs for Freshwater Sediments in Washington,
Oregon, and Idaho, Washington State Department of Ecology, Publication No. 1-09-05.
These values reflect a large data set of effects on growth and mortality and are set at levels
that optimize the combination of false-positive and false-negative rates for each compound,
rather than using a fixed percentile rate as with conventional benchmarks. Values reflect a
10% to 20% effect level in toxicity tests.

* RESRAD Biota for Windows, Version 1.5 (http://web.ead.anl.gov/resrad/home2/);
DOE 2009 (radionuclides only). As described above, RESRAD values are designed to be
protective of sensitive species against radiation-incurred effects primarily on reproduction
and survival.
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" ES/ER/TM-95/R4, 1997, Toxicological Benchmarks for Screening Contaminants ofPotential
Concern for Effects on Sediment-Associated Biota: 1997 Revision. These are sediment
benchmarks derived from Tier II water quality values that reflect effects on survival, growth,
and reproduction, and are designed to be protective of 95% of species.

* OMOE 1993, Guidelines for the Protection and Management ofAquatic Sediment Quality in
Ontario. Value cited is the lowest effect level (LEL). These values reflect mortality to
benthic invertebrates and are based on a 10% effect level. Lowest effect levels are protective
of 95% of species.

Development ofBenthic SQVs for Freshwater Sediments in Washington, Oregon, and Idaho,
(Michelsen 2011) is the primary source of sediment data for this SLERA. These values were
developed using a large data set of matched chemistry and bioassay samples and include acute
and chronic data for two benthic species for each chemical evaluated. The data set is composed
of samples from both east and west of the Cascade Mountain range and includes samples from
the Columbia River. The sediment quality standards, used as NOECs in this SLERA, were
developed as the value that represents a no acute or chronic adverse effects level, established as
the minimum detectable difference from control samples. Sediment quality standard values are
intended to serve as the long-term cleanup goal for freshwater sediments in the State of
Washington (Michelsen 2011).

Benchmarks used for sediment COPECs are shown in Table 6-2.

6.2.3 Soil No Observed Effect Concentration Benchmarks

Soils benchmarks are used to evaluate the potential effect of island soils and shoreline sediments
on terrestrial receptors. Sources of soils benchmarks are consistent with those used in the
RCBRA and are drawn primarily from the following sources:

* WAC 173-340, Table 749-3, Ecological Indicator Soil Concentrations for Protection of
Terrestrial Plants and Animals
(http://www.ecy.wa.gov/programs/tcp/policies/terrestrial/table 749-3.htm). Values for
plants and biota consist of screening values developed by Oak Ridge National Laboratory
(ES/ER/TM-126/R2, Toxicological Benchmarks for Contaminants of Potential Concern for
Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision;
ES/ER/TM-85/R3, Toxicological Benchmarks for Screening Contaminants of Potential
Concern for Effects on Terrestrial Plants: 1997 Revision). These values are taken from a
review of the scientific literature and are the lowest 10% of LOEC data for mortality, growth,
or reproduction.

* LA-UR-08-6673, Los Alamos National Laboratory Ecorisk Database (Release 2.3). These
are soil screening benchmarks based on bioaccumulation-based food chain modeling for both
mammals and birds, using a NOEL-based toxicity reference value (TRV). The lowest value
from among all receptors was chosen as the benchmark for use in this risk assessment.
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* Ecological Soil Screening Levels (SSLs), Office of Solid Waste and Emergency Response
(http://www.epa.gov/ecotox/ecossl/).

* RESRAD BIOTA for Windows, Version 1.5 (http://web.ead.anl.gov/resrad/home2/)
(radionuclides only). As described previously, RESRAD values are designed to be protective
of sensitive species against radiation-incurred effects primarily on reproduction and survival.

* Sheppard et al., 2005, "Derivation of Ecotoxicity Thresholds for Uranium," Journal
Environmental Radioactivity, Vol. 79, pp. 55-83. This source contains no-effect screening
values based on a review of the scientific literature.

Soil benchmarks for plants and invertebrates reflect direct adverse effects on receptor survival,
growth, or reproduction. Soil benchmarks for birds and mammals reflect effects through dietary
exposure and are calculated by food chain modeling to representative species. Benchmarks for
soils receptors are shown in Tables 6-3 through 6-6.

6.2.4 Use of Primary Literature for No Observed Effect Concentration and Lowest
Observed Effect Concentration Development

As described above, NOEC benchmarks are drawn from government agencies or entities
whenever possible. However, when appropriate values from these sources were lacking, NOEC
and LOECs (Section 8.0) were estimated from values obtained directly from the scientific
literature. For this effort, data contained in EPA's ECOTOX database or compiled by the
World Health Organization or other secondary sources were reviewed to identify the lowest
value available for a freshwater species. Values were selected only from studies with
methodologies that complied generally with standard toxicity testing practices and which
reflected conditions representative of the Columbia River, where possible.

In most cases, study conditions did not match or produce data directly comparable to chronic
NOEC or LOECs. Much of the available toxicity data consist of acute LC5 0s, which are the
concentrations lethal to 50% of the test organisms (when the endpoint is an effect other than
lethality, the term effective concentration, or EC50 , is used). In this case, uncertainty factors
were applied to the lowest acceptable study data to obtain NOEC and LOEC values for use in
Section 7.0 and Section 8.0 of this SLERA, respectively. Uncertainty factors were used for two
purposes: conversion of acute LC5 0 values to chronic LOECs and conversion of LOEC values to
NOEC values. Uncertainty factors were consistent with those recommended by EPA Region 10
(EPA 91 0-R-97-005, Supplemental Ecological Risk Assessment Guidance for Superfund).

For conversion of acute values to chronic LOECs, an uncertainty factor of 10 was applied. This
value is consistent with the geometric mean (7.6) of the acute-chronic ratios used by EPA in the
development of water quality criteria for primary pollutant metals (EPA 2009). It is within the
range of 1 to 10 recommended by EPA in the Great Lakes Water Quality Initiative (60 Federal
Register 15366, "Final Water Quality Guidance for the Great Lakes System") and is supported
by current EPA Region 10 Guidance (EPA 910-R-97-005). An acute-to-chronic ratio of 10 is
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also recommended by Environment Canada as a "generally applicable, conservative estimate,"
based on "broad experience and many toxicity tests" (EPS 1/RM/34, Guidance Document on
Application and Interpretation of Single-Species Tests in Environmental Toxicology).

For a conversion of LOECs to NOECs, an uncertainty factor of 5 is used. This value is
consistent with EPA Region 10 guidance and represents a reasonably conservative estimate of
the LOEC-NOEC relationship. The LOEC-NOEC relationship is determined by study design
(specifically, the spacing of treatment concentrations) rather than actual toxicity, and the
conventional use of large values, such as 10, has been criticized as "compounding the uncertainty
in a manner that makes the result essentially meaningless" ("A Critical Evaluation of Safety
[Uncertainty] Factors for Ecological Risk Assessment" [Chapman et al. 1998]). For conversion
of acute (LC5o) data to NOECs, an uncertainty factor of 50, obtained by multiplying the two
individual uncertainty factors together, was used.

No observed effect concentrations developed by the use of uncertainty factors, as well as the
specific uncertainty factors used, are identified in the NOEC tables in this section. In a similar
manner, LOECs developed using uncertainty factors are identified in the tables in Section 8.0.

6.2.5 Fish Evaluation Measures

As described in Section 1.3, fish were evaluated by an array of measures quite different from
those of abiotic media. These measures include site-specific analyses and evaluations that are
used in addition to WQC as potential lines of evidence for either exposure or effect. For
consistency, the measures of effect for fish are described below; however, the results of these
analyses are discussed separately Section 9.0, after the discussions of abiotic media in
Sections 7.0 and 8.0.

6.2.5.1 Tissue Residues Associated with Effects. These values are concentrations in specific
fish tissues (such as muscle or liver), which may correlate with specific effects, such as survival
and reproduction. These values were selected from EPA's Toxicity/Residue database, a
searchable database located at http://www.epa.gov/med/Prods Pubs/tox residue.htm.

This database was developed by researchers at the EPA, MED-Duluth Laboratory, and consists
of a comprehensive toxicity and tissue residue database for aquatic organisms exposed to
inorganic and organic chemicals. It is the online version of Linkage ofEffects to Tissue
Residues: Development of a Comprehensive Database for Aquatic Organisms Exposed to
Inorganic and Organic Chemicals (Jarvinen and Ankley 1999). The database contains more
than 3,000 effect and no-effect endpoints for survival, growth, and reproductive parameters for
invertebrates, fish, and aquatic life-stage of amphibians. Data were abstracted from
approximately 500 literature references on approximately 200 chemicals and 190 freshwater and
marine test species. Survival endpoints account for about 74% of the total amount of data, with
growth and reproduction accounting for 19% and 7%, respectively.

Unlike surface water and sediment benchmarks, these fish tissue residue values are drawn from
individual studies on representative fish. In many cases, the tissues studied are not strongly
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affected by the study constituents, so tissue concentrations do not correlate well with observed
effects. As discussed further in Section 9.0, a variety of factors affect constituent concentrations
in tissue, and correlations between tissue concentration and effect are poorly established and
inconsistent between species and constituents. Thus, an unusually high level of uncertainty is
associated with the use of tissue effects data, particularly no-effect values. For this reason, only
LOEC values are used in the evaluation. For convenience, fish tissue effect values are presented
with the evaluation of fish in Section 9.0.

6.2.5.2 Fish Histology. As noted previously, histological examination of selected
sturgeon tissue samples was performed as a means of assessing both exposure and effect to these
long-lived fish. For this analysis, kidney, liver, gill, and gonad tissues from 30 white sturgeon
collected from the Columbia River were submitted to the Bozeman Fish Health Center for
histological evaluation. Additional tissue samples were submitted from four of these sturgeon
found to have gross lesions or abnormalities. Tissues were dissected and evaluated by a trained
histopathologist for microscopic changes in tissue structure that may be the results of exposure to
harmful chemicals. Where possible, the potential for adverse effects resulting from
morphological changes was noted and evaluated. This evaluation is thus an assessment of both
exposure and, potentially, effect. Results are discussed in more detail in the separate evaluation
of fish in Section 9.0.

6.2.5.3 Fish Condition Analysis. Fish length, weight, condition factor (CF), and hepatosomatic
index (HSI - ratio of the liver weight over the body weight) were calculated for all species and all
sub-areas, to determine any gross difference in values. Size, weight, CF, and HSI can sometimes
change in response to environmental stress. This assessment does not show causality; however,
it is an assessment that indicates the general condition of individual species. The CF and HSI are
evaluated in order to understand the overall condition of the six sampled fish species within the
Hanford Reach and Lake Wallula. The results of this analysis are presented in Section 9.0.

The surface water, sediment, and soil NOECs described above are used to evaluate COPECs in
Section 7.0 of this SLERA. The method for evaluating receptor exposure to COPECs is detailed
in the following section.

6.3 SCREENING-LEVEL EXPOSURE ASSESSMENT

The concentrations of COPECs to which site receptors are potentially exposed are represented by
sampling data from the RI and previous sampling events. These sampling data were described in
Section 2.0, and the sample locations used for this SLERA are illustrated in Appendix A.

For amphibians, fish, and relatively immobile receptors such as invertebrates and vegetation,
exposure to COPECs is assessed on a sample-by-sample basis, with the concentration at each
sample location considered to be representative of media concentrations in the immediate area of
the sample. From this evaluation, a general understanding of the magnitude and areal extent of
potentially elevated exposures can be obtained, which can provide information about potential
community effects. For surface water at all locations, both total and dissolved concentrations of
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metals are used for the screening evaluation in Section 7.0, although only the dissolved fraction
is considered to be the bioavailable portion upon which WQC are based and so is recommended
by EPA for use in ecological assessments (EPA-540-R-97-006). However, the characteristics of
metal results as either total or dissolved are included in the COPEC Refinement of Section 8.0.

In accordance with the conservative protocols of a screening-level risk assessment,
however, maximum detected concentrations of COPECs are used for comparison to NOECs
in Section 7.0. Use of the maximum values in risk calculations focuses on the "worst-case"
exposure scenario, which helps in identifying constituents unlikely to cause adverse effect even
under maximum exposure conditions. Constituents with maximum concentrations exceeding
NOECs in Section 7.0 are retained for further evaluation in Section 8.0 (Refinement of
COPECs).

For nonradioactive constituents, exposure is represented by the maximum concentration of each
individual COPEC. For radionuclides, which all exert a similar effect, the maximum
concentrations of each radionuclide are added together in a sum-of-fractions approach described
in more detail in Section 7.0. Because maximum concentrations may exist in different samples
separate both in space and time, the combination of maximum values is a conservative approach
to exposure estimation.

The estimation of risk, using the effects data (NOECs) and exposure data (maximum
concentrations in environmental media) described above, is conducted in Section 7.0.
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7.0 SCREENING-LEVEL RISK CALCULATION

7.1 INTRODUCTION

The risk calculation (Step 2 in the EPA risk assessment outline) is the final component of the
SLERA process. Risk calculation integrates the exposure and effects information described in
Section 6.0 to produce an estimate of the magnitude and extent of effects on the designated
assessment endpoints.

In this section, exposure and effects data (NOECs) for each of the COPECs, sub-areas, media,
and receptors are presented and compared to obtain an assessment of the potential for risk for
each of the species identified in the endpoints. For this screening evaluation, exposure is
represented by the maximum detected concentration of each COPEC, in accordance with EPA
guidance and the conservative screening goals of this SLERA. The results of this evaluation
represent the worst-case exposure scenario identified by
site samples. A maximum detected concentration less
than the respective NOEC indicates that the potential for
toxic effects and risks are likely to be negligible. These NOECs: As described in
COPECs are not retained for further evaluation. A Section 5.0, the term NOEC

maximum detected concentration equal to or exceeding (no observed effect

the respective NOEC indicates that further evaluation is concentration) is used

necessary to estimate whether exposures may be categorically to mean

associated with toxic effects. These COPECs are retained conservative, generic criteria

for evaluation in Section 8.0. and literature-based values
below which the potential

In addition to the screening evaluation described above, for significant adverse effect

COPECs that are also Inclusion List analytes were is considered to be

compared to Reference data to determine where they negligible, although effects

were detected and the significance of the detections. This may be observed in a low

analysis is described in detail in Section 3.0, and percentage of the supporting

Reference data summaries are provided in table format in data. They are screening

Appendix G. Reference comparisons were completed for values used to identify

surface water, soil, and sediment COPECs. Further constituents for which

discussion of Reference data for those COPECs that are further evaluation is

found to exceed NOECs in this section is provided in warranted.

Section 8.0. As described in Section 1.5, Reference data
for surface water and sediment vary by sub-area, with
data for tributaries and wasteways added to the Reference data set for the 300 Area and
Lake Wallula Sub-Areas.

Radionuclides are evaluated in a manner that differs somewhat from that of nonradionuclides.
Because radionuclides exert a similar effect on biological tissue, the evaluation of radiation must
take into account the combined contributions from all radionuclides when comparing to an effect
level, not just single constituents only. Thus, a DOE method for radionuclide assessment was
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used that considers these additive effects (DOE-STD-1 153-2002, A Graded Approachfor
Evaluating Radiation doses to Aquatic and Terrestrial Biota).

As described in Section 6.2, radionuclides are evaluated by comparison to BCGs, which were
developed by DOE to reflect the amount of radiation, measured in picocuries, that will produce a
target dose of 1 rad/day to aquatic animals and terrestrial plants, and a dose of 0.1 rad/day to
riparian animals and a terrestrial animals. These radionuclide-specific BCGs reflect the
assumption that the entire radiation dose derives from the single radionuclide represented by
the BCG. When several radionuclides are present, each can contribute only a fraction of the total
dose (as reflected by the BCG) if the total dose is to remain under the target limit. This is the
basis of the "sum-of-fractions" (SOF) approach.

In this approach, the fractions for each radionuclide are calculated as described above, using the
maximum value of each radionuclide divided by the BCG. The fractions for all radionuclides are
then added together, and the resulting sum compared to 1.0. If the SOF does not exceed 1.0, no
risk from ionizing radiation is expected. If the SOF is 1.0 or greater, further evaluation is
warranted.

The SOF approach was used for each of the radionuclides evaluated in this section, although the
calculated fractions are not shown on the summary tables. For consistency with other COPECs,
these tables indicate only whether or not the SOF exceeds 1.0.

Radionuclide risks to aquatic receptors are estimated based on single medium exposures only,
not multiple media (i.e., surface water and sediment) to which aquatic receptors may be exposed.
Thus, the SOF approach is conducted separately for each media, and estimated exposures are
reflective of exposures within that media only. Surface water and sediment samples with
maximum values are not co-located, and the highly conservative bias introduced by the current
practice of summing maximum detected concentrations that occur in samples from the same
media that may be widely separated in both space and time within the sub-area is considered
sufficient to encompass the effects of exposures from other media.

As part of this evaluation, COPEC distribution was also visualized through a graphical plotting
of the data. Scatter plots were developed to show COPEC concentrations across all four
sub-areas as well as in the Reference area upstream of and along the sub-areas of the
Columbia River. While these plots were not used to select COPECs for further analysis, they
provide a useful format for illustrating where the highest and lowest concentrations of each
COPEC are in relation to the distinctive river areas and sub-areas. The scatter plots were
developed for each COPEC in each medium and indicate the associated ecological NOEC(s) and
LOEC(s) in relation to detects, nondetects, Reference detects, and Reference nondetects.
Although the plots show the Reference data, this discussion will focus only on the
non-Reference data. The scatter plots are found in Appendix C and are referenced throughout
the Section 7.0 text.
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To develop the scatter plots and also aid in sample location, each sample was assigned a
river mile location to the 1 0 0 th of mile (e.g., RM 351.22). This was done through the Geographic
Information System (GIS) by estimating the centerline of the river and then assigning each
sample a river mile designator based on its position relative to the centerline. This allowed
samples to be sequenced precisely by their location along the Columbia River and viewed
sequentially in scatter plots. It also facilitated discussion of sample locations in subsequent
discussions.

Contaminants of potential concern are evaluated by sub-area and medium below for surface
water, sediment and soils. Porewater contaminants of potential concern are evaluated by
groundwater OU. For each sub-area and OU, data and summary tables are presented that show
characteristics of the sample data set as well as the number of exceedances for each receptor.
Results are then discussed by receptor. Results for all receptors are then summarized in tables
showing the specific COPECs retained for further evaluation in Section 8.0.

7.2 SURFACE WATER NOEC EVALUATION

Surface waters were considered to be exposure media for two receptors, aquatic biota and
amphibians. As described in Section 3.3, NOECs for aquatic biota reflect the effects of direct
toxicity. As discussed in Section 6.0, NOECs for aquatic biota are considered to be protective of
all aquatic receptors, including amphibians, fish, plants, algae, and benthic invertebrates. Based
on Reference evaluations, 15 COPECs were identified for the 100 Area Sub-Area, 23 COPECs
were identified for the 300 Area Sub-Area, and 21 COPECs were identified in the Lake Wallula
Sub-Area.

Effects to the receptors are discussed in the following subsections.

7.2.1 Aquatic Biota NOEC Evaluation

Data that reflect aquatic biota NOECs are shown for the 100 Area, 300 Area, and Lake Wallula
Sub-Areas in Table 7-1.

Table 7-1 indicates that the 100 Area Sub-Area had three COPECs with maximum
concentrations that exceeded the aquatic NOECs, the 300 Area Sub-Area had three COPECs
with maximum concentrations that exceeded NOECs, and the Lake Wallula Sub-Area had two
COPECs with maximum concentrations that exceeded the aquatic NOECs.

The 100 Area Sub-Area shows maximum detected concentrations above the aquatic biota NOEC
for chromium, lead, and mercury. The maximum concentrations for chromium (0.0973 mg/L),
lead (0.00432 mg/L), and mercury (0.000081 mg/L) each were the only sample for each COPEC
that exceeded the respective NOECs. One of 142 samples exceeded the NOEC for both
chromium and lead, and 1 of 105 samples exceeded the mercury NOEC. This is visually
represented in the respective scatter plots in Appendix C.
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The 300 Area Sub-Area shows maximum detected concentrations above the NOEC for lead,
nitrate, and nitrite. Maximum concentrations for lead (0.00556 mg/L), nitrate (8.41 mg/L) and
nitrite (0.329 mg/L), along with the other detects above the NOECs, represent less than 3% of all
samples for each of these three COPECs. Two of 468 samples exceeded the NOEC for lead, 1 of
318 samples exceeded the NOEC for nitrate, and 8 of 314 samples exceeded the NOEC for
nitrite. The nitrate and nitrite NOEC values are both obtained from study results obtained from
the scientific literature, and uncertainty factors were applied to obtain a chronic NOEC
(Table 6-1). A greater amount of uncertainty is associated with these NOECs than with other
values.

Mercury and uranium exceeded their respective aquatic NOECs in the Lake Wallula Sub-Area,
with maximum concentrations of 0.000062 mg/L and 0.0125 mg/L, respectively. Only 1 of
42 samples exceeded the NOEC for both mercury and uranium.

Several COPECs in all three sub-areas had reporting limits that exceeded the aquatic NOECs, as
shown in Table 7-1. In the 100 Area Sub-Area, lead and mercury had reporting limits that
exceeded the NOECs. Reporting limits for chromium, lead, mercury, nitrate, and silver in the
300 Area Sub-Area exceeded NOECs. In the Lake Wallula Sub-Area, lead, mercury, and
uranium had reporting limits that exceeded the NOECs. When reporting limits exceed the
NOECs, potential toxicity cannot be fully evaluated. This results in some uncertainty in the
evaluation; however, as discussed in Section 10.2, this uncertainty is expected to be low.

No observed effect concentrations are not available for sulfate (which was detected in all three
sub-areas) and TPH-motor oil (detected in the Lake Wallula Sub-Area). Without a NOEC, these
analytes cannot be evaluated quantitatively and will be discussed qualitatively in the Uncertainty
Analysis (Section 10.0).

7.2.2 Surface Water: Summary of Screening-Level Evaluation

The maximum concentrations of surface water COPECs were compared to ecological NOECs
for aquatic biota. The results are summarized in Table 7-2, which shows the constituents that
have maximum detections greater than the respective NOECs and have been retained for further
evaluation in Section 8.0. As described above, this is a conservative screening process and
detections exceeding the NOEC benchmarks suggest that exposures may be associated with toxic
effects and that further evaluation of these constituents is thus warranted.

As shown in Table 7-2, the COPECs with maximum concentrations greater than or equal to the
NOECs range throughout the three sub-areas. However, both lead and mercury have been
identified in two of the three sub-areas.

Five of these six analytes (chromium, lead, nitrate, mercury, and uranium) were included on the
COPEC list because they were Inclusion List analytes. As described in Section 3.2.1, these
constituents were determined during the RCBRA studies to be potentially associated with
Hanford Site operations, so were designated as COPECs regardless of their relationship to
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Reference concentrations. However, these COPECs were still statistically compared to
Reference data as part of the COPEC selection process described in Section 3.0.

Mercury was also found to have a low FOD in the 100 Area Sub-Area; for this reason, further
statistical analyses were not performed on this analyte. Chromium, lead, and nitrate each had
numerous data, and results indicated that the downstream study area concentrations were
statistically lower than or not significantly different than concentrations found in Reference
locations. Nitrite in the 300 Area Sub-Area was found, like mercury in the 100 Area Sub-Area,
to have a FOD too low for statistical analysis. Mercury and uranium were also found to have
low FODs in the Lake Wallula Sub-Area, and, therefore, further statistical analyses were not
performed. However, as noted above, these constituents were included as COPECs because they
are Inclusion List analytes. Additionally, Reference data have been compared to NOECs and is
summarized in Appendix G tables.

In summary, the following surface water COPECs exceeded NOECs. Inclusion List constituents
that have concentrations consistent with Reference concentrations are marked with an asterisk.

* 100 Area Sub-Area: Chromium,* lead,* and mercury
* 300 Area Sub-Area: Lead,* nitrate,* and nitrite
* Lake Wallula Sub-Area: Mercury and uranium.

These seven COPECs have been retained for further evaluation in Section 8.0.

7.3 SEDIMENT NOEC EVALUATION

Sediment was considered to be an exposure medium for sediment-associated biota. Ecological
NOECs were obtained as described in Section 6.2.2 and reflect the effects of direct toxicity.
Based on Reference evaluations, 21 COPECs were identified for the 100 Area Sub-Area,
21 COPECs in the 300 Area Sub-Area, and 28 COPECS in the Lake Wallula Sub-Area. As a
conservative step, shoreline sediments were included in the sediment COPEC analysis, although
these frequently dried areas are not expected to support a robust invertebrate population.

Appendix C shows scatter plot data of the COPECs for sediment data. As described in
Section 3.0, a detailed evaluation was completed to identify COPECs for each sub-area of the
river. A statistical analysis comparing Reference concentrations to each sub-area of the river
was part of this evaluation. Although the plots in Appendix C show some constituents with
detected concentrations above specific sediment NOECs, statistical evaluation showed that the
data set for these COPECs was consistent with Reference concentrations. The COPECs for each
sub-area are listed in Tables 7-3 and 7-4 and are discussed in the following subsections.

7.3.1 Sediment Biota NOEC Evaluation

Table 7-3 provides data summaries that reflect the sediment biota NOECs for the 100 Area,
300 Area, and Lake Wallula Sub-Areas. This table indicates that several COPECs in the
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100 Area, 300 Area, and Lake Wallula Sub-Areas had maximum concentrations exceeding
sediment-associated ecological NOECs.

The 100 Area Sub-Area had three COPECs (acetone, chromium, and heptachlor epoxide) with
maximum detections that exceed the sediment biota NOECs. Acetone had a maximum detected
concentration of 0.0579 mg/kg compared to the NOEC of 0.0087 mg/kg, with 3 of the
45 samples exceeding the NOEC. Only 3 of the 123 chromium samples exceeded the NOEC,
with a maximum detected concentration of 275 mg/kg compared to the NOEC of 72 mg/kg.
Heptachlor epoxide had a maximum detected concentration of 0.0318 mg/kg compared to the
NOEC of 0.0025 mg/kg, with only 1 of 45 samples exceeding the NOEC benchmark. Scatter
plots showing this data can be found in Appendix C.

Of the 21 sediment COPECs identified in the 300 Area Sub-Area, none exceeded applicable
NOECs.

The Lake Wallula Sub-Area had seven COPECs (alpha-BHC, chromium, phosphorus, silver,
thallium, toluene, and TPH-diesel range) with maximum detections that exceed the sediment
biota NOECs, as shown in Table 7-3 and Appendix C scatter plots. Table 7-3 also indicates the
number of NOEC exceedances for each COPEC, showing that thallium, toluene, and TPH-diesel
range all had only one sample exceeding the respective NOECs. Of the remaining 4 COPECs,
the exceedances range from 4 (alpha-BHC, chromium, and silver) to 95 (phosphorus)
exceedances.

As shown in Table 7-3, total PCBs were evaluated against NOECs, and no detected
concentrations exceeded NOEC values. Further information about PCBs at various locations in
the river is provided by Aroclor data (Appendix E) that illustrate the commercial designation of
detected PCBs. For instance, at RM 337 in Richland, low concentrations (0.007 to 0.2 mg/kg) of
Aroclors-1016, Aroclor-1254, and Aroclor-1260 were detected. These forms were historically
used in electrical capacitors and transformers, as well as in electrical oils and other solid
products.

Reference data for these COPECs are shown in Appendix G. As shown in Table G-2, most of
these COPECs were present in Reference locations, indicating the natural presence of many
metals or, in some cases, additional anthropogenic sources. Further evaluation of Reference data
is included as appropriate in the detailed analysis in Section 8.0

Several COPECs in all three river sub-areas had reporting limits that exceeded the
sediment-associated NOECs, as shown in Table 7-3. In the 100 Area Sub-Area, acetone and
heptachlor epoxide had reporting limits that exceeded the NOECs. Alpha-BHC, DDD, silver,
toluene, and total PCBs in the Lake Wallula Sub-Area had reporting limits that exceeded the
NOECs. However, no J-flagged or other estimated detections were reported below sample
reporting limits, suggesting that the constituents were not present in these sediment samples.
The uncertainty resulting from reporting limits higher than NOECs is discussed in the
Uncertainty Analysis (Section 10.0).
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The SOF for the 10 radionuclides detected in the 100 Area Sub-Area, the 12 radionuclides
detected in the 300 Area Sub-Area, and the 11 radionuclides detected in the Lake Wallula
Sub-Area all were less than 1.0, with fractions ranging from 0.00008 to 0.002 in the 100 Area
Sub-Area, from 0.00005 to 0.01 in the 300 Area Sub-Area, and from 0.00007 to 0.002 in the
Lake Wallula Sub-Area.

A sediment NOEC is not available for hexavalent chromium (detected in all three sub-areas),
titanium (detected in both the 300 Area and Lake Wallula Sub-Areas), or antimony and
vanadium (both detected in the Lake Wallula Sub-Area). Without a NOEC, these four analytes
cannot be evaluated quantitatively and will be discussed qualitatively in the Uncertainty Analysis
(Section 10.0).

7.3.2 Sediment: Summary of Screening-Level Evaluation

The maximum concentrations of sediment COPECs were compared to ecological NOECs for
sediment-associated biota. The results are summarized in Table 7-4, which indicates those
constituents that have maximum detections greater than or equal to the respective NOECs.
As described above, this is a conservative screening process, and detections exceeding the
NOEC benchmarks suggest that exposures may be associated with toxic effects and that further
evaluation of these constituents is thus warranted.

As shown in Table 7-4, the COPECs with maximum detections greater than or equal to NOECs
were present in 100 Area Sub-Area and Lake Wallula Sub-Area only. These COPECs have been
retained for further evaluation in Section 8.0.

Of these COPECs, two (chromium and TPH-diesel range) were included on the list because they
were Inclusion List analytes (Section 3.2.1). However, concentrations of these constituents were
also statistically compared to Reference concentrations as part of the COPEC selection process
described in Section 3.0. The results of this evaluation help to illustrate whether the
concentrations of these COPECs are influenced by contamination from outside the specified
sub-areas. Additionally, Reference data have been compared to NOECs and are summarized in
Appendix G tables.

Appendix B shows the results of statistical evaluation of these constituents, conducted as part of
COPEC selection. Chromium was found to have statistically lower concentrations in the
100 Area Sub-Area compared to those detected concentrations in Reference areas. Total
petroleum hydrocarbons-diesel range data were found to have low FODs in all three sub-areas
and therefore could not be evaluated statistically. Diesel range TPH was also found to only be
detected in the 100 and 300 Area Sub-Areas, not in the associated Reference locations and
therefore was included as a COPEC for that reason.
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In summary, the following sediment COPECs exceeded NOECs. Inclusion List constituents that
have concentrations consistent with Reference concentrations are marked with an asterisk:

* 100 Area Sub-Area: Acetone, chromium,* and heptachlor epoxide

* 300 Area Sub-Area: None

* Lake Wallula Sub-Area: Alpha-BHC, chromium,* phosphorus, silver, thallium, toluene, and
TPH-diesel range.

These COPECs were retained for further evaluation in Section 8.0.

7.4 POREWATER NOEC EVALUATION

As described in Section 1.0, porewater was evaluated on an OU-specific basis due to its potential
relationship to site groundwater at each separate OU. While porewater at the depth evaluated is
below the zone inhabited by most (but not all) benthic invertebrates (Aquatic Insect Ecology:
Biology and Habitat [Ward 1992]), it is nonetheless compared to surface water NOECs as a
potential exposure media. As discussed previously, porewater data are important as an indicator
of potential exceedances in the primary exposure media of surface water and sediment, which
was the primary reason these data were collected.

Ecological NOECs for porewater are the same as those listed in Section 6.2.2 (Table 6-1) for
surface water and reflect the effects of direct toxicity. However, hardness-dependent WQC are
adjusted for a hardness of 100 mg/L CaCO3 (rather than the average value of 84 for the main
river channel) to more closely approximate the conditions in the groundwater that comprises the
bulk of porewater samples. In addition, data for dissolved metals were used in the analysis,
because this is the most mobile and bioavailable form for most metals (EPA 120/R-07/00 1,
Frameworkfor Metals Risk Assessment) and is also the form of metals represented by WQC.
However, both dissolved and total results were used for hexavalent chromium, strontium-90, and
tritium to maximize the size of the data set for these constituents. Likewise, total (unfiltered)
results were used for the evaluation of organics and soluble anionic COPECs, consisting of
nitrate, nitrite, phosphate, sulfate, and chloride. Based on reference evaluations, between 5 and
15 COPECs were identified for each of the 7 OUs.

Appendix C shows scatter plot data of the porewater dissolved metals COPECs for aquatic biota,
as well as the dissolved and total metals results for hexavalent chromium, strontium, and tritium.
A detailed evaluation was done on each parameter to understand which contaminants are
COPECs for each OU. The COPECs for each OU are listed in Table 7-5 and are discussed in the
following subsections.

As described in Section 3.0, 14 COPECs were identified for the 100-BC-5 OU, 10 COPECs were
identified for the 100-KR-4 OU, 14 COPECs were identified for the 100-NR-2 OU, 16 COPECs
were identified for the 100-HR-3 OU, 11 COPECs were identified for the 100-FR-3 OU,
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13 COPECs were identified for the 200-PO-1 OU, and 22 COPECs were identified for the
300-FF-5 OU. A discussion of the results of the NOEC screening is provided separately for each
OU in the following subsections.

7.4.1 Porewater NOEC Evaluation - 100-B/C-5 Operable Unit

Data summaries that compare concentrations of COPECs in porewater to aquatic biota NOECs
are shown in Table 7-5.

As shown in this table, four COPECs (aluminum, hexavalent chromium, lead, and nitrate) within
the OU had maximum concentrations exceeding ecological NOECs for aquatic biota. Aluminum
had a maximum detected concentration of 0.416 mg/L compared to the aquatic NOEC of
0.087 mg/L. Only one of the eight samples exceeded the NOEC. Hexavalent chromium had a
maximum detected concentration of 0.112 mg/L as compared to the NOEC of 0.01 mg/L, with
19 of the 38 samples exceeding the NOEC. Lead had a maximum detected concentration of
0.00465 mg/L compared to the NOEC of 0.0025 mg/L. Like aluminum, only one of the eight
samples analyzed for lead exceeded the aquatic NOEC. Nitrate had a maximum detected
concentration of 24.4 mg/L with three of the seven samples exceeding the NOEC.

In addition, the COPECs cadmium, lead, and selenium had reporting limits that exceeded the
aquatic NOECs in the 100-BC-5 OU (Table 7-5). As noted previously, reporting limits in excess
of NOECs adds uncertainty to the assessment of risk, but as discussed in Section 10.0, the effects
on the conclusions of the risk assessment are expected to be minor.

In summary, aluminum, hexavalent chromium, lead, and nitrate exceeded aquatic NOECs and
will be retained for further evaluation in Section 8.0.

7.4.2 Porewater NOEC Evaluation - 100-KR-4 Operable Unit

For the 100-KR-4 OU, three porewater COPECs had maximum concentrations exceeding the
associated ecological NOEC for aquatic biota. As shown in Table 7-5, hexavalent chromium had
a maximum detection of 0.056 mg/L compared to the NOEC of 0.01 mg/L. Of the 38 samples
analyzed for hexavalent chromium, 14 of them exceeded the NOEC. Manganese had a
maximum detection of 2.13 mg/L that exceeded the NOEC of 0.12 mg/L. Like hexavalent
chromium, only one of the five samples analyzed for manganese exceeded the NOEC. Nitrate
had a maximum detection of 17.3 mg/L with all four samples exceeding the NOEC. Thus,
hexavalent chromium, manganese, and nitrate were retained for further evaluation in Section 8.0.

Of the 10 COPECs in the 100-KR-4 OU, lead was the only COPEC that had a reporting limit
that exceeded the aquatic NOEC, with 4 of the 5 samples having reporting limit exceedances
(Table 7-5). The effects on the risk assessment conclusions of reporting limits greater than the
NOEC are discussed in Section 10.0.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 7-9



DOE/RL-2010-117

Screening-Level Risk Calculation Rev. 0

7.4.3 Porewater NOEC Evaluation - 100-NR-2 Operable Unit

Of the 14 COPECs identified in the 100-NR-2 OU, maximum concentrations of hexavalent
chromium, nitrate, and phosphate exceeded applicable NOECs. As shown in Table 7-5,
hexavalent chromium had a maximum detection of 0.026 mg/L compared to the NOEC of
0.01 mg/L. Of the five samples analyzed, only one of them exceeded the NOEC. Nitrate had a
maximum detection of 134 mg/L with all five samples exceeding the NOEC. Phosphate had a
maximum detection of 9.05 mg/L compared to the NOEC of 1 mg/L, with one of two samples
exceeding the NOEC.

As shown in Table 7-5, lead and TPH-diesel had reporting limits that exceeded the aquatic
NOEC in the 1 00-NR-2 OU. All five lead samples had reporting limits that exceeded the aquatic
NOEC. Only 1 of the 15 TPH-diesel samples had a reporting limit that exceeded the NOEC.
When reporting limits exceed the screening values (NOECs), potential toxicity cannot be fully
addressed. Lead and TPH-diesel will therefore be evaluated further in Section 10.0.

In summary, hexavalent chromium, nitrate, and phosphate exceeded aquatic NOECs and will be
retained for further evaluation in Section 8.0.

7.4.4 Porewater NOEC Evaluation - 100-HR-3 Operable Unit

In the 100-HR-3 OU, 7 COPECs (aluminum, chromium, hexavalent chromium, lead, manganese,
nickel, and nitrate) of the 16 COPECs for this OU had maximum concentrations exceeding
ecological NOECs for aquatic biota. Table 7-5 provides the tabulated details of this analysis.
Aluminum had a maximum detected concentration of 0.477 mg/L compared to the aquatic
NOEC of 0.087 mg/L; only 1 of the 11 samples exceeded the aluminum NOEC. Two of the
11 samples exceeded the NOEC for chromium, with a maximum detection of 0.62 mg/L,
compared to the NOEC of 0.074 mg/L. Although only two chromium samples exceeded the
NOEC, the maximum detection (designation T100D3A) was located in the extent of the
100-D/DR Area chromium plume, as shown in Appendix A maps at RM 377. Thirty-one of the
72 hexavalent chromium samples (both total and dissolved) exceeded the NOEC for hexavalent
chromium, with a maximum detected concentration of 0.64 mg/L compared to the aquatic NOEC
of 0.01 mg/L. Lead had a maximum detected concentration of 0.00681 mg/L compared to the
NOEC of 0.0025 mg/L. Of the 11 samples, only 2 exceeded the NOEC. Manganese had a
maximum detection of 0.792 mg/L, compared to the aquatic NOEC of 0.12 mg/L; only 2 of the
11 manganese samples exceeded the NOEC. All 11 samples collected for nickel were detects;
however, only 1 detection was elevated to a level near the NOEC. The maximum nickel
detection was 0.0518 mg/L compared to the NOEC of 0.052 mg/L. This detection is considered
to be equal to the NOEC, and therefore nickel will be evaluated further in Section 8.0 with the
other six COPECs discussed in this section. Nitrate had a maximum detection of 44.2 mg/L
compared to a NOEC of 7.1 mg/L, with 9 of the 14 samples exceeding the NOEC.

As shown in Table 7-5, the COPECs copper, lead, mercury, and uranium within the
100-HR-3 OU had reporting limits that exceeded the aquatic NOECs. As noted previously,
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reporting limits in excess of NOECs adds uncertainty to the assessment of risk, but as discussed
in Section 10.0, the effects on the conclusions of the risk assessment are expected to be low.

7.4.5 Porewater NOEC Evaluation - 100-FR-3 Operable Unit

In the 100-FR-3 OU, four porewater COPECs (hexavalent chromium, manganese, mercury, and
nitrate) had maximum concentrations exceeding the ecological NOEC for aquatic biota.
As shown in Table 7-5, hexavalent chromium had a maximum detected concentration of
0.031 mg/L compared to the aquatic NOEC of 0.01 mg/L. Only 3 of 24 samples had detections,
with 2 samples exceeding the NOEC. Manganese had a maximum detected concentration of
2.26 mg/L compared to the NOEC of 0.12 mg/L. Mercury had a maximum detection of
0.000099 mg/L compared to the NOEC of 0.000012 mg/L. Both COPECs (manganese and
mercury) only had one of three samples exceeding the respective aquatic NOECs. Nitrate had a
maximum detection of 8.02 mg/L compared to the aquatic NOEC of 7.1 mg/L. Only one of the
two samples exceeded the NOEC.

Lead and mercury in the 1 00-FR-3 OU had reporting limits that exceeded the aquatic NOEC
(Table 7-5). As noted previously, the effect of NOECs less than reporting limits is discussed
further in the Uncertainty Analysis (Section 10.0).

7.4.6 Porewater NOEC Evaluation - 200-PO-1 Operable Unit

The 200-PO-1 groundwater OU is located within the 300 Area Sub-Area. As detailed in
Table 7-5, 4 COPECs (hexavalent chromium, lead, nitrate, and nitrite) of the 13 had maximum
concentrations exceeding the ecological NOEC. Four of the five hexavalent chromium samples
exceeded the aquatic NOEC of 0.01 mg/L, with a maximum detected concentration of
0.021 mg/L. Lead had a maximum detection of 0.00421 mg/L compared to the aquatic NOEC of
0.0025 mg/L. The maximum detect was the only sample to exceed the NOEC. Four of the five
nitrate samples exceeded the NOEC of 7.1 mg/L, with a maximum detection of 35.7 mg/L. Only
one sample was analyzed for nitrite, with a detected concentration of 0.27 mg/L exceeding the
NOEC.

Lead and selenium in the 200-PO-1 OU had reporting limits that exceeded the aquatic NOECs
(Table 7-5). The effect of NOECs less than reporting limits is discussed further in the
Uncertainty Analysis (Section 10.0).

7.4.7 Porewater NOEC Evaluation - 300-FF-5 Operable Unit

In the 300-FF-5 OU, 5 COPECs (aluminum, lead, nitrate, selenium, and uranium) of the
22 COPECs at this OU had maximum concentrations exceeding ecological NOECs for aquatic
biota. Table 7-5 provides the details of this analysis.

Aluminum had a maximum detected concentration of 0.107 mg/L compared to the aquatic
NOEC of 0.087 mg/L; only one of the eight samples exceeded the aluminum NOEC. One of the
eight samples exceeded the NOEC for lead, with a maximum detection of 0.00253 mg/L,
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compared to the NOEC of 0.0025 mg/L. Nitrate had a maximum detection of 116 mg/L
compared to the NOEC of 7.1 mg/L, with six of the eight samples exceeding the NOEC.
Selenium had a maximum detected concentration of 0.0102 mg/L compared to the NOEC of
0.005 mg/L. Of the eight samples, only one exceeded the NOEC. Uranium had a maximum
detection of 0.17 mg/L compared to the aquatic NOEC of 0.005 mg/L; seven of the eight
uranium samples exceeded the NOEC. The maximum detection of uranium, designation J3002,
was found within the extent of the 300 Area uranium plume. The extent of this plume is shown
in the Appendix A maps and is located near RM 345.

The following COPECs had reporting limits that exceeded the aquatic NOECs: cadmium,
copper, hexavalent chromium, lead, mercury, selenium, and uranium (Table 7-5). As noted
previously, the effects of these reporting limit exceedances are discussed in Section 10.0.

7.4.8 Porewater: Summary of Screening-Level Evaluation

The maximum concentrations of porewater COPECs were compared to ecological NOECs for
aquatic biota. The results are summarized in Tables 7-5 and Table 7-6. Table 7-5 summarizes
the constituents that have maximum detections greater than the respective NOECs and have been
retained for further evaluation in Section 8.0. Porewater COPECs that exceed NOECs are shown
below; those that have concentrations consistent with Reference concentrations as represented by
upgradient groundwater as described in DOE/RL-96-6 1, Hanford Site Background: Part 3,
Groundwater Background (Section 3.2.4), are marked with an asterisk:

* 100-B/C-5 OU: Aluminum, hexavalent chromium, lead, and nitrate

* 1 00-KR-4 OU: Hexavalent chromium, manganese, and nitrate

* 1 00-NR-2 OU: Hexavalent chromium, nitrate, and phosphate

* 100-HR-3 OU: Aluminum, chromium, hexavalent chromium,* lead, manganese, nickel, and
nitrate

* 100-FR-3 OU: Hexavalent chromium, manganese, mercury, and nitrate

* 200-PO-1 OU: Hexavalent chromium, lead, nitrate, and nitrite

* 300-FF-5 OU: Aluminum, lead, nitrate, selenium, and uranium.

As described previously, this is a conservative screening process, and detections exceeding the
NOEC benchmarks suggest only that exposures have the potential to be associated with toxic
effects, not that effects are in fact occurring. Further evaluation of these constituents is thus
warranted.
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As shown in Table 7-6, the COPECs with maximum concentrations greater than or equal to the
NOEC range throughout the seven OUs; however, aluminum, hexavalent chromium, lead, and
manganese are seen in at least three of the seven OUs, and nitrate is seen in all seven OUs. The
12 COPECs that exceeded the NOECs throughout the 7 OUs will be retained for further analysis
in Section 8.0.

7.5 ISLAND SOILS NOEC EVALUATION

Island soils were considered to be exposure media for four terrestrial receptors: terrestrial plants,
soil invertebrates, birds, and mammals. As described in Section 6.2.3, separate ecological
NOECs for each receptor were obtained. No observed effect concentrations for terrestrial plants
and invertebrates reflect the effects of direct exposure to soil, while the NOECs for birds and
mammals reflect effects through the food chain, as the result of the ingestion of contaminated
soil, plants, or invertebrates. Based on Reference evaluations, 18 COPECs were identified for
the 100 Area Sub-Area and 19 COPECs were identified for the 300 Area Sub-Area. A visual
assessment of these is presented in Appendix C. No island soil samples were collected in the
Lake Wallula Sub-Area, which has few islands.

Effects to each receptor are discussed separately in the following subsections.

7.5.1 Terrestrial Plant NOEC Evaluation - Island Soils

Data summaries that reflect plant NOECs are shown for the 100 Area and 300 Area Sub-Areas in
Table 7-7.

As shown in this table and the plots in Appendix C, only one COPEC (lead) in either sub-area
had maximum concentrations exceeding ecological NOECs for terrestrial soil plants. In the
100 Area Sub-Area, the maximum detection for lead was 94.3 mg/kg, and 3 of 29 samples
exceeded the NOEC. In the 300 Area Sub-Area, the maximum lead detection was 65 mg/kg, and
7 of 48 samples exceeded the NOEC.

No plant NOECs are available for TPH (either diesel or motor oil range); therefore, these
constituents cannot be evaluated quantitatively, but rather are discussed qualitatively in the
Uncertainty Analysis (Section 10.0). Additionally, the maximum reporting limit for hexavalent
chromium exceeded the NOEC for 6 of 23 samples in the 100 Area Sub-Area, as can be seen in
the hexavalent chromium scatter plot (Appendix C) for nondetect samples and in Table 7-7. This
reporting limit exceedance is also discussed further in the Uncertainty Analysis (Section 10.0).

The SOF for the six radionuclides detected in the 100 Area Sub-Area and the eight radionuclides
detected in the 300 Area Sub-Area totaled 0.001 pCi/g and 0.0009 pCi/g (see Table 7-7),
respectively, both of which are well below 1.0.

Based on this assessment, the maximum detected concentrations of soil COPECs are expected to
present a negligible risk to terrestrial plants; however, lead will be further discussed in
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Section 8.0 of this report. The NOEC exceedances for all soil COPECs are listed along with
those for other soil receptors in Table 7-11.

7.5.2 Soil Invertebrate NOEC Evaluation - Island Soils

Data summaries that reflect soil invertebrate NOECs are shown for the 100 Area and 300 Area
Sub-Areas in Table 7-8.

As seen in Table 7-8 and the Appendix C scatter plots, the 100 Area Sub-Area had no COPECs
with NOEC exceedances. In the 300 Area Sub-Area, the maximum concentration of mercury
(0.11 mg/kg) slightly exceeded the NOEC of 0.1 mg/kg, with only 1 of the 48 samples exceeding
the NOEC. Because of the NOEC exceedance, mercury has been retained for further evaluation
in Section 8.0.

The SOF for the detected radionuclides was 0.04 in the 100 Area Sub-Area and 0.1 in the
300 Area Sub-Area. Because the SOF did not exceed 1.0, radionuclides were not retained for
further evaluation.

No soil invertebrate NOECs exist for TPH-motor oil, which was detected in both 100 Area and
300 Area Sub-Areas. This constituent cannot be evaluated quantitatively, so it is discussed
qualitatively in the Uncertainty Analysis (Section 10.0).

In summary, due to the slight NOEC exceedance of mercury in 300 Area Sub-Area, mercury has
been retained for further evaluation and will be discussed in Section 8.0.

7.5.3 Terrestrial Bird NOEC Evaluation - Island Soils

In both the 100 Area and 300 Area Sub-Areas, lead and mercury were found to have maximum
concentrations in excess of their respective NOECs, as shown in Table 7-9 and the Appendix C
scatter plots.

The NOEC for lead is 11 mg/kg, which is the EPA SSL for avian receptors. However, as noted
in the SSL document for lead, this value is lower than the 5 0 th percentile for reported background
concentrations in eastern and western U.S. soils. The average value reported by
OSWER Directive 9285.7-55, Guidance for Developing Ecological Soil Screening Levels, for
western U.S. soils is 19.4 mg/kg. The reported NOEC thus likely significantly overestimates
potential risk to birds from exposure to lead in soils.

In the 100 Area Sub-Area, the maximum concentration of lead was 94.3 mg/kg, which is an
atypical result; all other detected lead concentrations were 60.1 mg/kg or lower. Lead
concentrations exceeded the avian lead NOEC of 11 mg/kg in 17 of 29 samples. For mercury in
the 100 Area Sub-Area, the maximum detected concentration was 0.052 mg/kg, and
concentrations exceeded the avian mercury NOEC of 0.013 mg/kg in 20 of the 29 samples.
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In the 300 Area Sub-Area, lead was detected at a maximum concentration of 65 mg/kg,
exceeding the NOEC (11 mg/kg) in 33 of the 48 samples. Mercury was detected at a maximum
concentration of 0.11 mg/kg, with exceedances of the NOEC (0.013 mg/kg) in 23 of 48 samples.
The maximum mercury detection is an outlier, as seen in the Appendix C mercury scatter plot.

The SOF for radionuclides was 0.01 for the 100 Area Sub-Area and 0.004 for the 300 Area
Sub-Area, both of which were well below 1.0. Except for mercury in both sub-areas, no
reporting limits exceeded NOECs. For mercury in the 100 Area Sub-Area, 9 of 29 samples had
reporting limits that exceeded the NOEC. In the 300 Area Sub-Area, the reporting limit
exceeded the NOEC in 21 of 48 samples. These exceedances are further discussed in the
Uncertainty Analysis (Section 10.0).

Diethylphthalate, lithium, and TPH-motor oil were detected but have no NOECs. These
constituents will be evaluated qualitatively in the Uncertainty Analysis (Section 10.0).

In summary, both lead and mercury in both the 100 Area and 300 Area Sub-Areas exceeded the
respective NOECs and will be retained for further evaluation in Section 8.0.

7.5.4 Terrestrial Mammal NOEC Evaluation - Island Soils

Table 7-10 summarizes the terrestrial mammal findings for the 100 and 300 Area Sub-Areas.
Lead concentrations resulted in NOEC exceedances in both of these sub-areas.

In the 100 Area Sub-Area, the maximum lead concentration of 94.3 mg/kg exceeded the NOEC
of 56 mg/kg; exceedances occurred in only 2 of the 29 samples. In the 300 Area Sub-Area, lead
was detected at a maximum concentration of 65 mg/kg. Five of 48 samples exceeded the NOEC
in the 300 Area Sub-Area.

The SOF for detected radionuclides was 0.01 in the 100 Area Sub-Area and 0.006 in the
300 Area Sub-Area. Both values are well below the threshold of 1.0.

The reporting limit for uranium was found to exceed the NOEC in 28 of 29 samples in the
100 Area Sub-Area and 47 of 48 samples in the 300 Area Sub-Area. The effect of these
exceedances is discussed in Section 10.0. Additionally, lithium and TPH-motor oil were both
detected but have no NOECs for comparison; these COPECs are evaluated qualitatively in the
Uncertainty Analysis (Section 10.0).

In summary, lead was retained in both the 100 Area and 300 Area Sub-Areas because maximum
concentrations exceeded the NOEC; this COPEC is evaluated further in Section 8.0.

7.5.5 Island Soils: Summary of Screening-Level Evaluation

In this section, the maximum concentrations of soil COPECs were compared to ecological
NOECs for terrestrial plants, invertebrates, birds, and mammals. The results are summarized in
Table 7-11, which lists those constituents that have maximum detections greater than or equal to
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the respective NOECs. Inclusion List constituents are further discussed below. Island soil
COPECs that exceed NOECs are as follows; those that have concentrations consistent with
Reference concentrations are marked with an asterisk:

* 100 Area Sub-Area: Lead and mercury*
* 300 Area Sub-Area: Lead and mercury.*

Concentrations of both constituents were statistically compared to Reference concentrations as
part of the COPEC selection process. This analysis was used to determine if concentrations at or
downriver of the Hanford Site were consistent with Reference concentrations. Additionally,
Reference data have been compared to NOECs and are summarized in Appendix G tables.

Both constituents (lead and mercury) had sufficient data for statistical analysis. Results
(Appendix B) showed that lead concentrations in 100 and 300 Area Sub-Areas were statistically
higher than Reference, but that mercury concentrations were consistent with or lower than
reference. This information will be used to further evaluate the potential for these COPECs to
present an ecological risk from the Hanford Site. These constituents have been retained for
further evaluation and are discussed in Section 8.0.

7.6 SHORELINE SEDIMENTS NOEC EVALUATION

Shoreline sediments, which consist of the area of shoreline routinely submerged and exposed by
daily fluctuations in water level, were considered to be exposure media for two terrestrial
receptors: terrestrial plants and birds (Section 5.2.2). As described in Section 6.2.3, separate
ecological NOECs for each receptor were obtained. No observed effect concentrations for
terrestrial plants reflect the effects of direct toxicity, while the NOECs for birds reflect effects
through the food chain, as the result of the ingestion of contaminated sediment or plants.
Although NOECs for soils were used to evaluate shoreline sediments, the COPEC list for
shoreline sediments was the same as that of sediments, since shoreline sediments are part of the
sediment data set and the composition of this media is more closely identified with sediment
distribution (Section 3.4). Based on Reference evaluations, 21 COPECs were identified for the
100 Area Sub-Area, 21 COPECs were identified for the 300 Area Sub-Area, and 28 COPECs
were identified for the Lake Wallula Sub-Area.

Effects to each receptor are discussed separately in the following subsections.

7.6.1 Terrestrial Plant NOEC Evaluation - Shoreline Sediments

Data summaries that reflect plant NOECs are shown for the three sub-areas in Table 7-12.

In the 100 Area Sub-Area, only 1 of the 21 COPECs (hexavalent chromium) was detected at a
concentration above its NOEC. Hexavalent chromium had a maximum detected concentration of
0.618 mg/kg compared to the plant NOEC of 0.35 mg/kg. Only 2 of 48 samples exceeded this
NOEC.
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In the 300 Area Sub-Area, three COPECs were found to have maximum detection that exceeded
their respective NOECs: hexavalent chromium, lead, and selenium. Hexavalent chromium had a
maximum detected concentration of 0.998 mg/kg compared to the NOEC of 0.35 mg/kg, with
10 of the 76 samples exceeding the NOEC. Five of the 91 lead samples exceeded the NOEC of
50 mg/kg, with a maximum detected concentration of 111 mg/kg. Selenium had a maximum
detected concentration of 1.01 mg/kg compared to the NOEC of 0.52 mg/kg. Three of the
91 samples exceeded this NOEC.

In the Lake Wallula Sub-Area, only 1 of the 28 COPECs (hexavalent chromium) had maximum
detected concentrations that exceeded their respective NOECs. Hexavalent chromium had 2 of
20 samples that exceeded the NOEC of 0.35 mg/kg. The maximum detected concentration of
hexavalent chromium was 1.73 mg/kg.

No plant NOECs are available for antimony, phosphorus, titanium, TPH (either diesel or motor
oil), or vanadium. These constituents cannot be evaluated quantitatively, but rather are discussed
qualitatively in the Uncertainty Analysis (Section 10.0). Additionally, hexavalent chromium and
selenium in the 300 Area Sub-Area and antimony and thallium in the Lake Wallula Sub-Area
had reporting limits that exceeded the terrestrial plant NOECs, a condition that is also discussed
in Section 10.0.

The SOF for the 10 radionuclides detected in the 100 Area, 300 Area, and Lake Wallula
Sub-Areas was well below the threshold of 1.0.

Based on this assessment, hexavalent chromium in the 100 Area Sub-Area; hexavalent
chromium, lead, and selenium in the 300 Area Sub-Area; and hexavalent chromium in the
Lake Wallula Sub-Area are retained for further evaluation in Section 8.0, due to a maximum
concentration higher than the NOEC.

7.6.2 Terrestrial Bird NOEC Evaluation - Shoreline Sediments

Data summaries that reflect bird NOECs are shown for the three sub-areas in Table 7-13. This
table indicates that chromium, lead, and mercury were detected at levels above their respective
NOECs in each sub-area. Details of exceedances in each sub-area are discussed further below.

In the 100 Area Sub-Area, three COPECs had maximum detected concentrations that exceeded
their respective NOECs, chromium, lead, and mercury. Chromium had a maximum detection of
35.8 mg/kg compared to the NOEC of 26 mg/kg. Only 5 of the 52 chromium samples exceeded
this NOEC. Lead had a maximum detected concentration of 46.6 mg/kg compared to the avian
NOEC of 11 mg/kg, with 42 of the 52 samples exceeding the NOEC. Of the 52 mercury
samples, 27 exceeded the NOEC of 0.013 mg/kg, with a maximum detected concentration of
0.133 mg/kg.

In the 300 Area Sub-Area, 3 of the 21 COPECs had maximum detections that exceeded their
respective NOECs. Chromium had a maximum detected concentration of 29.5 mg/kg compared
to the NOEC of 26 mg/kg, with only 3 of the 91 samples exceeding the NOEC. Of the 91 lead
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samples, 32 exceeded the NOEC of 11 mg/kg, with a maximum detected concentration of
111 mg/kg. Mercury had a maximum detection of 0.045 mg/kg compared to the NOEC of
0.013 mg/kg; 19 of the 91 samples exceeded this NOEC.

The Lake Wallula Sub-Area had four COPECs with maximum detections exceeding their
NOECs. Chromium had a maximum detection of 27.9 mg/kg compared to the NOEC of
26 mg/kg, with only 2 of the 40 samples exceeding the NOEC. Of the 40 lead samples, only 3
exceeded the NOEC of 11 mg/kg, with a maximum detected concentration of 34.4 mg/kg.
Mercury also only had 2 of 40 samples that exceeded the NOEC (0.013 mg/kg), with a maximum
detection of 0.0369 mg/kg. Vanadium had a maximum detection of 123 mg/kg compared to the
NOEC of 7.8 mg/kg; all 40 samples exceeded this NOEC.

As with the terrestrial plant evaluation, the SOF for the detected radionuclides was below 1.0 for
the 100 Area, 300 Area, and Lake Wallula Sub-Areas, indicating that the potential for these
compounds to present an ecological risk is negligible. No radionuclides have been retained for
further evaluation.

Several COPECs had reporting limits that exceeded the avian NOECs (Table 7-13). In the
100 Area Sub-Area, lead, mercury, and uranium had reporting limits that exceeded the NOECs.
Lead, mercury, selenium, and uranium in the 300 Area Sub-Area had reporting limits in
exceedance of NOECs. In the Lake Wallula Sub-Area, lead, mercury, and thallium had reporting
limits that exceeded NOECs. As previously discussed, when reporting limits exceed the
screening values (NOECs), potential toxicity cannot be fully addressed. This situation is
discussed further in Section 10.0.

No avian NOECs are available for antimony, phosphorus, titanium, or TPH-motor oil. These
constituents cannot be evaluated quantitatively, but rather are discussed qualitatively in the
Uncertainty Analysis (Section 10.0).

In summary, maximum shoreline sediment concentrations of chromium, lead, and mercury in all
three sub-areas exceeded their respective NOECs. In addition, vanadium in the Lake Wallula
Sub-Area exceeded its respective NOEC. These COPECs are evaluated further in Section 8.0.

7.6.3 Shoreline Sediments: Summary of Screening-Level Evaluation

In this section, the maximum concentrations of shoreline sediment COPECs were compared to
ecological NOECs for terrestrial plants and birds. The results are summarized in Tables 7-12
and 7-13, which compared COPECs to the plant and avian NOECs, and in Table 7-14, which
shows the COPECs with maximum concentrations greater than or equal to the NOECs
throughout the three sub-areas. The COPECs with maximum concentrations greater than
NOECs are as follows.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 7-18



DOE/RL-2010-117

Screening-Level Risk Calculation Rev. 0

100 Area Sub-Area 300 Area Sub-Area Lake Wallula

Hexavalent chromium

Terrestrial plant Hexavalent chromium Lead Hexavalent chromium

Selenium

Chromium Chromium Chromium

Lead Lead Lead
Terrestrial bird

Mercury
Mercury Mercury Vaadum

Vanadium

Because the shoreline sediment COPECs were based on sediment COPECs, further Inclusion
List statistical analyses were not completed. However, maximum concentrations of the six
COPECs presented in Table 7-14 do exceed NOECs and therefore were retained for further
evaluation.

7.7 SUMMARY OF SCREENING-LEVEL RISK CALCULATION

As described in Section 1.2, this SLERA is composed of the first two steps of a CERCLA
ecological risk assessment (Figure 1-1). This section concludes the work to achieve Step 2 and
provide the COPECs included in the screening-level risk calculation. Table 7-15 provides a
summary of surface water, sediment, porewater and soil COPECs organized by medium,
receptor, and river sub-area; each of these COPECs was shown in this section to exceed NOECs
in at least one sample and so has been retained for additional evaluation in Section 8.0.
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8.0 REFINEMENT OF CONTAMINANTS OF
POTENTIAL ECOLOGICAL CONCERN

8.1 INTRODUCTION

In this section, all of the COPECs in Section 7.0 with maximum concentrations above the NOEC
are evaluated further by the consideration of additional toxicity data (LOECs) and distribution
information. The goal of this analysis is to reduce the uncertainty associated with the use of
conservative exposure and screening-level NOEC toxicity assumptions so that the final risk
conclusions are still conservative, but more relevant to site-specific conditions. This additional
evaluation increases the scientific validity of the risk conclusions, so that subsequent
considerations of additional studies or remedial actions, if required, can be focused on specific
risk questions.

The refinement incorporates additional toxicity literature and site-specific data into the
evaluation of all surface water, sediment, and soil samples, and so expands the level of
interpretation beyond that of the screening-level approach of Section 7.0. The results of this
analysis provide an improved understanding of potential risk and are used to identify the need for
additional sampling or toxicological studies that would be conducted as part of a potential
BERA. This refinement does not, however, determine whether the COPECs evaluated arise
from Hanford Site operations. Ultimately, the final understanding of risk as well as the
association of risk with Hanford Site activities will be used to determine the need, if any, for
remediation of river media.

The methodology used for this refinement evaluation is described in the following section.

8.2 REFINEMENT METHODOLOGY

The array of evaluative approaches in this refinement methodology varies by assessment
endpoint. In this section, all samples that exceed the NOECs of Section 7.0 are presented and
evaluated on a sample-specific basis using a wide array of factors to more accurately quantify the
"ecological adversity" represented by the NOEC exceedances (EPA/630/R-95/002F, Guidelines
for Ecological Risk Assessment). These additional evaluation factors and the way they will be
used to estimate potential risk are described below.

8.2.1 Magnitude of Exceedance: Lowest Observed Effect Concentrations

The magnitude of NOEC exceedances is also considered as a primary indicator of potential for
risk. Because of the conservatism of screening NOEC-based benchmarks, which are often based
on large uncertainty factors, exceedances may not be indicative of actual risk, but rather indicate
that a potential for risk may exist. For some constituents, exceedances of the NOEC by factors
of two or three may still not reflect a potential risk, because of the conservatism of the
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assumptions used to develop the NOEC benchmark. For this reason, additional toxicological
values are used to more accurately estimate the potential for adverse effect.

As described in Section 6.2.4, the ecological NOECs used in this report are values associated
with a low or no probability of effects. These values represent a lower boundary for the potential
threshold of effect, because they are values at or below which effects are infrequent or, in the
case of individual toxicity study results, not observed.

To more accurately quantify the potential for risk, this refinement uses as an additional reference
point values associated with the actual onset of effects, or a high probability of effects. In
sediment, terms such as "probable effect concentration" values are used, and for toxicological
studies the term "lowest observed effect concentration" (or LOEC) is used. As opposed to the
no-effect or threshold effect values used as NOECs, these low-effect values define a level where
effects are likely or, in toxicological tests, where effects were actually detected. In this report,
such values are referred to collectively as "LOEC-based" values, or LOECs. These values,
combined with the no-effect NOECs, serve to bracket the potential for risk, since the actual onset
of effects is expected to occur somewhere between the two values.

For sediment, the Michelsen 2011 Cleanup Screening Level (CSL) is used as the LOEC. These
values are based on the freshwater sediment quality standards (Section 6.2.2.) that are used as
sediment NOECs. The CSLs were selected by Michelsen as the next highest significantly
different value, which is more than 20% higher than the sediment quality standards. From a
statutory standpoint, CSLs are intended to serve as the level above which cleanup sites are
designated.

Media concentrations relative to a LOEC are represented by the use of a hazard quotient (HQ),
which quantifies the comparison between the exposure experienced by a receptor and the
exposures associated with toxicological effects documented in the literature. The HQ is
calculated as follows:

LOEC HQ = Exposure concentration
Chemical-specific LOEC

Lowest observed effect concentration HQs thus reflect the relationship of the detected
concentration to the relevant LOEC and express this relationship as a multiple of the LOEC.
However, because toxicological effects vary by COPEC and receptor physiology, the magnitude
of the LOEC HQ does not correlate directly with the magnitude of the risk; for example, a LOEC
HQ of 2.0 does not signify twice as much risk or effect as a LOEC HQ of 1.0. Rather, the LOEC
HQ provides a relative scale of probability of effect, with increasing likelihood of effect with
increasing distance from 1.0.

For the HQ calculation, exposure is represented by the sample-specific concentration rather than
the maximum value used in Section 7.0. A LOEC HQ of less than 1.0 indicates that the
concentration is below that conservatively associated with the onset of adverse effects and that
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the potential for significant risk is relatively low. An HQ equal to or in excess of 1.0 suggests
that exposures are in the estimated range of potential effects to the most sensitive species and
that further evaluation of these constituents may be warranted. Because LOECs are developed
by a conservative method that typically applies an uncertainty factor to the lowest effects value
in the literature (see Section 6.0), they typically overestimate risks for most species.

Lowest observed effect concentration-based effect values used in this refinement were drawn or
calculated directly from the scientific literature. For many sediment constituents, LOEC-based
values in the form of CSLs or other NOECs are available, and these are used directly. For
surface water and soils, LOEC values were obtained and calculated as described in Section 6.2.4
using credible scientific studies and appropriate uncertainty factors to estimate chronic LOEC
values, where necessary. Aquatic surface water LOEC values were also used to calculate
sediment LOECs for organic constituents through the use of equilibrium-partitioning equations,
as described in EPA-822-R-02-04 1, Technical Basis for the Derivation of Equilibrium
Partitioning Sediment Guidelines (ESGs),for the Protection ofBenthic Organisms: Nonionic
Organics (Draft). Selected LOECs are typically the lowest value from a credible study
identified in the literature and, therefore, still reflect a large measure of conservatism.

An exception to this approach applies when NOECs consist of state or federal chronic WQC,
which are used to evaluate both surface water and porewater. Water quality criteria are legally
enforceable standards that serve as applicable or relevant and appropriate requirements in the
Superfund program and are not subject to modification. Chronic water quality criteria are
derived from acute and chronic effect levels, including LC50, EC5o, NOEC, and LOEC values.
Water quality criteria are used as both NOECs and LOECs in this report, so that WQC
exceedances are retained for evaluation in this section. In the text, NOECs that consist of WQC
are identified, and the term WQC is used in further discussion. However, for consistency in
terminology with other COPECs, the term LOEC HQ is retained to describe HQs based on
WQC.

Bird and mammal LOECs were calculated by food chain modeling, using the exposure models
and parameters developed by EPA for the calculation of the ecological SSLs used as NOECs.
These models estimate effects to the robin and the shrew, and these same species were used to
estimate LOECs as well. Site-specific species, such as the heron or kingfisher, were not used to
develop soil LOECs, to avoid adding additional variability into the NOEC-LOEC relationship.
Lowest observed effect concentration-based TRVs drawn from the EPA data set were
incorporated into the calculations, which are presented in Appendix D.

Table 8-1 presents the LOEC values used in this study for surface water, sediment, and soils.
Full identification of the source and calculation methodology for each value is provided.

Evaluating data relative to both NOECs and LOECs is useful for gauging whether detected
concentrations are likely to cause adverse effects, because the actual concentration at which
effects begin to occur in organisms typically lies somewhere between the two. For instance,
concentrations that exceed NOECs but are still well below the LOECs are often not likely to

Columbia River Component Risk Assessment
Volume L Part 1: Screening-Level Ecological Risk Assessment

June 2012 8-3



Refinement of Contaminants of DOE/RL-2010-117
Potential Ecological Concern Rev. 0

present a significant potential for risk. Conversely, COPECs with concentrations that exceed the
LOEC have an increasing potential for adverse effects with increasing LOEC HQs.

8.2.2 Location and Setting of No Observed Effect Concentration Exceedances

In most cases, the spatial relationships of NOEC exceedances to other samples and wildlife
habitat areas are reviewed as a first line of assessment. Because contaminant distribution in soil
and sediment can vary significantly over small areas due to differences in media characteristics
and depositional patterns, the location and results of nearby samples are an important source of
relevant information. Large areas of elevated concentrations will have a higher ecological
impact, especially to relatively immobile receptors such as plant and terrestrial invertebrates,
than small isolated areas of anomalously elevated results. Likewise, exceedances that occur in
an area not likely to be frequented by receptors are less likely to impart an impact than
exceedances in preferred habitat. For these reasons, the location and setting of NOEC
exceedances are evaluated as one means of gauging the potential for effect from elevated
sample results.

8.2.3 Comparison to RCBRA Studies and Conclusions

The near-shore aquatic zone included the portion of the river along the Hanford Site shoreline,
including source areas and sloughs, and the aquatic habitats in these areas are similar to the
habitats in the channel and left-bank portions of the river that comprise the rest of the study area
of the CRC evaluation. Likewise, the riparian portions of the Hanford Site shoreline include
exposed sediment depositional areas that constitute a soil exposure route to mammals and birds,
and so in those respects are similar to the downstream islands evaluated as part of this study.
Food items consumed on the islands and riparian areas are expected to be similar, if not the
same, for the two areas. Because of the similarity in contaminants, habitat, exposure pathways,
and receptor groups, the ecological studies conducted on the receptors in near-shore and
Hanford Site riparian areas are used as an appropriate source of relevant information about
potential effects in the remainder of the Columbia River in the Hanford Reach. These studies are
not constituent-specific, but evaluate the effects of site constituents in combination as they exist
in the sources areas adjacent to the river.

For this refinement, the many ecological tests conducted as part of the RCBRA are reviewed as
needed to estimate potential effects on similar constituents and similar concentrations detected in
the rest of the river. Specifically, constituents with concentrations in Columbia River media
(surface water, sediment, and island soil) similar to those in the portions of the river evaluated in
the RCBRA are assumed to have effects similar to effects identified in the RCBRA ecological
studies. Thus, these studies provide a useful guide to potential effects of COPECs in the
Columbia River.

8.2.4 Evaluation of Reference Data

As a final step, COPECs that exceed LOECs in Site data are also evaluated in Reference data by
comparing Reference COPEC data to LOECs. This evaluation helps put Site data in context
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relative to non-Site-related areas, and is particularly useful for naturally occurring or
anthropogenic constituents, which are often ubiquitous in the environment. As described in
Section 1.5, Reference locations in the Reference data set increase in number with increasing
distance downstream, as the number of tributaries and wasteways entering the river increase.

In the subsections that follow, each medium and receptor is reviewed in sequence according to
the approach described above to obtain a more accurate assessment of the potential risk
presented by COPECs with maximum HQs greater than 1.0.

8.3 SURFACE WATER CONTAMINANT OF POTENTIAL
ECOLOGICAL CONCERN REFINEMENT

In Section 7.0, maximum concentrations of surface water constituents were evaluated relative to
ecological NOECs for aquatic life. A small number of COPECs had maximum concentrations
exceeding the NOECs and therefore are evaluated further in the following sections.

In the followings sections and throughout subsequent sections, frequent reference is made to
individual samples. In most cases, these samples are identified by their sample "designation,"
which is the location identifier shown on the maps in Appendix A. Several samples may be
obtained from a single location, and these individual samples are distinguished by sample
number. For the purposes of most of the evaluations, however, the sample location, as
represented by its designation number, is the characteristic of interest, so the designation will be
the primary sample identifier used. Samples collected prior to 2008 do not have a "designation"
number and are referred to only by sample number.

8.3.1 Surface Water Aquatic Life Contaminant of Potential Ecological
Concern Refinement

As described in Section 7.2.2, two or three COPECs in each sub-area exceeded NOECs in at
least one sample. These exceedances are examined in more detail below.

8.3.1.1 100 Area Sub-Area Surface Water Contaminant of Potential Ecological Concern
Refinement. As summarized in Table 7-15, maximum concentrations of three COPECs in the
100 Area Sub-Area exceeded NOECs: chromium, lead, and mercury. Table 8-2 provides
additional details about all samples with concentrations of these COPECs greater than the
NOEC. The NOEC for each of these consists of chronic WQC, which also serves as the LOEC,
as described previously.

8.3.1.1.1 Chromium. As shown in Table 7-1, only 1 sample out of 142 exceeded the WQC
NOEC for unspeciated total chromium. Chromium was not detected in 92 of the 142 samples
collected. The maximum concentration detected, 0.0973 mg/L, exceeded the WQC of
0.064 mg/L.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 8-5



Refinement of Contaminants of DOE/RL-2010-117
Potential Ecological Concern Rev. 0

The single sample (sample number B1KIHR6, designation HL 1296) in which chromium
exceeded the WQC was collected from the right bank of the river in 2006 at RM 379.11, which
is at the downriver edge of the 100-N Reactor Area. A chromium groundwater plume is present
upriver of this reactor (Appendix A). No other surface water samples collected between 2000
and 2010 exceeded the WQC. All reporting limits were below the WQC.

Chromium concentrations in 100 Area Sub-Area surface water were consistent with Reference
concentrations, as noted in Section 7.0 and shown in Appendix B 1. This suggests that any risks
from chromium in surface water would be no greater than elsewhere on the river. Reference data
summary and LOEC comparison for chromium is shown in Table G-5 in Appendix G. No
surface water chromium concentrations exceeded WQC in 100 Area Sub-Area reference data.

As noted previously, no separate LOEC value is provided for chromium, since the NOEC is a
promulgated chronic WQC. However, because chromium exceeded this value by a relatively
small amount in only one sample in the last 10 years, and because the single exceedance
occurred 5 years ago, chromium is not considered to present a current risk to aquatic receptors.

8.3.1.1.2 Lead. Lead exceeded the NOEC, a chronic WQC, in 1 of 142 surface water samples
collected between 2000 and 2010. The sample with the WQC exceedance (designated as
J100K24, sample number J19HR7) was collected in January 2010 from the right bank of the
river just upstream of the 100-N Reactor Area. The detected concentration of 0.00432 mg/L
(dissolved concentration) is greater than the WQC of 0.0021 mg/L. Because the WQC is a
promulgated WQC, no separate LOEC value is presented.

This sample (sample number J19HR7) was a surface water sample collected as part of the
groundwater upwelling investigation. As such, it was collected from just above the sediment
surface. This sample was the only 1 of 18 such samples collected between RMs 379 and 381
that recorded a detection of lead, but this sample also carried a B qualifier, which the laboratory
indicates is equivalent to a "J" qualifier, which means that the result is below the reporting limit
for the method and thus estimated. None of the other 18 near-sediment surface water samples
recorded either a detection above the reporting limit of 0.005 mg/L or an estimated (J-qualified)
result below the reporting limit.

A total of 70 samples had reporting limits greater than the WQC of 0.0021 mg/L. All reporting
limits were 0.005 mg/L or less. However, none of these samples had nonquantified detections
below the reporting limit (normally indicated by a J or B qualifier), suggesting that lead is not
present even at trace concentrations in these samples. The effects on the risk assessment of
reporting limits higher than NOECs and LOECs are discussed further in the uncertainty analysis
in Section 10.0.

In addition, lead was statistically compared to Reference concentrations as part of COPEC
selection in Section 3.0 (Appendix BI). Lead was included as a COPEC because of its presence
on the Inclusion List, but the statistical evaluation showed that lead concentrations in 100 Area
Sub-Area surface water were consistent with Reference concentrations. Thus, any risks would
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be no greater than those in Reference areas. No detected concentrations of lead in Reference
data exceeded LOECs (Table G-5 in Appendix G).

Because lead was detected in a single sample and was an estimated value, the detected value is
not considered to be representative of typical near-sediment conditions. Although reporting
limits exceeded NOECs in other similar samples, the lack of other estimated (J-qualified) data
below the reporting limit suggests that lower concentrations of lead, near the NOEC
concentration, were not present. For these reasons, the single detection of lead in surface water
is not considered to be reflective of a potential risk to aquatic biota.

8.3.1.1.3 Mercury. Mercury was detected above the NOEC in one sample in 100 Area
Sub-Area (Table 7-1). As shown in Table 8-2, the exceedance occurred in sample J19HR8 from
the location designated as KWIN Test 1 at RM 381.81 in front of the 100-K Area.

The NOEC for mercury, 0.000012 mg/L, is the Washington State chronic WQC, which is based
on tissue concentrations and the resulting effects on human health. Potential effects on aquatic
receptors may be estimated by comparison to the EPA chronic WQC for inorganic mercury of
0.00077 mg/L, which is based on effects to aquatic life. The detected concentration of mercury
that is above Washington's human-health-based WQC in the 100 Area Sub-Area was
0.000081 mg/L, which is well below EPA's aquatic life value. The maximum concentration
detected in Reference data was 0.000158 mg/L, which is higher than the maximum detected in
the 100 Area Sub-Area (Appendix B1).

Because mercury was detected above the NOEC in only one sample, and because the detected
concentration was well below EPA WQC for the protection of aquatic life, no potential effects
from mercury are expected.

8.3.1.1.4 100 Area Sub-Area Surface Water Contaminant of Potential Ecological Concern
Refinement Conclusion. Closer evaluation of the characteristics of the three SLERA
exceedances (chromium, lead, and mercury) indicates that none of them is likely to reflect a
potential for risk to aquatic biota in 100 Area Sub-Area surface water. Relatively low LOEC
HQs combined with the single exceedance for each COPEC and other constituent-specific
factors suggest that the observed concentrations are not representative of conditions likely to
exert an adverse effect on aquatic receptors. Concentrations of both chromium and lead are
consistent with reference concentrations. Mercury concentrations were well below EPA aquatic
life WQC. None of the COPECs are thus recommended for further evaluation for effects to
aquatic biota.

8.3.1.2 300 Area Surface Water Aquatic Life Contaminant of Potential Ecological Concern
Refinement. As illustrated in Table 7-2, three constituents (lead, nitrate, and nitrite) exceeded
NOECs in at least one sample in the 300 Area Sub-Area. Table 8-2 shows details of each sample
with a concentration of these COPECs that exceeded a NOEC. These COPECs are discussed in
more detail below.
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8.3.1.2.1 Lead. As shown in Table 8-2, two samples exceeded the NOEC (a WQC) for lead.
The first, sample number B1DM03 (designation HL 2118), was collected in September 2005
from a location on the right bank of the river near the irrigation pump house at RM 343.01, about
two-thirds of a mile south of the 300 Area. The lead concentration in this sample was
0.00556 mg/L, higher than the lead WQC of 0.0021 mg/L, producing a LOEC HQ of 2.6.
The concentration of lead in the sample reflects total lead, not dissolved, and so may
overestimate dissolved concentrations. The lead WQC is expressed as a dissolved concentration.

The second sample, B13LD5 (designation HL 1140), was collected in December 2001 from the
right bank of the river at RM 340.89 near the town of Richland. This location is about 3.4 km
(2.1 mi) south of the first sample and contained 0.00347 mg/L of lead, higher than the WQC of
0.0021 mg/L. The LOEC HQ for this sample is 1.7. As with the first sample, sample
concentrations reflect total concentrations of lead, not dissolved. No dissolved sample was
available.

The low and infrequent detection of lead suggests that it is not a current, persistent, or
widespread constituent in 300 Area Sub-Area surface water. Both samples in which lead was
detected were collected six or more years ago from urban areas, where lead is typically a
common component of urban stormwater runoff. Sample locations are widely separated in both
space and time, and no sample concentration over the WQC has been detected in the 300 Area
Sub-Area since 2005. Although many reporting limits exceeded the WQC, no estimated
(J-qualified) results were obtained at lower concentrations to suggest the presence of lead.

As described previously, lead was statistically compared to Reference concentrations as part of
COPEC selection in Section 3.0. Lead was included as a COPEC because of its presence on the
Inclusion List, but the statistical evaluation showed that lead concentrations in 300 Area
Sub-Area surface water are statistically lower than in Reference locations (Appendix BI). Three
samples in the 300 Area Sub-Area Reference data set exceeded the WQC, and the maximum
detected Reference concentration produced a LOEC HQ of 1.6, similar to the LOEC HQ of 1.7
obtained from Site sample designation HL1 140 (Table G-5 in Appendix G). Thus, ecological
risks from lead, if any, would be no greater and likely less than in the upriver or tributary areas
used for the Reference evaluation.

Thus, because the two historical NOEC exceedances of lead in 300 Area Sub-Area were detected
6 and 10 years ago and did not exceed the WQC LOEC by large margins, the potential for lead to
present a current risk to aquatic receptors is considered to be negligible.

8.3.1.2.2 Nitrate. Nitrate concentrations in surface water exceeded NOECs in 1 of 318 samples
in the 300 Area Sub-Area (Table 7-1). The one nitrate sample that exceeded the NOEC is
sample B1D7L8 (designation HL 707), collected in June 2005 with a concentration of
8.41 mg/L. This concentration is well below the LOEC of 37.64 mg/L, producing a LOEC HQ
of 0.2 (Table 8-2), which is below a level likely to be associated with significant effect.
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8.3.1.2.3 Nitrite. Nitrite exceeded the aquatic life NOEC in 8 of 314 surface water samples
(Table 7-1). As shown in Table 8-2, these eight samples produced LOEC HQs of 0.7 or less.

The two samples that produced the highest LOEC HQs (0.7 and 0.6, respectively) are B1KFX2
and B1KFW5. Sample B1KFX2, collected in Richland at RM 340.39, contained 0.289 mg/L of
nitrite, producing a LOEC HQ of 0.6. As shown in Table 8-2, this sample was collected from the
left side of the river. Sample B1KFW5 (designation HL 573), collected at RM 359.74 in
September 2006, had a concentration of 0.329 mg/L, producing a LOEC HQ of 0.7 when
compared to the nitrite LOEC of 0.493 mg/L. Both are well below the levels potentially
associated with adverse effect.

8.3.1.2.4 300 Area Sub-Area Surface Water Conclusion. Three COPECs - lead, nitrate, and
nitrite - exceeded NOECs and were evaluated further in this refinement. Lead, which exceeded
NOECs only in two historical samples from 2001 and 2005, is not expected to present a risk to
aquatic receptors due to the low frequency of exceedance. Concentrations of this COPEC in the
300 Area Sub-Area are statistically lower than reference concentrations.

Nitrate and nitrite concentrations in 300 Area Sub-Area surface water were all well below
LOECs, producing LOEC HQs of 0.7 or less. Little potential for adverse effects to aquatic biota
is expected from exposure to these COPECs.

8.3.1.3 Lake Wallula Sub-Area Surface Water Contaminant of Potential Ecological
Concern Refinement. A summary of Lake Wallula COPECs was presented in Table 7-1 and
summarized in Table 7-2. As shown in Table 7-1, only concentrations of mercury and uranium
exceeded the NOEC in Lake Wallula surface water.

8.3.1.3.1 Mercury. Mercury exceeded NOECs in 1 of 42 samples collected from the
Lake Wallula Sub-Area. This one sample, J17V41, was collected from location designation
MD-3SW behind McNary Dam in November 2008. The concentration of mercury in this
sample, 0.000062 mg/L, exceeded the NOEC of 0.000012 mg/L. However, as described in
Section 8.3.1.1.4, the NOEC for mercury, 0.000012 mg/L, is the Washington State chronic
WQC, which is based on tissue concentrations and the resulting effects on human health.
Potential effects on aquatic receptors may be estimated by comparison to EPA chronic WQC for
inorganic mercury of 0.00077 mg/L, which is based on effects to aquatic life. The detected
mercury concentration of 0.000062 mg/L is well below EPA's aquatic life value.

Mercury, an Inclusion List compound, was also detected in Reference data in 37 of 103 samples.
The maximum mercury concentration detected in Reference data was 0.000158 mg/L, which is
well below EPA's aquatic life criteria but significantly higher than the maximum concentration
of 0.000062 mg/L detected in the Lake Wallula Sub-Area. The Reference sample was collected
from the Columbia River at location designation WP-2SW-F, just upriver of Wanapum Dam,
and illustrates the potential for substantial contributions from offsite sources.
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Because mercury was detected above the NOEC in only one sample, and because the detected
concentration was well below EPA WQC for the protection of aquatic life, no potential effects
from mercury are expected.

8.3.1.3.2 Uranium. Uranium exceeded the NOEC in a single surface water sample out of
42 samples collected in the Lake Wallula Sub-Area. As shown in Table 8-2, the sample
(designation CP- 1SW-F) was collected in November 2008 from the right bank of the river at
RM 330.28. This location is near Columbia Park, just upriver from the Highway 395 bridge
between Kennewick and Pasco. This sample contained 0.0 125 mg/L of uranium, exceeding the
NOEC of 0.005 mg/L. This sample was collected in the fall of 2008; a sample collected in the
spring of 2008 (June) contained no detectable concentrations of uranium. No estimated
(J-qualified) data, which indicate detections below the reporting limit, were recorded for
uranium. However, when compared to the LOEC of 0.03 mg/L, the detected concentration of
uranium produced a LOEC HQ of 0.4. This indicates that the detection is well below
concentrations expected to exert an effect on aquatic organisms. The LOEC used for this
analysis was developed from several studies and is the 25th percentile of invertebrate toxicity
data.

Uranium is a common component of agricultural chemicals and is frequently detected in
irrigation returns. A sample from the Potholes Canal/Pasco Wasteway, which is across from the
300 Area and is a Reference area for 300 Area and Lake Wallula Sub-Areas, contained
0.0 145 mg/L of dissolved uranium in the sample designated PC-ISW-F collected in
October 2008. The single detection of uranium in the urbanized stretch of river in the
Tri-Cities area is not considered to be reflective of conditions likely to adversely affect aquatic
organisms.

8.3.2 Surface Water Contaminant of Potential Ecological Concern Refinement
Conclusion

A detailed evaluation of the COPECs exceeding NOECs in the risk calculation of Section 7.0
showed that the magnitude and frequency of most exceedances were not likely to reflect a
potential threat to aquatic organisms or amphibians.

The findings of the refinement of surface water COPECs are summarized below.

COPECs COPECs

Sub-Area Not Retained Rationale Recommended Rationale
for Further for Further
Evaluation Evaluation

100 Area Chromium a Only one minor WQC LOEC exceedance in
10 years of sampling.

Lead a Single low detection only; likely laboratory None
contamination.

Mercury Single detection; concentration well below
EPA chronic WQC for aquatic life.
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COPECs COPECs

Sub-Area Not Retained Rationale Recommended Rationale
for Further for Further
Evaluation Evaluation

300 Area Lead a Two low detections in exceedance of WQC
LOECs in historical samples only.

Nitrate All sample concentrations below LOEC. None
Nitrite All sample concentrations below LOEC.

Lake Wallula Mercury Single NOEC exceedance by McNary Dam
is well below EPA's chronic WQC for the
protection of aquatic life. None

Uranium One NOEC exceedance only; not
reproduced in seasonal replicate and below
LOEC value.

a Inclusion List compound with concentrations consistent with Reference concentrations.

Risks to sediment biota are evaluated in the next section.

8.4 SEDIMENT CONTAMINANT OF POTENTIAL ECOLOGICAL
CONCERN REFINEMENT

As discussed in Section 7.0, sediment was sampled extensively throughout the study area, and
several constituents exceeded NOECs in one or more samples. Because many metals and
organics bind to sediment, the sediment matrix will accumulate constituents from a variety of
sources over time, making clear associations with distinct sources or areas problematic. This is
particularly true for petroleum hydrocarbons, which are ubiquitous in sediments as the result of
widespread use and discharge through both direct runoff from roads and paved surfaces, as well
as aerial fallout from airborne particulates from engine and furnace exhaust.

A detailed evaluation of sediment constituents exceeding NOECs is provided in the following
subsections. Sample locations are identified by designation number on the maps in Appendix A.

8.4.1 Sediment Contaminant of Potential Ecological Concern Refinement

In Section 7.3, sediment was evaluated relative to NOECs for the protection of sediment biota.
Several metals and organics exceeded these NOECs in the 100 Area Sub-Area and Lake Wallula
and are discussed in more detail in the following subsections.

8.4.1.1 100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern
Refinement. As shown in Table 7-3 and detailed in Section 7.3.2, the following three
constituents exceeded NOECs in at least one sample:

0

0

0

Acetone (three exceedances)
Chromium (three exceedances)
Heptachlor epoxide (one exceedance).
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In addition, the following Inclusion List compound was detected in sediment but has no NOEC
or LOEC value:

* Hexavalent chromium.

Each of these is discussed in the following sections. Details of samples are shown in Table 8-3.

8.4.1.1.1 Acetone. Acetone is a common laboratory contaminant associated with the extraction
process used in sample preparation and therefore is frequently found in analytical samples as an
artifact of analyses. As shown in Table 8-3, acetone was detected in three samples, at location
designations RBC-1SD, RKC2-1SD, and RNC-1SD. These are located at the intake structures of
the 100-B/C, 100-K, and 100-N Reactors, respectively. All samples were collected from the top
interval of shallow core samples and contained varying amounts of plant material.

Samples contained between 0.0229 mg/kg and 0.0579 mg/kg of acetone, exceeding the NOEC of
0.0087 mg/kg. All results were J-qualified, meaning they were estimated values below the range
of calibration for the method. When compared to the acetone LOEC of 0.141 mg/kg, these
concentrations produced LOEC HQs of between 0.2 and 0.4, suggesting a low potential for
effects on sediment organisms.

Acetone is a small molecule that is relatively soluble and quickly degraded in nature. While it
can be produced naturally in highly organic sediment, it is also considered to be a common
laboratory contaminant by EPA (EPA/540/1-89/002, Risk Assessment Guidancefor Superfund
Volume I Human Health Evaluation Manual [Part A], Interim Final). Acetone is frequently
used in the analytical laboratory as a solvent and for cleaning glassware. It is absorbed by the
methanol during sample handling and processing. The low concentrations detected in these
samples may reflect contributions from either source but are unlikely to reflect a historical
release because acetone does not persist for long periods in nature.

Thus, because the detected concentrations are well below LOECs and have a high probability of
resulting from laboratory or field-extraction procedures, no additional investigation of this
COPEC is recommended.

8.4.1.1.2 Chromium. Chromium was detected above sediment NOECs in three sediment
samples collected during the groundwater upwelling investigation along the right bank of the
river. Sample designation T100D3A from RM 377.72 is located along the right edge of the river
just upriver of the 100-D Reactor Area boundary. This sample contained 122 mg/kg of
chromium. The sample designated as J100H43 was collected from in front of the White Bluffs
townsite and contained 275 mg/kg of chromium. Sample designation J 1 OOF 11 was collected
from the right edge of the river in front of the 100-F Reactor Area and contained 151 mg/kg of
chromium.
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Chromium concentrations in these three samples all exceeded the NOEC of 72 mg/kg. All
detected concentrations also exceeded the LOEC of 88 mg/kg, producing LOEC HQs ranging
from 1.4 to 3.1. The LOEC HQ of 3.1 suggests that concentrations are in the range where
adverse effects are possible.

The LOEC value used for chromium is a cleanup screening level from Michelsen (2011) that
identifies a potential effect level based on correlations in data sets obtained from locations
throughout the Pacific Northwest. Whether toxicity occurs at any one site is a function of a
variety of sediment and site factors, which can combine to increase or decrease the likelihood of
toxicity by altering the bioavailability of contaminants or other factors. Thus, toxicity tests on
site-specific sediment samples are normally prescribed to determine whether the toxicity
suggested by the CSL exceedance will in fact occur in the sediment under investigation. These
studies were implemented by the RCBRA program, and the results can be used to estimate the
potential for effect from the chromium concentrations detected in the RI samples.

As right-bank samples, the RI sediment samples were collected in the area similar to that
investigated by the RCBRA, so the results of the RCBRA studies were reviewed for comparison,
as described in Section 8.2. Chromium concentrations in shallow sediment evaluated in the
RCBRA study ranged from 3.3 to 286 mg/kg. Remedial investigation chromium concentrations
in the 100 Area Sub-Area spanned a similar range, from 5.9 to 275 mg/kg (Table 7-3).

As part of the RCBRA studies, sediment dwelling biota in the near-shore area were evaluated by
Hyalella bioassays, which were conducted with sediment collected from areas within discharging
chromium groundwater plumes. No relationship was observed between Hyalella survival and
growth and chromium concentrations; rather, grain size and selenium concentrations appeared to
influence organism response. However, the concentration of chromium in the sediment tested
were less than 50 mg/kg, so did not encompass the range detected in CRC sediments. Thus,
these results do not fully determine whether concentrations in CRC sediments could adversely
affect sediment biota.

Reference evaluations of sediment chromium conducted as part of COPEC selection in
Section 3.0 showed that chromium concentrations in 100 Area Sub-Area sediment are
statistically consistent with those of Reference concentrations (Appendix B1). Chromium was
detected in all 64 100 Area Sub-Area Reference sediment samples, with a maximum detected
concentration of 93 mg/kg. Four Reference samples exceeded the LOEC of 88 mg/kg
(Table G-6 in Appendix G). Chromium was included as a COPEC because it is an Inclusion List
constituent, but risks from this constituent, if any, are likely to be no different than in upriver
area or tributary sediments used for the Reference analysis.

Chromium is a known Hanford Site contaminant and is present in groundwater at the 100-K,
100-D, and 100-H Areas and throughout the Horn area. As described above, detected
concentrations of total chromium (which includes trivalent chromium) are similar to Reference
areas, so the extent to which detected concentrations arise from Hanford Site activities is unclear.
However, any further evaluation of chromium in 100 Area Sub-Area sediment will be
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undertaken as part of the River Corridor RI/FS programs. The River Corridor Operable Unit
RI/FSs will evaluate the nature and extent, CSM, and fate and transport of COPECs identified in
the CRC to determine if contamination in the river is potentially from the OU being evaluated
and, based on this assessment, will evaluate the potential need for further study or remedial
action at that OUs.

8.4.1.1.3 Heptachlor Epoxide. Heptachlor epoxide was detected in a single sediment sample
(out of 45) collected along the left shoreline of the river, on the left side of Locke Island. This
sample, designated LI-1SD, was collected in December 2008 and contained 0.0318 mg/kg of
heptachlor epoxide, which exceeded the NOEC of 0.0025 mg/kg. When compared to the LOEC
of 0.016 mg/kg, a LOEC HQ of 2.0 is produced, suggesting that concentrations are above those
associated with observed effects. Heptachlor epoxide was not detected in Reference samples
(Appendix Table G-2).

According to the Agency for Toxic Substances and Disease Registry, heptachlor was used
extensively until 1988 for killing insects in homes, buildings, and on food crops. Currently, it
can only be used for fire ant control in power transformers. Heptachlor epoxide is produced as a
breakdown product of heptachlor by bacteria and animals and is more likely to be found in the
environment than heptachlor.

Because heptachlor epoxide was only detected in a single sample and is commonly detected in
developed areas, no additional investigation of this COPEC is recommended. Extensive
agriculture in upriver areas is a likely potential source for the detected concentration.

8.4.1.1.4 Hexavalent Chromium. Hexavalent chromium is present in Site groundwater at
several locations on the Hanford Site and was detected in sediment in 31 of 117 locations in the
100 Area Sub-Area. The maximum concentration of 7.38 mg/kg was detected in sample
J17WJ9, from location designation LI-1SD. This location was from RM 372.74, on the left side
of the river opposite Locke Island and the 100-H Area, just past the bend in the river known as
"The Horn."

Because hexavalent chromium is highly soluble, nearly all of the current Hanford Site-related
hexavalent chromium measured in sediment is associated with interstitial porewater originating
in Hanford Site groundwater. Hexavalent chromium may also arise from offsite sources and was
detected at a concentration of 0.958 mg/kg upriver of Priest Rapids Dam (Table G-2 in
Appendix G). Chromium exists in groundwater at the 100-K Area, the 100-D Area, and
throughout the Horn Area as well as at the 100-H Area. As noted previously, any further
evaluation of hexavalent chromium in 100 Area Sub-Area sediment will be undertaken as part of
the River Corridor RI/FS programs. The River Corridor Operable Unit RI/FSs will evaluate the
nature and extent, CSM, and fate and transport of COPECs identified in the CRC to determine if
contamination in the river is potentially from the OU being evaluated and, based on this
assessment, will evaluate the potential need for further study or remedial action at that OU.
Thus, no further investigation of hexavalent chromium is recommended as part of the CRC risk
assessment program.
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8.4.1.1.5 100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern
Refinement Conclusion. Based on this Refinement, no further investigation is recommended
for acetone or heptachlor epoxide. Acetone is a likely artifact of laboratory or field extraction.
Heptachlor epoxide was detected in a single location at a concentration well below LOEC
concentrations. These COPECs are thus considered to have little potential for adverse effect.

Chromium concentrations at three locations exceed LOECs, with a maximum LOEC HQ of 3.1,
but are consistent with Reference concentrations. Any further evaluation of the source,
distribution, and need for further study or remedial action will be undertaken as part of the
River Corridor RI/FS programs.

8.4.1.2 300 Area Sub-Area Sediment Contaminant of Potential Ecological Concern
Refinement. As described in Section 7.3.2, none of the COPECs exceeded NOECs in the
300 Area Sub-Area sediment. Hexavalent chromium was detected, but has no NOEC or LOEC
value. This COPEC is discussed further below.

8.4.1.2.1 Hexavalent Chromium. As described in Section 8.4.1.1.5, hexavalent chromium is
present in groundwater at several locations on the Hanford Site and was detected in sediment in
28 of 133 locations in the 300 Area Sub-Area. The maximum concentration of 17.3 mg/kg was
detected from the slough in back of Savage Island, at sample designation SI-10SD. As described
previously, no NOECs or LOECs are available by which to assess toxicity of detected hexavalent
chromium. As noted previously, however, any further evaluation of hexavalent chromium in
sediment will be undertaken as part of the River Corridor RI/FS programs. The River Corridor
Operable Unit RI/FSs will evaluate the nature and extent, CSM, and fate and transport of
COPECs identified in the CRC to determine if contamination in the river is potentially from the
OU being evaluated and, based on this assessment, will evaluate the potential need for further
study or remedial action at that OU.

8.4.1.2.2 300 Area Sub-Area Sediment Contaminant of Potential Ecological Concern
Refinement Conclusion. No sediment COPECs in the 300 Area Sub-Area exceeded NOECs.
However, hexavalent chromium, which has no NOEC or LOEC, was detected in 28 300 Area
Sub-Area sediments. Any further specific evaluation of the source, distribution, and need for
further study or remedial action will be undertaken as part of the River Corridor RI/FS programs.

8.4.1.3 Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern
Refinement. Sediment in Lake Wallula was discussed in Section 7.3.2 and summarized in
Table 7-3. As described in that section, the following COPECs exceeded NOECs in at least one
sample:

* Alpha-BHC (4 exceedances)
* Chromium (4 exceedances)
* Phosphorus (95 exceedances)
* Silver (4 exceedances)
* Thallium (1 exceedance)
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* Toluene (1 exceedance)
* TPH-diesel range (1 exceedance).

In addition, hexavalent chromium was detected in two sediment samples from the Lake Wallula
Sub-Area. As discussed previously, no NOEC or LOEC is available for hexavalent chromium;
therefore, the potential effects of this COPEC in sediment cannot be evaluated.

Hexavalent chromium was detected in 2 of 52 sediment samples from Lake Wallula. The first
sample, J189C7, was collected from the location designation BL-9SSD (RM 334) on the
right-side shoreline just below Bateman Island in 2009; this sample contained 1.73 mg/kg of
hexavalent chromium. The second was sample J189T1 from location designation HR-8SSD,
which is along the shoreline of inlets at Hat Rock State Park at RM 298. The concentration in
this sample was 0.51 mg/kg.

At the Hanford Site, hexavalent chromium originates from the discharge of Site groundwater in
100 and 300 Area Sub-Areas and therefore is present in the interstitial porewater of sediment.
However, in surface water hexavalent chromium readily converts to trivalent chromium
(Chromium IV Handbook [Guertin et al. 2005]), so does not typically persist in aerobic
environments in hexavalent form. The Lake Wallula sediment samples with detected hexavalent
chromium were collected at locations that were 14.5 km (9 mi) and 72 km (45 mi), respectively,
downriver from the southern edge of the 300 Area at RM 343, so are well below any influence
from Hanford Site groundwater. Detected concentrations may reflect off-site sources, since
hexavalent chromium has been detected in Reference sediment samples from both the Snake and
Walla Walla Rivers (see Appendix E). For these reasons, hexavalent chromium in Lake Wallula
sediments will not be retained for further evaluation.

Lake Wallula differs significantly from upstream areas in both sediment characteristics and the
sampling program. Key differences that are relevant to the interpretation of sediment analytical
results are as follows:

* Lake Wallula is a quiescent water body that lies downstream of both the Hanford Reach and
the Tri-Cities urban areas, as well as the confluences of the Yakima, Snake, and
Walla Walla Rivers. It thus receives contributions from a wide variety of anthropogenic
sources and serves as an accumulation point for sediment-bound organics and inorganics
arising from all of those areas.

* Because of the reduced flow, Lake Wallula sediment contains a greater amount of
constituent-binding fine-grained sediments and carbon than upriver areas. Average total
organic carbon (TOC) from within Lake Wallula is 0.75%, over twice that of 100 and
300 Area Sub-Areas, which average 0.28% and 0.32% TOC, respectively. Thus, organic and
some inorganic constituents will more readily bind to and accumulate within Lake Wallula
sediments than in the lower TOC and more coarse-grained upriver areas.
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* Remedial investigation sampling within Lake Wallula focused on depositional and source
areas such as marinas, so is biased towards areas of potential contaminant release as well as
enhanced sediment retention. Specific sampling efforts focused on the Cascade Marina,
Columbia Point Marina, and Clover Island berthing area, where boat motors and fuel
transfers present a continuing potential source of petroleum hydrocarbons. The average TOC
in these marina samples is 1.95%, over twice the average for Lake Wallula and over six times
the average for the 100 Area and 300 Area Sub-Areas. The ability of these sediments to bind
organics and some inorganics is much higher than elsewhere.

Thus, because of these unique sediment characteristics, many constituents are detected only in
Lake Wallula or are detected at concentrations higher than the Upriver Sub-Areas.

Contaminants of potential ecological concern exceeding NOECs in Lake Wallula sediment are
discussed individually in the following subsections. Details of exceedances are provided in
Table 8-5.

8.4.1.3.1 Alpha-BHC. Alpha-BHC is a component of lindane, an agricultural insecticide
formerly used on fruit, vegetables, and forest crops. The insecticidal ingredient in lindane is
gamma-BHC, but all isomers were included in the technical grade of the product (ATSDR 2010).
Lindane has not been used in more than 20 years, but BHC isomers are still frequently detected
in surface waters in agricultural areas.

As shown in Table 7-3, alpha-BHC was detected in 7 of 94 samples collected in the
Lake Wallula Sub-Area. Four samples exceeded the NOEC of 0.006 mg/kg. Concentrations
ranged from 0.011 mg/kg to 0.0352 mg/kg, and all of these samples were collected from the
Columbia Point Marina. However, all detected concentrations were well below the LOEC of
0.24 mg/kg, producing LOEC-based HQs ranging from 0.05 to 0.1.

Because these concentrations are well below levels potentially associated with adverse effects
and because alpha-BHC is very likely a historical residual from agricultural practices in upriver
areas, this COPEC is not recommended for further evaluation.

8.4.1.3.2 Chromium. Chromium was detected in all 144 samples in Lake Wallula and
exceeded NOECs in 4 of them. Concentrations of these four samples ranged from 72.8 to
80.5 mg/kg, exceeding the NOEC of 72 mg/kg. However, none of these samples exceeded the
LOEC of 88 mg/kg, producing LOEC HQs of 0.8 and 0.9.

Chromium was also detected in all of the 124 Reference sediment samples for the Lake Wallula
Sub-Area and exceeded the NOEC in 14 of them (Appendix G, Table G-2). The maximum
concentration detected in the Reference data, 93 mg/kg, was collected from near the
Priest Rapids Dam and is higher than all the concentrations detected in the Lake Wallula
Sub-Area.
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Chromium is not recommended for further evaluation because the four concentrations that
exceeded the NOEC of 72 mg/kg are below the LOEC (88 mg/kg) and are also consistent with
Reference concentrations.

8.4.1.3.3 Phosphorus. Phosphorus is a natural component of sediments and a key ingredient of
agricultural and lawn fertilizers. It is also present in high concentrations in waterfowl feces,
which are often implicated in the eutrophication of ponds and water bodies frequented by geese
or other waterfowl.

Every 1 of the 106 sediment samples considered in the evaluation of the Lake Wallula Sub-Area
contained this constituent. Ninety-five of these samples exceeded the NOEC of 600 mg/kg.
However, all but two samples contained concentrations well below the LOEC value of
2,000 mg/kg. In addition, all 74 of the Reference samples contained phosphorus, from 388 to
1,000 mg/kg, reflecting its widespread presence in the watershed.

The two samples with LOEC exceedances were collected from the sheltered waters of the boat
basin of Cascade Marina. These samples, designated CM-4SD and CM-4SD-RES, contained
2,990 mg/kg and 2,200 mg/kg of phosphorus, respectively, slightly exceeding the LOEC of
2,000 mg/kg. The LOEC value used for this evaluation is from the Ontario Ministry of the
Environment, and reflects a "severe effects level" for benthic organisms. The samples were
composed of the top 5 cm (2 in.) of silt on the surface of the sediment.

The Cascade Marina is located adjacent to the 1.4-ha (3.5-ac) Schlagel Park. Fertilization of the
park lawns and basin use by waterfowl may be current sources of phosphorus in surface
sediment.

Although phosphorus concentrations exceed LOECs in these two samples, no further evaluation
of phosphorus in this area is recommended. Conditions in the sediment are considered to reflect
routine anthropomorphic impacts as the result of surrounding urban and recreational land use, as
well as local use by waterfowl, rather than historical releases from upriver sources.

8.4.1.3.4 Silver. Silver was analyzed for in 128 Lake Wallula sediment samples, detected in
23 samples, and found to exceed the NOEC in 4 samples collected in 2003 from just upstream of
McNary Dam (Survey of Potential Hanford Site Contaminants in the Upper Sediment for the
Reservoirs at McNary, John Day, The Dalles, and Bonneville Dams, 2003 [DOH et al. 2005]).
The silver concentration in these four samples ranged from 1.2 mg/kg (B17B67 and B17B57) to
2.5 mg/kg (B17B60). Comparison of these concentrations to the equivalent silver LOEC value
(1.7 mg/kg) produced LOEC HQs of 1.1 in sample B17B65 and 1.5 in sample B17B60. Lowest
observed effect concentration HQs for the other two samples were both 0.7. Silver was also
present in 24 of 98 Reference samples, although concentrations in none of them exceeded
NOECs (Table G-2 in Appendix G).

Historically, silver was widely used in photographic materials, bearing production, and
fungicides. It continues to be used in electrical and electronic products, silver paints, batteries,
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brazing alloys, and solders, as well as in jewelry and electroplated and sterling silverware. It is
also used medically as an antibacterial agent (ATSDR 2010).

Because silver exceeded LOECs in only 2 of 128 sediment samples in Lake Wallula and because
the magnitude of the LOEC exceedances were relatively small (1.5 and less), these detections are
not considered likely to present a significant potential for risk to sediment biota. As an urban
contaminant, silver has a variety of possible sources in the watershed of Lake Wallula, and the
accumulated sediments behind McNary Dam reflect both historical and recent discharges from
upstream areas. More recent and representative data from 2004 to 2010 showed no exceedances
of silver in Lake Wallula sediments. For these reasons, no further evaluation of this constituent
is considered to be necessary.

8.4.1.3.5 Thallium. Thallium, found naturally in trace metals in the earth's crust, is used in the
manufacture of electronic devices, switches, and closures, primarily for the semiconductor
industry. Prior to 1984 it was obtained domestically as a by-product of smelting, although all
current supplies are imported (ATSDR 2010). Thallium is released to the environment through
coal-burning power plants, smelting operations, and cement plants (ATSDR 2010).

Thallium was detected in 38 of 128 sediment samples collected from the Lake Wallula
Sub-Area. Only one sample exceeded the NOEC of 2.6 mg/kg. This sample, J180T5
(designation CM-4SD), was collected from the boat basin of Cascade Marina in December 2008
and contained 3.12 mg/kg of thallium. No LOEC is available for this COPEC. Thallium was
also detected in 27 of the 98 Reference samples analyzed for this COPEC, although none of them
exceeded NOEC values.

Sample J180T5 was collected from within an area of high and continuing anthropomorphic
contributions from multiple sources. The presence of the constituent in the Cascade Marina
basin may be related to the high organic content of sediments typically found in sheltered harbor
settings.

Because concentrations of thallium only slightly exceeded NOECs in only a single sample, little
potential for adverse effect is expected, and no further investigation of this constituent is
recommended.

8.4.1.3.6 Toluene. Toluene was the only VOC detected in Lake Wallula Sub-Area sediment.
As shown in Table 7-3, this COPEC was detected in 1 of 75 samples, and this single detection
exceeded the NOEC. This sample, designated 300D-4SD, was collected on the left bank of the
river, opposite the southern tip of Nelson Island in Richland.

The 0.185 mg/kg of toluene detected at this location exceeded the NOEC of 0.05 mg/kg.
However, this concentration is well below the LOEC, producing a LOEC HQ of 0.04. This
suggests that little potential for adverse effects exists from the detected concentration.
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Thus, because toluene was detected in a single sample only at a concentration well below a level
associated with observed effects, no further evaluation of this COPEC is recommended.

8.4.1.3.7 Total Petroleum Hydrocarbons-Diesel. Total petroleum hydrocarbons-diesel was
analyzed in 69 sediment samples in the Lake Wallula Sub-Area and detected in 17 samples. One
TPH-diesel sample concentration exceeded the NOEC of 340 mg/kg; however, this sample
concentration was below the LOEC of 510 mg/kg, producing a LOEC HQ of 0.7. This sample
(J180P3, designated CPM-2SD) was collected from the Columbia Point Marina.

Because this concentration is well below the level potentially associated with adverse effects and
because this sample was collected in an area of high petroleum use, no further evaluation of
TPH-diesel in the Lake Wallula Sub-Area is recommended.

8.4.2 Summary of Sediment Contaminant of Potential Ecological Concern Refinement

As a result of this refinement, chromium in the 100 Area Sub-Area and hexavalent chromium in
100 and 300 Area Sub-Areas are retained for further evaluation. Coordination with the RCBRA
program is recommended for further evaluation of chromium. No COPECs are retained for
evaluation in the Lake Wallula Sub-Area.

The conclusions of the LOEC evaluation of sediment are summarized in the following table.

COPECs Not COPECs

Sub-Area Retained for Rationale Recommended RationaleFurther for Further
Evaluation Evaluation

100 Area Acetone 9 All detections well below Chromium a Exceeded LOECs in three
LOECs samples. Concentrations in

9 Common laboratory and CRC study area consistent
field extraction contaminant. with Reference.

Heptachlor Single sample; LOEC HQ of Hexavalent No NOECs or LOECs
epoxide 2.0, but multiple agricultural chromium available; known Site

sources. contaminant.
300 Area None Hexavalent Known Site contaminant;

chromium no NOEC or LOEC toxicity
data available.

Lake Wallula Alpha-BHC Formerly used agricultural
insecticide; concentrations well
below LOECs.

Chromium Four NOEC exceedances are
below the LOEC and consistent
with Reference concentrations. None

Phosphorus Common nutrient, ubiquitous
in sediment samples; two
LOEC exceedances in marina
sediments may reflect typical
urban land use.
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COPECs Not COPECs

Sub-Area Retained for Rationale Recommended Rationale
Further for Further

Evaluation Evaluation
Silver Minor LOEC exceedances in 2

of 128 samples: LOEC HQs of
1.1 and 1.5. Samples were
from 2003; more recent data
from 2004 to 2010 showed no
exceedances. Common urban
contaminant.

Thallium Concentration only slightly
exceeded NOECs in a single
sample from a marina basin.

Toluene Single NOEC exceedance only;
value well below LOEC.

TPH-diesel One NOEC exceedance located
at marina; concentration well
below LOEC.

Hexavalent Two detections 14.5 km (9 mi)
chromium to 72 km (45 mi) below the

Hanford Site; likely from
off-site sources.

a Inclusion List compound with concentrations determined by statistical or qualitative evaluation to be consistent with or
lower than Reference concentrations.

8.5 POREWATER CONTAMINANT OF POTENTIAL ECOLOGICAL
CONCERN REFINEMENT

Porewater COPECs at each of the seven groundwater OUs were compared to NOECs in
Section 7.4. Consistent with the approach for other media, samples with concentrations that
exceed NOECs are compared to LOECs in this section. Significant dilution typically occurs in
the upper sediment layers, so concentrations in shallow sediment are expected to be substantially
less than in porewater. However, the comparison of porewater to LOECs is nonetheless useful
for identifying the type and location of COPECs that are entering the sediment at ecologically
significant concentrations, as well as for approximating relative potential for effects on the
aquatic receptors that do exist at that depth. To this end, the results of the porewater analysis are
presented below, with details presented in Table 8-6. Scatterplots that illustrate visually the
distribution of porewater results by river mile and OU are included in Appendix C.

At each groundwater OU, from 0 to 31 samples exceeded LOECs for at least one COPEC. As
described in Section 7.4, the NOECs for metals were based on a hardness of 100 mg/L CaCO 3,
rather than 84 mg/L used elsewhere, to reflect the groundwater origin of porewater. For most of
the COPECs listed (aluminum, chromium, hexavalent chromium, lead, mercury, and selenium)
detected concentrations were compared to state or federal WQC, which serve as both NOECs
and LOECs for these constituents.
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Also, as noted in Section 7.4, the evaluation of all metals except hexavalent chromium is based
on the dissolved fraction of metals only, since this is the mobile and bioavailable form of most
metals (EPA 120/R-07/00 1, Frameworkfor Metals Risk Assessment), and is also the form upon
which most water quality criteria are based. Both total and dissolved samples were used for
hexavalent chromium in this analysis. In addition, total concentrations were used for the
evaluation of the anionic compounds nitrate, nitrite, phosphate, sulfate, and chloride.

In addition, the WQC value used for chromium is the value for total chromium, which includes
both trivalent and, if present, the more toxic hexavalent form. Since hexavalent chromium has
been detected in both Hanford Site groundwater and porewater, most of the chromium in total
chromium samples is expected to be hexavalent chromium. Hexavalent chromium has a
separate, lower WQC than total chromium. For this reason, the chromium data from porewater
were compared separately to hexavalent WQC to assess conditions in the event that the
porewater is dominated by hexavalent chromium. That analysis is shown in Tables 8-7 and 8-8.

8.5.1 100-BC-5 Operable Unit Porewater

As shown in Table 8-6, sample J19F46 from location designation T100BC3C (in the middle of
the river) contained dissolved aluminum above the chronic WQC of 0.087. In addition,
19 samples contained hexavalent chromium above the chronic WQC of 0.01 mg/L, and sample
J19H1O from location designation T100BC1J1 (from the 100 B/C intake) contained dissolved
lead at concentrations exceeding the chronic WQC of 0.0025 mg/L. Maximum LOEC HQs
produced were 4.8 for J19F46 (aluminum), 11.0 for hexavalent chromium, and 1.9 for J19H10
(lead). Total aluminum concentrations (see data in Appendix E) in the 100-B/C Area ranged up
to 10.2 mg/L and reflect normal turbidity in unfiltered groundwater. Total aluminum results are
illustrated along with the results for dissolved aluminum in Appendix C. Nitrate concentrations
exceeded NOECs in three samples, but none exceeded LOEC values, with detected
concentrations producing a maximum LOEC HQ of 0.6.

As discussed in Section 7.4.1, chromium was detected in seven of eight porewater samples
collected from this OU. No sample concentrations exceeded the total chromium NOEC, a WQC.
As shown by Table 8-7, three of these samples exceeded hexavalent chromium chronic WQC,
which, like other WQC, serve as both NOEC and LOEC in this evaluation. Samples contained
from 0.0102 mg/L to 0.0236 mg/L of total chromium, which produced LOEC HQs of from
1.0 to 2.4 when compared to the hexavalent chromium WQC of 0.010 mg/L (Table 8-8). All
samples were collected from in front of the 100-B/C Area, where chromium has been detected in
groundwater (Table 8-8). As noted previously, most total chromium samples are expected to
consist of hexavalent chromium.

8.5.2 100-KR-4 Operable Unit Porewater

Hexavalent chromium in 14 samples and manganese in a single sample exceeded LOECs at this
OU (Table 8-6). Samples were collected from in or on the edge of a known groundwater
chromium plume. Detected hexavalent chromium concentrations ranged between 0.01 (J100K9)
and 0.056 mg/L (J19HJ8), exceeding the WQC of 0.01 mg/L and producing LOEC HQs ranging
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from I to 5.6. The detected manganese concentration of 2.13 mg/L was collected from location
designation K Intake Test 3A and exceeded the LOEC of 1.31 mg/L by a small margin,
producing a LOEC HQ of 1.6. The manganese LOEC is not a WQC, but was derived from a
literature value. Nitrate concentrations, which exceeded NOECs in four samples, did not exceed
LOECs. The maximum nitrate LOEC HQ was 0.5.

Total chromium was detected in four of the five dissolved metals porewater samples collected
from the 100-KR-4 OU (Table 8-7). No samples exceeded total chromium WQC, but all four
samples exceeded the hexavalent chromium WQC, producing LOEC HQs ranging from 1.6 to
6 mg/L (Table 8-8).

Detected concentrations of total chromium ranged from 0.0164 mg/L to 0.0595 mg/L and
increased with distance downstream from 100-K Area. Samples from location designations
KWIN Test 1 and T100K1C were collected at or in the channel in front of the 100-K western
intake. Concentrations were 0.0164 and 0.0288 mg/L respectively, producing hexavalent
chromium LOEC HQs of 1.6 and 2.9. The sample from location designation T100K3A was
collected from the right side of the river just downriver from the 100-K Area and contained
0.0567 mg/L of total chromium, producing a hexavalent chromium LOEC HQ of 5.7. The last
sample, from location designation J100K24, was collected from just upriver of the 100-N Area.
This sample contained 0.0595 mg/L of total chromium, producing a hexavalent chromium HQ
of 6.0.

8.5.3 100-NR-2 Operable Unit Porewater

Hexavalent chromium in a single sample in porewater at the 100-NR-2 OU exceeded WQC. The
detected total concentration of 0.026 mg/L in sample J19JR6 from designation T100N1A
produced a LOEC HQ of 2.6 when compared to the WQC of 0.01 mg/L (Table 8-6). Dissolved
chromium was detected in all five samples in which it was analyzed, but detected concentrations
were below both the total chromium and the hexavalent chromium WQC (Table 8-7).

All five nitrate samples that exceeded NOECs at this OU also equaled or exceeded LOECs,
producing LOEC HQs of from 1.0 to 3.6 when compared to the LOEC of 37.6 mg/L. Detected
concentrations in porewater ranged from 36.5 mg/L to 134 mg/L.

8.5.4 100-HR-3 Operable Unit Porewater

Seven COPECs consisting of aluminum, chromium, hexavalent chromium, lead, manganese,
nickel, and nitrate at 100-HR-3 contained concentrations that approximately equaled or exceeded
WQC or LOECs (Table 8-6). Sample J19J70 from location designation T100D3A at the
1 00-D Intake area contained concentrations of aluminum, hexavalent chromium, lead,
chromium, and nitrate in excess of WQC or LOECs. Lowest observed effect concentration HQs
at this location were 5.5 for aluminum, 33.0 and 64.0 for hexavalent chromium, 2.7 for lead,
8.4 for total chromium, and 1.2 for nitrate. These were the highest HQs for this OU.
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Chromium exceeded WQC at two locations (including T100D3A above), with concentrations
producing LOEC HQs of 1.1 and 8.4. Hexavalent chromium (both total and dissolved) exceeded
WQC in 31 samples, with LOEC HQs ranging from 1.0 to 64. Lead concentrations exceeded
WQC at two locations, producing LOEC HQs of 1.0 and 2.7 (Table 8-6).

Manganese concentrations, which exceeded NOECs in two samples, did not exceed LOECs in
either of them. The maximum manganese LOEC HQs was 0.6. Likewise, nitrate exceeded
NOECs in nine samples, but only one of them, sample J19J66 from designation T100D3A
(discussed above), slightly exceeded LOECs; the detected concentration of 44.2 mg/L nitrate
produced a LOEC HQ of 1.2 (Table 8-6).

Nickel was detected at one location designated T100D1A (sample J19J68) at a concentration of
0.0518 mg/L, which produced an HQ of 1.0 (as the result of rounding) when compared to the
WQC of 0.052 mg/L. However, the concentration of nickel in the other 10 samples in which it
was detected ranged from 0.000561 mg/L to 0.00375 mg/L, concentrations well below the WQC
of 0.052 mg/L.

Although only 2 of the 11 chromium samples collected exceeded the total chromium WQC,
6 samples exceeded the lower WQC for hexavalent chromium (Table 8-7). Five of these
samples were collected from the right shoreline directly in front of or just upriver of the
1 00-D Area (Table 8-8). Four of these five samples contained chromium concentrations ranging
from 0.0131 to 0.0825 mg/L, producing a hexavalent chromium HQ of from 1.3 to 8.3,
respectively (Table 8-8). However, the fifth sample, from location designation T100D3A at the
100-D Intake area, contained 0.62 mg/L of total chromium, producing a LOEC HQ of 62 when
compared to the hexavalent chromium WQC.

The last chromium porewater sample that exceeded the hexavalent chromium WQC was
collected from location designation T100H1A, collected from the right shoreline at the
100-H Area. Concentrations of 0.0428 mg/L produced a hexavalent chromium LOEC HQ
of 4.3.

8.5.5 100-FR-3 Operable Unit Porewater

Hexavalent chromium, manganese, mercury, and nitrate all exceeded NOECs in porewater at this
OU. For hexavalent chromium and mercury, the NOEC and LOEC are both WQC. Hexavalent
chromium exceeded the WQC at two locations, producing a maximum HQ (based on total
concentrations) of 3.1. Mercury exceeded the WQC in sample J19JF3 from location designation
J100H43; this sample contained 0.000099 mg/L of mercury, producing a LOEC HQ of 8.3 when
compared to the NOEC WQC of 0.000012 mg/L. Likewise, sample J19JF3 from the same
location designation J100H43 contained 2.26 mg/L of manganese, producing a LOEC HQ of 1.7.

However, as described in Section 8.3.1.1.3, the LOEC for mercury, 0.000012 mg/L, is the
Washington State chronic WQC, which is based on fish tissue concentrations and the resulting
effects on human health. Potential effects on aquatic receptors may be estimated by comparison
to the EPA chronic WQC for inorganic mercury of 0.00077 mg/L, which is based on effects to
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aquatic life. The detected mercury concentration of 0.000099 mg/L is well below EPA's aquatic
life value. The LOEC HQ based on the EPA aquatic life WQC is 0.1, suggesting that few effects
to aquatic life are likely from the detected mercury concentrations in porewater.

Nitrate exceeded NOECs at a single location at this OU, but the detected concentration of
8.02 mg/L did not exceed the LOEC of 37.6 mg/L.

8.5.6 200-PO-1 Operable Unit Porewater

Detected concentrations of hexavalent chromium, lead, nitrate, and nitrite exceeded NOECs in
porewater at this OU. Four hexavalent chromium samples (two with total concentrations and
two with dissolved concentrations) exceeded the WQC, producing LOEC HQs of from 1.3 to
2.1. The maximum hexavalent chromium concentration of 0.021 mg/L was obtained from
designation JHTS33, collected from the right side of the river opposite Savage Island. Lead also
exceeded the WQC NOEC/LOEC at this location; the lead (dissolved) concentration of
0.00421 mg/L exceeded the chronic WQC of 0.0025 mg/L and produced a LOEC HQ of 1.7.

Nitrate, which exceeded NOECs in five porewater samples at this OU, did not exceed LOECs in
any of them. In addition, concentrations of nitrite, which exceeded NOECs in a single sample
(J19K32 at designation JHTS9), did not exceed the LOEC of 0.493 mg/L.

8.5.7 300-FF-5 Operable Unit Porewater

Porewater samples collected from in front of and to approximately a mile downriver of the
300 Area contained concentrations of one or more COPECs above NOEC values (Table 8-6).
Aluminum, lead, nitrate, selenium, and uranium all exceeded NOECs at one or more locations.

Aluminum, lead, and selenium each exceeded NOECs (which are chronic WQC) in one
porewater sample each, producing LOEC HQs of 1.2 for aluminum, 1.0 for lead, and 2.0 for
selenium. All concentrations were dissolved concentrations. Nitrate, which exceeded the NOEC
of 7.1 mg/L in six samples, exceeded the LOEC of 37.6 mg/L in one of them. This sample,
sample J19H02 from designation T3005J5, was collected in January 2010 and contained
116 mg/L of nitrate. All other nitrate concentrations were 21.8 mg/L or less, producing LOEC
HQs of 0.6 or less.

The highest concentration of uranium (0.17 mg/L) was detected in porewater from sample
designation J3002, collected from the right shoreline directly in front of the 300 Area.
Concentrations in this sample produced a LOEC HQ of 5.7 when compared to the LOEC of
0.03 mg/L. Five other porewater samples from in front of the 300 Area contained uranium
concentrations ranging from 0.114 mg/L to 0.0409 mg/L and producing LOEC HQs of from
3.8 to 1.4, respectively. One of these five samples, from designation T3001J3, also equaled the
lead WQC of 0.0025 mg/L, producing the lead LOEC HQ of 1.0 noted above. A second of these
five samples, from designation T30003A, also exceeded the aluminum WQC, producing the
aluminum LOEC HQ of 1.2.
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A final sample, collected approximately 1.07 km (0.6 mi) downriver of the 300 Area, contained
concentrations of selenium (0.0102 mg/L) that exceeded the WQC, producing the LOEC HQ of
2.0 noted earlier.

8.5.8 Summary of Porewater Contaminant of Potential Ecological Concern Refinement

In this section, porewater collected as part of the Groundwater Upwelling study in the CRC RI
was compared to NOECs and LOECs in the same manner as other media. Metals, except for
hexavalent chromium, were evaluated as dissolved metals.

The results of the porewater analysis are summarized below.

Number of Concentration

Operable Unit Porewater COPECs LOEC Range of LOEC Range of LOEC
Exceeding NOECs Exceedances HQs > 1.0 Exceedances

(mg/L)
Aluminum 1 4.8 0.416
Hexavalent chromium 19 1.0-11 0.01 -0.112

100-BC-5 Lead 1 1.9 0.00465
Nitrate 0 -- --

Total chromium as 3 1.0-2.4 0.0102 - 0.0236
hexavalent chromium
Hexavalent chromium 14 1.0 -5.6 0.01 - 0.056
Manganese 1 1.6 2.13

100-KR-4 Nitrate 0 -- --

Total chromium as 4 1.6-6.0 0.0164 - 0.0595
hexavalent chromium
Hexavalent chromium 1 2.6 0.026

100-NR-2 Nitrate 5 1.0 -3.6 36.5 - 134
Phosphate 0 -- --

Aluminum 1 5.5 0.477
Chromium 2 1.1, 8.4 0.0825, 0.62
Hexavalent chromium 31 1.0-64 0.01-0.64
Lead 2 1.0, 2.7 0.00256, 0.00681

100-HR-3 Manganese 0 -- --

Nickel 1 1.0 0.0518
Nitrate 1 1.2 44.2
Total chromium as 6 1.3-62 0.0131 - 0.62
hexavalent chromium
Hexavalent chromium 2 2.0, 3.1 0.02, 0.031
Manganese 1 1.7 2.26

One, but no
100-FR-3 Mercury exceedance of 0.1, based on 0.000099

EPA aquatic life aquatic life WQC 0
criteria

Nitrate 0 -- --

Hexavalent chromium 4 1.3 -2.1 0.013 - 0.021

200-PO-1 Lead 1 1.7 0.00421
Nitrate 0 -- --

Nitrite 0 -- --
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Number of Concentration

Operable Unit Porewater COPECs LOEC Range of LOEC Range of LOEC
Exceeding NOECs Exceedances HQs > 1.0 Exceedances

(mg/L)
Aluminum 1 1.2 0.107
Lead 1 1.0 0.00253

300-FF-5 Nitrate 1 3.1 116
Selenium 1 2.0 0.0102
Uranium 6 1.4-5.7 0.0409 - 0.17

-- not applicable

In the RI, porewater samples were collected to guide surface water and sediment sampling and to
help describe COPEC distribution, but not for use in risk assessment. As noted previously,
significant dilution of porewater concentrations typically occurs in the upper levels of sediment,
particularly in the gravel substrate of fast-moving rivers like the Columbia River.

The results above thus may be used only as a general guide to areas where a potential for
ecological effects may exist for aquatic organisms that exist at depth in the sediment. Areas
where highest LOEC exceedances occurred consist of the 300-FF-5 OU, due to the
concentrations of uranium, and the 100-BC-5 and 100-HR-3 OUs, both due to the potential
presence of hexavalent chromium and for 100-HR-3, total chromium as well. Further evaluation
of porewater COPEC that exceed LOECs may be warranted. As noted previously, the
River Corridor Operable Unit RI/FSs will evaluate the nature and extent, CSM, and fate and
transport of COPECs identified in the CRC to determine if contamination in the river is
potentially from the OU being evaluated and, based on this assessment, will evaluate the
potential need for further study or remedial action at that OU.

8.6 ISLAND SOILS CONTAMINANT OF POTENTIAL ECOLOGICAL
CONCERN REFINEMENT

As described in Section 7.0, island soils were sampled on key downriver islands specifically in
support of the CRC risk assessments. Islands selected for sampling included those downriver of
current or historical discharge areas, islands of particular cultural or recreational value, and
islands of particular value as wildlife habitat that potentially are affected by Hanford Site
releases. Since no historical data exist for these islands, all sample results were collected during
the 2008 to 2010 RI events.

Island soils were evaluated for effects on four different receptors: terrestrial plants, soil
invertebrates, terrestrial birds, and terrestrial mammals. Additional evaluation of NOEC
exceedances for these receptors is provided below. Sample locations are identified by
designation number on the maps in Appendix A.
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8.6.1 Terrestrial Plant Contaminant of Potential Ecological Concern Refinement

As described in Section 7.5.1, only one COPEC, lead, exceeded plant NOECs in the 100 Area
and 300 Area Sub-Areas. Three samples out of 29 exceeded the 50 mg/kg NOEC in the
100 Area Sub-Area, and 7 out of 48 samples exceeded the NOEC in the 300 Area Sub-Area.

Detected lead concentrations are compared to plant LOECs on a sample-specific basis on
Table 8-9. As shown, none of the detected concentrations exceed the LOEC (144 mg/kg). The
LOEC HQs ranged from 0.4 to 0.7.

The LOEC for plants was obtained from plant toxicity data compiled by EPA in support of the
development of a plant SSL. The EPA SSL database is currently considered to be the definitive
toxicity data set for soil constituents, and only studies that met rigorous acceptability criteria
were included in the data set. For the plant lead SSL, the approved toxicity data consist of
maximum acceptable toxicity concentrations, which are geometric means of individual study
NOEC and LOEC values. The LOEC value chosen (144 mg/kg) for this SLERA was the lowest
maximum acceptable toxicity concentration value above the EPA SSL of 120 mg/kg. As a
NOEC-LOEC geometric mean, this value is lower than the actual study LOEC, so was
considered to be appropriate for use.

Because detected values fall well below levels associated with adverse effects to plants, no
further investigation of lead in regard to plants is recommended.

8.6.2 Soil Invertebrate Contaminant of Potential Ecological Concern Refinement

As described in Section 7.5.2, only one COPEC, mercury in the 300 Area Sub-Area, exceeded
NOECs. As shown in Table 7-8, 48 mercury samples were collected and mercury was detected
in 27 of these samples. Only one sample exceeded the soil invertebrate NOEC of 0.1 mg/kg.
The sample designated GI-7S, collected from Island 19 (Gull Island) just north of
Richland, Washington at RM 341.95, contained 0.11 mg/kg of mercury (Table 8-10).
Concentrations in this sample were well below the invertebrate LOEC of 0.5 mg/kg, producing a
LOEC HQ of 0.2.

In addition, Reference evaluations of mercury conducted as part of COPEC selection in
Section 3.0 showed that mercury concentrations in 300 Area Sub-Area soil are consistent with
Reference concentrations (Appendix B1). Mercury was included as a COPEC because it is an
Inclusion List constituent, but risks from this constituent, if any, are likely to be no different than
in upriver soils used for the Reference analysis.

Thus, because detected concentrations are well below invertebrate LOECs, no further evaluation
of mercury is recommended.

The refinement of terrestrial bird COPECs is discussed in the following section.
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8.6.3 Terrestrial Bird Contaminant of Potential Ecological Concern Refinement

Terrestrial birds were evaluated in Section 7.5.3 by comparing soil values to NOECs obtained
through food chain modeling that incorporated exposures of birds to constituents in both soil and
food items. In both the 100 Area and 300 Area Sub-Areas, lead and mercury exceeded NOEC
values. For this reason, both sub-areas are discussed together below.

Lead and mercury NOEC exceedances were illustrated in Table 7-9. Details of samples with
NOEC exceedances are shown in Table 8-11 (100 Area Sub-Area) and Table 8-12 (300 Area
Sub-Area). Each COPEC is discussed separately below.

8.6.3.1 Lead. Lead is ubiquitous in the study area, as it is in soils generally. As shown in
Table 7-9, lead was detected in all 77 soil samples collected in 100 and 300 Area Sub-Areas.
Seventeen samples (59%) in the 100 Area Sub-Area and 33 samples (69%) in the 300 Area
Sub-Area exceeded the low (11 mg/kg) avian NOEC for lead. The maximum detected
concentration of lead in either sub-area was 94.3 mg/kg. Lead concentrations in the 100 and
300 Area Sub-Areas were evaluated statistically as part of COPEC selection in Section 3.0, and
concentrations in both sub-areas were found to be statistically higher than in Reference locations
(Appendix BI).

These sample results were then compared to the avian LOEC value of 25 mg/kg, which was
calculated using the models developed by EPA to calculate the SSLs for birds, combined with
LOEC-based toxicity reference values (Section 6.2.3). This LOEC value is only slightly higher
than the average concentration of lead in western United States soils (19.4 mg/kg), as reported by
EPA in the development of the lead SSL. The result of this comparison is shown in Tables 8-11
and 8-12.

As shown in these tables, the majority of concentrations are close to or in excess of LOECs,
producing LOEC HQs up to 3.8 in the 100 Area Sub-Area and 2.6 in the 300 Area Sub-Area
when compared to the bird LOEC of 25 mg/kg. The average concentration of lead in 100 Area
samples was 34.5 mg/kg (LOEC HQ of 1.4), while the average value of lead in 300 Area
samples was 37.5 mg/kg (LOEC HQ of 1.5). Samples from all island soils tested contained at
least some lead concentrations in excess of LOECs.

This result suggests a potential for effect, which can be verified by the implementation of
site-specific and species-specific sampling bioaccumulation studies and sampling of food items.
However, as described in Section 6.4, these studies were completed as part of the RCBRA for
terrestrial birds as part of their evaluation of upland areas of the Hanford Site. The maximum
concentration of lead in the RCBRA study soil (327 mg/kg) exceeded the maximum
concentration of lead in either the 100 Area Sub-Area (94.3 mg/kg) or the 300 Area Sub-Area
(65 mg/kg). Thus, the RCBRA studies can be used to estimate whether the potential for risk
suggested by the exceedance of LOEC value for terrestrial birds is likely to occur in the
Columbia River environment.
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In the RCBRA studies, potential effects to terrestrial birds were evaluated by collecting food and
prey items, including invertebrates and small mammals, from study areas to accurately reflect the
exposure of terrestrial birds to COPECs through bioaccumulation in the food chain.
Contaminant of potential ecological concern measurements in food items and site soils were used
in food chain models to obtain site-specific estimates of exposure from both sources. Estimated
doses were then compared to LOEC-based TRVs to estimate the potential for effect to these
receptors. Species from each trophic level were included in the assessment and consisted of
killdeer (camivore-invertebrates), California quail (herbivore), and the meadowlark (omnivore).

Lead was among the constituents evaluated by this method. The results of this assessment
showed that estimated exposures of lead exceeded the LOEC for killdeer and also exceeded
NOEC values for the California quail at two study sites. Lead was identified as a contaminant of
ecological concern for further evaluation or development of an ecological preliminary
remediation goal (PRG) for migratory birds.

Final PRGs for the RCBRA study were released in July 2011 (CHPRC-0 1311, Tier II
Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site). The
avian soil PRG for lead is 156 mg/kg and is based on lead exposures to the killdeer, which, along
with the spotted sandpiper, is one of the most common species present on Columbia River
islands in the summer ("Avian Interactions with Mid-Columbia River Water Level Fluctuations"
[Books 1985]). The PRG was developed from site-specific food chain models incorporating
upland species of invertebrate prey, which may differ from the invertebrates to which killdeer on
island soils may be exposed. However, the resulting PRG of 156 mg/kg (which was the lowest
calculated of four bird species) is well above the 100 Area Sub-Area maximum of 94.3 mg/kg
(65 mg/kg in the 300 Area Sub-Area) detected on island soils and exceeds the average
concentration of lead of 37.5 mg/kg or less by an even greater degree. Thus, the magnitude of
the difference between the RCBRA-lead PRG and the detected concentrations of lead in island
soils provides a substantial safety margin that is likely to accommodate the uncertainty
associated with any differences in upland and island invertebrate prey concentrations. Based on
this difference, little potential for adverse effects is considered to exist for birds exposed to lead
in island soils.

In addition, lead detected in island soils may arise from a variety of sources. As a former
component of leaded gasoline, lead was widely distributed in soils and sediment as the result of
aerial deposition of airborne exhaust particulates. In addition, the presence of pre-Hanford
orchards on the peninsula north of the White Bluffs townsite (RM 370-371; see Map A-15) may
have been a source of lead as the result of the historical application of lead arsenate pesticides
(BHI-01326, Pre-Hanford Agricultural History, 1949-43). Current sources of lead emissions
include manufacturing and the widespread burning of fossil fuels and municipal solid waste.
While the contribution of Hanford Site operations to detected concentrations cannot be
ascertained, the consistent and ubiquitous presence of this constituent throughout the 100 and
300 Area Sub-Areas suggests the effects of widespread aerial deposition.
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Because the detected concentrations of lead in island soil are substantially lower than the
RCBRA PRG of 156 mg/kg and because the source of lead in island soils cannot be attributed
solely to Hanford Site operations, no further investigation of the effects of lead on island soil
avian receptors is recommended. The magnitude of the difference between the RCBRA PRG
and the detected concentrations in island soils is considered sufficient to offset uncertainties
associated with potential differences between upland and island soil exposures, and the potential
for effects to island birds is thus considered to be minimal.

8.6.3.2 Mercury. As with lead, mercury was analyzed for in 77 samples from island soils in the
100 Area and 300 Area Sub-Areas. Twenty samples in the 100 Area Sub-Area (69%) and
23 samples in the 300 Area Sub-Area (48%) contained concentrations of mercury in excess of
the NOEC (0.013 mg/kg). As shown in Table 7-9, mercury exceeded NOECs in samples from
most of the islands evaluated. Highest concentrations were obtained from the sample designated
as GI-7S from Island 19 (Gull Island) in the 300 Area Sub-Area; this sample contained
0.11 mg/kg mercury.

However, as shown in Tables 8-11 and 8-12, soil mercury concentrations in all samples fell far
below the avian LOEC value of 2 mg/kg. Lowest observed effect concentration HQs were 0.06
or less, suggesting little potential for adverse effect to birds from mercury exposure. In addition,
mercury concentrations in the 100 Area and 300 Area Sub-Areas were found to be consistent
with Reference concentrations (Appendix B 1).

Thus, because the detected concentrations of mercury are significantly lower than LOEC values
and are consistent with Reference concentrations, no further evaluation of mercury is
recommended.

8.6.3.3 Conclusions: Refinement of Terrestrial Bird Contaminants of Potential Ecological
Concern. In summary, the conclusions from the refinement evaluation of terrestrial bird
COPECs lead and mercury in the 100 and 300 Area Sub-Areas are that both COPECs may be
removed from further consideration. Maximum concentrations of lead fall well below the
RCBRA PRG for birds, so little potential for adverse effects from exposure to this COPEC
exists. Mercury concentrations fall well below applicable LOECs. Thus, no further
investigation of either COPEC is recommended.

8.6.4 Terrestrial Mammal Contaminant of Potential Ecological Concern Refinement

Similar to terrestrial birds, terrestrial mammals are evaluated by the use of soil toxicity values
that reflect the exposure of mammals to contaminants in both food and incidentally ingested
soils. No observed effect concentrations are obtained by food chain modeling using
representative NOEC and LOEC toxicity reference values. No observed effect concentration
exceedances for mammals in 100 and 300 Area Sub-Areas were discussed in Section 7.5.4 and
illustrated in Table 7-10. In both the 100 Area Sub-Area and the 300 Area Sub-Area, only lead
exceeded NOEC benchmarks.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 8-31



Refinement of Contaminants of DOE/RL-2010-117
Potential Ecological Concern Rev. 0

Lead was analyzed in 77 samples from throughout the 100 and 300 Area Sub-Areas and
exceeded NOECs in 7 samples. Details of these exceedances are shown in Table 8-13. As noted
previously, lead concentrations were evaluated statistically in Section 3.0 and found to be
statistically higher than Reference concentrations in both the 100 Area and 300 Area Sub-Areas
(Appendix BI).

As shown in these tables, lead exceeded the mammal soil NOEC at seven locations from Island 3
(two exceedances), Homestead Island (one exceedance), Johnson Island (three exceedances), and
Gull Island (Island 19; one exceedance). Concentrations ranged from 56.3 mg/kg to 94.3 mg/kg,
in exceedance of the lead NOEC of 56 mg/kg. This NOEC is EPA's SSL for lead. However,
average values of lead in the 100 Area Sub-Area (34.5 mg/kg) and 300 Area Sub-Area
(37.5 mg/kg) were both below the NOEC (Table 8-13).

As described in Section 6.2.3, the mammalian LOEC value for lead was developed by using the
food chain modeling equations and exposure parameters used by EPA to calculate the SSL with
the LOEC-based TRV used in the RCBRA study. The mammalian LOEC produced by this
approach was 122 mg/kg.

No detected concentrations of lead exceeded the LOEC values. All samples had a LOEC HQ of
0.8 or less. This suggests that the slight NOEC HQ exceedance is unlikely to cause adverse
effect, since it is well below the LOEC value where effects are likely.

8.6.4.1 Conclusions: Refinement of Terrestrial Mammal Contaminants of Potential
Ecological Concern. Based on this refinement, no further evaluation of lead in island soils is
recommended. Concentrations of this COPEC fall well below concentrations where adverse
effects may be expected or are close to such values only in a very small area.

8.6.5 Conclusions: Refinement of Island Soils Contaminants of Potential Ecological
Concern

In this section, COPECs with concentrations exceeding NOECs for the four soil receptors -
plants, invertebrates, terrestrial birds, and mammals - were evaluated against LOECs and other
site characteristics. Based on this assessment, no COPECs were retained for further
investigation due to potential effects on birds. Concentrations of all COPECs were found to be
below levels potentially associated with adverse effects. Results of the COPEC refinement of
island soil are summarized below.
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COPECs Not COPECs

Sub-Area Soil Receptor Retained for Rationale Recommended Rationale
Further for Further

Evaluation Evaluation
100 Area Plant Lead All concentrations None

below LOECs
Bird Lead Maximum

concentration of
94.3 mg/kg well
below RCBRA
avian PRG for lead None
of 156 mg/kg

Mercury a Concentrations
well below LOECs

Mammal Lead Concentrations None
below LOECs

300 Area Plant Lead All concentrations None
below LOECs

Invertebrate Mercury a Single NOEC
exceedance well None
below LOEC

Bird Lead Maximum
concentration of
65 mg/kg well
below RCBRA
avian PRG for lead
of 156 mg/kg None

Mercury a Concentrations
well below LOECs

Mammal Lead Concentrations None
well below LOECs

a Inclusion List compound with concentrations determined by statistical or qualitative evaluation to be consistent
with or lower than Reference concentrations.

8.7 SHORELINE SEDIMENTS CONTAMINANT OF POTENTIAL ECOLOGICAL
CONCERN REFINEMENT

As described in Section 5.0, shoreline sediments were compared to terrestrial bird and plant
NOECs to evaluate potential effects on shorebirds that congregate and forage in shallow
sediments and plants that grow in the cobble substrate along shorelines and islands.

8.7.1 Shoreline Sediment Terrestrial Plant Contaminant of Potential Ecological Concern
Refinement

Shoreline sediment NOEC exceedances for plants were discussed in Section 7.6.1 and illustrated
in Table 7-12. As noted, hexavalent chromium exceeded NOECs in all three sub-areas.
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In addition, selenium and lead exceeded the NOEC in only the 300 Area Sub-Area. These
constituents are discussed separately in the following subsection.

8.7.1.1 Hexavalent Chromium. Hexavalent chromium was analyzed for in 144 samples from
throughout the 100 Area, 300 Area, and Lake Wallula Sub-Areas. It was detected in 15 samples
and exceeded plant NOECs in 14 of these samples. Details of these exceedances are shown in
Table 8-14 and discussed separately for each sub-area below.

Within the 100 Area Sub-Area, hexavalent chromium exceeded the plant NOEC at 2 of
48 shoreline sediment locations. Both locations (sample designations RFLS-2SSD and
RFLS-5SSD) are located opposite or just downriver from the 100-F Reactor Area, on the left
bank of the river (Appendix A). Concentrations were 0.412 mg/kg (RFLS-2SSD) and
0.618 mg/kg (RFLS-5SSD), exceeding the hexavalent chromium NOEC of 0.35 mg/kg. Neither
of these hexavalent chromium concentrations were close to the LOEC value of 1.8, producing
LOEC HQ values of 0.2 and 0.3 for RFLS-2SSD and RFLS-5SSD, respectively. These
relatively low LOEC HQs indicate that the slight NOEC HQ exceedances are unlikely to cause
adverse effects because they are well below the LOEC value where effects are likely.

Because maximum hexavalent chromium values in 100 Area Sub-Area shoreline sediment fall
significantly below the level where adverse effects to terrestrial plants may be expected, no
further evaluation of hexavalent chromium in shoreline sediment within this sub-area is needed
to complete this evaluation of potential effects to shoreline sediment vegetation. However,
further evaluation for potential effects to aquatic receptors will be necessary, as described in
Section 8.4.1.

In the 300 Area Sub-Area, 10 of the 76 samples from shoreline sediment had plant NOEC
exceedances (Table 7-12). These were dispersed throughout the sub-area, occurring on
Savage Island (two exceedances), Island 11 (one exceedance), Island 12 (two exceedances),
downriver of Ringold Springs (one exceedance), Homestead Island (one exceedance), in the
vicinity of the 300 Area at the downriver end of Island 18 (one exceedance), and Island 19
(Gull Island; two exceedances). Details of these exceedances are provided in Table 8-14.

Hexavalent chromium results at these locations ranged from 0.407 to 0.998 mg/kg, exceeding
the NOEC of 0.35 mg/kg. Similar to the 100 Area Sub-Area, however, none of these
hexavalent chromium concentrations in the 300 Area Sub-Area are close to the LOEC value of
1.8. The LOEC HQ values for all locations ranged from 0.2 to 0.6 and indicate that the slight
NOEC HQ exceedances are unlikely to cause adverse effects because they are well below the
LOEC value where effects have been observed in some species.

In Lake Wallula, hexavalent chromium exceeded plant NOECs in 2 widely separated shoreline
sediment samples out of 20 collected in this sub-area. As described previously, the first was
sample J189C7 collected from the location designation BL-9SSD, collected from the right-side
shoreline just below Bateman Island in 2009; this sample contained 1.73 mg/kg of hexavalent
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chromium, producing a LOEC HQ of 1.0 (rounded value) when compared to the soil plant
LOEC of 1.8 mg/kg. This was the highest concentration detected in shoreline sediments.

As discussed previously, hexavalent chromium is highly soluble and is present primarily in the
interstitial porewater of sediment. Hanford Site-derived hexavalent chromium originates from
the discharge of Site groundwater in the 100 and 300 Area Sub-Areas. However, the location of
this sample is well below any influence from Hanford Site groundwater and may reflect offsite
sources because hexavalent chromium has been detected in offsite Reference samples. Because
hexavalent chromium was detected in a single location at a concentration that is slightly below
the LOEC, little potential for risk is expected.

The second NOEC exceedance for hexavalent chromium was in sample J189T1 from location
designation HR-8SSD, which is along the shoreline of inlets at Hat Rock State Park. The
concentration in this sample was 0.51 mg/kg, producing a LOEC HQ of 0.3. This concentration
is well below the LOEC, suggesting that effects on plants at this location are unlikely.

8.7.1.2 Selenium. In the 300 Area Sub-Area only, the plant NOEC for selenium was exceeded
in 3 of the 91 samples analyzed for this constituent. All three were obtained from the left shore
of Island 18, which is located in front of and downriver of the 300 Area and less than half a mile
downriver of the Esquatzel Coulee wasteway. The sample location designated as 300LS-4SSD
was near the upriver end of the island and contained 0.539 mg/kg of selenium, producing a
LOEC HQ of 0.5 when compared to the LOEC of 1.0 mg/kg. Samples from locations designated
as 300LS-8SSD and 300LS-9SSD were both collected close to the downriver end of Island 18
and situated approximately 0.16 km (0.1 mi) apart. Selenium results at these two locations were
1.01 mg/kg and 0.62 mg/kg, respectively, producing LOEC HQs of 1.0 and 0.6, respectively.

As discussed in Section 8.4.1.2.1, selenium is not known to have been widely used at the
Hanford Site; therefore, the extent to which the observed concentrations reflect Hanford Site
operations is unknown. Selenium is frequently used in the electronics industry and has multiple
other industrial uses. Because only 1 of 91 samples was at the LOEC concentration, the actual
potential for effect is likely to be low and limited in area. For this reason, no further
investigation of selenium is warranted.

8.7.1.3 Lead. Lead exceeded NOECs in five locations in the 300 Area Sub-Area. As shown in
Table 8-14, samples from four locations from Wooded and Homestead Islands had
concentrations ranging from 54.6 to 62.5 mg/kg, slightly over the NOEC of 50 mg/kg. One
sample (designation HT8SSD) from the slough in front of the Hanford townsite contained lead at
a concentration of 111 mg/kg.

Concentrations from all of these locations exceeded the NOEC of 50 mg/kg. However, all
values are well below the LOEC of 144 mg/kg, producing LOEC HQs of 0.4 to 0.8.

This NOEC for lead is the Washington State Ecological Indicator Soil Concentration
(WAC 173-340-900, Table 749-3), which is a screening value developed by Oak Ridge National
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Laboratories in 1997. In 2005, however, EPA published SSLs for lead, and these values reflect
both recent science and a highly rigorous method of study selection and evaluation. Values are
intended for use as NOECs in risk screening. The SSL for lead is 120 mg/kg, and all detected
values are below this concentration. The LOEC value of 144 used above is the lowest LOEC
value (higher than 50 mg/kg) in the study set used to generate the SSL.

Because the detected concentrations of lead in shoreline soils fall below both LOECs and EPA's
SSL for lead, no adverse effects to shoreline plants are expected and no further investigation of
lead is recommended.

8.7.1.4 Conclusions: Refinement of Shoreline Sediment Terrestrial Plant Contaminants of
Potential Ecological Concern. Based on this refinement, detected concentrations of lead and
selenium in 300 Area Sub-Area, and of hexavalent chromium in all three sub-areas, are
considered unlikely to present a potential for ecological risk. Concentrations were either below
LOECs or, in the case of selenium in the 300 Area Sub-Area, were present at a concentration
equal to the LOEC at one location only. Selenium has a variety of sources, and the single
occurrence of a concentration at the lower margin of the effects range is not considered
representative of significant risk. For these reasons, no further investigation into these COPECs
is considered to be necessary because the potential for effects to terrestrial plants is considered to
be low.

8.7.2 Shoreline Sediment Terrestrial Bird Contaminant of Potential Ecological Concern
Refinement

As shown in Table 7-13, chromium, lead, and mercury in shoreline sediment all exceeded avian
NOECs in at least one sample in all three sub-areas. Thus, these areas are combined in the
discussion below. In addition, vanadium exceeded NOECs in the Lake Wallula Sub-Area.
Details of samples with NOEC exceedances are provided in Tables 8-15 (100 Area Sub-Area),
8-16 (300 Area Sub-Area), and 8-17 (Lake Wallula), which also compare detected
concentrations to LOECs values.

Lowest observed effect concentration values for shoreline sediment were calculated using the
same food chain equations as for soil. However, to add precision to the LOEC estimates, the
model was modified in the following ways to more closely reflect shorebird exposure:

* Exposure parameters for the killdeer, rather than the woodcock used in EPA equations, were
used. The killdeer, along with the spotted sandpiper, has been identified as one of the most
common species feeding along rocky shorelines in summer (Books 1985). This species was
also modeled by RCBRA, and the same food ingestion rate and body weight estimates as
were used in that study were used in the shoreline sediment model.

* The ingestion rate for sediment was increased slightly to 18% (from 16.4% in the EPA
terrestrial bird model) to reflect ingestion for shorebirds, based on average data from four
species of sandpipers (EPA/600/R-93/187, Wildlfe Exposure Factors Handbook).
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* Bioaccumulation into invertebrate prey was modeled by the use of uptake factors specific to
aquatic invertebrates rather than terrestrial invertebrates.

For these reasons, the soil LOECs for shoreline sediment varies somewhat from the values used
for terrestrial soils, primarily due to differing ingestion rates and bioaccumulation rates in
aquatic systems. Details of the modeling parameters and assumptions are provided in
Appendix D. Lowest observed effect concentrations specific to shorebird exposure are as
follows:

Terrestrial Bird Shorebird Shoreline
COPEC Soil LOEC Sediment LOEC

(mg/kg) (mg/kg)
Lead 25 70
Chromium 155 108
Mercury 2 2.5
Vanadium 16 11

Values generated by these equations may overestimate the actual exposure of shorebirds to soil
COPECs, since the model assumes that invertebrate prey live and grow in the same sediment that
the shorebirds feed in, so that the same soil concentrations are ingested by both the invertebrates
and the shorebirds that eat the invertebrates. However, studies on shoreline sediment in the
Hanford Reach (Books 1985) suggest that, due to the daily change in water level and consequent
drying of shoreline sediments during low water periods, few benthic species colonize shoreline
areas. Rather, benthic organisms in upstream areas drift downriver and become stranded in the
shoreline cobbles during the recession of the waterline, and in this manner become available to
foraging shorebirds. Thus, benthic organism COPEC concentrations would not then be directly
related to local shoreline sediment concentrations, an assumption inherent in the conventional
food chain models, but rather upstream areas. For this reason, the LOECs produced here by
conventional soil models may overestimate or underestimate the actual exposure to the
shorebirds.

Each constituent that exceeds bird NOECs is discussed separately below.

8.7.2.1 Chromium. As shown in Table 7-13, 143 shoreline sediment samples were analyzed for
chromium in the 100 and 300 Area Sub-Areas, and 40 were analyzed for chromium in
Lake Wallula. As a naturally occurring metal, chromium was detected in all of them.
Exceedances of the 26 mg/kg bird NOEC for chromium occurred in 5 out of 52 samples in
100 Area Sub-Area, 3 out of 91 samples in the 300 Area Sub-Area, and 2 out of 40 samples in
Lake Wallula Sub-Area. Details of avian NOEC exceedances in all three sub-areas are shown in
Tables 8-15, 8-16, and 8-17.

These concentrations were compared to the LOEC of 108 mg/kg. Detected concentrations of
chromium were well below this value, producing a maximum LOEC HQ of 0.2 to 0.3. Because
detected concentrations fall well below the range of estimated potential effects, adverse effects to
shorebirds from exposure to chromium in shoreline sediment is not expected.
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8.7.2.2 Lead. Lead exceeded the avian NOEC of 11 mg/kg in approximately 42% of the
183 shoreline sediment samples collected from the three sub-areas. However, exceedances
declined in downstream sub-areas. Forty-two out of 52 samples exceeded NOECs for lead in the
100 Area Sub-Area, 32 out of 91 samples exceeded NOECs in the 300 Area Sub-Area, and 3 out
of 40 samples exceeded NOECs for lead in Lake Wallula Sub-Area. As shown in Tables 8-15,
8-16, and 8-17, NOEC exceedances occurred throughout each sub-area. Detected concentrations
in shoreline sediment ranged from 11 mg/kg to 111 mg/kg.

However, only one sample exceeded the LOEC of 70 mg/kg. The sample with the highest
concentration of lead was sample J187P2 from location designation HT-8SSD collected from the
mud flats just upriver from the Hanford townsite in the 300 Area Sub-Area. The detected
concentration of 111 mg/kg exceeded the LOEC, producing a LOEC HQ of 1.6. All other
concentrations were lower, 58.3 mg/kg or less, with a LOEC HQ of 0.5 or less.

As discussed in Section 8.6.3.1, lead effects on upland birds were evaluated through site-specific
studies as part of the RCBRA, and lead exposures to killdeer, an invertivore typical of those
birds that feed in exposed shoreline areas, were found to exceed acceptable levels.
Concentrations in RCBRA soils (327 mg/kg) greatly exceeded maximum concentrations in
shoreline sediments (111 mg/kg). A soil PRG was developed based on exposures to the killdeer.
The final PRG is 156 mg/kg, well above the maximum concentration of 111 mg/kg detected in
shoreline sediment. The magnitude of the difference between this PRG and the concentration in
shoreline sediment suggests that little potential for effect to birds is likely.

More important, however, is the fact that birds typically range over wide areas while foraging
and feed at a variety of locations that vary both seasonally and with changes in water level.
While the models used to generate the LOEC value assume that birds are consuming a diet
consisting entirely of food with lead concentrations equal to the LOEC, in practice birds obtain
food from a wide range of areas, which substantially reduces the exposure of shorebirds to
concentrations at any one location. Three other samples were collected at the same mudflat as
the LOEC exceedance (Figure A-18), and all had LOEC HQs of 0.6 or less (Table 8-16). These
samples suggest that the area represented by the LOEC exceedance is relatively small and would
constitute a very small fraction of the total feeding area of any individual or species. Thus, the
potential for birds to be exposed to these concentrations is low, and for this reason the actual
potential for risk correspondingly low. For this reason, little potential for adverse effect to birds
is considered to exist due to the presence of the single LOEC exceedance.

Thus, because of the low potential exposure represented by the single LOEC exceedance for
lead, and because the maximum detected concentration was well below the RCBRA bird PRG of
156 mg/kg, overall risks to shorebirds from lead in shoreline sediments is likely to be low. Thus,
no further investigation of lead in shoreline sediments is recommended.

8.7.2.3 Mercury. Mercury concentrations exceeded the avian NOEC (0.013 mg/kg) in 48 out of
183 shoreline sediment samples collected from all three sub-areas (Table 7-13). Concentrations
in samples exceeding NOECs ranged from 0.0141 mg/kg to 0.133 mg/kg (Tables 8-13, 8-14,
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and 8-15). However, all detected concentrations are significantly below the soil mercury LOEC
of 2.5 mg/kg, producing LOEC HQs of 0.05 or less.

Because no sample concentrations approached levels estimated to be associated with potential
adverse effect, no further evaluation of mercury is recommended.

8.7.2.4 Vanadium. Vanadium was a COPEC for Lake Wallula shoreline sediments only. As
shown in Table 7-13, vanadium exceeded the avian NOEC of 7.8 mg/kg in all 40 samples in
which it was analyzed. The NOEC value is the EPA SSL of 7.8 mg/kg, a concentration that EPA
notes is less than background concentration for the western United States of 85 mg/kg (OSWER
Directive 9285.7-75, Ecological Soil Screening Levelsfor Vanadium, Interim Final). Thus, the
NOEC exceedance is a reflection of an unrealistically low SSL, rather than an association of risk.

The LOEC calculated for vanadium using a shorebird-specific model is 11 mg/kg, a value that is
also well below both the average vanadium concentration in the western United States
(85 mg/kg) as well in Washington State soils (160 mg/kg), based on EPA's SSL data set
(OSWER Directive 9285.7-75). The range of vanadium concentrations in shoreline sediment
Reference samples ranged from 24.5 to 60.8 mg/kg (Table G-4 in Appendix G). The maximum
detected concentration of vanadium in Lake Wallula (123 mg/kg) was higher than Reference, but
well below Washington State average values. In consequence, all detected concentrations of
vanadium in Lake Wallula shoreline sediments exceed this value by a factor of 2.6 to 11.0
(Table 8-17). However, because actual concentrations of vanadium are below typical
background concentrations, these HQs are not considered to be reflective of actual risk, but
rather of substantial conservative error in the modeling assumptions.

Vanadium is a component of the steel used to make automotive parts, springs, and ball bearings,
among other products. It thus is a component of urban runoff as the result of normal wear of
machinery and motors. As discussed in Section 3.0, vanadium concentrations in the 100 Area
and 300 Area Sub-Area sediments were consistent with Reference concentrations but were
statistically higher than Reference concentrations in Lake Wallula, which receives urban runoff
from the Tri-Cities as well as contributions from the Yakima, Snake, and Walla Walla Rivers.
The Hanford Site has no known use of significant amounts of vanadium.

Thus, because of the conservative uncertainty associated with the NOEC and LOEC values,
along with the ubiquitous presence of vanadium in Reference and Lake Wallula sediments,
no accurate estimate of a potential for risk can be advanced. As noted previously, vanadium is a
typical constituent in urban runoff, so accumulations from the large urban and industrial areas in
the Lake Wallula watershed are a likely historical and continuing source of this constituent to
sediment. For these reasons, no further investigation of Lake Wallula shoreline sediment
vanadium is recommended.
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8.7.2.5 Conclusions: Refinement of Shoreline Sediment Terrestrial Bird Contaminants of
Potential Ecological Concern. Based on this refined analysis, no COPECs in shoreline
sediments were retained for further evaluation. Lead concentrations exceeded shoreline
sediment LOECs at a single location in the 300 Area Sub-Area, but the single location represents
a low exposure potential for birds, and concentrations were well below the RCBRA PRG,
suggesting little potential for adverse effect. Concentrations of mercury, selenium, and
chromium were all below respective LOECs.

8.7.3 Summary of Shoreline Sediment Contaminant of Potential Ecological Concern
Refinement

As the result of the refined evaluation of COPECs for shoreline sediment, no COPECs are
recommended for further evaluation. Concentrations of all COPECs were either below LOECs
or exceeded LOECs by a small margin at a single location only, a condition unlikely to represent
a significant potential for exposure. For these reasons, the potential for effect is considered to be
relatively low, and no further investigation is recommended.

The findings of the shoreline sediment refinement of COPECs are summarized below.

Shoreline COPECs Not COPECs

Sub-Area Sediment Retained for Rationale Recommended Rationale
Reetr Further for Further

Evaluation Evaluation
100 Area Plant Hexavalent Below LOEC values for plants.

chromium
Bird Mercury Concentrations well below avian

LOECs. None
Chromium All concentrations well below avian

LOEC.
Lead Concentrations below avian

LOECs.
300 Area Plant Lead Concentrations well below plant

LOECs.
Hexavalent Concentrations below plant
chromium LOECs.
Selenium Concentrations equal plant LOEC

at only 1 of 91 samples.
Bird Mercury Concentrations well below avian

LOECs. None
Chromium All concentrations well below avian

LOECs.
Lead Single LOEC exceedance with

111 mg/kg represents low exposure
potential for widely foraging birds;
concentrations well below RCBRA
PRG of 156 mg/kg.
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Shoreline COPECs Not COPECs

Sub-Area Sedin Retained for Rationale Recommended Rationale
Recepor Futherfor Further

Evaluation Evaluation
Lake Wallula Plant Hexavalent Maximum concentration slightly

chromium less than LOEC and located well
below potential Hanford Site
groundwater influences.

Bird Lead Concentrations below avian
LOECs.

Mercury Concentrations well below avian None
LOECs.

Vanadium Ubiquitous urban contaminant;
toxicity estimates within natural
ranges.

Chromium All concentrations well below avian
LOECs.

The conclusions of the refinement of COPECs for all media are provided below.

8.8 REFINEMENT OF CONTAMINANTS OF POTENTIAL
ECOLOGICAL CONCERN: SUMMARY AND CONCLUSIONS

In this section, a detailed review was conducted of the characteristics and array of each of the
abiotic samples identified in Section 7.0 that contained at least one COPEC at a concentration in
excess of the NOEC. Included in this analysis was a review of the number, location, and
magnitude of the NOEC exceedance, as well as a comparison of the result to lowest known
levels of adverse effect, as represented by literature-derived or calculated LOECs. As the result
of this review, two COPECs in sediment, as well as nine COPECs in porewater, were
recommended for further evaluation. For hexavalent chromium in sediment, further
understanding of toxicity in sediment is necessary to identify appropriate NOEC and LOEC
values. The COPECs recommended for further evaluation in the River Corridor Operable Unit
RI/FS program, and the media in which they occur, are as follows:

Media 100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area

Surface water None None None

Sedimentaet chromium Hexavalent chromium None

Soil None None --

Shoreline sediments None None None

Porewater

Aluminum

100-BC-5 Hexavalent chromium

L ead
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Media 100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area

100-KR-4 Hexavalent chromium
Manganese

100-NR-2 Hexavalent chromium
Nitrate

Aluminum

Chromium

100-HR-3 Hexavalent chromium
Lead

Nickel

Nitrate

100-FR-3 Hexavalent chromium
Manganese

200-PO-1 Hexavalent chromium

Lead

Aluminum

Lead

300-FF-5 Nitrate

Selenium

Uranium

NOTE: Shoreline sediment is an exposure media for terrestrial birds, as well as aquatic biota; sediment is an exposure media for
aquatic biota only.

-- = no COPECs in this sub-area

As a final point of evaluation, a comparison of COPEC lists (as provided in Section 3.0) in
100 Area and 300 Area Sub-Areas along with associated OUs is shown in Tables 8-18 and 8-19.
As described in Section 3.0, these COPEC lists were obtained primarily by a comparison of Site
data to Reference concentrations, although Inclusion List compounds were included as COPECs
when detected. While these lists do not reflect the screening or evaluations of Sections 7.0 or
8.0, the correlation of COPECs in porewater and overlying media can help suggest generally the
extent to which COPECs in surface water and sediment may reflect the influences of underlying
porewater. Potential relationships can be evaluated by reviewing the co-location of COPECs, as
described in the DSR (WCH-398).

As noted in Section 8.1, this refinement did not provide information about the source of these
constituents; therefore, the relationship of observed COPECs and concentrations with
Hanford Site operations remains uncertain. However, recommendations for further evaluation of
each of these COPECs are provided in Section 11.0.
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9.0 FISH RISK EVALUATION

9.1 INTRODUCTION

The potential for effects of Hanford Site contaminants on fish in the Columbia River is evaluated
in this risk assessment by a variety of means. In Section 7.0, surface water was evaluated by the
use of conventional, screening-level surface water benchmarks protective of fish and other
aquatic biota. In accordance with EPA ecological risk methodology, COPECs with maximum
surface water concentrations exceeding screening-level benchmarks were further evaluated
against LOECs in Section 8.0 to more accurately identify COPECs with concentrations in range
of actual effects. No COPECs in surface water were identified. This serves as the first line of
evidence for the evaluation of fish.

In this section, three additional lines of evidence are presented for the evaluation of fish exposure
and effect. These additional lines are as follows:

* Comparison of fish tissue to literature-derived LOECs
* Comparison of fish condition between sub-areas
* Sturgeon histology.

These additional studies were included in this screening-level assessment to provide additional
direct and site-specific information about the condition of fish in the Columbia River.

As described in Section 2.2.4, an extensive fish sampling program was undertaken in 2008 to
2010 to provide additional data to support both the human health and ecological risk
assessments. Composite samples of bass, sucker, carp, whitefish, and walleye, as well as
samples from individual sturgeon, were collected from each sub-area to provide a robust data set
representative of current conditions in the Columbia River. Samples of fillet, combined liver and
kidneys (except for carp and sturgeon, for which the livers and kidneys were separate), and
carcass were analyzed for a wide variety of analytes. Details on fish sampling and analysis are
provided in WCH-3 87, Field Summary Report for Remedial Investigation of Hanford Site
Releases to the Columbia River, Hanford Site, Washington. Maps of the locations of individual
fish are shown provided in Appendix M of the DSR (WCH-398). These recent data were
combined with comparable historical samples from 2000 to 2007 to provide basis for the
evaluation, which is described in detail below. A total of 638 samples were included in the data
set for analysis.

9.2 COMPARISON TO FISH TISSUE CONCENTRATIONS ASSOCIATED
WITH EFFECTS

Fish tissue concentrations from each of the six species included in the sampling program were
compared to tissue-specific LOECs derived from the literature, shown in Table 9-1. These data
show concentrations in fish tissue resulting from varying levels of exposure in food and/or water.
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However, as described in Section 10.0, the relationship between effects and tissue concentrations
is inconsistent and generally poorly understood for most constituents, due to a variety of factors.
These include differing accumulation rates with time and exposure concentration, varying
physiologic responses of species to exposure, natural sequestering of metals in nontoxic forms,
varying effects and accumulation rates by exposure route, and other considerations ("Utility of
Tissue Residues for Predicting Effects of Metals on Aquatic Organisms" [Adams et al. 2011],
"Application of the Tissue Residue Approach in Ecological Risk Assessment"
[Sappington et al. 2011]). In addition, tissue concentrations may simply co-vary with chemical
exposure without having any causal relationship to effects, so do not represent a "critical" body
residue directly correlated with toxicity ("Association Between Contaminant Tissue Residues
and Effects in Aquatic Organisms" [Barron et al. 2002]). For these reasons, only LOEC
comparisons are used in the analysis, and inferences about potential risk are avoided to prevent
overinterpretation of relatively imprecise tissue and LOEC relationships. The LOEC analysis is
thus valuable primarily from a comparative standpoint, showing differences over time and
between sub-areas and species, and it is for this reason primarily that fish tissue LOEC HQs are
described in the sections below.

Tissue concentrations associated with effect were specific to fillet, liver, kidney, and carcass.
The lower of either liver or kidney literature values was used for comparison to combined liver
and kidney tissue sample results from the RI data. Because of the relatively limited availability
of tissue-specific effects data in general, LOEC values were not available for some
COPEC/tissue combinations.

Because of the large size and complexity of the fish data set (encompassing six species, three
tissues, over three sub-areas), data are presented first in aggregate form, with further detail
provided for LOEC exceedances only, in a manner similar to the abiotic media. Specifically, the
analysis consists of the following:

1. Sample results for COPECs are presented and compared to LOECs on a sample-specific
basis. This provides more detail about changes over time and between species.

2. Data are then aggregated by species to provide average COPEC concentrations and LOEC
HQs for each species across sub-areas (including upriver) to illustrate trends and differences
between sub-areas. Averages are based on all detected data, for all species in which the
COPEC was detected.

3. Scatter plots, illustrating the distribution of data throughout all four sub-areas, were produced
for all COPECs that exceeded LOECs. These graphs are presented in Appendix C.
Reference fish data, which were collected from the Upriver Sub-Area, are included on these
figures. Reference data were used primarily to select tissue COPECs (Section 3.0), but also
provide a context for COPECs detected above LOEC concentrations.

Because fish can move freely between sub-areas, observations on trends were not subject to
statistical analysis based on sub-area as were abiotic results, since statistically important
distinctions (such as variance) between data sets will change as individual fish change locations.
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Rather, averages and other characteristics were used to make general observations about
apparent data trends relevant to this line of evidence.

Summary tables for aggregated data are discussed separately by tissue, below. Within each
section, maximum concentrations are compared to LOEC values in the same manner as the
NOEC screenings for abiotic media in Section 7.0. Additionally, each discussion consists of a
comparison of all COPEC results to LOEC values, and presents the LOEC HQ for each sample.
Lowest observed effect concentrations above 1.0 in each comparison table have been rounded to
the nearest integer, since the uncertainty of the LOEC data does not support further definition.
As part of this discussion, average concentrations and HQs are compared by both tissue type and
by species across sub-areas in each of the following subsections. LOEC HQ averages are based
on the raw data, as opposed to the rounded HQs presented in the comparison tables.

Tables 9-2 and 9-3 are summary tables that present the maximum LOEC HQ in fish tissue for all
sub-areas (Table 9-2) and a summary of COPECs with maximum LOEC HQs equal to or greater
than 1.0 within all sub-areas and Reference areas (Table 9-3). Data summary tables of Reference
data for all tissue COPECs are presented in Appendix G and include a comparison of Reference
data to LOECs, where available. As is indicated in Table 9-3, the Study Area data exceedances
are comparable to the Reference data for nearly all tissue types. The exception is liver, which is
discussed in Section 9.2.2 below.

9.2.1 Fish Fillet Data Analysis

Summary statistics for fish fillets are presented for all three downriver sub-areas (i.e., 100 Area,
300 Area, and Lake Wallula Sub-Areas) in Table 9-4. Contaminants of potential ecological
concern differ slightly by sub-area, reflecting the effects of the COPEC selection process
described in Sections 3.2 and 3.6.

As shown in Table 9-4, a robust data set, consisting of between 19 and 86 sample results for each
COPEC exists for all 3 sub-areas. Exceptions are hexavalent chromium and methyl mercury,
which were analyzed only in selected sturgeon fillets in the 2008 to 2010 sampling event.
However, fillet LOEC values were only available for four COPECs: arsenic,
dichlorodiphenyltrichloroethane (DDT), endrin, and mercury. The maximum HQ for these four
COPECs throughout all three sub-areas was below the threshold level of 1.0, with the maximum
being 0.3 for endrin in the 100 Area Sub-Area. Therefore, because LOEC HQs of all samples
were 0.3 or less, the potential for adverse effect of these COPECs to fish is likely to be low.

9.2.2 Fish Liver Data Analysis

Table 9-5 presents a summary of liver results and a comparison to LOEC benchmarks by sub-
area. These data reflect separate liver data for carp and sturgeon from the 2008 to 2010 sampling
events, plus historical fish samples: bass from 2002 and 2005; nine sucker samples from 2006,
and five whitefish each from 2003 and 2005.
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Among COPECs for these areas, LOECs were available for arsenic, cadmium, copper, DDT,
endosulfan and endrin (also used as surrogate for other forms), lead, mercury, selenium, and
zinc.

As shown in Table 9-5, cadmium, copper, selenium, and zinc each exceeded LOECs in both the
100 Area and 300 Area Sub-Areas. None of these constituents were a COPEC for the
Lake Wallula Sub-Area, and no constituents in the Lake Wallula Sub-Area fish liver samples
exceeded LOECs. In comparison to the Reference data, of the four COPECs that exceeded
LOECs, only two of those also exceeded in the Reference data sets: cadmium and zinc.
For both of these COPECs, maximum HQs indicated in the data were higher in the Study Area
than in Reference data (see Table 9-3), although the highest results for both cadmium and zinc
were found in historical data, as discussed below.

Maximum liver LOEC HQs for these constituents as well as the number of exceedances versus
the number of samples (in parentheses) in the 100 Area and 300 Area Sub-Areas are as follows
(see Table 9-5).

COPEC 100 Area Sub-Area 300 Area Sub-Area
Maximum LOEC HQ Maximum LOEC HQ

Cadmium 36 (16/48) 24 (12/40)

Copper 3.0 (9/48) 3.0 (7/40)

Selenium 2.0 (7/48) 1.0 (1/40)

Zinc 22 (38/48) 24 (25/40)

NOTE: Parenthetical values are number of exceedances/number of samples.

Cadmium and zinc had the most exceedances, as well as the highest LOEC HQs.

Tables 9-6 and 9-7 show sample-specific results for each LOEC exceedance along with LOEC
HQs for the 100 Area Sub-Area and 300 Area Sub-Area, respectively. Each of the four COPECs
exceeding LOECs is discussed separately in the following subsections.

9.2.2.1 Cadmium in Fish Livers. Sample results are shown separated by year in Tables 9-6
and 9-7. As shown, highest cadmium concentrations in liver are in historical (pre-2008)
samples. In the 100 Area Sub-Area, all LOEC HQs that ranged from 7.0 to 36 were in samples
collected in 2004 or earlier; all other samples had LOEC HQs of 6.0 or less. Results for the
300 Area Sub-Area were similar: all LOEC HQs greater than 4.0 and up to 24 were from 2004
or earlier; all other samples had LOEC HQs of 1.0 or lower.

Table 9-8 shows cadmium average results by species, across all four sub-areas, for all detected
concentrations of cadmium. For species sampled in multiple sub-areas, highest average
concentrations occurred in the 300 Area Sub-Area for carp and in the 100 Area Sub-Area for
bass, sturgeon, and sucker. Highest average concentrations across all sub-areas were detected in
carp. The lowest average concentrations of cadmium were detected in sturgeon in the
Lake Wallula Sub-Area. Concentrations did not exceed LOECs in these samples.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 9-4



DOE/RL-2010-117

Fish Risk Evaluation Rev. 0

Based on 2009 data, carp had LOEC HQs of 1.0 to 2.0 in 6 of 88 liver samples collected from
the 100 and 300 Area Sub-Areas. Samples from 2009 for other species had cadmium LOEC
HQs below 1.0. These HQ data are comparable to the Reference data presented in Table 9-3;
both Reference and current Study Area data present maximum liver HQs in the range of 1.0
to 2.0.

9.2.2.2 Copper in Fish Livers. Copper exceeded LOEC benchmarks in nine samples in the
100 Area Sub-Area and in seven samples in the 300 Area Sub-Area (Tables 9-6 and 9-7).
As with cadmium, highest exceedances occurred in historical samples. In both the 100 Area and
300 Area Sub-Areas, the maximum LOEC HQs were 3.0; no LOEC exceedances occurred in the
Upriver or Lake Wallula Sub-Areas.

Average copper values for all samples are shown in Table 9-9. Carp and sturgeon were the only
species with sample results for all four sub-areas. No pattern of exposure or residue
concentration is apparent. The highest average values for carp and the lowest average values for
sturgeon occurred in the 100 Area Sub-Area. Average LOECs were less than 0.4 for all species
except carp. Average LOECs for carp were 1.1 in the 100 Area Sub-Area and 1.0 in the
300 Area Sub-Area. However, as described previously, these were historical samples with
elevated concentrations not found in more recent samples.

In summary, copper liver LOEC HQs of all recent samples and all but 16 historical samples were
below 1.0 and averaged 0.4 or less.

9.2.2.3 Selenium in Fish Livers. Selenium exceeded LOEC benchmarks in seven samples in
the 100 Area Sub-Area and one sample in the 300 Area Sub-Area (Table 9-5). All exceedances
occurred in samples collected between 2002 and 2005. In the 100 Area Sub-Area, all
exceedances except one (a bass) were in whitefish samples, while in the 300 Area Sub-Area the
exceedance was also in a bass sample. No exceedances of benchmarks occurred in samples
collected in subsequent sampling events or during the RI sampling between 2008 and 2010.

A review of average values for all detected concentrations of selenium shows no pattern in carp
or sturgeon samples, for which data across all sub-areas exist (Table 9-10). In these two species,
highest average concentrations were in carp in the 100 Area Sub-Area, while the Lake Wallula
Sub-Area had the highest for sturgeon. Overall highest average concentrations were found in
whitefish in the 100 Area Sub-Area, as shown in Table 9-10.

Selenium was not detected or did not exceed LOEC values in any samples collected since 2005,
including the recent 2008 to 2010 RI sampling.

9.2.2.4 Zinc in Fish Livers. As an essential nutrient and common earth metal, zinc is readily
absorbed and transported to fish tissue. It was found in all 48 samples from the 100 Area
Sub-Area and all 40 samples from the 300 Area Sub-Area (Table 9-5). Zinc was not a COPEC
for the Lake Wallula Sub-Area.
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As with other metals, the 9 or 10 highest concentrations of zinc in fish liver in both sub-areas
were found in historical (2004 and 2002, plus one 2006) samples, and all 10 were obtained from
carp (Tables 9-6 and 9-7). Lowest observed effect concentration HQs for these samples were 22
and lower in the 100 Area Sub-Area and 24 and lower in the 300 Area Sub-Area. Conversely,
most of the samples with the lowest zinc concentrations in each sub-area were from sturgeon.
Average LOEC HQs for sturgeon in all four sub-areas were between 0.6 and 0.7.

Carp collected in 2009 had higher concentrations of zinc than 2009 sturgeon and many historical
samples from other species. Lowest observed effect concentration HQs for carp in the 100 Area
Sub-Area ranged from 3.0 to 5.0, while in the 300 Area Sub-Area, LOEC HQs of 2009 carp
ranged from 2.0 to 5.0. As seen with cadmium, these HQ data are comparable to the Reference
data presented in Table 9-3; both Reference and current Study Area data present maximum liver
HQs for zinc in the range of 4.0 to 5.0.

Average values for all detected liver concentrations of zinc are shown in Table 9-11. As
indicated above, carp tissue concentrations are higher than sturgeon or other species. Carp tissue
concentrations are lowest upriver (211 mg/kg), highest in the 100 Area Sub-Area (633 mg/kg),
and decline in sequence through 300 Area and Lake Wallula Sub-Areas. For sturgeon,
zinc concentrations are lowest in the 100 Area Sub-Area and highest upriver. Zinc is not likely
to be a Hanford Site-related constituent, arising instead from upriver sources.

9.2.3 Fish Kidney Data Analysis

Summary results for kidney analyses are shown in Table 9-12 for all three sub-areas. Among the
COPECs for these areas, LOEC benchmarks were available only for cadmium, copper, selenium,
and zinc. In the 100 Area Sub-Area, all three COPECs exceeded LOEC benchmarks; in the
300 Area Sub-Area, only selenium and zinc exceeded LOECs. These constituents were not
COPECs for the Lake Wallula Sub-Area.

Maximum kidney LOEC HQs for these constituents as well as the number of exceedances versus
the number of samples (in parentheses) in the 100 and 300 Area Sub-Areas are summarized from
Table 9-12 as follows.

COPEC 100 Area Sub-Area 300 Area Sub-Area
LOEC HQ LOEC HQ

Cadmium 1.0 (1/14) 2.0 (3/15)

Copper 1.0 (1/14) 0.7 (0/15)

Selenium 1.0 (12/14) 2.0 (10/15)

Zinc 14 (5/14) 16 (6/15)

These results are discussed by COPEC below.

9.2.3.1 Cadmium in Fish Kidneys. Cadmium LOEC exceedances are shown by sample in
Table 9-13. Four exceedances occurred in the 100 Area and 300 Area Sub-Areas, with one
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exceedance in the 100 Area Sub-Area and the remaining three in the 300 Area Sub-Area. All
four exceedances were in samples from 2009.

The LOEC HQ for the one cadmium exceedance in the 100 Area Sub-Area was 1.0, while the
LOEC HQs in the 300 Area Sub-Area ranged from 1.0 to 2.0. Average values for all kidney
samples for which cadmium was detected are shown in Table 9-15; data are available for both
carp and sturgeon. The data indicate that the average LOEC HQs for the 100 Area Sub-Area for
both carp and sturgeon are below 1.0, and the average LOEC HQs for the 300 Area Sub-Area for
carp and sturgeon are at 1.0 and 0.1, respectively.

9.2.3.2 Copper in Fish Kidneys. Copper LOEC exceedances are shown by sample in
Table 9-13. Only one exceedance, in 2009, occurred in carp samples in the 100 Area Sub-Area,
producing a LOEC HQ of 1.0.

Average values for all kidney samples in which copper was detected are shown in Table 9-16.
Data are available for both carp and sturgeon. In both species, maximum tissue concentrations
were present in samples from the 100 Area Sub-Area. In sturgeon, concentrations declined
steadily through downriver sub-areas, whereas in carp, concentrations were higher in the
Lake Wallula Sub-Area than in the 300 Area Sub-Area.

Because only one fish sample was found with an LOEC HQ equal to or greater than 1.0, the
potential for effects to carp is likely to be low. The lack of exceedance in the 300 Area Sub-Area
(0/15) combined with the low LOEC HQ (0.7) suggests that potential risks are likely lower in
that sub-area. No further analysis is recommended.

9.2.3.3 Selenium in Fish Kidneys. Selenium exceeded LOEC benchmarks in the majority of
kidney samples collected. Results for individual samples are shown in Tables 9-13 and 9-14.
All exceedances were in samples from 2009.

In general, concentrations were similar in both sub-areas. Lowest observed effect concentration
HQs in the 100 Area Sub-Area were consistent at 1.0, while in the 300 Area Sub-Area, LOEC
HQs ranged from 1.0 to 2.0.

Average concentrations of all detected Site concentrations of selenium in both carp and sturgeon
are shown in Table 9-17. Concentration relationships with sub-area between the two species are
not similar. For carp, highest average concentrations occurred in Upriver Sub-Area samples.
For sturgeon, highest concentrations occurred in the Lake Wallula Sub-Area samples. Average
LOEC HQs for both species equaled or exceeded one in all sub-areas, including upriver.

9.2.3.4 Zinc in Fish Kidneys. Zinc exceeded LOEC benchmarks in 5 of the 14 samples in the
100 Area Sub-Area and in 5 of the 15 samples collected in the 300 Area Sub-Area as shown in
Table 9-12. As discussed above, results for the individual sample exceedances are shown in
Tables 9-13 and 9-14; like copper and selenium, all exceedances for zinc were in samples from
2009.
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The LOEC HQs for zinc exceedances in the 100 Area Sub-Area ranged from 6.0 to 14, with a
maximum detected concentration of 534 mg/kg. In the 300 Area Sub-Area, LOEC HQs for
exceedances ranged from 1.0 to 16.

Average concentrations of all detected concentrations are shown in Table 9-18. As has been
seen with the majority of the average data, concentration relationships between the two species
are not similar. For carp, the highest average concentrations occurred in the Lake Wallula
Sub-Area, while for sturgeon, highest average concentrations were in the 100 Area Sub-Area.
Average LOEC HQs exceeded 1.0 for carp in all sub-areas. Average LOEC HQs for sturgeon
did not exceed 1.0.

9.2.4 Combined Liver/Kidney Data Analysis

Table 9-19 shows sample results for combined liver and kidney samples from all three sub-areas.
These samples reflect bass, sucker, whitefish, and walleye samples collected between 2008 and
2010. Detected concentrations in combined liver and kidney tissue were compared to the lower
of liver and kidney LOEC data in the literature. This conservative approach may overestimate
potential risks in some cases.

Among the large number of COPECs for these areas, tissue effect LOEC benchmarks are
available for arsenic, cadmium, chromium, copper, DDT, endosulfan and endrin (also used as
surrogate for other forms), lead, mercury, selenium, and zinc.

Among these, selenium is the only COPEC that exceeded the LOEC in both the 100 Area and
300 Area Sub-Areas. No COPECs exceeded benchmarks in the Lake Wallula Sub-Area.

Maximum combined liver/kidney benchmark HQs for selenium as well as the number of
exceedances versus the number of samples (in parentheses) in the 100 Area and 300 Area
Sub-Areas are as follows (Table 9-19).

COPEC 100 Area Sub-Area 300 Area Sub-Area
Benchmark HQ Benchmark HQ

Selenium 3.0 (11/21) 3.0 (13/20)

These LOEC exceedances are reviewed in more detail in the following subsection.

9.2.4.1 Selenium in Combined Liver/Kidney Tissue. Selenium exceeded LOEC benchmarks
in more than half of all samples collected in both the 100 and 300 Area Sub-Areas.
Sample-specific results are shown in Tables 9-20 and 9-21. As shown, concentrations were
similar in both the 100 Area and 300 Area Sub-Areas. Lowest observed effect concentration
HQs in both the 100 Area and 300 Area Sub-Areas for selenium LOEC exceedances ranged from
1.0 to 3.0, and were all collected during 2009. A majority of samples in each area had LOEC
HQs close to or greater than 1.0. Exceedances occurred in all species except sturgeon and carp.
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Average values for all samples in which selenium was detected are shown in Table 9-22. The
highest concentration in all four sub-areas was found in whitefish samples. Within species, the
highest average concentrations among the sub-areas for bass and whitefish were found in
Upriver Sub-Area samples, while highest average concentrations for sucker and walleye samples
were found in the 300 Area Sub-Area.

Selenium is not an Inclusion List compound, and its relationship to the Hanford Site is uncertain.

9.2.5 Fish Carcass Data Analysis

Results for the data summary and LOEC review of carcass are shown in Table 9-23. Between
30 and 55 sample results are available for each COPEC, except for methylmercury, which was
analyzed for in selected sturgeon samples in the 300 Area and Lake Wallula Sub-Areas. Only
one COPEC - arsenic - had toxicity data available. Arsenic was detected in 14 of 35 samples in
the 100 and 300 Area Sub-Areas and in 6 of 31 samples in the Lake Wallula Sub-Area. Of these
detections, none exceeded the LOEC of 3.1 mg/kg. The highest LOEC HQ was 0.4 in both the
100 Area and Lake Wallula Sub-Areas.

9.2.6 Conclusions: Fish Tissue Effects Level Evaluation

The results of the evaluation of fish tissue produced a wide array of results that vary by species
and area. A brief narrative summary of the results and findings is presented below.

Tissue COPEC Comments

Fillet -- No LOEC exceedances; no risk associated with fillet tissue.

Highest results in historical data. Highest total concentrations in carp; LOEC HQs
Cadmium of 1.0 to 36 were found in 28/88 liver samples from 100 and 300 Area Sub-Areas.

However, the association of cadmium with Hanford Site operations is uncertain.

Copper Highest in historical samples. All recent LOEC HQs 0.5 or less. No pattern across
areas.

Liver Selenium All exceedances in historical samples.

Highest HQs in historical samples. Lowest in recent samples. Highest
concentrations in carp; 2009 carp LOEC HQs 2.0 to 5.0. Elevated LOEC HQs in

Zinc whitefish and sucker, based on historical samples. However, zinc is common in
stormwater runoff, and its relationship to the Hanford Site is uncertain. It is not an
Inclusion List compound.
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Tissue COPEC Comments

Copper Only one LOEC exceedance, with an HQ of 1.0 in carp.

Highest HQs, and all exceedances, were from 2009 samples. Exceedances produce

Selenium HQs ranging from 1.0 to 2.0, indicating potential risk. The relationship between
selenium and Hanford Site operations is uncertain. It is not an Inclusion List

Kidney compound.

Highest HQs, and all exceedances, were from 2009 samples. Maximum LOEC
HQs in the 100 Area and 300 Area Sub-Areas were 14 and 16, respectively.

Zinc Highest values in carp. However, as stated above, zinc is common in stormwater
runoff, and its relationship to the Hanford Site is uncertain. It is not an Inclusion
List compound.

LOEC exceedances for all species except sturgeon and carp. Potential risk.
Liver/kidney Selenium However, selenium's relationship to the Hanford Site is uncertain. It is not a

Hanford Inclusion List compound.

Carcass -- No LOEC exceedances.

As shown, the greatest exceedance of fish tissue LOECs generally occurs for cadmium, copper,
selenium, and zinc. Cadmium produced LOEC HQs close to or greater than 1.0 in carp liver
tissue. Copper produced LOECs close to or greater than 1.0 in kidney and liver tissue. Selenium
exceeded LOECs in liver, kidney, and liver/kidney samples. Zinc exceeded LOECs in liver and
kidney samples for several species. No COPEC concentrations approached or exceeded LOECs
in fillet or carcass.

Because sample types varied between species, no conclusions about accumulation across all
species and tissue types can be made. However, based on average data presented in the tables
discussed previously (which include both historical and recent results), species with the highest
tissue concentrations are as follows.

Tissue COPEC Species Sampled Species with Highest
Average Concentration

Fillet --

Cadmium Carp

Liver Copper Carp and sturgeon, and historical data Carp

Selenium only for bass, sucker, and whitefish Whitefish

Zinc Carp

Copper Carp

Kidney Selenium Carp and sturgeon Carp and sturgeon

Zinc Carp

Liver/kidney Selenium Bass, sucker, whitefish, walleye Whitefish

Carcass --

NOTE: -- Indicates that no COPECs exceeded LOECs for that tissue type.

As shown, carp tend to accumulate constituents to highest concentrations in the tissues in which
it was sampled (liver and kidney). Accumulation varied across other species by tissue. A
literature review of metal bioaccumulation in carp revealed that, generally, concentrations of

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 9-10



DOE/RL-2010-117

Fish Risk Evaluation Rev. 0

accumulated heavy metals (such as cadmium, chromium, copper, and zinc) in muscle tissue were
found to increase in direct proportion to an increase in length and weight of individual fish. A
correlation was also found in regards to age; with increased age, metal accumulation was
increased ("Bio-Accumulation of Lead in the Bodies of Major Carps (Catla catla, Labeo rohita
and Cirrhina mrigala) During 96-h LC50 Exposures" [Javid et al. 2007]; "Comparison of Total
Accumulated Mercury in Muscle Tissues of Common Carp and Silver Carp in Sanandaj
Gheshlagh Reservoir" [Khoshnamvand et al. 2011]; "The Effect of Fish Size and Condition on
the Contents of Twelve Essential and Non Essential Elements in Aristichthys nobilis"
[Naeem et al. 2011]).

No consistent trend was apparent across sub-areas. Average COPEC concentrations did not
consistently increase by sub-area, nor was the 100 Area or 300 Area Sub-Area consistently
higher than others. The maximum concentration varied widely by species and COPEC.

In conclusion, a comparison of fish tissue data to LOEC effects data illustrates that highest
LOEC exceedances are associated with cadmium, copper, selenium, and zinc. No consistent
relationship exists between species or sub-areas, although carp may be at a higher risk than other
species because of higher accumulation rates in the liver. None of these metals are known to
have been used in significant quantities at the Hanford Site; therefore, the association of these
results to Hanford Site operations is uncertain.

9.3 FISH CONDITION ANALYSIS

As a second line of analysis, fish condition characteristics were reviewed for general
morphological differences between areas. Factors considered consisted of weight, length,
condition factor, and the hepatosomatic index (HSI). The methodology and results of this
evaluation are presented below.

9.3.1 Overview of Approach

Studies of the measurements of condition factor, relating an organism's weight to length, and
hepatosomatic indices, relating proportionality of specific organs to weight, are common in
fishery biology. These studies, along with general comparisons of length and weight, are used as
general indicators of organism well-being.

Condition factor (CF) is an organism-level response, where changes in conditions such as
nutrition and contaminant concentrations may cause variations from normal total body weights.
This factor is typically calculated as weight/length3 (cubed).

Hepatosomatic index is calculated from body and liver weight in individual fish and is
considered a general indicator of the overall fish health. The index aids in the analysis of
contaminant exposure of fish, as changes in the index may be indicative of contaminant effects.
This index is a percentage calculated as (organ weight/total body weight) * 100. In "Hepatic
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Toxicology of Fishes," Gingerich (1982) summarized extensive literature on the biology of fish
liver and concluded that about 2% of body weight in a mature teleost fish constitutes the liver.

Typically, a decrease in CF or HSI implies that the organism has depletion in energy reserves.
Decreased energy reserves potentially leads to health problems for fish. However, both HSI and
CF may vary in either direction as the result of exposure to chemicals, and both reflect influences
other than chemical exposure as well. Hepatosomatic index may reflect changes in metabolism,
storage of blood during quiescent periods, and species and allometric differences, as well as
chemical exposure. Condition factor varies directly with nutrition and can vary seasonally,
reflecting differences in nutrition and gonadal status. It also varies by species and by location for
the same species ("Ration, Growth, and Measures of Somatic and Organ Condition in Relation to
Meal Frequency in Winter Flounder" [Tyler and Dunn 1976]; Biomonitoring ofEnvironmental
Status and Trends [BEST] Program: Selected Methods for Monitoring Chemical Contaminants
and their Effects in Aquatic Ecosystems [USGS 2000]). In addition, both of these measures
reflect the natural variability among individuals, species, and areas.

This study focuses on comparing the CF and HSI of fish species from upriver areas of the
Columbia River to those fish species located in the Hanford Reach and Lake Wallula. It also
compares average length and weight of sample specimens directly, across the same areas.
Because all of these factors vary in response to many parameters, the review seeks to identify
patterns across sub-areas or species as a means of ascertaining potential Hanford Site effects.

This evaluation considered six species of fish (bass, carp, sturgeon, sucker, walleye, and
whitefish) from the Columbia River Basin within the Hanford Reach and Lake Wallula. Some of
the walleye were collected during June 2010, while the other walleye and fish species were
collected during mid- to late-summer 2009. Many field data were collected, and those included
in this study are body length and location. Laboratory data used consisted of total length, total
body weight, liver weight, and kidney weight. The different fish species were evaluated
individually.

Individual fish data were sorted by sub-area to compare Upriver Sub-Area locations to those
within the three downriver sub-areas. After sorting, the HSI was calculated by dividing the liver
weight by total laboratory body weight and then multiplying this calculation by 100 to find the
percentage for the index (Table 9-26). In addition, the CF was calculated using weight/length3

(cubed). Because the fish sampling process intentionally targeted fish of specific length ranges,
fish weight was the primary variable examined by the CF analysis. The results of this analysis
are shown in Table 9-25. Standard deviation was also calculated for fish length and weight.
This calculation quantifies the amount of variation in the data relative to the average. A low
standard deviation indicates that the length or weight tend to be very close to the mean, whereas
high standard deviation indicates that the data are spread out over a large range of values. These
data are shown in Table 9-24 and Tables 9-27 through 9-31.
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9.3.2 Fish Condition Analysis Results

The fish collected upriver were collected above Priest Rapids Dam. The Columbia River below
Priest Rapids Dam is free-flowing and more open than the river directly above the dam. While
no impediments to fish movement are present between Priest Rapids Dam and McNary Dam,
many individual fish may reside predominantly in one sub-area during much of their lives. This
may result in area-specific differences. This study compares each individual fish within a
species to the other fish that are within the same river area, as well as those that are in the other
river areas. Each fish has a distinct river area with which it is associated.

The six species of fish were collected based on a target size for each species, and collection
activities were conducted using electrofishing (whitefish, suckers, and carp), hook and line (bass,
walleye, sturgeon, suckers, and carp), and long-line (sturgeon). Target fish sizes are summarized
from WCH-387 in the table below.

Bass Carp Sturgeon Suckers Walleye Whitefish

Target size (inches) <14 >18 43 to 54 >12 >11 >10

Number of individuals 100 95 30 100 103 102
collected

Due to fish species size restrictions, CF and HSI could potentially be skewed to higher values.
This creates an area of uncertainty when reviewing the CF and HSI data in that smaller sized fish
species that were restricted from collection may have different responses than are indicated in
this study.

Results of the analysis are presented separately by fish species in the following subsections.
Average values for most parameters were calculated and compared, as well as
standard deviation. As shown in the tables, the standard deviation is highly variable, ranging
from 2.0 to 11.5 for fish length and from 100.36 to 3606 for fish weight. The high variability
shown from the standard deviation calculations in most data results suggests the need for caution
interpreting the results.

9.3.2.1 Bass Condition Analysis Results. Data were compiled for 100 individual tissue
samples of bass throughout the specified area of the Columbia River. The laboratory data
including total weight, total length, liver weight, and kidney weight as well as river area are
detailed in Table 9-24. Results of each analysis are described below.
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9.3.2.1.1 Bass Average Total Length and Weight. Figures 9-1 and 9-2 graphically display the
relationship between river sub-area (Upriver, 100 Area, 300 Area, and Lake Wallula) and the
average weight and length of the bass specimens. As shown, data are highly variable, with
differences between individuals far exceeding differences between sub-areas. These figures
indicate that, while fish tend to be smaller and lighter below the Upriver Sub-Area, these factors
do not change in a similar manner with distance downstream. Bass in the 100 Area and
Lake Wallula Sub-Areas have nearly identical characteristics: both have an average length
approximately 2 cm (0.8 in.) shorter and an average weight approximately 70 g (0.2 lb) lighter
than those bass found upriver. Bass in the 300 Area are longer and heavier than both 100 Area
or Lake Wallula Sub-Area fish and have an average length approximately 0.6 cm (0.2 in.) shorter
and an average weight approximately 20 g (0.04 lb) lighter than those collected upriver.

Figure 9-1. Bass Length.
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Figure 9-2. Bass Weight.
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However, the bass species is in a somewhat unique situation, as bass fishing tournaments are
common in the Columbia River, within the Hanford Reach, and Lake Wallula. During these
fishing tournaments, the largest individuals of the species are selectively caught and removed
from the environment. This could affect the number of larger (i.e., longer and heavier) bass
individuals available within the sub-areas and therefore could affect the size of the fish
encountered in this study, skewing the results to show shorter and lighter fish in the
Hanford Reach and Lake Wallula relative to upriver.

9.3.2.1.2 Bass Condition Factor and Hepatosomatic Index. Condition factors and HIs are
summarized in Tables 9-25 and 9-26 and Figure 9-3. The average CF in upriver bass was 0.014.
As shown in Table 9-25, the average CF across the four sub-areas is nearly identical, at 0.014 or
0.015.
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Figure 9-3. Average Hepatosomatic Index (HSI).
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Figure 9-3 and Table 9-26 show the HSI for bass upriver to be nearly 0.014; this number declines
in the 100 Area Sub-Area to 0.10, mirroring the decline in weight and length in this sub-area as
well. Length, weight, and HSI increase in the 300 Area Sub-Area. The HSI then increases in
Lake Wallula, while average weight and length decrease. Hepatosomatic index in Lake Wallula
is approximately 0.013, approximately the same value as the upriver fish. This similarity may
reflect the similar habitats in the two reservoirs.

9.3.2.2 Carp Condition Analysis Results. Ninety-five individual tissue samples of carp
throughout the specified area of the Columbia River were collected for data analysis. Laboratory
data, including total weight, total length, liver weight, and kidney weight as well as river area are
detailed in Table 9-27. Results are described below.
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9.3.2.2.1 Carp Average Total Length and Weight. Average weight and length of carp was
calculated for each sub-area. Figures 9-4 and 9-5 display the relationship found during this
evaluation. While results are highly variable, these figures indicate that both average fish weight
and fish length decline in the 100 Area Sub-Area, then increase with distance downstream
(length) or remain generally similar (weight). Average carp length in the 100 Area Sub-Area
was approximately 5 cm (2 in.) shorter than upriver and increased to approximately 2.5 cm
(1 in.) shorter than upriver in Lake Wallula. Weight in these fish ranged from approximately
1,359 g (3 lb; 300 Area) to 1,612 g (3.6 lb; 100 Area) lighter than upriver fish. This decrease
may reflect a habitat less suitable to carp than the quiescent waters in upstream areas.

Figure 9-4. Carp Length.
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Figure 9-5. Carp Weight.
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9.3.2.2.2 Carp Condition Factor and Hepatosomatic Index. Tables 9-25 and 9-26 and
Figure 9-3 summarize the CF and HSI for carp. As these demonstratives show, the average CF
declines, similar to carp length and weight, as fish move downriver. Upriver data indicate the
average CF, as shown in Table 9-25, is 0.0 17; the average declines to 0.0 15 in both the 100 Area
and 300 Area Sub-Areas, and then down to 0.014 in the Lake Wallula Sub-Area.

As Figure 9-3 and Table 9-26 show, the HSI slightly increases from upriver (0.0 17) through the
100 Area and 300 Area Sub-Areas to approximately 0.0 18, to the Lake Wallula Sub-Area, where
it decreases to approximately 0.016.

9.3.2.3 Sturgeon Condition Analysis Results. Thirty individual tissue samples of sturgeon
throughout the specified area of the Columbia River were collected for data analysis. Laboratory
data including total weight, total length, liver weight, and kidney weight as well as river area are
detailed in Table 9-28. Study results are described below.
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9.3.2.3.1 Sturgeon Average Total Length and Weight. Figures 9-6 and 9-7 show the
relationship between river area and the average weight and length of the sturgeon specimens.
These figures indicate that sturgeon are on average longer downstream of Priest Rapids Dam
than they are upstream. However, average sturgeon weight in the 100 Area Sub-Area is lower
than the other sub-areas, with both the 300 Area and Lake Wallula Sub-Areas having higher
average weights than upriver. Sturgeon in the 100 Area Sub-Area have an average length
approximately 6 cm (2.4 in.) longer, but an average weight approximately 855 g (1.9 lb) lighter
than those found upriver. Sturgeon in the 100 Area Sub-Area are thus longer and leaner than fish
in other areas. Sturgeon in the 300 Area Sub-Area have an average length approximately 5.5 cm
(2.2 in.) longer and an average weight approximately 1,680 g (3.7 lb) heavier. Lake Wallula
Sub-Area sturgeon are approximately 10 cm (3.9 in.) longer and 5,065 g (11 lb) heavier than
those found upriver.

Figure 9-6. Sturgeon Length.
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Figure 9-7. Sturgeon Weight.
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9.3.2.3.2 Sturgeon Condition and Hepatosomatic Index. The average CF and the HSI for
sturgeon are also summarized in Tables 9-25 and 9-26 and Figure 9-3. Table 9-25 shows the
average CF for sturgeons increases slightly in the 100 Area Sub-Area and continues to stay
above the upriver average through to the Lake Wallula Sub-Area. Upriver, the average CF is
0.005, increasing up to 0.006 in the 100 Area Sub-Area, 0.008 in the 300 Area Sub-Area, and
then down slightly to 0.006 in the Lake Wallula Sub-Area.

As Figure 9-3 and Table 9-26 show, the HSI decreases, but is generally similar to upriver
(approximately 0.014), in the downriver sub-areas, and is approximately 0.013 in the
Lake Wallula Sub-Area. The general consistency in HSI across sub-areas coupled with the
increase in both overall length and weight and CF indicates that sturgeon condition in regard to
these parameters is fairly stable in the study area.

9.3.2.4 Sucker Condition Analysis Results. Data were compiled for 100 individual tissue
samples of sucker throughout the specified area of the Columbia River. Table 9-29 details the
laboratory data, including total weight, total length, liver weight and kidney weight, and river
area. Details of the results are described below.
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9.3.2.4.1 Sucker Average Total Length and Weight. Figures 9-8 and 9-9 display the
relationship between river area and the average weight and length of sucker specimens. These
figures indicate that average sucker length and weight are generally higher in the Hanford Reach
than in Upriver or Lake Wallula Sub-Areas. Suckers in the 100 Area Sub-Area have an average
length approximately 2 cm (0.8 in.) longer and an average weight approximately 195 g (0.4 lb)
heavier than those suckers found upriver. In the 300 Area Sub-Area, suckers have an average
length approximately 2 cm (0.8 in.) longer and an average weight approximately 244 g (0.5 lb)
heavier. Lake Wallula Sub-Area suckers are approximately 0.4 cm (0.2 in) longer and
220 g (0.5 lb) heavier than those found upriver.

Figure 9-8. Sucker Length.
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Figure 9-9. Sucker Weight.
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9.3.2.4.2 Sucker Condition Factor and Hepatosomatic Index. Condition factors and HIs are
summarized in Tables 9-25 and 9-26 and Figure 9-3. The average CF in upriver suckers was
0.010. As shown in Table 9-25, the average CF within the three downriver sub-areas was
constant at 0.11.

Figure 9-3 and Table 9-26 show the HSI for suckers upriver was 0.0086. As shown in
Figure 9-3, the HSI within the study area increased slightly, with the maximum at approximately
0.0125 in the 300 Area. This lack of decline in CF and only slight increase in HSI implies that
the condition of sucker species within the study area, as reflected by these parameters, is stable.

9.3.2.5 Walleye Condition Analysis Results. Data were compiled for 103 individual tissue
samples of walleye throughout the specified area of the Columbia River. The laboratory data
including total weight, total length, liver weight, and kidney weight as well as river sub-area are
detailed in Table 9-30. Study results are described below.
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9.3.2.5.1 Walleye Average Total Length and Weight. Average weight and length of walleye
was calculated for each sub-area. Figures 9-10 and 9-11 show the relationship found during
evaluation. These figures indicate that both average weight and length increased slightly in the
100 Area Sub-Area, but then decreased markedly in downriver sub-areas. Walleye length ranged
from approximately 0.86 cm (0.3 in.) longer (100 Area Sub-Area) to approximately 20 cm
(7.9 in.) shorter (Lake Wallula Sub-Area) than those fish collected upriver. Weight in these fish
ranged from approximately 290 g (0.6 lb) heavier (100 Area Sub-Area) to approximately
1,458 g (3.2 lb) lighter (Lake Wallula Sub-Area). However, the allowable catch size for walleye
was decreased twice during the sampling program in order to facilitate acquiring the desired
number of sample fish. Therefore, the fish caught downriver will be smaller. This, coupled with
very high variability in the data, likely overshadows these apparent trends.

Figure 9-10. Walleye Length.
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Figure 9-11. Walleye Weight.
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9.3.2.5.2 Walleye Condition Factor and Hepatosomatic Index. The average CF and the HSI
for walleye are summarized in Tables 9-25 and 9-26 and Figure 9-3. The average CF for walleye
is generally consistent in the Upriver (0.010), 100 Area, and 300 Area Sub-Areas, dropping
slightly to 0.009 in the Lake Wallula Sub-Area (see Table 9-25).

Figure 9-3 and Table 9-26 show the HSI decreases slightly in the Study Areas and increases in
the Lake Wallula Sub-Area. Upriver, the HSI is approximately 0.012, decreasing to
approximately 0.009 in both the 100 Area and 300 Area Sub-Areas, and then increasing up to
approximately 0.013 in the Lake Wallula Sub-Area. Although the evaluation on average weight
and length showed that walleye were generally smaller downriver, this may be due in large
measure to the sampling approach, as described above. Thus, because the CF and HSI imply a
fairly stable condition, the overall walleye condition is likely to be more stable than this overall
analysis indicates.

Additionally, one individual walleye caught in the 100 Area Sub-Area during sampling was
found to have tumors under its gills. Because this phenomena was observed in just 1 of more
than 50 individuals caught, this fish (walleye #6) was considered to be an anomaly. The CF of
this specimen was approximately 0.011, nearly identical to the average of all 100 Area Sub-Area
walleye. The HSI was approximately 0.004 (0.4%) and was the minimum HSI for all the
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100 Area Sub-Area walleye caught during sampling, by just a few percent. This evaluation
implies that the condition of walleye #6, although physically impaired, is similar to the greater
sampled population.

9.3.2.6 Whitefish Condition Analysis Results. Data were compiled for 102 individual tissue
samples of whitefish throughout the specified area of the Columbia River. Table 9-31 details the
laboratory data including total weight, total length, liver weight and kidney weight, and river
area. Results are described below.

9.3.2.6.1 Whitefish Average Total Length and Weight. Figures 9-12 and 9-13 display the
relationship between river area and the average weight and length of whitefish specimens. These
figures indicate that both weight and length increased markedly in the 100 Area Sub-Area from
upriver, declined slightly in the 300 Area Sub-Area, and increased again in the Lake Wallula
Sub-Area. Average upriver whitefish length was approximately 32.6 cm (12.8 in.) and weight
was approximately 307 g (0.7 lb). Fish in the 100 Area Sub-Area averaged approximately 9 cm
(3.5 in.) longer and 380 g (0.8 lb) heavier. 300 Area Sub-Area whitefish averaged approximately
7.5 cm (3 in.) longer and 313 g (0.7 lb) heavier than upriver whitefish. Whitefish in the
Lake Wallula Sub-Area averaged approximately 9.5 cm (3.7 in.) longer 400 g (0.9 lb) heavier
than those fish upriver.

Figure 9-12. Whitefish Length.
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Figure 9-13. Whitefish Weight.
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9.3.2.6.2 Whitefish Condition Factor and Hepatosomatic Index. The average CF and HSI
for whitefish are summarized in Tables 9-25 and 9-26 and Figure 9-3. Table 9-25 shows the
average CF increases slightly (by 0.01) and remains at 0.009 through the Hanford Reach and
Lake Wallula.

As shown in Figure 9-3 and Table 9-26, the HSI upriver is approximately 0.007 and increases
slightly into the downriver sub-areas. The maximum HSI in the study area is found in the
Lake Wallula Sub-Area at 0.01, and the minimum HSI is found in the 300 Area Sub-Area at
approximately 0.009. The evaluation of whitefish indicates a stable CF and HSI, with average
weight and length increasing as the study moved downriver. This implies that the condition of
whitefish species within the study area, as reflected by these parameters, is stable.

9.3.3 Summary of Fish Condition Analysis

This study has evaluated changes in length, weight, CF, and HSI and the condition of six species
of fish within the study area to gain an understanding of the organisms' general health and
condition.
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No consistent trends were found among the species or parameters evaluated, and high sample
variability prevents conclusive interpretation of the data. However, a review of the change in
data averages across sub-areas illustrates the following changes:

* Average length, weight, CF, and HSI of sucker and whitefish both had an overall increase
relative to upriver specimens, while only the length, weight, and CF of sturgeon increased
relative to upriver. Additionally, the CF of bass was similar to slightly increasing in relation
to upriver specimens.

* Average length, weight, CF, and HSI of carp and walleye generally decreased relative to
upriver specimens, while only the length, weight, and HSI of bass decreased relative to
upriver. In addition, the HSI of sturgeon had an overall decreasing trend in relation to
upriver specimens.

* These results indicate a possible correlation between length, weight, CF, and HSI in these six
fish species.

Fish condition integrates a variety of conditions, including habitat and food supply. Some
species, such as bass and carp, may be more suited to the more quiescent conditions behind
Priest Rapids Dam or Wanapum Dam than they are in the fast-moving water in the Hanford
Reach.

Three of the six species of fish, sturgeon, sucker, and whitefish have stable to increasing factors,
as reflected by the CF and the overall evaluation of weight and length. The evaluation also
indicated that the remaining three fish species, bass, carp, and walleye, showed a downward
trend in HSI and overall weight and length.

As noted previously, several environmental factors, such as seasonal variations, specific location,
nutritional quality, fishing tournaments (as discussed in Section 9.3.2.1), general recreational
fishing, or human consumption of certain fish species (especially walleye), can affect the CF or
HSI. In addition, many changes may result from natural variability within populations. These
factors are not taken into consideration in the results of this study, but may be reflected in the
results above. This study used the CF and HSI as very general indicators of organism condition
and overall health.

9.4 FISH HISTOLOGY SUMMARY

Kidney, liver, gill, and gonad tissues from 30 white sturgeon collected from the Columbia River
(both Upriver and Site Sub-Areas) were submitted to the Bozeman Fish Health Center for
histological evaluation. All tissue pieces (two gill arches, two kidney, two to three gonad, and
three to five liver per fish) were processed. Full results of the evaluation are contained in the
histology report provided as Appendix K to the DSR (WCH-398).
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Histological changes in gill tissue were consistent from fish to fish and severity scores ranged
from mild to moderate. Only one fish (sturgeon 29, from Lake Wallula) showed moderately
severe changes. The primary gill lesion observed was characterized by widespread infiltration of
inflammatory cells, primarily lymphocytes, similar to the other tissues examined. External
irritants (e.g., bacteria, sediment) typically induce a proliferative response in gill tissue, although
this response may also be induced by environmental toxicants. The only proliferative response
observed was a mild to moderate increase in numbers of mucus cells, mostly at ends of filaments
(primary lamellae).

Histological changes in kidney and liver tissue were consistent among the 30 fish examined. The
most noticeable changes in kidney occurred in interstitial tissue (proliferation of hematopoietic
tissue and inflammatory cell infiltrate), resulting in replacement of nephrons. In the liver, all fish
showed widespread inflammation of blood vessels (vasculitis) throughout liver tissue sections.
The most intense inflammation was associated with larger blood vessels.

Ovarian tissue showed various stages of developing oocytes, with inflammation ranging from
minimal to moderately severe. Five fish with moderately severe inflammation showed oocytes
replaced by inflammation. Four females showed isolated oocytes completely surrounded by fat
cells, possibly precluding development to maturation and/or release. Often, but not always,
increased amounts of fat correlated with increased inflammation in the same fish.

In general, the findings among all 30 fish examined, both from upriver and the downriver site
sub-areas, were remarkably consistent. Similar to histological changes observed in white
sturgeon from Lake Roosevelt, these fish showed widespread vasculitis in gill, kidney, liver, and
gonad tissues. However, the presence of a mixed population of inflammatory cells indicates that
this is a normal proliferative response to insult. Overall, degeneration and necrosis was minimal
compared to inflammation. No parasites or bacteria were found in liver, kidney, or gill tissues.

Vasculitis was the predominant lesion observed in all tissues examined. This type of response is
not surprising since sturgeon, in contrast to salmonids, appear to have a very developed
lymphatic system. Extensive necrosis (associated with acute toxicity) or proliferation (indicating
chronic toxicity exposure) of filament and lamellar epithelium were not seen in these fish.

Histological changes observed in gill and other tissues were indicative of an internal insult
(e.g., an ingested toxicant rather than an external toxicant in water). Widespread vasculitis
suggests transport of a toxicant or pathogen via blood, subsequent absorption into surrounding
tissue, and injury to the endothelial lining of blood vessels eliciting a strong immune response.
Additionally, the blood vessel inflammation, considered a nonspecific response, is indicative of
chronic insult, and not the result of a transient event (e.g., handling, single acute contaminant
exposure).

The immune response of the sampled sturgeon is considered to be active and chronic. The
integrity of some blood vessel walls was compromised in fish with moderately severe
widespread vasculitis, which could have a negative impact on vascular function. In addition,
high numbers of macrophage aggregates or elanomacrophage centers, which are widely used as a
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biomarker for exposure to environmental stressors (which can include chemical contaminants),
were observed in liver tissue sections. However, the type of environmental stressor is not
identified by the tissue histology; this characteristic would need to be compared to fish of similar
ages from an uncontaminated site and related to body burdens of contaminants in order to
confirm whether contaminant associations, as opposed to other forms of environmental stressors,
are associated with the observed effect. No conclusions about potential site effects can made
without further evaluation of fish from uncontaminated areas.

In addition, no stressor studies were conducted to identify the specific effects that might be
caused by potential Hanford Site contaminants; rather, the histology of all fish was assessed in
relation to catch location, and no relationship between observed effects and specific downriver
sub-areas was identified.

As discussed previously in Section 9.3.2.5, one individual walleye caught in the 100 Area
Sub-Area during sampling was found to have tumors under its gills. As just 1 of more than
50 individuals caught, this walleye was considered to be an anomaly. However, tissue analysis
on this specimen (walleye #6) was conducted by Headwaters Fish Pathology, LLC in
January 2010. The analysis concluded that the tumor contained fat cells, lymphocytes, and fluid
and was considered to be a dermal sarcoma, which is a viral disease common in walleye. This
type of sarcoma causes dermal tumors in adult walleye, which typically resolve in the months
after spawning (MacConnell 2010).

9.5 CONCLUSION: FISH RISK EVALUATION

This section presented data from three different lines of evidence to evaluate potential effects on
fish from Hanford Site releases. These lines of evidence are in addition to the evaluation of
surface water conducted in Section 7.0. Key observations from these efforts are as follows:

* Chromium, lead, nitrite, and uranium were all found to exceed water quality aquatic life
criteria or benchmarks in at least one sample in the last 10 years (Sections 7.0 and 8.0).

* Cadmium, copper, selenium, and zinc exceeded LOECs in one or more fish tissues.
Cadmium exceeded LOECs in carp liver tissue. Copper exceeded LOECs in kidney and
liver/kidney tissue. Selenium exceeded LOECs in all kidney and liver/kidney samples. Zinc
exceeded LOECs in liver and liver/kidney samples for several species. However, none of
these metals are believed to be specifically associated with the Hanford Site, so the
relationship to Hanford Site operations is uncertain.

* Tissue LOEC exceedances showed no consistent trend or correlation with sub-area. The
location of maximum concentration varied across species and sub-areas.

* For all COPECs evaluated, Study Area data exceedances are generally comparable to the
Reference data for all tissue types except liver.
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* Average length and weight of fish in each sub-area varied widely and showed no consistent
relationship to species or sub-area. Changes likely reflect natural responses associated with
habitat and diet.

* Condition factor and HSI varied on a species and sub-area basis, but showed no consistent
relationship across species or sub-areas.

* High variability in fish condition data limits the strength of interpretations based on
aggregate data.

* Fish histological evaluation of sturgeon tissue suggests an exposure to contaminants through
the diet, not through water exposures. However, definitive conclusions about immune
response cannot be made without further investigations of fish from uncontaminated areas.
No specific stressor-response studies on potential Hanford Site contaminants was conducted
as part of this study.

Fish sampling is continuing as part of the ongoing environmental monitoring of the Hanford Site.
Uncertainties associated with the evaluations contained in this and other sections of this SLERA
are provided in the following section.

9.6 REFERENCES

Adams, W. J., R. Blust, U. Borgmann, K. V. Brix, D. K. DeForest, A. S. Green, J. S. Meyer,
J. C. McGeer, P. R. Paquin, P. S. Rainbow, and C. M Wood, 2011, "Utility of Tissue
Residues for Predicting Effects of Metals on Aquatic Organisms," Integrated
Environmental Assessment and Management, Vol. 7, Issue 1, pp. 75-98.

Barron, M. G., J. A. Hansen, and J. Lipton, 2002, "Association Between Contaminant Tissue
Residues and Effects in Aquatic Organisms," in Ware, G. W., ed. Reviews of
Environmental Contamination and Toxicology, Vol. 173, pp. 1-37, Springer-Verlag,
New York, New York.

Gingerich, W. H., 1982, "Hepatic Toxicology of Fishes," Weber, L. J. (editor), Aquatic
Toxicology, New York, Raven Press. pp. 55-105.

Javid, Arshad, M. Javed, S. Abdullah, and Z. Ali, 2007, "Bio-Accumulation of Lead in the
Bodies of Major Carps (Catla catla, Labeo rohita and Cirrhina mrigala) During
96-h LC50 Exposures," International Journal ofAgriculture & Biology, pp. 909-912.

Khoshnamvand, M., Sh. Kaboudvandpour, F. Ghiasi, and B. Bahramnejad, 2011, "Comparison
of Total Accumulated Mercury in Muscle Tissues of Common Carp and Silver Carp in
Sanandaj Gheshlagh Reservoir," Journal ofEnvironmental Studies, Vol. 36, No. 56,
pp. 13-15. Available at http://www.sid.ir/en/VEWSSID/J pdf/8062010561 1.pdf.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 9-30



DOE/RL-2010-117

Fish Risk Evaluation Rev. 0

MacConnell, B., 2010, Memo re: Reference Case # 10-50 Walleye. Headwaters Fish
Pathology LLC, Bozeman, Montana, January 18, 2010.

Naeem, M., A. Salam, S. S. Tahir, and N. Rauf, 2011, "The Effect of Fish Size and Condition on
the Contents of Twelve Essential and Non Essential Elements in Aristichthys nobilis,"
Pakistan Veterinary Journal, pp. 109-112, January 2011. Available at
http://www.pvj.com/pk.

Sappington, K. G., T. S. Bridges, S. P. Bradbury, R. J. Erickson, A. J. Hendricks, R. P. Lanno,
J. P. Meador, D. R. Mount, M. H. Salazar, and D. J. Spry, 2011, "Application of the
Tissue Residue Approach in Ecological Risk Assessment," Integrated Environmental
Assessment and Management, Vol. 7, Issue 1, pp. 116-140.

Tyler, A. V. and R. S. Dunn, 1976, "Ration, Growth, and Measures of Somatic and Organ
Condition in Relation to Meal Frequency in Winter Flounder, Pseudopleuronectes
americanus, with Hypotheses Regarding Population Homeostasis," Journal of the
Fisheries Research Board of Canada, Vol. 33, No. 1, pp. 63-75.

USGS, 2000, Biomonitoring of Environmental Status and Trends (BEST) Program: Selected
Methods for Monitoring Chemical Contaminants and their Effects in Aquatic Ecosystems,
Information and Technology Report, USGS/BRD/ITR-2000-0005, U.S. Department of
the Interior, U.S. Geological Survey, Biological Resources Division. Available at
http://www.cerc.usgs.gov/pubs/BEST/methods.pdf.

WCH-387, 2010, Field Summary Report for Remedial Investigation of Hanford Site Releases to
the Columbia River, Hanford Site, Washington, Rev. 0, Washington Closure Hanford,
Richland, Washington. Available at
http://www.washingtonclosure.com/documents/mission complete/WCH-
387%2ORev.%200/WCH-387%/ 2ORev%/ 200.pdf.

WCH-398, 2011, Data Summary Report for the Remedial Investigation of Hanford Site Releases
to the Columbia River, Hanford Site, Washington, Rev. 0, Washington Closure Hanford,
Richland, Washington. Available at
http://www.washingtonclosure.com/documents/mission complete/WCH-
398 Rev.0/WCH-398%2ORev. %200%20Sections%201-8.pdf.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 9-31



DOE/RL-2010-117

Rev. 0Fish Risk Evaluation

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 9-32



DOE/RL-2010-117
Rev. 0

10.0 UNCERTAINTY ANALYSIS

10.1 INTRODUCTION

The science of risk assessment deals with a wide variety of information, assumptions, and
associated data quality. These result in a wide variety of uncertainties as the result of both the
assumptions used to describe site conditions, receptor exposure, and the natural variability in
receptor behavior and toxicological response. Ecological risk assessments must estimate or infer
information about receptors, exposures, and effects to reach a conclusion about potential effects
at both the individual and population level. While such assumptions do not negate the
conclusions of the assessment, they influence how the conclusions are used when making risk
management decisions based on the limitations imposed by the data and risk assessment
processes.

This section describes the array of uncertainties that are associated with the assessment of risk in
this SLERA. These uncertainties, along with their tendency to cause either an underestimation
or overestimation of risk, are presented in Table 10-1. Selected areas of particular uncertainty
are discussed by report section below, with final conclusions about the overall characteristics of
the final risk estimate provided in Section 10.3.

10.2 OVERVIEW OF POTENTIAL UNCERTAINTY

This SLERA was conducted in accordance with EPA guidance and standard practice regarding
the use of exposure and effects data. However, numerous assumptions underlie data collection,
data evaluation, risk analysis, and risk characterization. These are discussed in the following
sections.

10.2.1 Section 2.0 - Potential Uncertainty: Risk Assessment Data Collection

Table 10-1 describes several uncertainties associated with data collection and analysis that
individually and collectively may affect the accuracy of the site understanding derived from site
data. These characteristics fall into the following categories:

* Number and type of samples collected
* Use of J-qualified data
* Omission of pre-2000 data
* Use of composite and nonlipid-normalized fish data
* Omission of non-RI porewater data.

Of these sources, data collection and analysis is often one of the largest sources of uncertainty in
field studies, since a limited amount of data is used to infer conditions over a wide area. While
more than 2,700 abiotic samples (Table 2-1) were used to assess conditions in the
Columbia River, the large area of study necessarily resulted in wide separation of samples in
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some areas, with the effect that some areas of potential COPEC presence may have been missed.
However, considerable historical knowledge and documentation of the Hanford Site exists, and
both published reports and consultation with Hanford Site experts were used to focus sampling
on areas of known release or deposition. The use of data from contaminated areas lends a
conservative bias to the SLERA, since it overrepresents the effects of contamination relative to a
strictly random sampling pattern. In addition, the presence of depositional areas downriver of
release areas was identified and mapped prior to finalization of the RI Work Plan
(DOE/RL-2008-1 1) to maximize the representation of these areas by the risk assessment data set.
As a result of these precautions, the potential for underestimating risks by missing accumulation
areas of site COPECs is relatively low.

Conversely, sampling tends to be congregated in areas of known deposition or discharge, thus
overrepresenting these conditions in the data set as a whole. While this characteristic may
overestimate risk, the approach is appropriate for identifying and quantifying the need for
remedial action in these areas, which is a goal of the risk assessment.

A second significant point of uncertainty is that porewater data collected from each groundwater
OU area as part of the RIs of those areas were not included in the risk assessment, which focused
rather on the targeted data collected as part of the Columbia River RI. The Columbia River RI
data were collected by consistent techniques, subject to analysis and quality control by the same
laboratories, and were comprehensive in both geographic coverage and analytical array. For
these reasons, the data obtained from these samples were considered to be sufficiently
representative, and thus effects from excluding data from multiple separate OU sampling
programs is considered to be low.

Depending on the medium and receptor, many historical data types were not used in this
assessment. For example, some historical juvenile fish species samples were not included in the
fish data set, which focused on adult fish to maximize consistency within species. Additionally,
some historical exceedances were not used in the analyses because they no longer represent
conditions in the river. In each of these cases, the analyses may have missed specific
characteristics that were represented by these samples. The magnitude of this underestimate is
expected to be low because of the large sets of current data that were used. Most historical data
from 2000 were combined with the current 2008 to 2010 data sets, yielding a robust data set for
assessment. In general, both abiotic and fish historical data show higher concentrations of
COPECs than concentrations representative of current samples. However, all data were used in
the calculation of average data values for fish. The magnitude of this practice depends on the
overall historical concentration values, but in general leads to an overestimation of current levels
of risk.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 10-2



DOE/RL-2010-117

Uncertainty Analysis Rev. 0

10.2.2 Section 3.0 - Potential Uncertainty: Selection of Contaminants of Potential
Ecological Concern

Potential uncertainties arising from the process used to select COPECs is shown in Table 10-1.
The sources of uncertainty can be summarized as follows:

* Omission of nondetect and Exclusion List constituents and results from general or aggregate
analytical methods from the COPEC selection process

* Treatment of nondetect data with high reporting limits as true nondetects

* Use of Reference data with anthropogenic contributions to select COPECs

* Designation of constituents as non-COPECs that have individual sample results higher than
Reference or NOEC values.

The omission of nondetect, Exclusion List, and aggregate data from the risk assessment is
considered to have little or no effect on the outcome of the risk assessment. The relative risk
presented by compounds that are not detected above established reporting limits, as well as
Exclusion List constituents in general, is expected to be negligible. Thus, these constituents
were not designated as COPECs. The results of aggregate analyses, such as "nitrogen in nitrate
and nitrite," is likewise expected to be minimal, since more accurate data produced by other
methods were available and used in place of these infrequent results.

Likewise, the effects of excluding compounds not detected in environmental media
("nondetects") are also expected to be low. These COPECs, identified by media in Tables 3-19
through 3-30, typically consist of VOCs, herbicides and pesticides, PAHs, and other constituents
not associated with the Hanford Site. The lack of a detectable concentration for these
constituents renders conclusions about effects and consequent risk highly uncertain.

Some nondetected constituents with reporting limits higher than the target reporting limit were
also excluded as COPECs. These constituents had no quantifiable concentrations above the
sample reporting limit. In addition, these constituents had no detected, but unquantifiable,
concentrations below the reporting limit, a condition typically reflected by a J-qualifier.
Constituents reported as nondetect without a J-qualifier are likely to be truly absent or present at
only trace concentrations, where any potential risk is both correspondingly low and virtually
impossible to assess. For these reasons, the effect of excluding these COPECs from evaluation
in the risk assessment is considered to be negligible. As noted in Section 2.0, COPEC
concentrations qualified with a "J" qualifier, indicating a detection below the reporting limit,
were included in the risk assessment at their reported value.

The results obtained by comparing site concentrations to Reference data, which was the primary
mechanism for COPEC selection, are influenced by the extent to which Reference samples
contain anthropogenic contributions. While most Reference samples for surface water and
sediment came from upriver areas and are therefore representative of the river prior to any
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Hanford Site influences, a small number of Reference samples for these media were also
obtained from wasteways and irrigation returns. Because these waterways drain agricultural
fields, they have higher concentrations of some constituents than upriver areas or major
tributaries. The presence of elevated concentrations from these sources has the potential to
influence the results of the Site and Reference data comparison process used to select COPECs
and may cause some constituents to be eliminated as COPECs. However, most comparisons
were completed statistically using methods that incorporate both results and variability into the
analysis of differences between means, a process which diminishes the effect of elevated
outliers. In addition, the presence of anthropogenic contributions is a well-documented
consequence of urban or agricultural land development and is regulated by other programs.

However, to quantitatively evaluate potential effects, an evaluation of surface water and
sediment COPECs that may have been eliminated as COPECs by the presence of wasteway and
irrigation return data in the Reference data set was conducted and is included as Appendix I.

In this analysis, the effects of including wasteway and irrigation data in the Reference data set
were evaluated by first identifying those non-COPEC most likely to have been excluded as
COPECs by the use of the wasteway and irrigation return data, and then subjecting those
constituents to the same level of Reference comparison and toxicity evaluation as other SLERA
COPECs. Identified non-COPECs were compared statistically to a revised Reference data set
that contained no wasteway or irrigation return data, and those constituents that were found to
exist at the Site at concentrations statistically higher than Reference, or which had a FOD too
low for statistical analysis, were compared to NOECs, consistent with Section 7.0 of the SLERA.

This analysis found that no surface water or sediment non-COPEC constituents would have
remained in the SLERA after the initial screening against NOECs provided in Section 7.0 of the
SLERA. Non-COPECs most likely to have been affected by the presence of wasteway and
irrigation return data were found to be present at concentrations that were either consistent with a
revised Reference data set or well below NOECs. Acetone, detected in 5% of sediment and
Reference samples, is considered to be an artifact of laboratory analysis.

In summary, this analysis suggests that none of the constituents excluded from the risk
assessment by the use of wasteway and irrigation return data would affect the findings or
conclusions of the SLERA, as presented in Section 11.0.

In addition, the practice of eliminating constituents from the risk assessment by any means may
introduce uncertainty, since the effects of eliminated compounds are not considered. The
COPEC selection and review process executed in Sections 3.0 through 7.0 of this SLERA
followed a process whereby constituents that are present above Reference concentrations are
identified as COPECs and then compared to representative NOEC values to identify those with
concentrations that exceed NOECs, and which thus warrant further consideration. However,
other constituents that were not selected as COPECs (because their Site concentrations were
consistent with or lower than Reference areas) may also exceed NOECs in some Site locations.
The primary instances of this condition are shown in Table 10-2; examples include manganese,
gamma-BHC (lindane), heptachlor, and heptachlor epoxide in sediment, which exceeded NOECs
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in some 100 Area Sub-Area sediment samples. Each of these constituents exceeded NOECs by
small margins at widely separated locations. However, NOEC exceedances of this nature are not
expected to reflect a risk to species or populations, both because of the conservatism of the
NOEC benchmarks and the fact that most ecological receptors, such as fish, are mobile and thus
have little long-term exposure to single locations. In addition, because concentrations are
consistent with Reference concentrations, similar exceedances may be expected in upriver and
other Reference areas as well.

Concentrations of many fish tissue constituents, including manganese, selenium, vanadium,
lithium, strontium, and zinc in fillet, plus several in carcass, exceeded Reference concentrations
in at least one sample, although analysis of the whole data set, by either statistical or qualitative
analysis, showed them to be lower than Reference (Table 10-2). Varying concentrations and
occasional NOEC exceedances are typical in rivers with urban or agricultural watersheds and
typically reflect the ubiquitous presence of anthropomorphic constituents within the river.

10.2.3 Section 4.0 - Potential Uncertainty: Habitat Description

The flora and fauna of the Columbia River adjacent to the Hanford Site has been well
documented and is the topic of ongoing monitoring and studies. These descriptions to date are
generally sufficient to meet the needs of a general screening-level assessment such as this one.
Aquatic and semi-aquatic organisms and plants as well as terrestrial and avian fauna have been
described in numerous studies, which were consulted to develop the array of assessment
endpoints for this report.

10.2.4 Section 5.0 - Potential Uncertainty: Problem Formulation

Problem Formulation sets the process and goals of the risk assessment. In this SLERA, a wide
array of receptor groups were considered and included as assessment endpoints. Potential
uncertainty is associated with the following:

* Consolidation of assessment endpoints
* Use of conservative no-effect values
* Selection of exposure pathways for evaluation.

In this assessment, the ecological receptors identified as assessment endpoints consisted of fish,
aquatic plants, algae and zooplankton, amphibians, and benthic organisms. For evaluation
purposes, these were consolidated and evaluated by a single set of "aquatic biota and amphibian"
NOECs and LOECs. While some NOEC values, such as WQC, are based on data from species
within all of these groups, other toxicity data are based on effects to only one (typically fish or
invertebrates), and the results were assumed to be protective of all of them. Because species
differ in physiology and natural history, NOECs and LOECs protective of one species may be
higher or lower than corresponding values for other species. This may lead to an over- or
underprotection of species.
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Effects are evaluated by the use of ecological NOEC benchmarks. No observed effect
concentration evaluations are typically a first-tier screening approach intended primarily to
remove COPECs from the study, rather than to advance conclusions about risk. A low level of
effect may be associated with some values, such as sediment NOECs that are based on an
aggregated data set. However, in general they are considered to overestimate potential risk,
since they are generic values from other sites.

A variety of exposure pathways were included in the conceptual site model. Inhalation of dust
was not considered to be a significant exposure route, and dermal contact with water and
sediment or soil by mammals was not evaluated. However, these exposure pathways are likely
to be minor or negligible compared to the other pathways that were evaluated, and the magnitude
of this underestimation is not likely to be significant in most cases.

As described in Section 5.0, piscivorous birds such as herons, which are likely to have the
highest exposure due to their abundance and exclusive use of the river corridor, were not
included in the CRC SLERA because they were evaluated as part of the RCBRA using
field-collected prey items from the Columbia River. In the RCBRA study, the only CRC
COPECs for which risk was found were antimony, selenium, and vanadium, as the result of
heron ingestion of fish (94%), aquatic invertebrates, and sediment. However, neither antimony
nor vanadium was a COPEC for any CRC fish tissue, because concentrations were consistent
with Reference concentrations. Selenium was a CRC COPEC for liver and kidneys in the
100 Area and 300 Area Sub-Areas only. None of these constituents were a COPEC in surface
water in any sub-area. Selenium is a sediment COPEC in the 300 Area Sub-Area only, but was
detected in only 9 out of 151 sediment samples from that sub-area, and of these 9, only 2
contained concentrations higher than the maximum concentration of 1.92 mg/kg detected in
Reference samples (Appendices E and G). Antimony and vanadium are sediment COPECs in
Lake Wallula only.

Thus, because the constituents found to drive a potential risk to the heron in the RCBRA are not
present above Reference concentrations in fish tissue or in most parts of the CRC study area, the
effects of not conducting a separate analysis of the heron with CRC data is considered to be low.

10.2.5 Section 6.0 - Potential Uncertainty: Screening-Level Effects and Exposure
Evaluation

The selection and use of NOECs and LOECs represents a significant source of conservative bias
in the risk assessment. A detailed list of specific points where uncertainty may be introduced is
provided in Table 10-1. In general, uncertainty arises from the following steps:

* Estimation of values from literature studies
* Development of sediment values by equilibrium partitioning
* Development of bird and mammal values by food chain modeling
* Absence of piscivore evaluations.

Columbia River Component Risk Assessment
Volume I, Part 1: Screening-Level Ecological Risk Assessment

June 2012 10-6



DOE/RL-2010-117

Uncertainty Analysis Rev. 0

Values developed from literature studies present a major source of study uncertainty. As
described in Section 6.0, the lowest value from a credible scientific study was used as the basis
for the NOEC and LOEC, a practice that targets the most sensitive species among all receptors.
This imparts a low bias that is intended to address interspecies variation, differences between
assessment endpoint receptors, and other variances. Uncertainty factors ranging from 5 to 50
were applied to study data to obtain NOECs and LOECs, a standard practice that introduces
significant error into final risk estimates (Chapman et al. 1998). Many surface water values
consist of estimates derived by EPA's Tier II methodology, which incorporates one or more
uncertainty factors into the calculation methodology. The consequence of these often
compounding conservative approaches is generally to produce a no-effect or lowest-effect value
that is lower than the true level of effect.

Sediment values for some organic constituents were estimated by equilibrium portioning
(EPA-822-R-02-04 1, Technical Basis for the Derivation of Equilibrium Partitioning Sediment
Guidelines [ESGs] for the Protection of Benthic Organisms: Nonionic Organics [Draft]) using
surface water NOEC values and average concentrations of TOC in the Columbia River. Under
this method, estimated effects levels increase with increasing TOC, which binds organic
constituents and reduces their bioavailability to biota. Uncertainties associated with this method,
which is widely used for sediment benchmark estimation, derive from both the estimation of the
surface water LOEC as well as the TOC. Uncertainties associated with the surface water NOEC
estimate were described above. The use of the average river TOC for the partitioning
calculations is likely to somewhat underestimate actual toxicity values, since average river-wide
TOC is lower than the content typically found in depositional areas where small grain size and
vegetation favor the accumulation of TOC.

Some bird and mammal NOECs and LOECs (Section 8.0) were calculated by food chain
modeling, using EPA or Ecology models and exposure assumptions to derive soil values. These
assumptions are based on exposure factors and species (the robin and the shrew) that may not be
representative of the species present at the Hanford Site. Site-specific species, such as were used
in the RCBRA studies, were not used to calculate soil NOECs; rather, state and federal models
were used so that a consistent methodology could be maintained across all COPECs. However,
shrews and robins are not dominant Hanford Site species, and exposures to these surrogate
species may not mirror effects to actual site species. Likewise, prey concentrations for these
species reflect bioaccumulation into earthworms, which are not a major member of the soil flora
at the Hanford Site and likely have a higher level of bioaccumulation than the more common
darkling beetles, due to the lack of a chitinous shell in the earthworm. In addition, 100%
bioavailability of COPECs is assumed, when in fact bioavailability is considerably lower for
many particulate-bound or complexed constituents. Soil values derived from food chain
modeling thus likely overestimate actual exposures, producing a lower soil NOEC or LOEC
value than actual.

Finally, piscivorous birds, such as egrets and herons, were not evaluated in the SLERA as a
separate assessment entity, since these were evaluated through food chain modeling in the
RCBRA. However, the tissue concentrations used as exposure point concentrations in the
RCBRA may not be representative of conditions in the CRC portion of the Columbia River,
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so the extent to which RCBRA studies predict actual CRC risks is uncertain. However, the
magnitude of the uncertainty is expected to be low, due to the proximity of exposure areas.

Other points of conservatism associated with the development of NOEC data are shown in
Table 10-1.

10.2.6 Section 7.0 - Potential Uncertainty: Screening-Level Risk Calculation

Uncertainties associated with the screening of data are concerned primarily with the value used
as the exposure point concentration, the source of the NOEC value, the absence of NOECs, and
the treatment of porewater.

No observed effect concentration exceedances are based on single maximum values for
constituents and do not take into consideration the range of other data or specific data
characteristics. Because of the variability in study data, concentrations near the maximum
typically represent only a small fraction of the total data set.

In some cases, reporting limits were higher than NOEC values. In these cases, the potential
exists that the COPEC may be present at a concentration higher than the NOEC but undetectable
by the analytical method. As described in Section 3.0, J-qualified data, which show
concentrations below the reporting limit, were included in the risk assessment as a means of
reducing the uncertainty associated with reporting limits greater than NOECs. Compounds are
J-qualified if they are present at a concentration below the reporting limit but higher than the
instrument detection limit, which is typically in the range of most NOECs. Compounds with no
J-qualified data were considered to be truly absent. For these reasons, the effects of reporting
limits greater than NOECs (or LOECs; see Section 8.0) is considered to be minor.

Uncertainties associated with the NOEC itself were detailed in Section 10.2.5. By intent, NOEC
values significantly overestimate levels of actual risk, so exceedances do not indicate that risk or
effect is in fact present.

However, NOECs were not available for several COPECs. The absence of a toxicity benchmark
for a chemical is sometimes due to a fairly low toxicological concern over that chemical,
although not in every instance. No observed effect concentration benchmarks were not available
for the following COPECs:

Surface Soil Soil Soil Soil Shoreline Shoreline

Water Sediment (Plants) (Invertebrates) (Bird) (Mammal) Sediments Sed ents

Sulfate Antimony TPH-diesel TPH-motor oil Diethyl- Lithium Antimony Antimony
TPH- Hexavalent range phthalate TPH-motor Phosphorus Phosphorous
motor oil chromium TPH-motor Lithium oil Titanium Titanium

Titanium oil TPH- TPH-diesel range TPH-motor
Vanadium motor oil TPH-motor oil oil

Vanadium
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The uncertainty resulting from the lack of benchmarks varies by COPEC. For antimony,
diethylphthalate, lithium, titanium, vanadium, sulfate, antimony, and phosphorus, the potential
for underestimating risks is expected to be minor, as described below.

Lithium was present in all site soil samples with a relatively narrow range of concentrations
(6.33 to 13.3 mg/kg). Lithium is widely distributed in nature, occurring in many minerals and
nearly all igneous rocks, so detected concentrations are likely to be natural in origin. Because of
the ionic nature of lithium compounds, it is not expected to bioconcentrate (HSDB 2011), and for
this reason effects to birds and mammals through bioaccumulation in the food chain is expected
to be low. Thus, the effects of the lack of a lithium benchmark on the evaluation of birds and
mammals are likely expected to be low.

Titanium and vanadium were both detected in sediment. Titanium was a sediment COPEC in the
300 Area and the Lake Wallula Sub-Areas and was present in all eight sediment samples in
which it was analyzed. Concentrations in sediment in Lake Wallula (2,130 to 2,450 mg/kg) were
approximately twice as high as in the 300 Area Sub-Area (1,030 to 1,290 mg/kg). Titanium was
also a COPEC for shoreline sediments in Lake Wallula and lacks a NOEC for plants and birds.
Titanium was analyzed for in only three shoreline sediment samples in Lake Wallula, but was
detected in all of them.

Titanium is the ninth most common element in the earth's crust, existing at an average
concentration of 4,400 mg/kg. It typically exists in sediment as insoluble oxides and titanates
that are unlikely to bioaccumulate. It is used in alloys, pigments, catalysts, and structural metals,
which may be released to the environment through waste streams or incineration, where it
adheres to particulates and is transferred to soils and water bodies by wet deposition
(HSDB 2011).

Detected concentrations of titanium are likely to reflect both natural and anthropogenic sources.
The increase in titanium concentration in Lake Wallula suggests contributions from the many
discharges that occur along this reach. The maximum concentration detected was at the
Two Rivers Park Boat Launch in Kennewick. Detected concentrations are considered to be
unrelated to Hanford Site operations, and the effect of the lack of a NOEC benchmark for
sediment biota or terrestrial plant and birds is considered to be small.

Vanadium was a COPEC for Lake Wallula sediments only. Like other metals, it was detected in
all of the 110 samples in which it was analyzed, with concentrations ranging from
110 to 207 mg/kg. The maximum concentration was detected in the sediments at the
Cascade Marina in Pasco. All other sediment concentrations of vanadium are 123 mg/kg or less.

No toxicological NOEC benchmark exists for vanadium in sediment. However, a sediment
probable no-effect level of 90 mg/kg has been developed by the Environment Canada
(Environment Canada 2010) based on the background level of vanadium detected in 40 remote
lakes in northern Saskatchewan. All but two samples of vanadium contained concentrations
close to (97.5 mg/kg) or below this background-based probable no-effect level (see data in
Appendix E).
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Vanadium is associated with fossil fuels and is used as a target material for X-rays and in the
manufacture of alloy steels and vanadium compounds (HSDB 2011). Vanadium and nickel are
the two most abundant metals in petroleum ("Role of Nickel and Vanadium in Petroleum
Classification" [Barwise 1990]), and the elevated presence of this COPEC in marina sediment is
a typical reflection of the relatively high petroleum use in such areas, and is likely unrelated to
Hanford Site activities. For this reason, little or no effect on the evaluation of risk from
Hanford Site operations is expected from the lack of a NOEC benchmark for vanadium in
sediment.

Likewise, no NOEC exists for effects on terrestrial plants to vanadium concentrations in soil.
Vanadium was detected in shoreline sediment at concentrations up to 123 mg/kg, a concentration
less than the average concentration of 159.7 mg/kg present in Washington State soils, as
determined by EPA in the development of the vanadium SSLs (OSWER Directive 9285.7-75,
Ecological Soil Screening Levelfor Vanadium). Because concentrations are in the range of state
background concentrations, no underestimation of risk is expected from the lack of a soil NOEC
for plants.

Sulfate is a surface water COPEC for all three sub-areas and was detected in all but 1 of the
422 surface water samples in which it was analyzed. It is a natural component of surface water,
binding with a variety of metals to form soluble inorganic salts. Toxicity normally accrues from
the inorganic cation, so no toxicologically based sulfate NOEC was identified. Toxic effects of
metallic salts are addressed as part of the evaluation of inorganic COPECs, so the absence of a
separate NOEC benchmark for sulfate is expected to have minimal effect on the final estimation
of risk.

No NOEC was included in Michelsen (2011) for antimony in sediment. Antimony was a
COPEC for Lake Wallula sediments only, and was detected in 35 of 122 sediment samples with
a maximum concentration of 5.1 mg/kg. The maximum detected concentration in Reference
samples was 1.46 mg/kg. However, Michelsen (2011) recommended against the promulgation
of an antimony sediment quality standard, due to known issues with the analytical methods, a
high level of false-positives, and resulting calculated value being below background
concentrations. In addition, antimony was found to have no association with toxicity in four of
the five toxicity tests included in the database used to calculate sediment quality standard values.
No relationship between antimony concentration and toxicity was found in 10-day tests for either
growth or mortality using Chironomus species, or in 28-day tests for either growth or mortality
using Hyalella test organisms. The mean concentration of antimony in the data set was
3.1 mg/kg, with a maximum of 310 mg/kg (Michelsen 2011). A correlation of effects with
antimony concentrations was only observed with 10-day Hyalella mortality tests, which often
have less accuracy than other tests. Although screening values have been developed in the past
for antimony (see Long and Morgan, 1990, as cited by EPA Region 3; effects-range low value of
2 mg/kg), these were based on toxicity tests of shorter duration and included marine data.
Because detected concentrations in Lake Wallula are at the lower end of the range of data for
which no effects were detected in most toxicity tests, the detected concentrations in
Lake Wallula are expected to have little potential for effect.
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Antimony in shoreline sediment also lacked a NOEC for birds and plants. Antimony was a
COPEC for shoreline sediments only in Lake Wallula, where it was detected in 4 of 40 samples
at concentrations ranging from 0.292 to 0.633 mg/kg. It was detected in 2 of 15 shoreline
sediment reference samples at concentrations ranging from 0.352 to 0.48 mg/kg, and in 43 of
98 sediment reference samples at concentrations as high as 1.46 mg/kg. Because the detected
concentrations are within the range of reference concentrations, the potential for underestimating
risks from antimony is considered to be negligible.

Phosphorus also lacked a shoreline sediment NOEC for birds and terrestrial plants. Phosphorus
is a COPEC for Lake Wallula, where it was detected in all 40 samples, at concentrations up to
1,560 mg/kg. Phosphorus is a natural component of biologically active sediments, and is an
essential element for both birds and mammals. Nutritional requirements vary by species, but
most birds can tolerate up to 1% of their diet in phosphorus, assuming normal levels of calcium
intake (Mineral Tolerance ofAnimals, 2"" Edition [NRC 2005]). It is a nutrient for plants and is
a component of fertilizers. The detected levels of phosphorus are thus considered to have a
minimal potential for risk to avian receptors.

No NOEC for the protection of birds was available for diethylphthalate in soil. Diethylphthalate
was detected in 1 of 11 samples in the 100 Area Sub-Area, the only sub-area where this
constituent is a COPEC. The single detection was J-qualified, meaning it was detected at a
concentration below the normal reporting limit for this constituent. Phthalates are a common
laboratory contaminant from the use of plastic. Because of the very low concentration and the
likelihood that it represents a sampling and analysis artifact, no effect on the risk assessment
from the lack of a NOEC is expected for this constituent.

The lack of benchmarks for three constituents - TPH (both diesel and motor oil) and hexavalent
chromium - are expected to result in an underestimation of risk.

Total petroleum hydrocarbons-diesel was missing a soil NOEC for effects on plants. It was
detected in 4 of 27 soil samples from 100 and 300 Area Sub-Areas combined, at concentrations
ranging from 1.36 to 5.63 mg/kg. Highest concentrations were detected on Gull Island,
Island 19. While diesel oil is relatively volatile and will normally biodegrade in most soils over
time, the lack of a benchmark may result in the underestimation of current risks. Because
TPH-diesel was detected in relatively few samples, however, the magnitude of the
underestimation is not expected to be large.

Total petroleum hydrocarbons-motor oil lacked NOECs for surface water and for all soil
receptors. The effects of the lack of surface water NOECs are expected to be small, since motor
oil constituents are generally insoluble. Effects in soil are less easily predicted, since motor oil is
comprised of a mixture of a large number of polyaromatic hydrocarbons, with varying degrees of
toxicity and bioaccumulation potential. Many lighter constituents biodegrade over time, while
heavier ones that remain have reduced levels of bioavailability. The lack of a NOEC results in
an underestimation of risk from this COPEC category, but the magnitude of the effect will
depend on the type of motor oil present and the amount of "weathering" that has occurred.
However, the relationship of detected TPH-motor oil to Hanford Site operations is uncertain,
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since this COPEC is ubiquitous in sediments near developed areas and marinas. The effect of
missing NOECs on the estimation of Hanford Site-related risk is thus considered to be relatively
low.

No sediment NOEC was available for hexavalent chromium. The lack of a hexavalent
chromium NOEC has the potential to result in a significant underestimation of risk, since this
constituent is a known site contaminant and is both soluble and more toxic than trivalent
chromium. It was detected in 61 samples from the 100, 300, and Lake Wallula Sub-Areas, at
concentrations up to 17.3 mg/kg. For these reasons, further evaluation of hexavalent chromium
is recommended in Sections 8.0 and 11.0.

The evaluation of porewater has the potential to overestimate risk for most benthic invertebrates,
since no account was taken for the dilution that occurs in the upper zones of sediment as
porewater mixes with surface water. Invertebrate species dominant in the Hanford Reach consist
of midges and caddisflies, which reside on or near the surface of the sediment. However, the
redds created by Chinook and other salmon species are typically approximately 30 cm (12 in.) or
more in depth, at which point the eggs may be exposed to porewater (Pocket Depth and Particle
Size Composition Within Chinook Salmon Redds in the Trinity River, California [Evenson
2001]). Some evidence exists to suggest that salmon avoid groundwater upwelling areas during
redd selection, due potentially to lower dissolved oxygen levels ("Hyporheic Discharge of
River Water into Fall Chinook Salmon (Oncorhynchus tshawytscha) Spawning Areas in the
Hanford Reach, Columbia River" [Geist 2000]).

In addition, porewater data have the potential to be less consistent than other data, so the
inferences drawn from comparisons to numeric evaluation criteria may not be representative of
actual exposure conditions. Porewater composition (which reflects the mixing of groundwater
and surface water) can vary in response to the hydraulic head produced by river stage, which
changes hourly following dam releases. In addition, porewater movement and upwelling is
affected by sediment grain size and transmissivity, which can vary across both small and large
scales. Thus, porewater is likely to be subject to a higher degree of both temporal and areal
variability than other media, which adds variability and uncertainty to the NOEC and LOEC
comparisons to porewater data.

In addition, only dissolved concentrations of some porewater metals were included in the
analysis. As described in Section 3.0, the dissolved fraction is typically the mobile and
bioavailable fraction and is the form represented by most WQC. Some older WQC, such as
aluminum, are based on total metals, but the dissolved fraction was nonetheless used in the
comparison since the preponderance of scientific data supports this approach
(EPA 120/R-07/001, 2007, Frameworkfor Metals Risk Assessment). This may result in an
underestimate of effects for aluminum, but will not affect most metals.

In summary, the absence of NOECs for several COPECs is expected to have little or low
potential for underestimating Hanford Site-related risk. The exception is hexavalent chromium,
for which further evaluation is recommended in Sections 8.0 and 11.0. The treatment of
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porewater, which does not take into account dilution with groundwater, has the potential to
overestimate risk for most organisms.

10.2.7 Section 8.0 - Potential Uncertainty: Refinement of Contaminants of Potential
Ecological Concern

Numerous uncertainties are associated with the sample-specific evaluation of NOEC
exceedances in Section 8.0, and these are listed in Table 10-1. Most of these apply to the LOEC
evaluations as well. As with the NOEC evaluation, the largest source of uncertainty lies in the
selection and use of a single value, which itself may have been derived using uncertainty factors,
to estimate lowest levels of potential effect. Uncertainties are also similar to those described in
Section 6.0: use of lowest credible values as the basis of LOECs, application of large uncertainty
factors to obtain LOECs from acute data, and, for modeled values for terrestrial receptors, the
assumption of 100% bioavailability of contaminants and use of "generic" species rather than
resident Hanford Site species in terrestrial soil LOEC estimation models. These factors, both
individually and in combination, serve to overestimate risk by producing a lower calculated
value for the onset of effects than is likely the case in nature.

The RCBRA upland avian PRG of 156 mg/kg was used to estimate risks to birds exposed to lead
in island soils and shoreline sediments. This value was generated from upland soil food chain
models based on concentrations in upland invertebrates. These concentrations in invertebrate
prey reflect bioaccumulation rates that are species and soil-specific and which may be greater or
less than the bioaccumulation occurring in island soil or shoreline sediment invertebrates.
However, the PRG itself was the lowest calculated PRG value from among four bird species;
other values ranged from 559 mg/kg (for the California quail) to 2,300 mg/kg (for the red-tailed
hawk). Detected values of lead in island soil and shoreline sediment were well below the lowest
PRG of 156 mg/kg. In the 100 Area Sub-Area, the maximum concentration detected was
94.3 mg/kg, but all other samples were 60.1 mg/kg or less. In the 300 Area Sub-Area, the
maximum lead concentration was 65 mg/kg, and other samples were similar in concentration or
lower. In shoreline sediment, the maximum lead concentration was 111 mg/kg, with other
concentrations of 62.5 mg/kg or less. The magnitude of the difference between detected lead
concentration and the calculated PRG is considered to be sufficient to offset variability in
bioaccumulation rates between upland and island soil or shoreline sediment invertebrates. Thus,
eliminating lead as a COPEC for further investigation from the risk assessment is expected to
have little effect on the final risk conclusions.

The shoreline sediment LOECs for avian receptors are based on a common resident species
(killdeer), using bioaccumulation rates specific to aquatic receptors when available. In most
cases the 9 0 th percentile of bioaccumulation factors was used, except for two instances. For lead,
the median bioaccumulation factor of 0.066 was used rather than the 9 0 th percentile of 0.946,
because use of the 9 0 th percentile value results in a calculated LOEC approximately equal to or
below state and regional average soil background concentrations (13.5 and 19.7 mg/kg,
respectively). However, use of the median value for lead will underestimate exposure to some
species, resulting in an underestimation of risk for shorebirds.
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In addition, a terrestrial bioaccumulation equation was used to estimate exposure of shorebirds to
selenium in aquatic invertebrates, since no equation for accumulation into aquatic invertebrates
was available. The relationship between earthworm and aquatic invertebrate accumulation of
lead is unknown, so the use of a terrestrial bioaccumulation equation may result in either an
over- or underestimation of risk.

Samples with few exceedances were not carried forward for evaluation in this assessment. In
most cases, COPECs with a low FOD do not carry a high risk because of the small areas these
few detections represent. Although this method does create uncertainty, the magnitude of
underestimation present if these samples are not carried forward is expected to be low.

No sediment LOEC is available for hexavalent chromium. As noted previously, this is a known
contaminant in Hanford Site groundwater and was detected in 61 of 302 sediment samples from
throughout all three sub-areas. The potential effects of detected concentrations were not
evaluated in this report.

As described in Section 7.0, only the data for the dissolved form of some metals were used in the
NOEC evaluation. These metals include aluminum, arsenic, barium, cadmium, chromium,
cobalt, copper, lead, nickel, mercury, manganese, selenium, uranium, vanadium, and zinc. Only
a small percentage of dissolved data for hexavalent chromium was available, however, so total
chromium was compared to both total and hexavalent chromium WQC in Section 8.0. Since the
true form is unknown for much of the data, some uncertainty attends the interpretation of the
chromium porewater results.

10.2.8 Section 9.0 - Potential Uncertainty: Fish Risk Evaluation

The fish tissue evaluation of Section 9.0 uses three different lines of evidence - tissue
concentration evaluations, tissue histology, and condition factor - to assess potential exposure
and effect. Of these, the evaluation of COPEC concentrations in tissue carries the highest level
of uncertainty.

Fish tissue LOEC values are available for few of the COPECs detected in tissue, so a minority of
tissue COPECs were subject to LOEC analysis. In addition, samples consisted of composite
samples, so single elevated results may have been obscured by tissue dilution with other samples.
Liver and kidney tissues were combined for many samples, and the resulting concentration
compared to the lower of the kidney or liver LOEC values. This aggregation adds an additional
level of conservatism and uncertainty to these comparisons, since the concentration in either
tissue is unknown.

Fish tissue concentrations associated with potential effect were drawn from a database of studies
that reported both exposure and tissue concentrations. However, using these data to assess
effects is subjecting a variety of serious constraints that significantly limit the extent to which
LOEC exceedances can reliably be associated with environmental exposures. These include the
following ("Utility of Tissue Residues for Predicting Effects of Metals on Aquatic Organisms"
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[Adams et al. 2011], "Application of the Tissue Residue Approach in Ecological Risk
Assessment," [Sappington et al. 2011]):

* Tissue concentrations are mediated by varying physiological mechanisms, which vary by
species

* Tissue concentrations vary with exposure duration and the magnitude of the exposure

* Tissue concentrations are not necessarily associated with observed adverse effects

* Detoxification of metals may occur in the tissues

* Uptake rates vary greatly between species

* Accumulation of metals can vary by mode of exposure.

For these reasons and others, few conclusions can be drawn from a comparison of fish tissue
concentrations to current tissue residue concentrations in the literature (Adams et al. 2011,
Sappington et al. 2011). Many COPECs have no LOEC data, and the reported results for those
that do are highly uncertain.

Fish histological studies qualitatively identified exposures and potential physiological effects of
those exposures, but cannot ascribe the source of the exposure, particularly for large species like
sturgeon that move throughout the three sub-areas. As noted in Section 9.0, observations about
potential chronic exposures would need to be confirmed by comparisons to specimens from
uncontaminated sites prior to reaching final conclusions about potential effects.

Conclusions drawn from fish CF analysis are limited by the wide variability in the data. Fish
condition is affected by a number of natural factors in addition to contaminant exposure; these
include food availability, habitat characteristics, timing of the spawning cycle, fish size, and age,
among others. Because of this variability, no significant correlation with the Study Area was
apparent.

10.3 SUMMARY OF POTENTIAL UNCERTAINTY

Table 10-1 summarizes these various sources of uncertainty in this SLERA, along with a general
rationale. As shown by the array of factors in Table 10-1, many of the assumptions either
overestimate, underestimate, or have little or no effect on the final estimate of risk. Some points
of estimation, such as the use of J-values, simply introduce variability into the results, since
results, and hence risk estimates, can vary in either direction as the result of such estimates.

Based on all of these considerations, the risk values calculated and presented in this assessment
should be viewed as having a level of uncertainty generally consistent with other site
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investigations and risks assessments conducted in accordance with EPA protocols. Because of
the typically conservative assumptions in many of the estimates and toxicity benchmarks, these
risk estimates should generally be viewed as overestimating potential risk, and results and
conclusions interpreted accordingly. Particularly high uncertainty is associated with the
evaluation of fish tissue concentrations.
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11.0 SUMMARY AND RECOMMENDATIONS

11.1 SUMMARY OF APPROACH AND FINDINGS

This document presents the methodology and results of a SLERA of the surface water, sediment,
porewater, island soils, and fish of the Columbia River adjacent to and downriver of the Hanford
Site in Benton County, Washington. The study was conducted to obtain information about the
potential for Hanford Site-related contaminants to affect the fish and wildlife species of the
Columbia River. The potential for effects on aquatic and terrestrial receptors was evaluated by a
systematic process designed to separate constituents likely to present negligible risk from those
that warrant further investigation in a BERA. The study consists of the following three
components:

* A SLERA evaluating surface water, sediment, porewater, island soils, and shoreline
sediments (Sections 1.0 through 7.0). These sections provided an initial screening of data
against conservative benchmarks to identify COPECs for which no risk is likely.

* A "refinement" analysis of the constituents identified by the SLERA (Section 8.0). This
section provides a detailed analysis of COPECs remaining after the screening of Section 7.0.

* A fish evaluation, which consists of the evaluation of body characteristics and tissue samples
from fish collected from the Columbia River (Section 9.0).

Key components and findings of this effort are summarized below. Conclusions and
recommendations are presented in Section 11.2, and a comparison to the RCBRA findings is
presented in Section 11.3.

11.1.1 Area of Study

For purposes of statistical evaluation and assessment, the study area was divided into the
following sub-areas based on proximity to the Hanford Site source areas:

* Upriver Sub-Area (RM 420 to RM 388)
* 100 Area Sub-Area (RM 387 to RM 366)
* 300 Area Sub-Area (RM 365 to RM 340)
* Lake Wallula Sub-Area (RM 339 to RM 292).
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For porewater analysis, the porewater data were evaluated relative to CERCLA groundwater
OUs on the Hanford Site to facilitate the correlation of these data with known groundwater
plumes in those OU areas. Porewater data were divided into seven different groups,
corresponding to the following groundwater OUs:

* 100-B/C-5 (RM 385 to 382)
* 100-KR-4 (RM 382 to 379.65)
* 100-NR-2 (RM 379.48 to 378.37)
* 100-HR-3 (RM 378.10 to 369.86)
* 100-FR-3 (RM 369.79 to 365)
* 200-PO-1 (RM 365 to 346)
* 300-FF-5 (RM 346 to 343).

Within the study area, the lateral area evaluated extends shore to shore (ordinary high water mark
to ordinary high water mark) except for "near-shore" areas within the Hanford Reach that have
been previously characterized and assessed by the RCBRA (DOE/RL-2007-2 1). The RCBRA
near-shore study area consisted of the right bank of the river from the land to a water depth of
2 m (6 ft), as measured at low water. In the Hanford Reach, the lateral study area for this risk
assessment begins where the RCBRA investigation stopped, namely at water depth greater than
2 m (6 ft), measured at low water. Downstream of the Hanford Site, the lateral study area
extended from shore to shore.

Prior to the study, these areas were reviewed and documented during a habitat survey that was
used to confirm sample locations and visually identify the types and locations of habitats within
each sub-area.

11.1.2 Data Use

Data used for the analysis were obtained primarily from soil, sediment, surface water, and fish
tissue samples collected during the extensive 2008 to 2010 RI of the Columbia River. In
addition, a subset of historical data collected from 2000 to 2007 was also included for all media
except island soils, for which no suitable historical data were available. In the SLERA, abiotic
media (surface water, sediment, porewater, and soil) and fish were evaluated separately.

11.1.3 Contaminant of Potential Ecological Concern Selection

Contaminants of potential ecological concern for each medium (surface water, sediment,
porewater, island soils, and fish tissue) and sub-area were selected primarily by statistical or
qualitative analysis to identify constituents that are present at overall higher concentrations in
downriver sub-areas (100 Area, 300 Area, and Lake Wallula) than in upriver or other Reference
areas. Porewater was compared to background groundwater concentrations for this analysis.
Constituents identified by this process, or which were designated as Inclusion List compounds in
the RCBRA program, or which were only detected in downriver sub-areas, were identified as
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COPECs for evaluation in the SLERA. This process produced separate COPEC lists for each
media, sub-area, and groundwater OU.

11.1.4 Exposure Pathways and Potential Receptors

Contaminant sources, exposure pathways, media, potential receptors, and measures of effect
were identified as part of the problem formulation phase of the SLERA. These characteristics
were integrated into a conceptual site model. This model described the pathways and exposure
points for ecological receptors that result from the historical and current release and
redistribution of constituents from the Hanford Site. Based on this model and the known ecology
of the river, the following receptor groups were specified as the assessment endpoints.

Aquatic Habitat:

1. Survival, growth, and reproduction of fish
2. Survival, growth, and reproduction of aquatic plants
3. Survival, growth, and reproduction of algae (phytoplankton and periphyton) and zooplankton
4. Survival, growth, and reproduction of amphibians
5. Survival, growth, and reproduction of benthic organisms.

Terrestrial Habitat (Islands):

1. Survival, growth, and reproduction of soil invertebrates
2. Survival, growth, and reproduction of terrestrial plants
3. Survival, growth, and reproduction of mammals
4. Survival, growth, and reproduction of birds
5. Survival, growth, and reproduction of shorebirds.

11.1.5 Risk Calculation

In accordance with EPA guidance (EPA-540-R-97-006, Ecological Risk Assessment Guidance
for Superfund: Process for Designing and Conducting Ecological Risk Assessments) for
screening-level assessments, effects on these receptors were evaluated by the use of screening
benchmarks, which are conservative, generic values below which the potential for risk is
expected to be negligible, although effects may be observed in a low percentage of the
supporting data used to develop the benchmark. These benchmarks, which are derived from a
variety of sources, are referred to collectively in this report as NOECs, and are media- and often
receptor-specific. In accordance with EPA's screening-level approach, the maximum detected
concentration of each COPEC in each sub-area was compared to the NOEC. Contaminants of
potential ecological concern with maximum concentrations less than the NOEC were considered
to present negligible risk and were eliminated from further consideration. Contaminants of
potential ecological concern with maximum concentrations equal to or greater than the NOEC
were retained for further evaluation.
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Based on this evaluation, up to nine COPECs per media (surface water, sediment, porewater, and
soils) and sub-area were identified as having maximum concentrations equal to or greater than
the NOEC. Metals, particularly chromium and lead, exceeded NOECs in many areas. These
COPECs were retained for further evaluation in the risk assessment.

11.1.6 Contaminant of Potential Ecological Concern Refinement Process

Surface water, sediment, porewater and soils COPECs with maximum concentrations that
exceeded NOECs were then subject to additional evaluation (Section 8.0). This additional
evaluation was conducted as part of a Refinement of COPECs, which is a preliminary stage of
Step 3 of the Superfund Ecological Risk Assessment process. In this step, additional factors
were reviewed to evaluate the potential risk represented by the NOEC exceedances identified
during the screening stage. Factors reviewed included the number and magnitude of all NOEC
exceedances, as well as the date and location of the samples that produced them; the field and
laboratory notes associated with the data; the magnitude of the concentration relative to LOECs;
and the concentration of the COPEC in applicable Reference data. The ratio of COPEC
concentration to the LOEC, termed the hazard quotient (HQ), was calculated for all samples with
a NOEC exceedance. Many LOECs were derived by applying an uncertainty factor to the lowest
credible value from the scientific literature, an approach that typically produces relatively
conservative values.

Many COPECs were eliminated in this step. In some cases, the maximum NOEC or LOEC
exceedance reflected concentrations in a single sample collected five to eight years ago. In
others, the detected concentration, while above the NOEC, was well below the lowest LOEC
value where effects have been documented. For these and other reasons, many COPECs were
not retained for further evaluation, since they are not considered to reflect a current,
Hanford Site-related ecological risk.

However, two different COPECs in abiotic media (except porewater) were retained from this
evaluation and are recommended for further evaluation under the existing River Corridor RI/FS
programs. Typically these COPECs had LOEC HQs of 1.0 or greater in recent samples and
could not be attributed to other sources. These COPECs are identified below.

Medium COPEC Sub-Area Receptor

Surface water None

Chromium " 100 Area Sediment biota

Sediment Hexavalent chromium 100 Area Potential sediment biota (no NOEC or LOEC)

Hexavalent chromium 300 Area Potential sediment biota (no NOEC or LOEC)

Soil None

Shoreline sediment None

a Inclusion List compound with Site concentrations not statistically higher than Reference concentrations.
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11.1.7 Porewater

Porewater was collected as a screening tool for sample collection in the RI and not for use in risk
assessment. These results may be used as a general guide to areas where a potential for
ecological effects may exist in overlying surface water or sediment. Dissolved porewater
concentrations of metals and the dissolved and total concentrations of hexavalent chromium,
strontium-90, tritium, and anions (nitrate, nitrite, phosphate, sulfate, and chloride) were
compared to LOECs, and exceedances of LOECs were detected in all groundwater OUs.
Porewater COPECs that exceeded LOECs in one or more OU consisted of aluminum, chromium,
hexavalent chromium, lead, manganese, nitrate, nickel, selenium, and uranium. The highest
hexavalent chromium HQs were associated with the 100-HR-3 and 100-BC-5 OUs, while the
highest HQ for other COPECs was at the 300-FF-5 OU (for uranium). As described below,
further evaluation of these exceedances will be conducted as part of the ongoing River Corridor
RI/FSs at each OU.

11.1.8 Fish Risk Evaluation

For the evaluation of fish, three lines of evidence were assessed to estimate fish exposure and
effect. These additional lines were as follows:

* Comparison of fish tissue concentrations to literature-derived tissue effect levels (LOECs)
* Comparison of fish CFs between sub-areas
* Sturgeon histology.

These additional studies were included in this screening-level assessment to provide additional
direct and site-specific information about the condition of fish in the Columbia River.

During the RI, composite samples of bass, sucker, carp, whitefish, and walleye, as well as
samples from individual sturgeon, were collected from each sub-area to provide a robust data set
representative of current conditions in the Columbia River. Samples of fillet, combined liver and
kidneys (except for carp and sturgeon, for which the livers and kidneys were separate), and
carcass were analyzed for a wide variety of analytes. These recent data were combined with
comparable historical samples from 2000 to 2007 to provide a basis for the evaluation.

Fish tissue concentrations from each of the six species included in the sampling program were
compared to tissue-specific tissue LOECs from the EPA Toxicity/Residue (ToxRes) database.
Tissue effect levels were specific to fillet, liver, kidney, and carcass; however, values were not
available for all COPEC/tissue combinations. The lower of either liver or kidney literature
values was used for comparison to combined liver and kidney tissue sample results from the
RI data.

The tissue data compiled in the ToxRes database show concentrations in fish tissue resulting
from varying levels of exposure in food and/or water. However, as described in Section 10.0, the
relationship between effects and tissue concentrations is inconsistent and generally poorly
understood for most constituents, due to a variety of factors. These include differing
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accumulation rates with time and exposure concentration, varying physiologic responses of
species to exposure, natural sequestering of metals in nontoxic forms, varying effects and
accumulation rates by exposure route, and other considerations ("Utility of Tissue Residues for
Predicting Effects of Metals on Aquatic Organisms" [Adams et al. 2011] "Application of the
Tissue Residue Approach in Ecological Risk Assessment" [Sappington et al. 2011]). In addition,
tissue concentrations may simply vary with chemical exposure without having any causal
relationship to effects, so do not represent a "critical" body residue directly correlated with
toxicity ("Association Between Contaminant Tissue Residues and Effects in Aquatic Organisms"
[Barron et al. 2002]). For these reasons, inferences about potential risk were avoided to prevent
over-interpretation of relatively imprecise tissue and LOEC relationships. The LOEC tissue
analysis is thus valuable primarily as a comparative tool, showing differences over time and
between sub-areas and species.

This evaluation showed that the greatest number and magnitude of LOEC exceedances occurred
for cadmium, copper, selenium, and zinc. Cadmium produced LOEC HQs close to or greater
than 1.0 in carp liver tissue. Copper produced LOECs close to or greater than 1.0 in kidney and
liver/kidney tissue. Selenium exceeded LOECs in many kidney and liver/kidney samples. Zinc
exceeded LOECs in liver and liver/kidney samples for several species. No COPEC
concentrations approached or exceeded LOECs in fillet or carcass. The relationship of these
COPECs to Hanford Site operations is uncertain.

As a second line of analysis, fish condition parameters were reviewed for general morphological
differences between areas. Factors considered consisted of weight, length, CF, and HSI. Data
comparisons (via averages and standard deviation) were made between the Upriver Sub-Area
and the three downriver sub-areas and were separated by species.

This study found changes, but no consistent trends among the species or parameters evaluated.
High variability was found for weight and length values within and between species. No trend in
any of the parameters was found across sub-areas. The average HSI of bass, sturgeon, and
walleye decreased in the 100 Area Sub-Area, relative to Upriver, while average HSIs of carp,
sucker, and whitefish increased in this location. In the 300 Area Sub-Area, the average HSI of
sturgeon, walleye, and whitefish decreased relative to the 100 Area Sub-Area, while the HSI of
carp, sucker, and bass increased. Within the Lake Wallula Sub-Area, carp and sucker each had a
decreasing average HSIs relative to the 100 Area Sub-Area. Because the parameters evaluated
are also sensitive to seasonal, habitat-related, and feeding-related environmental effects, as well
as natural variability, these observed changes may reflect the effect of natural conditions. The
relationship of any of these observations to Hanford Site operations is thus uncertain.

As a third line of evidence, kidney, liver, gill, and gonad tissues from 30 white sturgeon collected
from both Site and Upriver Reference sub-areas of the Columbia River were submitted to the
Bozeman Fish Health Center for histological evaluation. This evaluation identifies effects on
fish, but does not indicate what constituents cause the effects. Histological changes observed in
gill and other tissues were indicative of an internal insult (e.g., an ingested toxicant rather than an
external toxicant in water). Widespread vasculitis suggests transport of a toxicant or pathogen
via blood, subsequent absorption into surrounding tissue, and injury to the endothelial lining of
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blood vessels eliciting a strong immune response. Additionally, the blood vessel inflammation,
considered a nonspecific response, is indicative of chronic insult and not the result of a transient
event (e.g., handling, single acute contaminant exposure).

The immune response of the sampled sturgeon is considered to be active and chronic. The
integrity of some blood vessel walls was compromised in fish with moderately severe
widespread vasculitis, which could have a negative impact on vascular function. In addition,
high numbers of macrophage aggregates or elanomacrophage centers, which are widely used as a
biomarker for exposure to environmental stressors (i.e., chemical contaminants), were observed
in liver tissue sections. However, the type of environmental stressor is not provided by the tissue
histology; this characteristic would need to be compared to fish of similar ages from an
uncontaminated site and related to body burdens of contaminants in order to confirm whether
contaminant associations, as opposed to other forms of environmental stressors, are associated
with the observed effect. The Upriver Sub-Area, while not influenced by Hanford Site
contaminants and so suitable as a Reference area for this study, is still subject to inputs from
many industrial sources on the upper Columbia River and cannot be considered
"uncontaminated" for histological purposes. Because upriver fish data histology was similar to
the histology of fish from downriver sub-areas, no effects from Hanford Site operations could be
identified from the histological measures evaluated. In addition, no stressor studies were
conducted to identify the specific effects that might be caused by potential Hanford Site
contaminants; rather, the histology of all fish was assessed in relation to catch location, and no
relationship between observed effects and specific downriver sub-areas was identified.

11.2 CONCLUSIONS AND RECOMMENDATIONS

This ecological risk assessment study provided a comprehensive assessment of surface water,
sediment, porewater, soils, and fish within the Columbia River adjacent to and downriver of the
Hanford Site. Based on this effort, nine COPECs in two media were identified for further
evaluation. The COPECs identified for further evaluation are as follows:

* 100 Area Sub-Area sediment: Chromium and hexavalent chromium

* 300 Area Sub-Area sediment: Hexavalent chromium

* 100 Area porewater (OU-specific): Aluminum, hexavalent chromium, lead, manganese,
nitrate, and nickel

* 300 Area porewater (OU-specific): Aluminum, hexavalent chromium, lead, nitrate,
selenium, and uranium.

Chromium, which is a natural component of sediment, was detected above the sediment LOECs
of 88 mg/kg in three sediment samples collected during the groundwater upwelling investigation
along the right bank of the river. Sample designation T100D3A from RM 377.72 was collected
from along the right edge of the river just upriver of the 100-D Reactor Area boundary.
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This sample contained 122 mg/kg of chromium. The sample designated as J100H43 was
collected from in front of the White Bluffs townsite and contained 275 mg/kg of chromium.
Sample designation J100F1 1 was collected from the right edge of the river in front of the
100-F Reactor Area and contained 151 mg/kg of chromium. Chromium was included in the risk
assessment because it is an Inclusion List compound; however, concentrations of this COPEC in
the 100 Area Sub-Area were in fact statistically higher in the Reference Areas than in the
100 Area Sub-Area, indicating no discernible difference in concentrations from the Hanford Site.

Hexavalent chromium in sediment was designated for further evaluation because it is a known
site contaminant and has no sediment NOEC or LOEC by which it can be evaluated. It was
detected in 31 of 117 sediment samples in the 100 Area Sub-Area, with a maximum
concentration of 7.38 mg/kg. The location of the sample with this concentration was on the left
side of the river opposite Locke Island and the 100-H Area, just past the bend in the river known
as "The Horn." In the 300 Area Sub-Area, hexavalent chromium was present in 38 of
133 sediment samples, with a maximum of 17.3 mg/kg detected in the slough in back of
Savage Island at sample designation SI-1OSD.

While hexavalent chromium in the Study Area may arise from both the Hanford Site and offsite
sources, most current Hanford Site-related concentrations of this COPEC derive from the
discharge of groundwater from one or more OUs at the Hanford Site. Hexavalent chromium is
highly soluble, and much of the hexavalent chromium measured in sediment is likely associated
with interstitial porewater. Hexavalent chromium exists in groundwater at the 100-K and
1 00-D Areas and throughout the Horn Area, as well as at the 100-H Area.

Several COPECs were also identified in porewater because detected concentrations exceeded
LOECs, which consisted of chronic WQC for most metals. Details of porewater COPEC
exceedances, by OU, are as follows:

Number of Range or Concentration
Operable Porewater LOEC Magnitude of Range of LOEC

Unit COPEC Exceedances LOEC Exceedances
HQs 1.0 (mg/L)

Aluminum 1 4.8 0.416
100-BC-5 Hexavalent chromium 19 1.0-11 0.01- 0.112

Lead 1 1.9 0.00465

100-KR-4 Hexavalent chromium 14 1.0-5.6 0.01 - 0.056
Manganese 1 1.6 2.13

100-NR-2 Hexavalent chromium 1 2.6 0.026
Nitrate 5 1.0-3.6 36.5- 134
Aluminum 1 5.5 0.477
Chromium 2 1.1, 8.4 0.0825, 0.62

100-HR-3 Hexavalent chromium 31 1.0-64 0.01 -0.64
Lead 2 1.0, 2.7 0.00256, 0.00681
Nickel 1 1.0 0.0518
Nitrate 1 1.2 44.2
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Number of Range or Concentration
Operable Porewater LOEC Magnitude of Range of LOEC

Unit COPEC Exceedances LOEC Exceedances
HQs 1.0 (mg/L)

100-FR-3 Hexavalent chromium 2 2.0,3.1 0.02, 0.031

Manganese 1 1.7 2.26

200-PO-1 Hexavalent chromium 4 1.3 -2.1 0.013 - 0.021
Lead 1 1.7 0.00421
Aluminum 1 1.2 0.107
Lead 1 1.0 0.00253

300-FF-5 Nitrate 1 3.1 116
Selenium 1 2.0 0.0102
Uranium 6 1.4-5.7 0.0409 - 0.17

Any further evaluation of COPECs in sediment or porewater will be undertaken as part of the
ongoing River Corridor RI/FS programs. The RI/FS for the relevant OU will evaluate the nature
and extent, conceptual site model, and fate and transport of the SLERA COPECs identified
above to determine if detected concentrations in the river are potentially from current or
historical operations from that OU. Based on this assessment, the need for further study or
remedial action will be determined. Therefore, no BERA will be conducted under the CRC
program.

11.3 COMPARISON TO THE RIVER CORRIDOR BASELINE
RISK ASSESSMENT

As described in previous sections, this report provides a screening-level assessment of ecological
risk in the main channel and islands of the Columbia River adjacent to and downriver of the
Hanford Site. Parallel to this effort was the RCBRA (DOE/RL-2007-21), which is a more
rigorous site-specific baseline ecological risk assessment of the Hanford Site near-shore,
riparian, and inland areas. Both studies evaluated similar receptors and contaminants from many
of the same source areas. While the level of uncertainty associated with the conclusions of a
screening assessment are greater than that of a more empirical baseline assessment, the COPECs
for further study from the two reports can be compared to obtain an initial appraisal of overall
trends and impacts. The following table compares COPECs identified for further study from
both efforts.

CRC Screening-Level Ecological Risk Assessment River Corridor Baseline Risk Assessment
COPECs for Further Study COPECs for Further Study

Sub-Area

COPEC orable Receptor Action COPEC Area Receptor Action

Unit

Surface Water

None No COPECs for further study identified for RCBRA
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CRC Screening-Level Ecological Risk Assessment River Corridor Baseline Risk Assessment
COPECs for Further Study COPECs for Further Study

Sub-Area

COPEC orable Receptor Action COPEC Area Receptor Action

Unit

Porewater

Aluminum

Hexavalent 100-BC-5 Aquatic Addressed by No OU-specific data set
chromium biota River RI/FS

Lead

Hexavalent
Aquatic Addressed by Hexavalent 100-K Area Aquatic biota Additional

chomum 10-K-4 biota River RI/FS chromium 10K ra Autcboa monitoring
Manganese

Hexavalent
chromium 100-NR-2 Aquatic Addressed by No OU-specific data set
Nitrate biota River RI/FS

Aluminum

Chromium

Hexavalent
chromium 100-HR-3 Aquatic Addressed by No OU-specific data set
Lead biota River RI/FS

Nickel

Nitrate

Hexavalent
chromium 100-FR-3 Aquatic Addressed by No OU-specific data set
Manganese biota River RI/FS

Hexavalent
chromium 200-PO-1 Aquatic Addressed by No OU-specific dataset
Lead biota River RI/FS

Aluminum MAquatic plants Additional
Manganese 300 Area and fish monitoring

Lead

300-FF-5 Aquatic Addressed by
Nitrate biota River RI/FS Uranium Aquatic plants Additional

Selenium (inorganic) and invertebrates monitoring

Uranium

Sediment

Sediment Monitoring; 100-B/C and Additional
Chromium 100 Area biota addressed by Chromium 100-F Areas Sediment biota monitoring

OUs

Addressed by
100 Area bSediment River OU

Hexavalent RI/FSs Hexavalent Additional
chromium Addressed by chromium 100-F Sediment biota monitoring

300 Area Sediment River OU
biota RI/FSs
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CRC Screening-Level Ecological Risk Assessment River Corridor Baseline Risk Assessment
COPECs for Further Study COPECs for Further Study

Sub-Area

COPEC orable Receptor Action COPEC Area Receptor Action

Unit

Shoreline Sediment

None Evaluated as part of riparian soil

Island and Riparian Soil

Arsenic 100-D and Terrestrial Bioassay
100-IU-2&6 invertebrates study

100-N, Terrestrial plants Bioassay

100-U-2&6 and invertebrates study

None Lead 100-IU-2&6 Terrestrial Bioassay
invertebrates study

Zinc 100-D and Terrestrial Bioassay
100-IU-2&6 invertebrates study

TPH-diesel 100-N Terrestrial Bioassay
invertebrates study

Upland Soil

Background

Antimony 100-IU-2&6 Terrestrial plants and
bioassay
studies

100-B/C, Terrestrial Bioassay
Barium 100-H, and Tererat say

100-IU-2&6 invertebrates study

Background

Boron 100-H Terrestrial plants and
and invertebrates bioassay

studies

Media not evaluated by CRC Terrestrial Bioassay
Copper 300 Area invertebrates and study

wildlife

100-B/C, Terrestrial plants Bioassay

100-U-2&6 and wildlife study
100-B/C,&
100-B/C, Terrestrial plants Bioassay

Mercury 100-K, 100-H, and invertebrates study
and 300 Area

100-B/C and Terrestrial Bosa
Dieldrin 1001U2&n invertebrates and Bioassay

wildlife

As shown in this table, hexavalent chromium in 100-K Area porewater and chromium and
hexavalent chromium in 100 Area Sub-Area sediment are retained for further consideration in
both studies.
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APPENDIX OVERVIEW

Due to the size and content of some of the appendices associated with this document, most of
them are only contained on the CD attached to the back cover. For clarity, see the list below for
an explanation of what can be found as either hard copy or electronic copy.

APPENDICES

A ISLAND SOIL, SEDIMENT, SURFACE WATER, AND POREWATER SAMPLE
LOCATIONS 2008 - 2010

BI STATISTICAL OUTPUT FOR REFERENCE COMPARISONS (On CD only)

B2 POREWATER STATISTICAL ANALYSIS BY GROUNDWATER OPERABLE UNIT
(On CD only)

C FISH, POREWATER, SEDIMENT, SOILS, AND SURFACE WATER
SCATTER PLOTS (On CD only)

D LOEC FOOD CHAIN MODELING EQUATIONS (On CD only)

E SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT DATABASE
(On CD only) see folder for Excel Users Guide and Access database file

F HABITAT SURVEY (On CD only)

G SUMMARIES OF REFERENCE DATA (On CD only)

H CONCEPTUAL SITE MODEL FIGURES FROM DATA SUMMARY REPORT (On
CD only)

I WASTEWAY SUPPLEMENTAL ANALYSIS (On CD only)

J SCREENING-LEVEL ASSESSMENT OF LAKE WALLULA DREDGED SEDIMENT
(On CD only)
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APPENDIX A

ISLAND SOIL, SEDIMENT, SURFACE WATER, AND POREWATER
SAMPLE LOCATIONS 2008 - 2010

This appendix shows the location of abiotic (i.e., surface water, sediment, porewater, and island
soil) samples collected during the Columbia River Remedial Investigation. Samples collected
during the RI are identified by their Sample Designation number, as described in the Data
Summary Report (WCH-398). For data collected prior to 2008, a unique identification with the
prefix "HL" was assigned to each sample, since no sample designation is available.

For improved viewing the reader is encouraged to view the figures via the electronic version
contained on the attached CD. The quality of the view is enhanced by zooming in on the
individual figure to the desired sample location on each map.
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Table 2-1. Number of Samples Used in Ecological Risk Assessment.

100 Area 300 Area Lake Wallula Site Total Not
Media Reference Including

2000 - 2007 2008 - 2010 2000 - 2007 2008 - 2010 2000 - 2007 2008 - 2010 Reference

Surface water 427 165 135 1,364 54 16 60 1,794

Sediment 215 0 251 2 302 88 168 811

Soil 11 0 31 0 53 0 0 84

Porewater 86 0 287 0 117 0 0 404

Fish 224 130 267 105 284 0 239 1,025

NOTE: Reference includes samples collected from Upriver, wasteways/irrigation returns, and major tributaries (Snake, Yakima, and
Walla Walla Rivers).

For porewater, the 100 Area Sub-Area includes 100-B/C-5, 100-KR-4, 100-NR-2, 100-HR-3, and 100-FR-3 groundwater operable units. The
300 Area Sub-Area consists of 200-PO-1 and 300-FF-5 groundwater operable units.

Table 2-2. Number of Fish Collected by Sub-Area.

Carp Whitefish Walleye Bass Sucker Sturgeon

Individuals 21 27 25 25 25 5
Upriver Sub-Area

Composites 4a 5 5 5 5 0

Individuals 25 25 26 25 25 9
100 Area Sub-Area

Composites 5 5 5 a 5 5 0

Individuals 25 27 25 25 25 10
300 Area Sub-Areab

Composites 5 5 5 5 5 0

Individuals 25 26 27 25 25 6
Lake Wallula Sub-Area

Composites 5 5a 5 5 5 0

Total Individuals 534 96 105 103 100 100 30

Total Composites 99 19 20 20 20 20 0

a One of five fish not composited.
Two of five fish not composited.
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Table 3-1. Columbia River Inclusion and Exclusion List Constituents.

Exclusion Analyte Inclusion Analyte
Actinium-228 Calculated total uranium a
Alkalinity Carbon-14
Antimony-125 Cesium-137
Beryllium-7 Chromium
Calcium cis- 1,2-Dichloroethylene
Cerium-144 Cobalt-60
Cesium-134 Europium-152
Cobalt-58 Europium-154
Coliform bacteria Hexavalent chromium
Conductivity Lead
Cumulative % retained on No. 100 screen Mercury
Cumulative % retained on No. 16 screen Nitrate
Cumulative % retained on No. 200 screen Plutonium-239/240
Cumulative % retained on No. 30 screen Strontium-90
Cumulative % retained on No. 50 screen Sulfate
Cumulative % retained on No. 8 screen Technetium-99
Dissolved oxygen Tetrachloroethene
Hardness Total petroleum hydrocarbons
Ignitability Total petroleum hydrocarbons - diesel range
Iron-59 Total petroleum hydrocarbons - gasoline range
Lead-212 Total petroleum hydrocarbons - kerosene range
Lead-214 Total petroleum hydrocarbons - motor oil (high boiling)
Magnesium Tributyl phosphate
Manganese-54 Trichloroethene
Nitrogen, Kjeldahl total Tritium
Oxidation-reduction potential Uranium
pH Measurement Uranium-233/234
Percent moisture Uranium-235
Potassium Uranium-238
Potassium-40
Radium-224
Radium-226
Radium-228
Ruthenium-103
Ruthenium-106
Silicon
Sodium
Sodium-22
Sodium dithionite
Specific conductance
Temperature
Thorium-230
Thorium-232
Thorium-234
Tin-113
Total inorganic carbon
Total organic carbon
Total organic halides
Turbidity
a Calculated total uranium equals the sum of uranium radionuclides.
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Table 3-2. 100 Area Sub-Area Surface Water Contaminant of
Potential Ecological Concern Selection Summary.

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion '

Ecological Concern
Cesium-137 Inclusion List Aluminum Qualitative analysis

Chromium Inclusion List Antimony Site = Reference

Fluoride Site > Reference Arsenic Site = Reference

Lead Inclusion List Barium Site < Reference

Mercury Inclusion List Beryllium Qualitative analysis

Nitrate Inclusion List Bis(2-ethylhexyl) phthalate Qualitative analysis

Phosphate Qualitative analysis Boron Site = Reference

Phosphorus Qualitative analysis Cadmium Site = Reference

Strontium-90 Inclusion List Carbonate ion Qualitative analysis

Sulfate Inclusion List Chloride Site < Reference

Technetium-99 Inclusion List Copper Site = Reference

Total PCBs Qualitative analysis Di-n-butylphthalate Qualitative analysis

Tritium Inclusion List Gross alpha Specific radionuclide data used

Uranium-233/234 Inclusion List Gross beta Specific radionuclide data used

Uranium-238 Inclusion List Iron Site < Reference

Lithium Qualitative analysis

Manganese Site < Reference

Methylene chloride Qualitative analysis

Molybdenum Qualitative analysis

Nickel Site = Reference

Selenium Site = Reference

Silver Not detected above reporting
limit in Site

Strontium Site < Reference

Thallium Site = Reference

Tin Qualitative analysis

Titanium Site = Reference

Uranium-234 Site = Reference

Vanadium Site = Reference

Zinc Site = Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

PCB = polychlorinated biphenyl
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Table 3-3. 300 Area Sub-Area Surface Water Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion '

Ecological Concern

1,2-Dichloroethane Detected above reporting limits 1,1,2-Trichloroethane Not detected above reporting
in Site only limit in Site

1,4-Dichlorobenzene Detected above reporting limits Aluminum Qualitative analysis
in Site only

Acetone Qualitative analysis Antimony Qualitative analysis

Chloroform Qualitative analysis Arsenic Site < Reference

Chromium Inclusion List Barium Site < Reference

Chrysene Detected above reporting limits Benzene Not detected above reporting
in Site only limit in Site

Lead Inclusion List Benzo(a)anthracene Not detected above reporting
limit in Site

Mercury Inclusion List Benzo(b)Fluoranthene Not detected above reporting
limit in Site

Nitrate Inclusion List Benzo(k)Fluoranthene Not detected above reporting
limit in Site

Nitrite Potentially associated with Beryllium Qualitative analysis
nitrate, an Inclusion List
compound

Plutonium-238 Detected above reporting limits Bis(2-ethylhexyl) phthalate Qualitative analysis
in Site only

Plutonium-239/240 Inclusion List Boron Site < Reference

Silver detected above reporting limits Cadmium Site < Reference
in Site only

Strontium-90 Inclusion List Chloride Site < Reference

Sulfate Inclusion List Copper Site < Reference

Technetium-99 Inclusion List Di-n-butylphthalate Qualitative analysis

Total PCBs Qualitative analysis Fluoride Site < Reference

Trichloroethene Inclusion List Gross alpha Specific radionuclide data
used

Tritium Inclusion List Iron Site < Reference

Uranium-233/234 Inclusion List Lithium Site = Reference

Uranium-235 Inclusion List Manganese Site < Reference

Uranium-238 Inclusion List Methylene chloride Qualitative analysis

Xylenes (total) Detected above reporting limits Molybdenum Site < Reference
in Study Area only

Nickel Site < Reference

Nitrogen in nitrite and Compound-specific data used
nitrate

Phosphorus Qualitative analysis

Selenium Site < Reference

Columbia River Component Risk Assessment
Volume I, Part 2: Screening-Level Ecological Risk Assessment

June 2012 3-3



Selection of Contaminants of
Potential Ecological Concern

DOE/RL-2010-117

Rev. 0

Table 3-3. 300 Area Sub-Area Surface Water Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Silica SiO 2 ; sand, a natural mineral

Strontium Site = Reference

Thallium Qualitative analysis

Tin Qualitative analysis

Titanium Site < Reference

Toluene Qualitative analysis

Uranium-234 Site < Reference

Vanadium Site < Reference

Zinc Site < Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

PCB = polychlorinated biphenyl

Table 3-4. Lake Wallula Sub-Area Surface Water Contaminant of
Potential Ecological Concern Selection Summary. (2 Pages)

Lake Wallula
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusiona

Ecological Concern

Chloride Qualitative analysis Aluminum Site = Reference

Chromium Inclusion List Antimony Qualitative analysis

Cobalt-60 Inclusion List Arsenic Qualitative analysis

Fluoride Qualitative analysis Barium Site < Reference

Hexavalent chromium Inclusion List Bis(2-ethylhexyl) phthalate Qualitative analysis

Lead Inclusion List Boron Site < Reference

Mercury Inclusion List Cadmium Qualitative analysis

Nitrate Inclusion List Copper Qualitative analysis

Plutonium-238 Qualitative analysis Iron Site = Reference

Plutonium-239/240 Inclusion List Lithium Site < Reference

Strontium-90 Inclusion List Manganese Site = Reference

Sulfate Inclusion List Methylene chloride Qualitative analysis

Total PCBs Qualitative analysis Molybdenum Qualitative analysis

Total petroleum hydrocarbons - Inclusion List Nickel Qualitative analysis
diesel range

Total petroleum hydrocarbons - Inclusion List Phosphorus Site < Reference
motor oil (high boiling)

Tritium Inclusion List Selenium Qualitative analysis
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Table 3-4. Lake Wallula Sub-Area Surface Water Contaminant of
Potential Ecological Concern Selection Summary. (2 Pages)

Lake Wallula
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusiona

Ecological Concern

Uranium Inclusion List Strontium Site = Reference

Uranium-233/234 Inclusion List Thallium Qualitative analysis

Uranium-234 Qualitative analysis Tin Qualitative analysis

Uranium-235 Inclusion List Titanium Site = Reference

Uranium-238 Inclusion List Toluene Qualitative analysis

Vanadium Site < Reference

Zinc Site = Reference

Gross alpha Specific radionuclide data
used

Gross beta Specific radionuclide data
used

Nitrogen in nitrite and nitrate Compound-specific data used

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

PCB = polychlorinated biphenyl

Table 3-5. 100 Area Sub-Area Sediment Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusiona

Ecological Concern

Acetone Qualitative analysis Aldrin Qualitative analysis

Carbon-14 Inclusion List alpha-BHC Qualitative analysis

Cesium-137 Inclusion List Aluminum Site < Reference

Chromium Inclusion List Antimony Site < Reference

Cobalt-60 Inclusion List Arsenic Site < Reference

delta-BHC Qualitative analysis Barium Site < Reference

Endosulfan sulfate Detected above reporting Beryllium Site < Reference
limits in Site only

Europium-152 Inclusion List Bismuth Qualitative analysis

Heptachlor epoxide Qualitative analysis Boron Site < Reference

Hexavalent chromium Inclusion List Cadmium Site < Reference

Lead Inclusion List Cobalt Site < Reference

Mercury Inclusion List Copper Site < Reference

Plutonium-239/240 Inclusion List Dichlorodiphenyldichloroethane Qualitative analysis

Strontium-90 Inclusion List Dichlorodiphenyldichloroethylene Qualitative analysis

Technetium-99 Inclusion List Di-n-butylphthalate Qualitative analysis
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Table 3-5. 100 Area Sub-Area Sediment Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusiona

Ecological Concern

Total petroleum hydrocarbons - Inclusion List Endrin Not detected above
diesel range reporting limit in Site

Total petroleum hydrocarbons - Inclusion List gamma-BHC (lindane) Qualitative analysis
motor oil (high boiling)

Uranium Inclusion List gamma-Chlordane Qualitative analysis

Uranium-233/234 Inclusion List Heptachlor Qualitative analysis

Uranium-235 Inclusion List Iron Site < Reference

Uranium-238 Inclusion List Lithium Site < Reference

Manganese Site < Reference

Methylene chloride Site = Reference

Molybdenum Site = Reference

Nickel Site < Reference

Phosphorus Site < Reference

Plutonium-238 Qualitative analysis

Selenium Qualitative analysis

Strontium Site < Reference

Thallium Qualitative analysis

Tin Not detected above
reporting limit in Site

Total PCBs Site < Reference

Vanadium Site < Reference

Zinc Site < Reference

a Qualitative analysis = results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency of
detection less than 30%. Site versus Reference comparison reflects results of statistical comparison of Site and Reference concentrations. If
these comparisons suggested higher concentrations in the study area, the constituent was retained as a contaminant of potential ecological
concern. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl

Table 3-6. 300 Area Sub-Area Sediment Contaminant of Potential
Ecological Concern Selection Summary. (3 Pages)

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Carbon-14 Inclusion List Acetone Qualitative analysis

Cesium-137 Inclusion List Aldrin Qualitative analysis

Chromium Inclusion List alpha-BHC Qualitative analysis

Cobalt-60 Inclusion List Aluminum Site < Reference
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Table 3-6. 300 Area Sub-Area Sediment Contaminant of Potential
Ecological Concern Selection Summary. (3 Pages)

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion '

Ecological Concern

Europium-152 Inclusion List Antimony Qualitative analysis

Hexavalent chromium Inclusion List Arsenic Site < Reference

Lead Inclusion List Barium Site < Reference

Mercury Inclusion List Beryllium Site < Reference

Plutonium-239/240 Inclusion List beta-1,2,3,4,5,6- Qualitative analysis
Hexachlorocyclohexane

Selenium Qualitative analysis Bis(2-ethylhexyl) phthalate Qualitative analysis

Strontium-90 Inclusion List Bismuth Qualitative analysis

Technetium-99 Inclusion List Boron Site < Reference

Titanium Qualitative analysis Cadmium Site < Reference

Total petroleum hydrocarbons - Inclusion List Cobalt Site < Reference
diesel range

Total petroleum hydrocarbons - Inclusion List Copper Site < Reference
motor oil (high boiling)

Tritium Inclusion List delta-BHC Qualitative analysis

Uranium Inclusion List Dichlorodiphenyldichloroethylene Qualitative analysis

Uranium-233/234 Inclusion List Di-n-butylphthalate Qualitative analysis

Uranium-234 Qualitative analysis gamma-Chlordane Qualitative analysis

Uranium-235 Inclusion List Iron Site < Reference

Uranium-238 Inclusion List Lithium Site < Reference

Manganese Site < Reference

Methylene chloride Qualitative analysis

Molybdenum Site < Reference

Nickel Site < Reference

Phosphorus Site < Reference

Plutonium-238 Qualitative analysis

Silver Qualitative analysis

Strontium Site < Reference

Thallium Qualitative analysis

Tin Not detected above
reporting limit in Site

Toluene Not detected above
reporting limit in Site

Total PCBs Qualitative analysis

Vanadium Site < Reference
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Table 3-6. 300 Area Sub-Area Sediment Contaminant of Potential
Ecological Concern Selection Summary. (3 Pages)

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Zinc Site < Reference

Qualitative analysis = results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency
of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as a
contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl

Table 3-7. Lake Wallula Sub-Area Sediment Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

Lake Wallula
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

alpha-BHC Qualitative analysis 1,2,3,4,6,7,8- Qualitative analysis
Heptachlorodibenzodioxin

Antimony Qualitative analysis 2,3,7,8-Dioxin total equivalents Site = Reference

Cesium-137 Inclusion List Acetone Qualitative analysis

Chromium Inclusion List Aldrin Qualitative analysis

Cobalt-57 Qualitative analysis Aluminum Site < Reference

Cobalt-60 Inclusion List Arsenic Site < Reference

Dichlorodiphenyldichloroethane Qualitative analysis Barium Site = Reference

Europium-152 Inclusion List Benzo(b)fluoranthene Not detected above

reporting limit in Site

Europium-154 Inclusion List Beryllium Site < Reference

Hexavalent chromium Inclusion List Bis(2-ethylhexyl) phthalate Qualitative analysis

Lead Inclusion List Bismuth Qualitative analysis

Mercury Inclusion List Boron Site < Reference

Molybdenum Site > Reference Butylbenzylphthalate Not detected above
reporting limit in Site

Phosphorus Site > Reference Cadmium Site = Reference

Plutonium-239/240 Inclusion List Chrysene Not detected above
reporting limit in Site

Silver Qualitative analysis Cobalt Site = Reference

Strontium-90 Inclusion List Copper Site = Reference

Thallium Qualitative analysis Dichlorodiphenyldichloroethylene Qualitative analysis

Titanium Qualitative analysis Dichlorodiphenyltrichloroethane Qualitative analysis

Toluene Qualitative analysis Fluoranthene Not detected above
reporting limit in Site

Total PCBs Qualitative analysis Hexachlorobenzene Qualitative analysis
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Table 3-7. Lake Wallula Sub-Area Sediment Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

Lake Wallula
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Total petroleum hydrocarbons - Inclusion List Iron Site = Reference
diesel range

Total petroleum hydrocarbons - Inclusion List Lithium Site < Reference
motor oil (high boiling)

Uranium-233/234 Inclusion List Manganese Site = Reference

Uranium-234 Site > Reference Methylene chloride Qualitative analysis

Uranium-235 Inclusion List Nickel Site < Reference

Uranium-238 Inclusion List o,p'-DDT Not detected above
reporting limit in Site

Vanadium Site > Reference Octachlorodibenzo-p-dioxin Site = Reference

Phenanthrene Not detected above
reporting limit in Site

Plutonium-238 Qualitative analysis

Pyrene Not detected above

reporting limit in Site

Selenium Qualitative analysis

Strontium Site < Reference

Total DDT Qualitative analysis

Total dioxins Site = Reference

TotalTCDDEquiv Site = Reference

Zinc Site = Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

BHC = benzene hexachloride
DDT = dichlorodiphenyltrichloroethane
PAH = polycyclic aromatic hydrocarbons
PCB = polychlorinated biphenyl
TCDD = 2,3,7,8-Tetrachlorodibenzo-p-Dioxin

Table 3-8. 100 Area Sub-Area Soil Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Arsenic Site > Reference Aluminum Site < Reference

Carbon-14 Inclusion List Antimony Qualitative analysis

Cesium-137 Inclusion List Barium Site < Reference

Chromium Inclusion List Beryllium Site < Reference
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Table 3-8. 100 Area Sub-Area Soil Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion '

Ecological Concern

Dichlorodiphenyltrichloroethane Detected above reporting limits Bismuth Not detected above
in Site only reporting limit in Site

Diethylphthalate Detected above reporting limits Boron Site < Reference
in Site only

Hexavalent chromium Inclusion List Cadmium Site = Reference

Lead Inclusion List Cobalt Site < Reference

Lithium Site > Reference Copper Site = Reference

Mercury Inclusion List Dichlorodiphenyldichloro- Not detected above
ethylene reporting limit in Site

Nickel Site > Reference Endosulfan I Not detected above

reporting limit in Site

Total PCBs Qualitative analysis Endrin Not detected above
reporting limit in Site

Total petroleum hydrocarbons - Inclusion List Fluoranthene Not detected above
diesel range reporting limit in Site

Total petroleum hydrocarbons - Inclusion List Iron Site < Reference
motor oil (high boiling)

Uranium Inclusion List Manganese Site < Reference

Uranium-233/234 Inclusion List Molybdenum Site = Reference

Uranium-235 Inclusion List Phosphorus Site < Reference

Uranium-238 Inclusion List Pyrene Not detected above

reporting limit in Site

Selenium Qualitative analysis

Strontium Site < Reference

Titanium Site < Reference

Vanadium Site < Reference

Zinc Site = Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

PCB = polychlorinated biphenyl
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Table 3-9. 300 Area Sub-Area Soil Contaminant of Potential
Ecological Concern Selection Summary.

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion'

Ecological Concern

Arsenic Site > Reference Aluminum Site < Reference

Cesium-137 Inclusion List Antimony Qualitative analysis

Chromium Inclusion List Barium Site < Reference

Cobalt-60 Inclusion List Beryllium Site < Reference

Europium-152 Inclusion List Bis(2-ethylhexyl) phthalate Not detected above

reporting limit in Site

Hexavalent chromium Inclusion List Bismuth Not detected above

reporting limit in Site

Lead Inclusion List Boron Site < Reference

Lithium Site > Reference Cadmium Site = Reference

Mercury Inclusion List Cobalt Site < Reference

Nickel Site > Reference Copper Site = Reference

Plutonium-239/240 Inclusion List Dichlorodiphenyldichloroethylene Not detected above

reporting limit in Site

Strontium-90 Inclusion List Dichlorodiphenyltrichloroethane Not detected above

reporting limit in Site

Total PCBs Qualitative analysis Iron Site < Reference

Total petroleum hydrocarbons - Inclusion List Manganese Site < Reference
diesel range

Total petroleum hydrocarbons - Inclusion List Molybdenum Site = Reference
motor oil (high boiling)

Uranium Inclusion List Phosphorus Site < Reference

Uranium-233/234 Inclusion List Selenium Qualitative analysis

Uranium-235 Inclusion List Strontium Site < Reference

Uranium-238 Inclusion List Thallium Not detected above

reporting limit in Site

Inclusion List Titanium Site < Reference

Vanadium Site < Reference

Zinc Site = Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

PCB = polychlorinated biphenyl
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Table 3-10. 100 Area Sub-Area Fish Carcass Contaminant of Potential
Ecological Concern Selection Summary.

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Aluminum Qualitative analysis Aldrin Qualitative analysis

Arsenic Qualitative analysis alpha-BHC Not detected above
reporting limit in Site

Barium Site > Reference alpha-Chlordane Qualitative analysis

Carbon- 14 Inclusion List beta-1,2,3,4,5,6-Hexachlorocyclohexane Qualitative analysis

Chromium Inclusion List Cadmium Site = Reference

delta-BHC Qualitative analysis Cobalt Qualitative analysis

Endrin Qualitative analysis Copper Site = Reference

gamma-BHC Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference

Lead Inclusion List Dichlorodiphenyldichloroethylene Site = Reference

Mercury Inclusion List Dichlorodiphenyltrichloroethane Site = Reference

Strontium-90 Inclusion List Dieldrin Qualitative analysis

Total PCB Site > Reference Endrin aldehyde Qualitative analysis

Uranium Inclusion List Iron Site = Reference

Lithium Qualitative analysis

Manganese Site = Reference

Phosphorus Site = Reference

Selenium Site = Reference

Strontium Site = Reference

Tin Site = Reference

Total inorganic arsenic Site = Reference

Vanadium Site = Reference

Zinc Site = Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency
of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as a
contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and Reference
concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl

Table 3-11. 300 Area Sub-Area Fish Carcass Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Aluminum Qualitative analysis alpha-Chlordane Qualitative analysis

Arsenic Qualitative analysis beta- 1,2,3,4,5,6-Hexachlorocyclohexane Qualitative analysis

Barium Site > Reference Cadmium Site = Reference

Carbon-14 Inclusion List Cobalt Qualitative analysis

Chromium Inclusion List Copper Site = Reference

delta-BHC Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference
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Table 3-11. 300 Area Sub-Area Fish Carcass Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Lead Inclusion List Dichlorodiphenyldichloroethylene Site = Reference

Mercury Inclusion List Dichlorodiphenyltrichloroethane Site = Reference

Methoxychlor Qualitative analysis Dieldrin Qualitative analysis

Methyl mercury Qualitative analysis Endosulfan I Qualitative analysis

Plutonium-239/240 Inclusion List Endrin aldehyde Qualitative analysis

Strontium-90 Inclusion List gamma-BHC Qualitative analysis

Total PCBs Site > Reference gamma-Chlordane Not detected above
reporting limit in Site

Tritium Inclusion List Heptachlor Qualitative analysis

Uranium Inclusion List Iron Site = Reference

Lithium Qualitative analysis

Manganese Site = Reference

Nickel Qualitative analysis

Phosphorus Site = Reference

Selenium Site = Reference

Strontium Site = Reference

Tin Site = Reference

Total organic arsenic Qualitative analysis

Vanadium Site = Reference

Zinc Site = Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency
of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as a
contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and Reference
concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl

Table 3-12. Lake Wallula Sub-Area Fish Carcass Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

Lake Wallula
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Aluminum Qualitative analysis Aldrin Qualitative analysis

Arsenic Qualitative analysis alpha-Chlordane Qualitative analysis

beta-1,2,3,4,5,6- Qualitative analysis Barium Site = Reference
Hexachlorocyclohexane

Carbon-14 Inclusion List Cadmium Site = Reference

Chromium Inclusion List Cobalt Qualitative analysis

delta-BHC Qualitative analysis Copper Site = Reference
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Table 3-12. Lake Wallula Sub-Area Fish Carcass Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

Lake Wallula
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

gamma-BHC Qualitative analysis Dichlorodiphenyldichloroethane Site < Reference

Lead Inclusion List Dichlorodiphenyldichloroethylene Site < Reference

Mercury Inclusion List Dichlorodiphenyltrichloroethane Site = Reference

Methyl mercury Qualitative analysis Dieldrin Qualitative analysis

Uranium Inclusion List Endosulfan I Qualitative analysis

Endrin alydehyde Qualitative analysis

gamma-Chlordane Not detected above
reporting limit in Site

Heptachlor Qualitative analysis

Iron Site = Reference

Lithium Site = Reference

Manganese Site = Reference

Nickel Qualitative analysis

Phosphorus Site = Reference

Selenium Site = Reference

Strontium Site = Reference

Tin Site = Reference

Total inorganic arsenic Site = Reference

Total PCBs Site = Reference

Vanadium Site = Reference

Zinc Site = Reference

a Qualitative analysis = results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency of
detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as a
contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl

Table 3-13. 100 Area Sub-Area Fish Fillet Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

alpha-BHC Qualitative analysis Aluminum Qualitative analysis

alpha-Chlordane Detected above reporting limits Barium Site = Reference
in Study Area only

Arsenic Qualitative analysis beta-1,2,3,4,5,6- Qualitative analysis
Hexachlorocyclohexane

Carbon-14 Inclusion List Cadmium Qualitative analysis
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Table 3-13. 100 Area Sub-Area Fish Fillet Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Cesium-137 Inclusion List Cobalt Qualitative analysis

Chromium Inclusion List Copper Site = Reference

Cobalt-60 Inclusion List delta-BHC Qualitative analysis

Dichlorodiphenyltrichloroethane Qualitative analysis Dichlorodiphenyldichloro- Site = Reference
ethane

Endrin Qualitative analysis Dichlorodiphenyldichloro- Site = Reference
ethylene

Hexavalent chromium Inclusion List Dieldrin Qualitative analysis

Lead Inclusion List gamma-BHC Qualitative analysis

Mercury Inclusion List Heptachlor Qualitative analysis

Methoxychlor Detected above reporting limits Iron Site = Reference
in Study Area only

Plutonium-239/240 Inclusion List Lithium Qualitative analysis

Strontium-90 Inclusion List Manganese Site = Reference

Phosphorus Site = Reference

Selenium Site = Reference

Strontium Site = Reference

Tin Site = Reference

Total inorganic arsenic Qualitative analysis

Total PCBs Site < Reference

Vanadium Site = Reference

Zinc Site = Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl

Table 3-14. 300 Area Sub-Area Fish Fillet Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Aldrin Detected above reporting Aluminum Qualitative analysis
limits in Study Area only

alpha-BHC Detected above reporting Barium Site = Reference
limits in Study Area only

Arsenic Qualitative analysis beta-1,2,3,4,5,6-Hexachlorocyclohexane Site = Reference
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Table 3-14. 300 Area Sub-Area Fish Fillet Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Cesium-137 Inclusion List Cadmium Qualitative analysis

Chromium Inclusion List Copper Site = Reference

Cobalt Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference

delta-BHC Qualitative analysis Dichlorodiphenyldichloroethylene Site = Reference

Dieldrin Qualitative analysis Dichlorodiphenyltrichloroethane Qualitative analysis

Hexavalent chromium Inclusion List Endosulfan I Not detected above
reporting limit in Site

Lead Inclusion List gamma-BHC Qualitative analysis

Mercury Inclusion List Heptachlor Qualitative analysis

Methyl mercury Qualitative analysis Iron Site = Reference

Uranium-234 Qualitative analysis Lithium Qualitative analysis

Uranium-235 Inclusion List Manganese Site = Reference

Uranium-238 Inclusion List Phosphorus Site = Reference

Selenium Site = Reference

Strontium Site = Reference

Tin Site = Reference

Total organic arsenic Qualitative analysis

Total PCBs Site = Reference

Vanadium Site = Reference

Zinc Site < Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency
of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as a
contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and Reference
concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl

Table 3-15. Lake Wallula Sub-Area Fish Fillet Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

Lake Wallula
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Aldrin Qualitative analysis alpha-Chlordane Not detected above
reporting limit in Site

Chromium Inclusion List Aluminum Qualitative analysis

Dieldrin Qualitative analysis Antimony Not detected above
reporting limit in Site

Hexavalent chromium Inclusion List Arsenic Qualitative analysis

Lead Inclusion List Barium Site = Reference
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Table 3-15. Lake Wallula Sub-Area Fish Fillet Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

Lake Wallula
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion a

Ecological Concern

Mercury Inclusion List beta-1,2,3,4,5,6-Hexachlorocyclohexane Site = Reference

Methyl mercury Qualitative analysis Cadmium Qualitative analysis

Selenium Site > Reference Cobalt Qualitative analysis

Tritium Inclusion List Copper Site = Reference

Dichlorodiphenyldichloroethane Site < Reference

Dichlorodiphenyldichloroethylene Site = Reference

Dichlorodiphenyltrichloroethane Qualitative analysis

Endosulfan II Not detected above
reporting limit in Site

Endrin alydehyde Qualitative analysis

gamma-BHC Qualitative analysis

Heptachlor Qualitative analysis

Iron Site = Reference

Lithium Qualitative analysis

Manganese Site = Reference

Nickel Not detected above
reporting limit in Site

Phosphorus Site = Reference

Strontium Site = Reference

Tin Site = Reference

Total inorganic arsenic Qualitative analysis

Total PCBs Site = Reference

Vanadium Site = Reference

Zinc Site = Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl

Table 3-16. 100 Area Sub-Area Fish Liver/Kidney Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusiona

Ecological Concern

alpha-Chlordane Qualitative analysis Aldrin Not detected above
reporting limit in Site

Aluminum Qualitative analysis Barium Site = Reference
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Table 3-16. 100 Area Sub-Area Fish Liver/Kidney Contaminant of Potential
Ecological Concern Selection Summary. (2 Pages)

100 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion'

Ecological Concern

Antimony Detected above reporting Dichlorodiphenyldichloroethane Site < Reference
limits in Study Area only

Arsenic Qualitative analysis Dichlorodiphenyltrichloroethane Site < Reference

Beryllium Detected above reporting Endosulfan II Qualitative analysis
limits in Study Area only

beta-1,2,3,4,5,6-Hexachlorocyclohexane Site > Reference Endosulfan sulfate Not detected above
reporting limit in Site

Cadmium Site > Reference Molybdenum Qualitative analysis

Carbon-14 Inclusion List Nickel Qualitative analysis

Chromium Inclusion List Phosphorus Site = Reference

Copper Site > Reference Strontium Site = Reference

Dichlorodiphenyldichloroethylene Site > Reference Tin Qualitative analysis

Dieldrin Qualitative analysis Vanadium Site = Reference

Endosulfan I Qualitative analysis

Endrin Qualitative analysis

Endrin aldehyde Qualitative analysis

Endrin ketone Qualitative analysis

gamma-BHC Qualitative analysis

gamma-Chlordane Qualitative analysis

Heptachlor Qualitative analysis

Iron Site > Reference

Lead Inclusion List

Manganese Site > Reference

Mercury Inclusion List

Methoxychlor Detected above reporting
limits in Study Area only

Selenium Site > Reference

Silver Qualitative analysis

Strontium-90 Inclusion List

Thallium Qualitative analysis

Thorium Site Data Only

Total PCBs Qualitative analysis

Uranium Inclusion List

Zinc Site > Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a frequency
of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as a
contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and Reference
concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl
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Table 3-17. 300 Area Sub-Area Fish Liver/Kidney Contaminant of Potential
Ecological Concern Selection Summary.

300 Area
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion '

Ecological Concern

alpha-Chlordane Qualitative analysis beta-1,2,3,4,5,6-Hexachlorocyclohexane Site = Reference

Aluminum Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference

Antimony Detected above reporting Dichlorodiphenyldichloroethylene Site = Reference
limits in Study Area only

Arsenic Qualitative analysis Dichlorodiphenyltrichloroethane Site = Reference

Barium Site > Reference Endrin aldehyde Qualitative analysis

Cadmium Site > Reference gamma-BHC Qualitative analysis

Cesium-137 Inclusion List Iron Site = Reference

Chromium Inclusion List Molybdenum Qualitative analysis

Copper Site > Reference Nickel Qualitative analysis

delta-BHC Qualitative analysis Phosphorus Site = Reference

Dieldrin Qualitative analysis Strontium Site = Reference

Endosulfan I Qualitative analysis Thallium Qualitative analysis

Endosulfan II Qualitative analysis Tin Qualitative analysis

Endrin Qualitative analysis Vanadium Site = Reference

Endrin ketone Qualitative analysis

gamma-Chlordane Qualitative analysis

Heptachlor epoxide Qualitative analysis

Lead Inclusion List

Manganese Site > Reference

Mercury Inclusion List

Methoxychlor Qualitative analysis

Selenium Site > Reference

Silver Qualitative analysis

Technetium-99 Inclusion List

Thorium Site Data Only

Total PCBs Qualitative analysis

Tritium Inclusion List

Uranium Inclusion List

Zinc Site > Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl
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Table 3-18. Lake Wallula Sub-Area Fish Liver/Kidney Contaminant of Potential
Ecological Concern Selection Summary.

Lake Wallula
Contaminants of Potential Reason for Inclusion Excluded Constituents Reason for Exclusion '

Ecological Concern

Arsenic Qualitative analysis alpha-Chlordane Qualitative analysis

Carbon-14 Inclusion List Aluminum Qualitative analysis

Chromium Inclusion List Barium Site = Reference

delta-BHC Qualitative analysis beta- 1,2,3,4,5,6-Hexachlorocyclohexane Qualitative analysis

Dieldrin Qualitative analysis Cadmium Site = Reference

Endosulfan I Qualitative analysis Copper Site = Reference

Endosulfan II Qualitative analysis Dichlorodiphenyldichloroethane Site = Reference

Endrin Qualitative analysis Dichlorodiphenyldichloroethylene Site = Reference

Endrin ketone Qualitative analysis Dichlorodiphenyltrichloroethane Site = Reference

Heptachlor epoxide Qualitative analysis Iron Site = Reference

Mercury Inclusion List Lithium Qualitative analysis

Total PCBs Qualitative analysis Manganese Site = Reference

Molybdenum Qualitative analysis

Nickel Qualitative analysis

Phosphorus Site = Reference

Selenium Site = Reference

Silver Qualitative analysis

Strontium Site = Reference

Thallium Qualitative analysis

Tin Qualitative analysis

Vanadium Site = Reference

Zinc Site = Reference

a Qualitative analysis equals results of a comparison of means, maximums, and data ranges that was conducted for constituents with a
frequency of detection less than 30%. If these comparisons suggested higher concentrations in the study area, the constituent was retained as
a contaminant of potential ecological concern. Site versus Reference comparison reflects results of statistical comparison of Site and
Reference concentrations. See Appendix B for more details.

BHC = benzene hexachloride
PCB = polychlorinated biphenyl
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Table 3-19. 100 Area Sub-Area Surface Water Nondetect Analysis. (4 Pages)

Iniao Mnmm Mxiu age ubr Number To Be Addressed in Not a Contaminant of PotentialSub-AreaAnyt Indicator Minimum Maximum Ta rget Number
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target NReuTsUBer Asis ot CotinantCofPen

Limit Limit Limit Reporting Limit Results Uncertainty Analysis' Ecological Concern

100 Area Bromide No 0.25 0.25 mg/L -- -- 12 Bromide

100 Area Nitrite No 0.25 0.25 mg/L -- -- 2 Nitrite

100 Area Bismuth No 0.003 0.1 mg/L -- -- 88 Bismuth

100 Area Cobalt No 0.0005 0.025 mg/L -- -- 88 Cobalt

100 Area Hexavalent chromium Yes 0.0037 0.0037 mg/L 0.01 44 44 Hexavalent chromium

100 Area Uranium Yes 0.01 0.2 mg/L 0.5 88 88 Uranium

100 Area Total petroleum hydrocarbons - diesel range Yes 0.075 0.075 mg/L 0.5 1 1 Total petroleum hydrocarbons - diesel

100 Area Total petroleum hydrocarbons - motor oil Yes 0.3 0.3 mg/L 0.5 1 1 Total petroleum hydrocarbons - motor
(high boiling) oil (high boiling)

100 Area 4,6-Dinitro-2-methylphenol No 0.025 0.025 mg/L -- -- 3 4,6-Dinitro-2-methylphenol

100 Area Aldrin No 0.00005 0.00005 mg/L -- -- 3 Aldrin

100 Area alpha-BHC No 0.00005 0.00005 mg/L -- -- 3 alpha-BHC

100 Area alpha-Chlordane No 0.00005 0.00005 mg/L -- -- 3 alpha-Chlordane

100 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00005 0.00005 mg/L -- -- 3 beta-i,2,3,4,5,6-Hexachlorocyclohexane

100 Area delta-BHC No 0.00005 0.00005 mg/L -- -- 3 delta-BHC

100 Area Dichlorodiphenyldichloroethane No 0.00005 0.00005 mg/L -- -- 3 Dichlorodiphenyldichloroethane

100 Area Dichlorodiphenyldichloroethylene No 0.00005 0.00005 mg/L -- -- 3 Dichlorodiphenyldichloroethylene

100 Area Dichlorodiphenyltrichloroethane No 0.00005 0.00005 mg/L -- -- 3 Dichlorodiphenyltrichloroethane

100 Area Dieldrin No 0.00005 0.00005 mg/L -- -- 3 Dieldrin

100 Area Endosulfan I No 0.00005 0.00005 mg/L -- -- 3 Endosulfan I

100 Area Endosulfan II No 0.00005 0.00005 mg/L -- -- 3 Endosulfan II

100 Area Endosulfan sulfate No 0.00005 0.00005 mg/L -- -- 3 Endosulfan sulfate

100 Area Endrin No 0.00005 0.00005 mg/L -- -- 3 Endrin

100 Area Endrin aldehyde No 0.00005 0.00005 mg/L -- -- 3 Endrin aldehyde

100 Area Endrin ketone No 0.00005 0.00005 mg/L -- -- 3 Endrin ketone

100 Area gamma-BHC (lindane) No 0.00005 0.00005 mg/L -- -- 3 gamma-BHC (lindane)

100 Area gamma-Chlordane No 0.00005 0.00005 mg/L -- -- 3 gamma-Chlordane

100 Area Heptachlor No 0.00005 0.00005 mg/L -- -- 3 Heptachlor

100 Area Heptachlor epoxide No 0.00005 0.00005 mg/L -- -- 3 Heptachlor epoxide

100 Area Methoxychlor Yes 0.00005 0.00005 mg/L 0.0005 3 3 Methoxychlor

100 Area Toxaphene No 0.0005 0.0005 mg/L -- -- 3 Toxaphene

100 Area Americium-241 No 0.0018 103 pCi/L -- -- 45 Americium-241

100 Area Carbon-14 Yes -18.3 18.6 pCi/L 50 16 16 Carbon-14

100 Area Cobalt-60 Yes -0.776 21 pCi/L 25 49 49 Cobalt-60

100 Area Europium-152 No -1.97 54.7 pCi/L -- -- 49 Europium-152

100 Area Europium-154 No 0.35 63.9 pCi/L -- -- 49 Europium-154
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Table 3-19. 100 Area Sub-Area Surface Water Nondetect Analysis. (4 Pages)

Iniao iiu axmmTre ubr Number To Be Addressed in Not a Contaminant of Potential
Sub-AreaAnyt Indicator Minimum Maximum Ta rget Number

Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target NReuTsUBer Asis ot CotinantCofPen
Limit Limit Limit Reporting Limit Results Uncertainty Analysis' Ecological Concern

100 Area EuropiuM-155 No -4.81 77.4 pCi/L -- -- 49 Europiumr-155

100 Area Plutoniurn-238 No -0.085 0.081 pCi/L -- -- 45 Plutoniurn-238

100 Area Plutonium-239/240 No -0.045 0.082 pCi/L -- -- 45 Plutonium-239/240

100 Area Uranium-235 Yes -0.0008 106 pCi/L 1 73 117 Uranium-235

100 Area 2,4,5-Trichlorophenol No 0.025 0.025 mg/L -- -- 3 2,4,5-Triclorophenol

100 Area 2,4,6-Trichlorophenol No 0.01 0.01 mg/L -- -- 3 2,4,6-Triclorophenol

100 Area 2,4-Dichlorophenol No 0.01 0.01 mg/L -- -- 3 2,4-Diclorophenol

100 Area 2,4-Dirnethylphenol No 0.01 0.01 ng/L -- -- 3 2,4-Dinethylphenol

100 Area 2,4-Dinitrophenol No 0.025 0.025 mg/L -- -- 3 2,4-Dinitrophenol

100 Area 2,4-Dinitrotoluene No 0.01 0.01 mg/L -- -- 3 2,4-Dinitrotoluene

100 Area 2,6-Dinitrotoluene No 0.01 0.01 mg/L -- -- 3 2,6-Dinitrotoluene

100 Area 2-Chloronaphthalene No 0.01 0.01 ng/L -- -- 3 2-Chlloronaplithalene

100 Area 2-Chlorophenol No 0.01 0.01 mg/L -- -- 3 2-Clorophenol

100 Area 2-Methylnaphthalene No 0.01 0.01 mg/L -- -- 3 2-Methylnaphthalene

100 Area 2-Methylphenol (cresol, o-) No 0.01 0.01 mg/L -- -- 3 2-Methylphenol (cresol, o-)

100 Area 2-Nitroaniline No 0.025 0.025 mg/L -- -- 3 2-Nitroaniline

100 Area 2-Nitrophenol No 0.01 0.01 mg/L -- -- 3 2-Nitrophenol

100 Area 3+4 Methylphenol (cresol, m+p) No 0.01 0.01 ng/L -- -- 3 3+4 Methylphenol (cresol, m+p)

100 Area 3,3'-Dichlorobenzidine No 0.01 0.01 mg/L -- -- 3 3,3'-Dichlorobenzidine

100 Area 3-Nitroaniline No 0.025 0.025 mg/L -- -- 3 3-Nitroaniline

100 Area 4-Bronophenylphenyl ether No 0.01 0.01 ng/L -- -- 3 4-Brornophenylphenyl ether

100 Area 4-Chloro-3-methylphenol No 0.01 0.01 mg/L -- -- 3 4-Chloro-3-methylphenol

100 Area 4-Chloroaniline No 0.01 0.01 mg/L -- -- 3 4-Cloroaniline

100 Area 4-Chlorophenylphenyl ether No 0.01 0.01 ng/L -- -- 3 4-Chlorophenylphenyl ether

100 Area 4-Nitroaniline No 0.025 0.025 mg/L -- -- 3 4-Nitroaniline

100 Area 4-Nitrophenol No 0.025 0.025 mg/L -- -- 3 4-Nitrophenol

100 Area Acenaphthene No 0.01 0.01 mg/L -- -- 3 Acenaphthene

100 Area Acenaphthylene No 0.01 0.01 mg/L -- -- 3 Acenaphthylene

100 Area Anthracene No 0.01 0.01 mg/L -- -- 3 Anthracene

100 Area Benzo(a)anthracene No 0.01 0.01 ng/L -- -- 3 Benzo(a)anthracene

100 Area Benzo(a)pyrene No 0.01 0.01 mg/L -- -- 3 Benzo(a)pyrene

100 Area Benzo(b)fluoranthene No 0.01 0.01 mg/L -- -- 3 Benzo(b)fluoranthene

100 Area Benzo(ghi)perylene No 0.01 0.01 mg/L -- -- 3 Benzo(ghi)perylene

100 Area Benzo(k)fluoranthene No 0.01 0.01 ng/L -- -- 3 Benzo(k)fluoranthene

100 Area Bis(2-chloro-1-methylethyl)ether No 0.01 0.01 mg/L -- -- 3 Bis(2-chloro-1-methylethyl)ether

100 Area Bis(2-Chloroethoxy)rnethane No 0.01 0.01 mg/L -- -- 3 Bis(2-Chloroethoxy)rnethane

100 Area Bis(2-chloroethyl) ether No 0.01 0.01 mg/L -- -- 3 Bis(2-chloroethyl) ether
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100 Area Butylbenzylphthalate No 0.01 0.01 mg/L -- -- 3 Butylbenzylphthalate

100 Area Carbazole No 0.01 0.01 mg/L -- -- 3 Carbazole

100 Area Chrysene No 0.01 0.01 mg/L -- -- 3 Chrysene

100 Area Di-n-octylphthalate No 0.01 0.01 mg/L -- -- 3 Di-n-octylphthalate

100 Area Dibenz[a,h]anthracene No 0.01 0.01 mg/L -- -- 3 Dibenz[a,h]anthracene

100 Area Dibenzofuran No 0.01 0.01 mg/L -- -- 3 Dibenzofuran

100 Area Diethylphthalate No 0.01 0.01 mg/L -- -- 3 Diethylphthalate

100 Area Dimethyl phthalate No 0.01 0.01 mg/L -- -- 3 Dimethyl phthalate

100 Area Fluoranthene No 0.01 0.01 mg/L -- -- 3 Fluoranthene

100 Area Fluorene No 0.01 0.01 mg/L -- -- 3 Fluorene

100 Area Hexachlorobenzene No 0.01 0.01 mg/L -- -- 3 Hexachlorobenzene

100 Area Hexachlorobutadiene No 0.01 0.01 mg/L -- -- 3 Hexaclorobutadiene

100 Area Hexachlorocyclopentadiene No 0.01 0.01 mg/L -- -- 3 Hexaclorocyclopentadiene

100 Area Hexachloroethane No 0.01 0.01 mg/L -- -- 3 Hexacloroethane

100 Area Indeno(1,2,3-cd)pyrene No 0.01 0.01 mg/L -- -- 3 Indeno(1,2,3-cd)pyrene

100 Area Isophorone No 0.01 0.01 mg/L -- -- 3 Isophorone

100 Area N-Nitroso-di-n-dipropylamine No 0.01 0.01 mg/L -- -- 3 N-Nitroso-di-n-dipropylamine

100 Area N-Nitrosodiphenylamine No 0.01 0.01 mg/L -- -- 3 N-Nitrosodiphenylamine

100 Area Naphthalene No 0.01 0.01 mg/L -- -- 3 Naphthalene

100 Area Pentachlorophenol No 0.025 0.025 mg/L -- -- 3 Pentaclorophenol

100 Area Phenanthrene No 0.01 0.01 mg/L -- -- 3 Phenanthrene

100 Area Phenol No 0.01 0.01 mg/L -- -- 3 Phenol

100 Area Pyrene No 0.01 0.01 mg/L -- -- 3 Pyrene

100 Area 1,1,1-Trichloroethane No 0.005 0.005 mg/L -- -- 3 1,1,1-Tricloroethane

100 Area 1,1,2,2-Tetrachloroethane No 0.005 0.005 mg/L -- -- 3 1,1,2,2-Tetracloroethane

100 Area 1,1,2-Trichloroethane No 0.005 0.005 mg/L -- -- 3 1,1,2-Tricloroethane

100 Area 1,1-Dichloroethane No 0.005 0.005 mg/L -- -- 3 1,1-Dicloroethane

100 Area 1,1-Dichloroethene No 0.005 0.005 mg/L -- -- 3 1,1-Dicloroethene
100 Area 1,2,4-Trichlorobenzene No 0.01 0.01 mg/L -- -- 3 1,2,4-Trichlorobenzene

100 Area 1,2-Dichlorobenzene No 0.01 0.01 mg/L -- -- 3 1,2-Dichlorobenzene

100 Area 1,2-Dichloroethane No 0.005 0.005 mg/L -- -- 3 1,2-Dicloroethane

100 Area 1,2-Dichloroethene(total) No 0.005 0.005 mg/L -- -- 3 1,2-Dichloroethene(total)

100 Area 1,2-Dichloropropane No 0.005 0.005 mg/L -- -- 3 1,2-Dicloropropane

100 Area 1,3-Dichlorobenzene No 0.01 0.01 mg/L -- -- 3 1,3-Dichlorobenzene

100 Area 1,4-Dichlorobenzene No 0.01 0.01 mg/L -- -- 3 1,4-Dichlorobenzene

100 Area 2-Butanone No 0.01 0.01 mg/L -- -- 3 2-Butanone

100 Area 2-Hexanone No 0.01 0.01 mg/L -- -- 3 2-Hexanone
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100 Area 4-Methyl-2-Pentanone No 0.01 0.01 mg/L -- -- 3 4-Methyl-2-Pentanone

100 Area Acetone No 0.01 0.01 mg/L -- -- 3 Acetone

100 Area Benzene No 0.005 0.005 mg/L -- -- 3 Benzene

100 Area Bromodichloromethane No 0.005 0.005 mg/L -- -- 3 Bromodicloromethane

100 Area Bromoform No 0.005 0.005 mg/L -- -- 3 Bromoform

100 Area Bromomethane No 0.01 0.01 mg/L -- -- 3 Bromomethane

100 Area Carbon disulfide No 0.005 0.005 mg/L -- -- 3 Carbon disulfide

100 Area Carbon tetrachloride No 0.005 0.005 mg/L -- -- 3 Carbon tetrachloride

100 Area Chlorobenzene No 0.005 0.005 mg/L -- -- 3 Chlorobenzene

100 Area Chloroethane No 0.01 0.01 mg/L -- -- 3 Cloroethane

100 Area Chloroform No 0.005 0.005 mg/L -- -- 3 Chloroform

100 Area Chloromethane No 0.01 0.01 mg/L -- -- 3 Cloromethane

100 Area cis-1,2-Dichloroethylene No 0.005 0.005 mg/L -- -- 3 cis-1,2-Dichloroethylene

100 Area cis-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 3 cis-1,3-Dichloropropene

100 Area Dibromochloromethane No 0.005 0.005 mg/L -- -- 3 Dibromocloromethane

100 Area Ethylbenzene No 0.005 0.005 mg/L -- -- 3 Ethylbenzene

100 Area Nitrobenzene No 0.01 0.01 mg/L -- -- 3 Nitrobenzene

100 Area Styrene No 0.005 0.005 mg/L -- -- 3 Styrene

100 Area Tetrachloroethene No 0.005 0.005 mg/L -- -- 3 Tetracloroethene

100 Area Toluene No 0.005 0.005 mg/L -- -- 3 Toluene

100 Area trans-1,2-Dichloroethylene No 0.005 0.005 mg/L -- -- 3 trans-,2-Dichloroethylene

100 Area trans-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 3 trans-i,3-Dichloropropene

100 Area Trichloroethene No 0.005 0.005 mg/L -- -- 3 Tricloroethene

100 Area Vinyl chloride No 0.01 0.01 mg/L -- -- 3 Vinyl chloride

100 Area Xylenes (total) No 0.005 0.005 mg/L -- -- 3 Xylenes (total)

Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

-=not applicable
BHC = benzene hexachloride
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300 Area Ammonia No 1 1 mg/L -- -- 1 Ammonia

300 Area Bromide No 0.25 2.5 mg/L -- -- 6 Bromide

300 Area Cyanide No 0.0016 0.05 mg/L -- -- 11 Cyanide

300 Area Orthophosphate No 0.1 0.1 mg/L -- -- 1 Orthophosphate

300 Area Phosphate No 0.25 0.25 mg/L -- -- 1 Phosphate

300 Area Bismuth No 0.003 0.1 mg/L -- -- 36 Bismuth

300 Area Cobalt No 0.001 0.02 mg/L -- -- 36 Cobalt

300 Area Hexavalent chromium Yes 0.0037 0.0037 mg/L 0.01 13 13 Hexavalent chromium

300 Area Uranium Yes 0.01 0.2 mg/L 0.5 36 36 Uranium

300 Area Total petroleumhydrocarbons-diesel Yes 0.074 0.1 mg/L 0.5 5 5 Total petroleum hydrocarbons - diesel
range range

300 Area Total petroleum hydrocarbons-motor oil Yes 0.3 0.3 mg/L 0.5 5 5 Total petroleum hydrocarbons -motor
(high boiling) oil (high boiling)

300 Area 4,6-Dinitro-2-methylphenol No 0.025 0.025 mg/L -- -- 5 4,6-Dinitro-2-methylphenol

300 Area Aldrin No 0.00005 0.00005 mg/L -- -- 5 Aldrin

300 Area alpha-BHC No 0.00005 0.00005 mg/L -- -- 5 alpha-BHC

300 Area alpha-Chlordane No 0.00005 0.00005 mg/L -- -- 5 alpha-Chlordane

300 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00005 0.00005 mg/L -- -- 5 beta-1,2,3,4,5,6-Hexachlorocyclohexane

300 Area delta-BHC No 0.00005 0.00005 mg/L -- -- s delta-BHC

300 Area Dichlorodiphenyldichloroethane No 0.00005 0.00005 mg/L -- -- 5 Dichlorodiphenyldichloroethane

300 Area Dichlorodiphenyldichloroethylene No 0.00005 0.00005 mg/L -- -- 5 Dichlorodiphenyldichloroethylene

300 Area Dichlorodiphenyltrichloroethane No 0.00005 0.00005 mg/L -- -- 5 Dichlorodiphenyltrichloroethane

300 Area Dieldrin No 0.00005 0.00005 mg/L -- -- 5 Dieldrin

300 Area Endosulfan I No 0.00005 0.00005 mg/L -- -- 5 Endosulfan I

300 Area Endosulfan II No 0.00005 0.00005 mg/L -- -- 5 Endosulfan II

300 Area Endosulfan sulfate No 0.00005 0.00005 mg/L -- -- 5 Endosulfan sulfate

300 Area Endrin No 0.00005 0.00005 mg/L -- -- 5 Endrin

300 Area Endrin aldehyde No 0.00005 0.00005 mg/L -- -- 5 Endrin aldehyde

300 Area Endrin ketone No 0.00005 0.00005 mg/L -- -- 5 Endrin ketone

300 Area gamma-BHC (lindane) No 0.00005 0.00005 mg/L -- -- 5 gamma-BHC (lindane)

300 Area gamma-Chlordane No 0.00005 0.00005 mg/L -- -- 5 gamma-Chlordane

300 Area Heptachlor No 0.00005 0.00005 mg/L -- -- 5 Heptachlor

300 Area Heptachlor epoxide No 0.00005 0.00005 mg/L -- -- 5 Heptachlor epoxide

300 Area Methoxychlor Yes 0.00005 0.00005 mg/L 0.0005 5 5 Methoxychlor

300 Area Toxaphene No 0.0005 0.0005 mg/L -- -- 5 Toxaphene

300 Area Americium-241 No 6.11 82 pCi/L -- -- 18 Americium-241
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300 Area Carbon-14 Yes -7.56 25.2 pCi/L 50 12 12 Carbon-14

300 Area Cesium-137 Yes -0.0015 21.6 pCi/L 15 181 183 Cesium-137

300 Area Cobalt-60 Yes -0.0018 20.7 pCi/L 25 183 183 Cobalt-60

300 Area Europium-152 No -0.0221 54.8 pCi/L -- -- 111 Europium-152

300 Area Europium-154 No -0.0084 62.6 pCi/L -- -- 183 Europium-154

300 Area Europium-155 No -0.0062 56.1 pCi/L -- -- 183 Europium-155

300 Area Gross beta No -0.767 2.77 pCi/L -- -- 87 Gross beta

300 Area 2,4,5-Trichlorophenol No 0.025 0.025 mg/L -- -- 5 2,4,5-Triclorophenol

300 Area 2,4,6-Trichlorophenol No 0.01 0.01 mg/L -- -- 5 2,4,6-Triclorophenol

300 Area 2,4-Dichlorophenol No 0.01 0.01 mg/L -- -- 5 2,4-Diclorophenol

300 Area 2,4-Dimethylphenol No 0.01 0.01 mg/L -- -- 5 2,4-Dimethylphenol

300 Area 2,4-Dinitrophenol No 0.025 0.025 mg/L -- -- 5 2,4-Dinitrophenol

300 Area 2,4-Dinitrotoluene No 0.01 0.01 mg/L -- -- 5 2,4-Dinitrotoluene

300 Area 2,6-Dinitrotoluene No 0.01 0.01 mg/L -- -- 5 2,6-Dinitrotoluene

300 Area 2-Chloronaphthalene No 0.01 0.01 mg/L -- -- 5 2-Cloronapthalene

300 Area 2-Chlorophenol No 0.01 0.01 mg/L -- -- 5 2-Clorophenol

300 Area 2-Methylnaphthalene No 0.01 0.01 mg/L -- -- 5 2-Methylnaphthalene

300 Area 2-Methylphenol (cresol, o-) No 0.01 0.01 mg/L -- -- 5 2-Methylphenol (cresol, o-)

300 Area 2-Nitroaniline No 0.025 0.025 mg/L -- -- 5 2-Nitroaniline

300 Area 2-Nitrophenol No 0.01 0.01 mg/L -- -- 5 2-Nitrophenol

300 Area 3+4 Methylphenol (cresol, m+p) No 0.01 0.01 mg/L -- -- 5 3+4 Methylphenol (cresol, m+p)

300 Area 3,3'-Dichlorobenzidine No 0.01 0.01 mg/L -- -- 5 3,3'-Dichlorobenzidine

300 Area 3-Nitroaniline No 0.025 0.025 mg/L -- -- 5 3-Nitroaniline

300 Area 4-Bromophenylphenyl ether No 0.01 0.01 mg/L -- -- 5 4-Bromophenylphenyl ether

300 Area 4-Chloro-3-methylphenol No 0.01 0.01 mg/L -- -- 5 4-Chloro-3-methylphenol

300 Area 4-Chloroaniline No 0.01 0.01 mg/L -- -- 5 4-Cloroaniline

300 Area 4-Chlorophenylphenyl ether No 0.01 0.01 mg/L -- -- 5 4-Chlorophenylphenyl ether

300 Area 4-Nitroaniline No 0.025 0.025 mg/L -- -- 5 4-Nitroaniline

300 Area 4-Nitrophenol No 0.025 0.025 mg/L -- -- 5 4-Nitrophenol

300 Area Acenaphthene No 0.01 0.01 mg/L -- -- 5 Acenaphthene

300 Area Acenaphthylene No 0.01 0.01 mg/L -- -- 5 Acenaphthylene

300 Area Anthracene No 0.01 0.01 mg/L -- -- 5 Anthracene

300 Area Benzo(a)pyrene No 0.01 0.01 mg/L -- -- 5 Benzo(a)pyrene

300 Area Benzo(ghi)perylene No 0.01 0.01 mg/L -- -- 5 Benzo(ghi)perylene

300 Area Bis(2-chloro-1-methylethyl)ether No 0.01 0.01 mg/L -- -- 5 Bis(2-chloro-1-methylethyl)ether

300 Area Bis(2-Chloroethoxy)methane No 0.01 0.01 mg/L -- -- 5 Bis(2-Chloroethoxy)methane

300 Area Bis(2-chloroethyl) ether No 0.01 0.01 mg/L -- -- 5 Bis(2-chloroethyl) ether
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300 Area Butylbenzylphthalate No 0.01 0.01 mg/L -- -- 5 Butylbenzylphthalate

300 Area Carbazole No 0.01 0.01 mg/L -- -- 5 Carbazole

300 Area Di-n-octylphthalate No 0.01 0.01 mg/L -- -- 5 Di-n-octylphthalate

300 Area Dibenz[a,h]anthracene No 0.01 0.01 mg/L -- -- 5 Dibenz[a,h]anthracene

300 Area Dibenzoffiran No 0.01 0.01 mg/L -- -- 5 Dibenzoffiran

300 Area Diethylphthalate No 0.01 0.01 mg/L -- -- 5 Diethylphthalate

300 Area Dimethyl phthalate No 0.01 0.01 mg/L -- -- 5 Dimethyl phthalate

300 Area Fluoranthene No 0.01 0.01 mg/L -- -- 5 Fluoranthene

300 Area Fluorene No 0.01 0.01 mg/L -- -- 5 Fluorene

300 Area Hexachlorobenzene No 0.01 0.01 mg/L -- -- 5 Hexachlorobenzene

300 Area Hexachlorobutadiene No 0.01 0.01 mg/L -- -- 5 Hexaclorobutadiene

300 Area Hexachlorocyclopentadiene No 0.01 0.01 mg/L -- -- 5 Hexaclorocyclopentadiene

300 Area Hexachloroethane No 0.01 0.01 mg/L -- -- 5 Hexacloroethane

300 Area Indeno(1,2,3-cd)pyrene No 0.01 0.01 mg/L -- -- 5 Indeno(1,2,3-cd)pyrene

300 Area Isophorone No 0.01 0.01 mg/L -- -- 5 Isophorone

300 Area N-Nitroso-di-n-dipropylamine No 0.01 0.01 mg/L -- -- 5 N-Nitroso-di-n-dipropylamine

300 Area N-Nitrosodiphenylamine No 0.01 0.01 mg/L -- -- 5 N-Nitrosodiphenylamine

300 Area Naphthalene No 0.01 0.01 mg/L -- -- 5 Naphthalene

300 Area Pentachlorophenol No 0.025 0.025 mg/L -- -- 5 Pentaclorophenol

300 Area Phenanthrene No 0.01 0.01 mg/L -- -- 5 Phenanthrene

300 Area Phenol No 0.01 0.01 mg/L -- -- 5 Phenol

300 Area Pyrene No 0.01 0.01 mg/L -- -- 5 Pyrene

300 Area 1,1,1-Trichloroethane No 0.0001 0.005 mg/L -- -- 80 1,1,1-Tricloroethane

300 Area 1,1,2,2-Tetrachloroethane No 0.005 0.005 mg/L -- -- 12 1,1,2,2-Tetracloroethane

300 Area 1,1-Dichloroethane No 0.0001 0.005 mg/L -- -- 80 1,1-Dicloroethane

300 Area 1,1-Dichloroethene No 0 0.005 mg/L -- -- 32 1,1-Dicloroethene

300 Area 1,2,4-Trichlorobenzene No 0.01 0.01 mg/L -- -- 5 1,2,4-Trichlorobenzene

300 Area 1,2-Dichlorobenzene No 0.01 0.01 mg/L -- -- 5 1,2-Dichlorobenzene

300 Area 1,2-Dichloroethene(total) No 0.005 0.005 mg/L -- -- 12 1,2-Dichloroethene(total)

300 Area 1,2-Dichloropropane No 0.005 0.005 mg/L -- -- 12 1,2-Dicloropropane

300 Area 1,3-Dichlorobenzene No 0.01 0.01 mg/L -- -- 5 1,3-Dichlorobenzene

300 Area 1,4-Dioxane No 0.0026 0.012 mg/L -- -- 19 1,4-Dioxane

300 Area 1-Butanol No 0.0011 0.0049 mg/L -- -- 58 1-Butanol

300 Area 2-Butanone No 0.0001 0.01 mg/L -- -- 80 2-Butanone

300 Area 2-Hexanone No 0.01 0.01 mg/L -- -- 12 2-Hexanone

300 Area 4-Methyl-2-Pentanone No 0.0001 0.01 mg/L -- -- 80 4-Methyl-2-Pentanone

300 Area Bromodichloromethane No 0.005 0.005 mg/L -- -- 12 Bromodicloromethane
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300 Area Bromoform No 0.005 0.005 mg/L -- -- 12 Bromoform

300 Area Bromomethane No 0.01 0.01 mg/L -- -- 12 Bromomethane

300 Area Carbon disulfide No 0.0001 0.005 mg/L -- -- 80 Carbon disulfide

300 Area Carbon tetrachloride No 0.0001 0.005 mg/L -- -- 80 Carbon tetrachloride

300 Area Chlorobenzene No 0.0003 0.005 mg/L -- -- 13 Chlorobenzene

300 Area Chloroethane No 0.01 0.01 mg/L -- -- 12 Cloroethane

300 Area Chloromethane No 0.01 0.01 mg/L -- -- 12 Cloromethane

300 Area cis-1,2-Dichloroethylene No 0.0001 0.005 mg/L -- -- 80 cis-1,2-Dichloroethylene

300 Area cis-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 12 cis-1,3-Dichloropropene

300 Area Dibromochloromethane No 0.005 0.005 mg/L -- -- 12 Dibromocloromethane

300 Area Ethyl cyanide No 0.0009 0.0026 mg/L -- -- 68 Ethyl cyanide

300 Area Ethylbenzene No 0.0001 0.005 mg/L -- -- 50 Ethylbenzene

300 Area Nitrobenzene No 0.01 0.01 mg/L -- -- 5 Nitrobenzene

300 Area Styrene No 0.005 0.005 mg/L -- -- 12 Styrene

300 Area Tetrachloroethene No 0.0001 0.005 mg/L -- -- 80 Tetracloroethene

300 Area Tetrahydrofuran No 0.0012 0.0029 mg/L -- -- 68 Tetrahydrofuran

300 Area trans-1,2-Dichloroethylene No 0.0001 0.005 mg/L -- -- 80 trans-1,2-Dichloroethylene

300 Area trans-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 12 trans-1,3-Dichloropropene

300 Area Vinyl chloride No 0.0001 0.01 mg/L -- -- 80 Vinyl chloride

Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

-=not applicable
BHC = benzene hexachloride
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Lake Wallula Bromide No 0.25 0.25 mg/L -- -- 3 Bromide

Lake Wallula Nitrite No 0.25 0.25 mg/L -- -- 3 Nitrite

Lake Wallula Nitrogen in nitrite No 0.011 0.011 mg/L -- -- 3 Nitrogen in nitrite

Lake Wallula Phosphate No 0.25 0.25 mg/L -- -- 3 Phosphate

Lake Wallula Beryllium Yes 0.0001 0.002 mg/L 0.002 40 42 Beryllium

Lake Wallula Bismuth No 0.003 0.1 mg/L -- -- 36 Bismuth

Lake Wallula Cobalt No 0.0005 0.02 mg/L -- -- 36 Cobalt

Lake Wallula Silver Yes 0 0.002 mg/L 0.002 36 42 Silver

Lake Wallula 4,6-Dinitro-2-methylphenol No 0.025 0.025 mg/L -- -- 15 4,6-Dinitro-2-methylphenol

Lake Wallula Aldrin No 0.00005 0.00005 mg/L -- -- 15 Aldrin

Lake Wallula alpha-BHC No 0.00005 0.00005 mg/L -- -- 15 alpha-BHC

Lake Wallula alpha-Chlordane No 0.00005 0.00005 mg/L -- -- 15 alpha-Chlordane

Lake Wallula beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00005 0.00005 mg/L -- -- 15 beta-1,2,3,4,5,6-Hexachlorocyclohexane

Lake Wallula delta-BHC No 0.00005 0.00005 mg/L -- -- 15 delta-BHC

Lake Wallula Dichlorodiphenyldichloroethane No 0.00005 0.00005 mg/L -- -- 15 Dichlorodiphenyldichloroethane

Lake Wallula Dichlorodiphenyldichloroethylene No 0.00005 0.00005 mg/L -- -- 15 Dichlorodiphenyldichloroethylene

Lake Wallula Dichlorodiphenyltrichloroethane No 0.00005 0.00005 mg/L -- -- 15 Dichlorodiphenyltrichloroethane

Lake Wallula Dieldrin No 0.00005 0.00005 mg/L -- -- 15 Dieldrin

Lake Wallula Endosulfan I No 0.00005 0.00005 mg/L -- -- 15 EndosulfanI

Lake Wallula Endosulfan II No 0.00005 0.00005 mg/L -- -- 15 Endosulfan II

Lake Wallula Endosulfan sulfate No 0.00005 0.00005 mg/L -- -- 15 Endosulfan sulfate

Lake Wallula Endrin No 0.00005 0.00005 mg/L -- -- 15 Endrin

Lake Wallula Endrin aldehyde No 0.00005 0.00005 mg/L -- -- 15 Endrin aldehyde

Lake Wallula Endrin ketone No 0.00005 0.00005 mg/L -- -- 15 Endrin ketone

Lake Wallula gamma-BHC (lindane) No 0.00005 0.00005 mg/L -- -- 15 gamma-BHC (lindane)

Lake Wallula gamma-Chlordane No 0.00005 0.00005 mg/L -- -- 15 gamma-Chlordane

Lake Wallula Heptachlor No 0.00005 0.00005 mg/L -- -- 15 Heptachlor

Lake Wallula Heptachlor epoxide No 0.00005 0.00005 mg/L -- -- 15 Heptachlor epoxide

Lake Wallula Methoxychlor Yes 0.00005 0.00005 mg/L 0.0005 15 15 Methoxychlor

Lake Wallula Toxaphene No 0.0005 0.0005 mg/L -- -- 15 Toxaphene

Lake Wallula jAmericium-241 No 4.52 73.4 pCi/L -- -- 18 Americium-241

Lake Wallula Carbon-14 Yes -46.2 31.8 pCi/L 50 18 18 Carbon-14

Lake Wallula Cesium-137 Yes -3.15 16.6 pCi/L 15 24 25 Cesium-137

Lake Wallula Europium-152 No -4.22 43.8 pCi/L -- -- 22 Europium-152

Lake Wallula Europium-154 No -1.95 53.4 pCi/L -- -- 22 Europium-154

Lake Wallula Europium- 155 No -6.81 40.3 pCi/L -- -- 22 Europium-155
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Lake Wallula TechnetiurM-99 No -1.52 0.387 pCi/L -- -- 21 TechnetiurM-99

Lake Wallula 2,4,5-Trichlorophenol No 0.01 0.025 mg/L -- -- 14 2,4,5-Triclilorophenol

Lake Wallula 2,4,6-Trichlorophenol No 0.01 0.01 mg/L -- -- 14 2,4,6-Triclorophenol

Lake Wallula 2,4-Dichlorophenol No 0.01 0.01 mg/L -- -- 14 2,4-Diclorophenol

Lake Wallula 2,4-Dinethylphenol No 0.01 0.01 rmg/L -- -- 14 2,4-Dinethylphenol

Lake Wallula 2,4-Dinitrophenol No 0.025 0.05 mg/L -- -- 14 2,4-Dinitrophenol

Lake Wallula 2,4-Dinitrotoluene No 0.01 0.01 mg/L -- -- 15 2,4-Dinitrotoluene

Lake Wallula 2,6-Dinitrotoluene No 0.01 0.01 mg/L -- -- 15 2,6-Dinitrotoluene

Lake Wallula 2-Chloronaphithalene No 0.01 0.01 mg/L -- -- 15 2-Cloronapithalene

Lake Wallula 2-Chlorophenol No 0.01 0.01 mg/L -- -- 14 2-Clorophenol

Lake Wallula 2-Methylnaphthalene No 0.01 0.01 mg/L -- -- 15 2-Methylnaphthalene

Lake Wallula 2-Methylphenol (cresol, o-) No 0.01 0.01 mg/L -- -- 14 2-Methylphenol (cresol, o-)

Lake Wallula 2-Nitroaniline No 0.025 0.025 mg/L -- -- 15 2-Nitroaniline

Lake Wallula 2-Nitrophenol No 0.01 0.01 rmg/L -- -- 14 2-Nitrophenol

Lake Wallula 3+4 Methylphenol (cresol, m+p) No 0.01 0.01 mg/L -- -- 15 3+4 Methylphenol (cresol, m+p)

Lake Wallula 3,3'-Dichlorobenzidine No 0.01 0.05 mg/L -- -- 15 3,3'-Dichlorobenzidine

Lake Wallula 3-Nitroaniline No 0.025 0.025 mg/L -- -- 15 3-Nitroaniline

Lake Wallula 4-Brornophenylphenyl ether No 0.01 0.01 mg/L -- -- 14 4-Bromophenylphenyl ether

Lake Wallula 4-Chloro-3-methylphenol No 0.01 0.01 mg/L -- -- 14 4-Chloro-3-methylphenol

Lake Wallula 4-Chloroaniline No 0.01 0.025 mg/L -- -- 15 4-Cloroaniline

Lake Wallula 4-Chlorophenylphenyl ether No 0.01 0.01 mg/L -- -- 14 4-Chlorophenylphenyl ether

Lake Wallula 4-Nitroaniline No 0.025 0.025 mg/L -- -- 15 4-Nitroaniline

Lake Wallula 4-Nitrophenol No 0.025 0.025 mg/L -- -- 15 4-Nitrophenol

Lake Wallula Acenaphthene No 0.01 0.01 mg/L -- -- 15 Acenaphthene

Lake Wallula Acenaphthylene No 0.01 0.01 mg/L -- -- 15 Acenaphthylene

Lake Wallula Anthracene No 0.01 0.01 mg/L -- -- 15 Anthracene

Lake Wallula Benzo(a)anthracene No 0.01 0.01 rmg/L -- -- 15 Benzo(a)anthracene

Lake Wallula Benzo(a)pyrene No 0.01 0.01 mg/L -- -- 15 Benzo(a)pyrene

Lake Wallula Benzo(b)fluoranthene No 0.01 0.01 mg/L -- -- 15 Benzo(b)fluoranthene

Lake Wallula Benzo(ghi)perylene No 0.01 0.01 mg/L -- -- 15 Benzo(ghi)perylene

Lake Wallula Benzo(k)fluoranthene No 0.01 0.01 mg/L -- -- 15 Benzo(k)fluoranthene

Lake Wallula Bis(2-chloro-1-methylethyl)ether No 0.01 0.01 mg/L -- -- 15 Bis(2-chloro-1-methylethyl)ether

Lake Wallula Bis(2-Chloroethoxy)methane No 0.01 0.01 mg/L -- -- 14 Bis(2-Chloroethoxy)methane

Lake Wallula Bis(2-chloroethyl) ether No 0.01 0.01 mg/L -- -- 14 Bis(2-chloroethyl) ether

Lake Wallula Butylbenzylphthalate No 0.01 0.01 mg/L -- -- 14 Butylbenzylphthalate

Lake Wallula Carbazole No 0.01 0.01 mg/L -- -- 15 Carbazole

Lake Wallula Chrysene No 0.01 0.01 mg/L -- -- 15 Chrysene
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Lake Wallula Di-n-butylphthalate No 0.01 0.01 mg/L -- -- 14 Di-n-butylphthalate

Lake Wallula Di-n-octylphthalate No 0.01 0.01 mg/L -- -- 14 Di-n-octylphthalate

Lake Wallula Dibenz[a,h]anthracene No 0.01 0.01 mg/L -- -- 15 Dibenz[a,h]anthracene

Lake Wallula Dibenzofuran No 0.01 0.01 mg/L -- -- 14 Dibenzofuran

Lake Wallula Diethylphthalate No 0.01 0.01 mg/L -- -- 14 Diethylphthalate

Lake Wallula Dimethyl phthalate No 0.01 0.01 mg/L -- -- 14 Dimethyl phthalate

Lake Wallula Fluoranthene No 0.01 0.01 mg/L -- -- 15 Fluoranthene

Lake Wallula Fluorene No 0.01 0.01 mg/L -- -- 15 Fluorene

Lake Wallula Hexachlorobenzene No 0.01 0.01 mg/L -- -- 15 Hexachlorobenzene

Lake Wallula Hexachlorobutadiene No 0.01 0.01 mg/L -- -- 15 Hexaclorobutadiene

Lake Wallula Hexachlorocyclopentadiene No 0.01 0.01 mg/L -- -- 15 Hexaclorocyclopentadiene

Lake Wallula Hexachloroethane No 0.01 0.01 mg/L -- -- 15 Hexacloroethane

Lake Wallula Indeno(1,2,3-cd)pyrene No 0.01 0.01 mg/L -- -- 15 Indeno(1,2,3-cd)pyrene

Lake Wallula Isophorone No 0.01 0.01 mg/L -- -- 14 Isophorone

Lake Wallula N-Nitroso-di-n-dipropylamine No 0.01 0.01 mg/L -- -- 15 N-Nitroso-di-n-dipropylamine

Lake Wallula N-Nitrosodiphenylamine No 0.01 0.01 mg/L -- -- 15 N-Nitrosodiphenylamine

Lake Wallula Naphthalene No 0.01 0.01 mg/L -- -- 15 Naphthalene

Lake Wallula Pentachlorophenol No 0.025 0.025 mg/L -- -- 14 Pentaclorophenol

Lake Wallula Phenanthrene No 0.01 0.01 mg/L -- -- 15 Phenanthrene

Lake Wallula Phenol No 0.01 0.01 mg/L -- -- 14 Phenol

Lake Wallula Pyrene No 0.01 0.01 mg/L -- -- 15 Pyrene

Lake Wallula 1,1,1-Trichloroethane No 0.005 0.005 mg/L -- -- 15 1,1,1-Tricloroethane

Lake Wallula 1,1,2,2-Tetrachloroethane No 0.005 0.005 mg/L -- -- 15 1,1,2,2-Tetracloroethane

Lake Wallula 1,1,2-Trichlloroethane No 0.005 0.005 mg/L -- -- 15 1,1,2-Tricliloroethane

Lake Wallula 1,1-Dichloroethane No 0.005 0.005 mg/L -- -- 15 1,1-Dicloroethane

Lake Wallula 1,1-Dichloroethene No 0.005 0.005 mg/L -- -- 15 1,1-Dicloroethene
Lake Wallula 1,2,4-Trichlorobenzene No 0.01 0.01 mg/L -- -- 15 1,2,4-Trichlorobenzene

Lake Wallula 1,2-Dichlorobenzene No 0.01 0.01 mg/L -- -- 15 1,2-Dichlorobenzene

Lake Wallula 1,2-Dichloroethane No 0.005 0.005 mg/L -- -- 15 1,2-Dicloroethane

Lake Wallula 1,2-Dichloroethene(Total) No 0.005 0.005 mg/L -- -- 15 1,2-Dichloroethene(total)

Lake Wallula 1,2-Dichloropropane No 0.005 0.005 mg/L -- -- 15 1,2-Dicloropropane

Lake Wallula 1,3-Dichlorobenzene No 0.01 0.01 mg/L -- -- 15 1,3-Dichlorobenzene

Lake Wallula 1,4-Dichlorobenzene No 0.01 0.01 mg/L -- -- 15 1,4-Dichlorobenzene

Lake Wallula 2-Butanone No 0.01 0.01 mg/L -- -- 15 2-Butanone

Lake Wallula 2-Hexanone No 0.01 0.01 mg/L -- -- 15 2-Hexanone

Lake Wallula 4-Methyl-2-Pentanone No 0.01 0.01 mg/L -- -- 15 4-Methyl-2-Pentanone

Lake Wallula Acetone No 0.01 0.01 mg/L -- -- 15 Acetone
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Lake Wallula Benzene No 0.005 0.005 mg/L -- -- 15 Benzene

Lake Wallula Bromodichloromethane No 0.005 0.005 mg/L -- -- 15 Bromodicloromethane

Lake Wallula Bromoform No 0.005 0.005 mg/L -- -- 15 Bromoform

Lake Wallula Bromomethane No 0.01 0.01 mg/L -- -- 15 Bromomethane

Lake Wallula Carbon disulfide No 0.005 0.005 mg/L -- -- 15 Carbon disulfide

Lake Wallula Carbon tetrachloride No 0.005 0.005 mg/L -- -- 15 Carbon tetrachloride

Lake Wallula Chlorobenzene No 0.005 0.005 mg/L -- -- 15 Chlorobenzene

Lake Wallula Chloroethane No 0.01 0.01 mg/L -- -- 15 Cloroethane

Lake Wallula Chloroform No 0.005 0.005 mg/L -- -- 15 Chloroform

Lake Wallula Chloromethane No 0.01 0.01 mg/L -- -- 15 Cloromethane

Lake Wallula cis-1,2-Dichloroethylene No 0.005 0.005 mg/L -- -- 15 cis-1,2-Dichloroethylene

Lake Wallula cis-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 15 cis-1,3-Dichloropropene

Lake Wallula Dibromochloromethane No 0.005 0.005 mg/L -- -- 15 Dibromocloromethane

Lake Wallula Ethylbenzene No 0.005 0.005 mg/L -- -- 15 Ethylbenzene

Lake Wallula Nitrobenzene No 0.01 0.01 mg/L -- -- 15 Nitrobenzene

Lake Wallula Styrene No 0.005 0.005 mg/L -- -- 15 Styrene

Lake Wallula Tetrachloroethene No 0.005 0.005 mg/L -- -- 15 Tetracloroethene

Lake Wallula trans-1,2-Dichloroethylene No 0.005 0.005 mg/L -- -- 15 trans-1,2-Dichloroethylene

Lake Wallula trans-1,3-Dichloropropene No 0.005 0.005 mg/L -- -- 15 trans-1,3-Dichloropropene

Lake Wallula Trichloroethene No 0.005 0.005 mg/L -- -- 15 Tricloroethene

Lake Wallula Vinyl chloride No 0.01 0.01 mg/L -- -- 15 Vinyl chloride

Lake Wallula Xylenes (total) No 0.005 0.005 mg/L -- -- 15 Xylenes (total)
Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

= not applicable
BHC = benzene hexachloride
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100 Area Silver Yes 0.1428 0.6791 mg/kg 0.2 53 123 Silver

100 Area 4,6-Dinitro-2-methylphenol No 0.38214 1.61271 mg/kg -- -- 44 4,6-Dinitro-2-methylphenol

100 Area alpha-Chlordane No 0.001596 0.007113 mg/kg -- -- 45 alpha-Chlordane

100 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.001596 0.007113 mg/kg -- -- 45 beta-i,2,3,4,5,6-Hexachlorocyclohexane

100 Area Dichlorodiphenyltrichloroethane No 0.001596 0.007113 mg/kg -- -- 45 Diclorodiphenyltrichloroethane

100 Area Dieldrin No 0.001596 0.007113 mg/kg -- -- 45 Dieldrin

100 Area Endosulfan I No 0.001596 0.007113 mg/kg -- -- 45 Endosulfan I

100 Area Endosulfan II No 0.001596 0.007113 mg/kg -- -- 45 Endosulfan II

100 Area Endrin aldehyde No 0.001596 0.007113 mg/kg -- -- 45 Endrin aldehyde

100 Area Endrin ketone No 0.001596 0.007113 mg/kg -- -- 45 Endrin ketone

100 Area Methoxychlor Yes 0.001596 0.007113 mg/kg 0.0165 45 45 Methoxyclor

100 Area Toxaphene No 0.016185 0.1068 mg/kg -- -- 45 Toxaphene

100 Area Americium-241 No 0.017 0.6396 pCi/g -- -- 123 Aericium-241

100 Area Europium-154 No 0.022 0.348 pCi/g -- -- 123 Europium-154

100 Area Europium-155 No 0.0338 0.2951 pCi/g -- -- 123 Europium-55

100 Area 2,4,5-Trichlorophenol No 0.3821 1.6127 mg/kg -- -- 44 2,4,5-Triclorophenol

100 Area 2,4,6-Trichlorophenol No 0.3821 1.6127 mg/kg -- -- 44 2,4,6-Triclorophenol

100 Area 2,4-Dichlorophenol No 0.3821 1.6127 mg/kg -- -- 44 2,4-Diclorophenol

100 Area 2,4-Dimethylphenol No 0.3821 1.6127 mg/kg -- -- 44 2,4-Dimethylphenol

100 Area 2,4-Dinitrophenol No 1.9107 8.0636 mg/kg -- -- 44 2,4-Dinitrophenol

100 Area 2,4-Dinitrotoluene No 0.3821 1.6127 mg/kg -- -- 44 2,4-Dinitrotoluene

100 Area 2,6-Dinitrotoluene No 0.3821 1.6127 mg/kg -- -- 44 2,6-Dinitrotoluene

100 Area 2-Chloronaphthalene No 0.3821 1.6127 mg/kg -- -- 44 2-Cloronapthalene

100 Area 2-Chlorophenol No 0.3821 1.6127 mg/kg -- -- 44 2-Cilorophenol

100 Area 2-Methylnaplithalene No 0.3821 1.6127 mg/kg -- -- 44 2-Methylnaphlithalene

100 Area 2-Methylphenol (cresol, o-) No 0.3821 1.6127 mg/kg -- -- 44 2-Methylphenol (cresol, o-)

100 Area 2-Nitroaniline No 1.9107 8.0636 mg/kg -- -- 44 2-Nitroaniline

100 Area 2-Nitrophenol No 0.3821 1.6127 mg/kg -- -- 44 2-Nitrophenol

100 Area 3+4 Methylphenol (cresol, m--p) No 0.3821 1.6127 mg/kg -- -- 44 3+4 Methylphenol (cresol, m--p)

100 Area 3,3'-Dichlorobenzidine No 0.7643 3.2254 mg/kg -- -- 44 3,3'-Dichlorobenzidine

100 Area 3-Nitroaniline No 1.9107 8.0636 mg/kg -- -- 44 3-Nitroaniline

100 Area 4-Bromophenylphenyl ether No 0.3821 1.6127 mg/kg -- -- 44 4-Bromophenylphenyl ether

100 Area 4-Chloro-3-methylphenol No 0.3821 1.6127 mg/kg -- -- 44 4-Chloro-3-methylphenol

100 Area 4-Chloroaniline No 0.3821 1.6127 mg/kg -- -- 44 4-Cloroaniline

100 Area 4-Chlorophenylphenyl ether No 0.3821 1.6127 mg/kg -- -- 44 4-Chlorophenylphenyl ether

100 Area 4-Nitroaniline No 1.9107 8.0636 mg/kg -- -- 44 4-Nitroaniline
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100 Area 4-Nitrophenol No 1.9107 8.0636 mg/kg -- -- 44 4-Nitrophenol

100 Area Acenaphthene No 0.3821 1.6127 mg/kg -- -- 44 Acenapthene

100 Area Acenaphthylene No 0.3821 1.6127 mg/kg -- -- 44 Acenapthylene

100 Area Anthracene No 0.3821 1.6127 mg/kg -- -- 44 Anthracene

100 Area Benzo(a)anthracene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(a)anthracene

100 Area Benzo(a)pyrene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(a)pyrene

100 Area Benzo(b)fluoranthene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(b)fluoranthene

100 Area Benzo(ghi)perylene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(ghi)perylene

100 Area Benzo(k)fluoranthene No 0.3821 1.6127 mg/kg -- -- 44 Benzo(k)fluoranthene

100 Area Bis(2-chloro-1-methylethyl)ether No 0.3821 1.6127 mg/kg -- -- 44 Bis(2-chloro-1-methylethyl)ether

100 Area Bis(2-Chloroethoxy)methane No 0.3821 1.6127 mg/kg -- -- 44 Bis(2-Chloroethoxy)methane

100 Area Bis(2-chloroethyl) ether No 0.3821 1.6127 mg/kg -- -- 44 Bis(2-chloroethyl) ether

100 Area Bis(2-ethylhexyl) phthalate No 0.3821 1.6127 mg/kg -- -- 44 Bis(2-ethylhexyl) phthalate

100 Area Butylbenzylphthalate No 0.3735 1.6127 mg/kg -- -- 44 Butylbenzylphthalate

100 Area Carbazole No 0.3821 1.6127 mg/kg -- -- 44 Carbazole

100 Area Chrysene No 0.3821 1.6127 mg/kg -- -- 44 Chrysene

100 Area Di-n-octylphthalate No 0.3821 1.6127 mg/kg -- -- 44 Di-n-octylphthalate

100 Area Dibenz[a,h]anthracene No 0.3821 1.6127 mg/kg -- -- 44 Dibenz[a,h]anthracene

100 Area Dibenzofuran No 0.3821 1.6127 mg/kg -- -- 44 Dibenzofuran

100 Area Diethylphthalate No 0.3821 1.6127 mg/kg -- -- 44 Diethylphthalate

100 Area Dimethyl plithalate No 0.3821 1.6127 mg/kg -- -- 44 Dimethyl plithalate

100 Area Fluoranthene No 0.3821 1.6127 mg/kg -- -- 44 Fluoranthene

100 Area Fluorene No 0.3821 1.6127 mg/kg -- -- 44 Fluorene

100 Area Hexachlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 Hexachlorobenzene

100 Area Hexachlorobutadiene No 0.3821 1.6127 mg/kg -- -- 44 Hexachlorobutadiene

100 Area Hexachlorocyclopentadiene No 0.3821 1.6127 mg/kg -- -- 44 Hexaclorocyclopentadiene

100 Area Hexachloroethane No 0.3821 1.6127 mg/kg -- -- 44 Hexacloroethane

100 Area Indeno(1,2,3-cd)pyrene No 0.3821 1.6127 mg/kg -- -- 44 Indeno(1,2,3-cd)pyrene

100 Area Isophorone No 0.3821 1.6127 mg/kg -- -- 44 Isophorone

100 Area N-Nitroso-di-n-dipropylamine No 0.3821 1.6127 mg/kg -- -- 44 N-Nitroso-di-n-dipropylamine

100 Area N-Nitrosodiphenylamine No 0.3821 1.6127 mg/kg -- -- 44 N-Nitrosodiphenylamine

100 Area Naphthalene No 0.3821 1.6127 mg/kg -- -- 44 Naphthalene

100 Area Pentachlorophenol No 1.9107 8.0636 mg/kg -- -- 44 Pentaclorophenol

100 Area Phenanthrene No 0.3821 1.6127 mg/kg -- -- 44 Phenanthrene

100 Area Phenol No 0.3821 1.6127 mg/kg -- -- 44 Phenol

100 Area Pyrene No 0.3821 1.6127 mg/kg -- -- 44 Pyrene

100 Area 1,1,1-Trichloroethane No 0.005 0.0107 mg/kg -- -- 45 1,1,1-Trichloroethane
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100 Area 1,1,2,2-Tetrachloroethane No 0.005 0.0107 mg/kg -- -- 45 1,1,2,2-Tetracloroethane

100 Area 1,1,2-Trichlloroethane No 0.005 0.0107 mg/kg -- -- 45 1,1,2-Trichloroethane

100 Area 1,1-Dichloroethane No 0.005 0.0107 mg/kg -- -- 45 1,1-Dicloroethane

100 Area 1,1-Dichloroethene No 0.005 0.0107 mg/kg -- -- 45 1,1-Dicloroethene
100 Area 1,2,4-Trichlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 1,2,4-Trichlorobenzene

100 Area 1,2-Dichlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 1,2-Dichlorobenzene

100 Area 1,2-Dichloroethane No 0.005 0.0107 mg/kg -- -- 45 1,2-Dicloroethane

100 Area 1,2-Dichloroethene(total) No 0.005 0.0107 mg/kg -- -- 16 1,2-Dichloroethene(Total)

100 Area 1,2-Dichloropropane No 0.005 0.0107 mg/kg -- -- 45 1,2-Dicloropropane

100 Area 1,3-Dichlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 1,3-Dichlorobenzene

100 Area 1,4-Dichlorobenzene No 0.3821 1.6127 mg/kg -- -- 44 1,4-Dichlorobenzene

100 Area 2-Butanone No 0.01 0.0204 mg/kg -- -- 45 2-Butanone

100 Area 2-Hexanone No 0.01 0.0204 mg/kg -- -- 45 2-Hexanone

100 Area 4-Methyl-2-Pentanone No 0.01 0.0204 mg/kg -- -- 45 4-Methyl-2-Pentanone

100 Area Benzene No 0.005 0.0107 mg/kg -- -- 45 Benzene

100 Area Bromodichloromethane No 0.005 0.0107 mg/kg -- -- 45 Bromodicloromethane

100 Area Bromoform No 0.005 0.0107 mg/kg -- -- 45 Bromoform

100 Area Bromomethane No 0.01 0.0192 mg/kg -- -- 45 Bromomethane

100 Area Carbon disulfide No 0.005 0.0107 mg/kg -- -- 45 Carbon disulfide

100 Area Carbon tetrachloride No 0.005 0.0107 mg/kg -- -- 45 Carbon tetrachloride

100 Area Chlorobenzene No 0.005 0.0107 mg/kg -- -- 45 Chlorobenzene

100 Area Chloroethane No 0.01 0.0192 mg/kg -- -- 45 Cloroethane

100 Area Chloroform No 0.005 0.0107 mg/kg -- -- 45 Chloroform

100 Area Chloromethane No 0.01 0.0192 mg/kg -- -- 45 Cloromethane

100 Area cis-1,2-Dichloroethylene No 0.005 0.0107 mg/kg -- -- 45 cis-1,2-Dichloroethylene

100 Area cis-1,3-Dichloropropene No 0.005 0.0107 mg/kg -- -- 45 cis-1,3-Dichloropropene

100 Area Dibromochloromethane No 0.005 0.0107 mg/kg -- -- 45 Dibromocloromethane

100 Area Ethylbenzene No 0.005 0.0107 mg/kg -- -- 45 Ethylbenzene

100 Area m-Xylene No 0.005 0.0107 mg/kg -- -- 12 m-Xylene

100 Area Nitrobenzene No 0.3821 1.6127 mg/kg -- -- 44 Nitrobenzene

100 Area o-Xylene No 0.005 0.0107 mg/kg -- -- 12 o-Xylene

100 Area Styrene No 0.005 0.0107 mg/kg -- -- 45 Styrene

100 Area Tetrachloroethene No 0.005 0.0107 mg/kg -- -- 45 Tetrachloroethene

100 Area Toluene No 0.005 0.0107 mg/kg -- -- 45 Toluene

100 Area trans-1,2-Dichloroethylene No 0.005 0.0107 mg/kg -- -- 45 trans-1,2-Dichloroethylene

100 Area trans-1,3-Dichloropropene No 0.005 0.0107 mg/kg -- -- 45 trans-1,3-Dichloropropene

100 Area Trichloroethene No 0.005 0.0107 mg/kg -- -- 45 Tricloroethene
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Table 3-22. 100 Area Sub-Area Sediment Nondetect Analysis. (4 Pages)

Indicator Minimum Maximum Target Number To Be Addressed in Not a Contaminant of Potential
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N Ecological Concern

Limit Limit Limit Reporting Limit

100 Area Vinyl chloride No 0.01 0.0192 mg/kg -- -- 45 Vinyl chloride

100 Area Xylenes (total) No 0.005 0.0107 mg/kg -- -- 45 Xylenes (total)
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

-- = not applicable
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Table 3-23. 300 Area Sub-Area Sediment Nondetect Analysis. (4 Pages)

Su-raIndicato Nmu Mai mTteNmbr To Be Addressed in Not a Contaminant of Potential
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N EcologicalConcern

Limit Limit Limit Reporting Limit

300 Area 4,6-Dinitro-2-methylphenol No 0.35277 2.46318 mg/kg -- -- 75 4,6-Dinitro-2-methylphenol

300 Area alpha-Chlordane No 0.001422 0.005754 mg/kg -- -- 75 alpha-Chlordane

300 Area Dichlorodiphenyldichloroethane No 0.001422 0.005754 mg/kg -- -- 75 Diclorodiphenyldichloroethane

300 Area Dichlorodiphenyltrichloroethane No 0.001422 0.005754 mg/kg -- -- 75 Diclorodiphenyltrichloroethane

300 Area Dieldrin No 0.001422 0.005754 mg/kg -- -- 75 Dieldrin

300 Area Endosulfan I No 0.001422 0.005754 mg/kg -- -- 75 Endosulfan I

300 Area Endosulfan II No 0.001422 0.005754 mg/kg -- -- 75 Endosulfan II

300 Area Endosulfan sulfate No 0.001422 0.005754 mg/kg -- -- 75 Endosulfan sulfate

300 Area Endrin No 0.001422 0.005754 mg/kg -- -- 75 Endrin

300 Area Endrin aldehyde No 0.001422 0.005754 mg/kg -- -- 75 Endrin aldehyde

300 Area Endrin ketone No 0.001422 0.005754 mg/kg -- -- 75 Endrin ketone

300 Area gamma-BHC (lindane) No 0.001422 0.005754 mg/kg -- -- 75 gamma-BHC (Lindane)

300 Area Heptachlor No 0.001422 0.005754 mg/kg -- -- 75 Heptachlor

300 Area Heptachlor epoxide No 0.001422 0.005754 mg/kg -- -- 75 Heptachlor epoxide

300 Area Methoxychlor Yes 0.001422 0.005754 mg/kg 0.0165 75 75 Methoxyclilor

300 Area Toxaphene No 0.016822 0.0864 mg/kg -- -- 75 Toxaphene

300 Area Americium-241 No 0.0142 0.4119 pCi/g -- -- 151 Americium-241

300 Area Europium-154 No -0.0219 0.7065 pCi/g -- -- 153 Europium-154

300 Area Europium-155 No 0.0313 0.4296 pCi/g -- -- 153 Europium-155

300 Area 2,4,5-Trichlorophenol No 0.3528 1.7767 mg/kg -- -- 72 2,4,5-Triclorophenol

300 Area 2,4,6-Tricilorophenol No 0.3528 1.7767 mg/kg -- -- 72 2,4,6-Triclorophenol

300 Area 2,4-Dichlorophenol No 0.3528 1.7767 mg/kg -- -- 72 2,4-Diclorophenol

300 Area 2,4-Dimethylphenol No 0.3528 2.4632 mg/kg -- -- 75 2,4-Dimethylphenol

300 Area 2,4-Dinitrophenol No 1.7638 12.3024 mg/kg -- -- 75 2,4-Dinitrophenol

300 Area 2,4-Dinitrotoluene No 0.3528 1.7767 mg/kg -- -- 75 2,4-Dinitrotoluene

300 Area 2,6-Dinitrotoluene No 0.3528 1.7767 mg/kg -- -- 75 2,6-Dinitrotoluene

300 Area 2-Chloronaphthalene No 0.3528 1.7767 mg/kg -- -- 75 2-Cloronapthalene

300 Area 2-Chlorophenol No 0.3528 1.7767 mg/kg -- -- 75 2-Clorophenol

300 Area 2-Methylnaphthalene No 0.3528 1.7767 mg/kg -- -- 75 2-Methylnapthalene

300 Area 2-Methylphenol (cresol, o-) No 0.3528 1.7767 mg/kg -- -- 75 2-Methylphenol (cresol, o-)

300 Area 2-Nitroaniline No 1.7639 8.8836 mg/kg -- -- 75 2-Nitroaniline

300 Area 2-Nitrophenol No 0.3528 1.7767 mg/kg -- -- 75 2-Nitrophenol

300 Area 3+4 Methylphenol (cresol, m-p) No 0.3528 1.7767 mg/kg -- -- 75 3+4 Methylphenol (cresol, m-p)

300 Area 3,3'-Dichlorobenzidine No 0.7055 4.9264 mg/kg -- -- 75 3,3'-Dichlorobenzidine

300 Area 3-Nitroaniline No 1.7639 12.3024 mg/kg -- -- 75 3-Nitroaniline

300 Area 4-Bromophenylphenyl ether No 0.3528 1.7767 mg/kg -- -- 72 4-Bromophenylphenyl ether
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Indicato Mnmm MxmmTeNubr To Be Addressed in Not a Contaminant of Potential
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N EcologicalConcern

Limit Limit Limit Reporting Limit

300 Area 4-Chloro-3-methylphenol No 0.3528 1.7767 mg/kg -- -- 75 4-Chloro-3-methylphenol

300 Area 4-Chloroaniline No 0.3528 2.4632 mg/kg -- -- 75 4-Cloroaniline

300 Area 4-Chlorophenylphenyl ether No 0.3528 1.7767 mg/kg -- -- 72 4-Chlorophenylphenyl ether

300 Area 4-Methylphenol (cresol, p-) No 0.4382 1.0322 mg/kg -- -- 2 4-Methylphenol (cresol, p-)

300 Area 4-Nitroaniline No 1.7639 12.3024 mg/kg -- -- 75 4-Nitroaniline

300 Area 4-Nitrophenol No 1.7639 8.8836 mg/kg -- -- 75 4-Nitrophenol

300 Area Acenaphthene No 0.3528 1.7767 mg/kg -- -- 75 Acenaphthene

300 Area Acenaphthylene No 0.3528 1.7767 mg/kg -- -- 75 Acenapthylene

300 Area Anthracene No 0.3528 1.7767 mg/kg -- -- 75 Anthracene

300 Area Benzo(a)anthracene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(a)anthracene

300 Area Benzo(a)pyrene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(a)pyrene

300 Area Benzo(b)fluoranthene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(b)fluoranthene

300 Area Benzo(ghi)perylene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(ghi)perylene

300 Area Benzo(k)fluoranthene No 0.3528 1.7767 mg/kg -- -- 75 Benzo(k)fluoranthene

300 Area Bis(2-chloro-1-methylethyl)ether No 0.3528 1.7767 mg/kg -- -- 72 Bis(2-chloro-1-methylethyl)ether

300 Area Bis(2-Chloroethoxy)methane No 0.3528 1.7767 mg/kg -- -- 72 Bis(2-Chloroethoxy)methane

300 Area Bis(2-chloroethyl) ether No 0.3528 1.7767 mg/kg -- -- 72 Bis(2-chloroethyl) ether

300 Area Butylbenzylphthalate No 0.3528 1.7767 mg/kg -- -- 75 Butylbenzylphthalate

300 Area Carbazole No 0.3528 1.7767 mg/kg -- -- 75 Carbazole

300 Area Chrysene No 0.3528 1.7767 mg/kg -- -- 75 Chrysene

300 Area Di-n-octylphthalate No 0.3528 1.7767 mg/kg -- -- 75 Di-n-octylphthalate

300 Area Dibenz[a,h]anthracene No 0.3528 1.7767 mg/kg -- -- 75 Dibenz[a,h]anthracene

300 Area Dibenzofuran No 0.3528 1.7767 mg/kg -- -- 75 Dibenzofuran

300 Area Diethylphthalate No 0.3528 1.7767 mg/kg -- -- 75 Diethylphthalate

300 Area Dimethyl phthalate No 0.3528 1.7767 mg/kg -- -- 75 Dimethyl phthalate

300 Area Fluoranthene No 0.3528 1.7767 mg/kg -- -- 75 Fluoranthene

300 Area Fluorene No 0.3528 1.7767 mg/kg -- -- 75 Fluorene

300 Area Hexachlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 Hexachlorobenzene

300 Area Hexachlorobutadiene No 0.3528 1.7767 mg/kg -- -- 75 Hexachlorobutadiene

300 Area Hexachlorocyclopentadiene No 0.3528 2.4632 mg/kg -- -- 75 Hexachlorocyclopentadiene

300 Area Hexachloroethane No 0.3528 2.4632 mg/kg -- -- 75 Hexachloroethane

300 Area Indeno(1,2,3-cd)pyrene No 0.3528 1.7767 mg/kg -- -- 75 Indeno(1,2,3-cd)pyrene

300 Area Isophorone No 0.3528 1.7767 mg/kg -- -- 75 Isophorone

300 Area N-Nitroso-di-n-dipropylamine No 0.3528 1.7767 mg/kg -- -- 75 N-Nitroso-di-n-dipropylamine_ _

300 Area N-Nitrosodiphenylamine No 0.3528 1.7767 mg/kg -- -- 75 N-Nitrosodiphenylamine

300 Area Naphthalene No 0.3528 1.7767 mg/kg -- -- 75 Naphthalene

300 Area Pentachlorophenol No 1.7638 12.3024 mg/kg -- -- 72 Pentachlorophenol
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Indicato Mnmm MxmmTeNubr To Be Addressed in Not a Contaminant of Potential
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N EcologicalConcern

Limit Limit Limit Reporting Limit

300 Area Phenanthrene No 0.3528 1.7767 mg/kg -- -- 75 Phenanthrene

300 Area Phenol No 0.3528 1.7767 mg/kg -- -- 75 Phenol

300 Area Pyrene No 0.3528 1.7767 mg/kg -- -- 75 Pyrene

300 Area 1,1,1-Trichloroethane No 0.0046 0.0085 mg/kg -- -- 78 1,1,1-Tricloroethane

300 Area 1,1,2,2-Tetrachloroethane No 0.0046 0.0085 mg/kg -- -- 78 1,1,2,2-Tetracloroethane

300 Area 1,1,2-Trichloroethane No 0.0046 0.0085 mg/kg -- -- 78 1,1,2-Tricloroethane

300 Area 1,1-Dichloroethane No 0.0046 0.0085 mg/kg -- -- 78 1,1-Dicloroethane

300 Area 1,1-Dichloroethene No 0.0046 0.0085 mg/kg -- -- 78 1,1-Dicloroethene
300 Area 1,2,4-Trichlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 1,2,4-Trichlorobenzene

300 Area 1,2-Dichlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 1,2-Dichlorobenzene

300 Area 1,2-Dichloroethane No 0.0052 0.0102 mg/kg -- -- 78 1,2-Dicloroethane

300 Area 1,2-Dichloroethene(total) No 0.0052 0.0085 mg/kg -- -- 28 1,2-Dichloroethene(Total)

300 Area 1,2-Dichloropropane No 0.0046 0.0085 mg/kg -- -- 78 1,2-Dicloropropane

300 Area 1,3-Dichlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 1,3-Dichlorobenzene

300 Area 1,4-Dichlorobenzene No 0.3528 1.7767 mg/kg -- -- 75 1,4-Dichlorobenzene

300 Area 2-Butanone No 0.0104 0.0203 mg/kg -- -- 78 2-Butanone

300 Area 2-Hexanone No 0.0104 0.0203 mg/kg -- -- 78 2-Hexanone

300 Area 4-Methyl-2-Pentanone No 0.0104 0.0203 mg/kg -- -- 78 4-Methyl-2-Pentanone

300 Area Benzene No 0.0046 0.0085 mg/kg -- -- 78 Benzene

300 Area Bromodichloromethane No 0.0052 0.0102 mg/kg -- -- 78 Bromodicloromethane

300 Area Bromoform No 0.0046 0.0085 mg/kg -- -- 78 Bromoform

300 Area Bromomethane No 0.0092 0.017 mg/kg -- -- 78 Bromomethane

300 Area Carbon disulfide No 0.0046 0.0085 mg/kg -- -- 78 Carbon disulfide

300 Area Carbon tetrachloride No 0.0046 0.0085 mg/kg -- -- 78 Carbon tetrachloride

300 Area Chlorobenzene No 0.0046 0.0085 mg/kg -- -- 78 Chlorobenzene

300 Area Chloroethane No 0.0092 0.017 mg/kg -- -- 78 Cloroethane

300 Area Chloroform No 0.0046 0.0085 mg/kg -- -- 78 Chloroform

300 Area Chloromethane No 0.0092 0.017 mg/kg -- -- 78 Chloromethane

300 Area cis-1,2-Dichloroethylene No 0.0046 0.0085 mg/kg -- -- 78 cis-1,2-Dichloroethylene

300 Area cis-1,3-Dichloropropene No 0.0046 0.0085 mg/kg -- -- 78 cis-1,3-Dichloropropene

300 Area Dibromochloromethane No 0.0046 0.0085 mg/kg -- -- 78 Dibromochloromethane

300 Area Ethylbenzene No 0.0046 0.0085 mg/kg -- -- 78 Ethylbenzene

300 Area m-Xylene No 0.0052 0.0072 mg/kg -- -- 22 m-Xylene

300 Area Nitrobenzene No 0.3528 1.7767 mg/kg -- -- 75 Nitrobenzene

300 Area o-Xylene No 0.0052 0.0072 mg/kg -- -- 22 o-Xylene

300 Area Styrene No 0.0046 0.0085 mg/kg -- -- 78 Styrene

300 Area Tetrachloroethene No 0.0046 0.0085 mg/kg -- -- 78 Tetrachloroethene
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Indicato Mnmm MxmmTeNubr To Be Addressed in Not a Contaminant of Potential
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N Ecological Concern

Limit Limit Limit Reporting Limit

300 Area trans-1,2-Dichloroethylene No 0.0046 0.0085 mg/kg -- -- 78 trans-1,2-Dichloroethylene

300 Area trans-1,3-Dichloropropene No 0.0046 0.0085 mg/kg -- -- 78 trans-1,3-Dichloropropene

300 Area Trichloroethene No 0.0046 0.0085 mg/kg -- -- 78 Tricloroethene

300 Area Vinyl chloride No 0.0092 0.017 mg/kg -- -- 78 Vinyl chloride

300 Area Xylenes (total) No 0.0052 0.0098 mg/kg -- -- 78 Xylenes (total)
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).
-- = not applicable
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Limit Limit Limit Reporting Limit

Lake Wallula 1,2,3,4,6,7,8-Heptachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,4,6,7,8-Heptachlorodibenzofiran

Lake Wallula 1,2,3,4,7,8,9-Heptachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,4,7,8,9-Heptachlorodibenzofuran

Lake Wallula 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin

Lake Wallula 1,2,3,4,7,8-Hexachlorodibenzoffiran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,4,7,8-Hexachlorodibenzofuran

Lake Wallula 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin

Lake Wallula 1,2,3,6,7,8-Hexachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,6,7,8-Hexachlorodibenzofuran

Lake Wallula 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin

Lake Wallula 1,2,3,7,8,9-Hexachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,7,8,9-Hexachlorodibenzofuran

Lake Wallula 1,2,3,7,8-Pentachlorodibenzo-p-dioxin No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,7,8-Pentachlorodibenzo-p-dioxin

Lake Wallula 1,2,3,7,8-Pentachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 1,2,3,7,8-Pentachlorodibenzofuran

Lake Wallula 2,3,4,6,7,8-Hexachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 2,3,4,6,7,8-Hexachlorodibenzofuran

Lake Wallula 2,3,4,7,8-Pentachlorodibenzofuran No 0.00000487 0.00000504 mg/kg -- -- 16 2,3,4,7,8-Pentachlorodibenzofuran

Lake Wallula 2,3,7,8-Tetachlorodibenzofuran No 0.00000098 0.00000102 mg/kg -- -- 16 2,3,7,8-Tetachlorodibenzoffran

Lake Wallula 2,3,7,8-Tetrachlorodibenzo-p-dioxin No 0.00000098 0.00000101 mg/kg -- -- 16 2,3,7,8-Tetrachlorodibenzo-p-dioxin

Lake Wallula Octachlorodibenzofuran No 0.00000975 0.0000122 mg/kg -- -- 16 Octachlorodibenzofuran

Lake Wallula Tin Yes 0.6172 36.351 mg/kg 10 75 106 Tin

Lake Wallula Uranium Yes 4.4976 87.7617 mg/kg 5 1 106 Uranium

Lake Wallula 2,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a- No 0.0017 0.0017 mg/kg -- -- 52,2,4,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-
hexahydro-4,7-Methano-1H-indene hexahydro-4,7-Methano-1H-indene

Lake Wallula 4,6-Dinitro-2-methylphenol No 0.33495 3.42738 mg/kg -- -- 84 4,6-Dinitro-2-methylphenol

Lake Wallula alpha-Chlordane No 0.00011 0.017293 mg/kg -- -- 89 alpha-Chlordane

Lake Wallula Azobenzene No 0.33 0.33 mg/kg -- -- 5 Azobenzene

Lake Wallula beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00011 0.017293 mg/kg -- -- 94 beta-1,2,3,4,5,6-Hexachlorocyclohexane

Lake Wallula cis-Nonachlor No 0.00011 0.0022 mg/kg -- -- 15 cis-Nonaclor

Lake Wallula delta-BHC No 0.00011 0.017293 mg/kg -- -- 94 delta-BHC

Lake Wallula Dieldrin No 0.00053 0.017293 mg/kg -- -- 94 Dieldrin

Lake Wallula Endosulfan I No 0.00053 0.017293 mg/kg -- -- 94 Endosulfan I

Lake Wallula Endosulfan II No 0.00053 0.017293 mg/kg -- -- 94 Endosulfan II

Lake Wallula Endosulfan sulfate No 0.00053 0.017293 mg/kg -- -- 94 Endosulfan sulfate

Lake Wallula Endrin No 0.00053 0.017293 mg/kg -- -- 94 Endrin

Lake Wallula Endrin aldehyde No 0.00053 0.017293 mg/kg -- -- 94 Endrin aldehyde

Lake Wallula Endrin ketone No 0.00053 0.017293 mg/kg -- -- 94 Endrin ketone

Lake Wallula gamma-BHC (lindane) No 0.00011 0.017293 mg/kg -- -- 89 gamma-BHC (lindane)

Lake Wallula gamma-Chlordane No 0.00011 0.017293 mg/kg -- -- 89 gamma-Clordane

Lake Wallula Heptachlor No 0.00011 0.017293 mg/kg -- -- 89 Heptaclor

Lake Wallula Heptachlor epoxide No 0.00011 0.017293 jmg/kg -- -- 89 Heptachlor epoxide

Lake Wallula Methoxychlor Yes 0.00135 0.017293 mg/kg 0.0165 92 93 Methoxyclor
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Lake Wallula Mirex No 0.00011 0.0022 mg/kg -- -- 15 Mirex

Lake Wallula o,p'-Dichlorodiphenyldichloroethane No 0.00011 0.0022 mg/kg -- -- 15 o,p'-DDD

Lake Wallula o,p'-Dichlorodiphenyldichloroethylene No 0.00011 0.0022 mg/kg -- -- 15 o,p'-DDE

Lake Wallula Oxychlordane No 0.00011 0.0022 mg/kg -- -- 15 Oxyclordane

Lake Wallula Toxaphene No 0.011 0.25965 mg/kg -- -- 94 Toxaphene

Lake Wallula trans-Nonachlor No 0.00011 0.0022 mg/kg -- -- 15 trans-Nonaclor

Lake Wallula Americium-241 No 0.0143 0.5596 pCi/g -- -- 91 Americium-241

Lake Wallula Carbon-14 Yes -3.8344 6.2835 pCi/g 50 91 91 Carbon-14

Lake Wallula Europium-155 No -0.03 0.206 pCi/g -- -- 115 Europium-i 55

Lake Wallula Technetium-99 No -0.33 0.8189 pCi/g -- -- 91 Technetium-99

Lake Wallula 2,4,5-Trichlorophenol No 0.335 3.4274 mg/kg -- -- 79 2,4,5-Triclorophenol

Lake Wallula 2,4,6-Trichlorophenol No 0.335 3.4274 mg/kg -- -- 79 2,4,6-Triclorophenol

Lake Wallula 2,4-Dichlorophenol No 0.33 3.4274 mg/kg -- -- 84 2,4-Diclorophenol

Lake Wallula 2,4-Dimethylphenol No 0.33 3.4274 mg/kg -- -- 84 2,4-Dimethylphenol

Lake Wallula 2,4-Dinitrophenol No 1.6748 17.1369 mg/kg -- -- 84 2,4-Dinitrophenol

Lake Wallula 2,4-Dinitrotoluene No 0.33 3.4274 mg/kg -- -- 84 2,4-Dinitrotoluene

Lake Wallula 2,6-Dinitrotoluene No 0.33 3.4274 mg/kg -- -- 84 2,6-Dinitrotoluene

Lake Wallula 2-Chloronaphthalene No 0.33 3.4274 mg/kg -- -- 84 2-Cloronapthalene

Lake Wallula 2-Chlorophenol No 0.33 3.4274 mg/kg -- -- 84 2-Clorophenol

Lake Wallula 2-Methylnaplithalene No 0.33 3.4274 mg/kg -- -- 84 2-Methylnaphthalene

Lake Wallula 2-Methylphenol (cresol, o-) No 0.335 3.4274 mg/kg -- -- 79 2-Methylphenol (cresol, o-)

Lake Wallula 2-Nitroaniline No 1.6748 17.1369 mg/kg -- -- 84 2-Nitroaniline

Lake Wallula 2-Nitrophenol No 0.33 3.4274 mg/kg -- -- 84 2-Nitrophenol

Lake Wallula 3+4 Methylphenol (cresol, m+p) No 0.335 3.4274 mg/kg -- -- 79 3+4 Methylphenol (cresol, m+p)

Lake Wallula 3,3'-Dichlorobenzidine No 0.6699 6.8548 mg/kg -- -- 79 3,3'-Dichlorobenzidine

Lake Wallula 3-Nitroaniline No 1.6748 17.1369 mg/kg -- -- 84 3-Nitroaniline

Lake Wallula 4-Bromophenylphenyl ether No 0.335 3.4274 mg/kg -- -- 79 4-Bromophenylphenyl ether

Lake Wallula 4-Chloro-3-methylphenol No 0.33 3.4274 mg/kg -- -- 84 4-Chloro-3-methylphenol

Lake Wallula 4-Chloroaniline No 0.33 3.4274 mg/kg -- -- 84 4-Cloroaniline

Lake Wallula 4-Chlorophenylphenyl ether No 0.335 3.4274 mg/kg -- -- 79 4-Chlorophenylphenyl ether

Lake Wallula 4-Nitroaniline No 1.6748 17.1369 mg/kg -- -- 79 4-Nitroaniline

Lake Wallula 4-Nitrophenol No 1.6748 17.1369 mg/kg -- -- 84 4-Nitrophenol

Lake Wallula Acenaphthene No 0.33 3.4274 mg/kg -- -- 84 Acenaphthene

Lake Wallula Acenaphthylene No 0.335 3.4274 mg/kg -- -- 79 Acenaphthylene

Lake Wallula Aniline No 0.83 0.83 mg/kg -- -- 5 Aniline

Lake Wallula Anthracene No 0.33 3.4274 mg/kg -- -- 84 Anthracene

Lake Wallula Benzo(a)anthracene No 0.335 3.4274 mg/kg -- -- 79 Benzo(a)anthracene

Lake Wallula Benzo(a)pyrene No 0.33 3.4274 mg/kg -- -- 84 Benzo(a)pyrene
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Table 3-24. Lake Wallula Sub-Area Sediment Nondetect Analysis. (4 Pages)

Su-raIndicato Mnmm MxumTeNmbr To Be Addressed in Not a Contaminant of Potential
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N EcologicalConcern

Limit Limit Limit Reporting Limit

Lake Wallula Benzo(ghi)perylene No 0.335 3.4274 mg/kg -- -- 79 Benzo(ghi)perylene

Lake Wallula Benzo(k)fluoranthene No 0.335 3.4274 mg/kg -- -- 79 Benzo(k)fluoranthene

Lake Wallula Benzoic acid No 1.7 1.7 mg/kg -- -- 5 Benzoic acid

Lake Wallula Benzyl alcohol No 0.33 0.33 mg/kg -- -- 5 Benzyl alcohol

Lake Wallula Bis(2-chloro-1-methylethyl)ether No 0.33 3.4274 mg/kg -- -- 84 Bis(2-chloro-1-methylethyl)ether

Lake Wallula Bis(2-Chloroethoxy)methane No 0.33 3.4274 mg/kg -- -- 84 Bis(2-Chloroethoxy)methane

Lake Wallula Bis(2-chloroethyl) ether No 0.335 3.4274 mg/kg -- -- 79 Bis(2-chloroethyl) ether

Lake Wallula Carbazole No 0.33 3.4274 mg/kg -- -- 84 Carbazole

Lake Wallula Di-n-butylphthalate No 0.335 3.4274 mg/kg -- -- 79 Di-n-butylphthalate

Lake Wallula Di-n-octylphthalate No 0.335 3.4274 mg/kg -- -- 79 Di-n-octylphthalate

Lake Wallula Dibenz[a,h]anthracene No 0.335 3.4274 mg/kg -- -- 79 Dibenz[a,h]anthracene

Lake Wallula Dibenzofuran No 0.33 3.4274 mg/kg -- -- 84 Dibenzofuran

Lake Wallula Diethylphthalate No 0.33 3.4274 mg/kg -- -- 84 Diethylphthalate

Lake Wallula Dimethyl phthalate No 0.335 3.4274 mg/kg -- -- 79 Dimethyl phthalate

Lake Wallula Fluorene No 0.33 3.4274 mg/kg -- -- 84 Fluorene

Lake Wallula Hexachlorobutadiene No 0.0001 3.4274 mg/kg -- -- 99 Hexachlorobutadiene

Lake Wallula Hexachlorocyclopentadiene No 0.33 3.4274 mg/kg -- -- 84 Hexachlorocyclopentadiene

Lake Wallula Hexachloroethane No 0.33 3.4274 mg/kg -- -- 84 Hexachloroethane

Lake Wallula Indeno(1,2,3-cd)pyrene No 0.33 3.4274 mg/kg -- -- 84 Indeno(1,2,3-cd)pyrene

Lake Wallula Isophorone No 0.33 3.4274 mg/kg -- -- 84 Isophorone

Lake Wallula N-Nitroso-di-n-dipropylamine No 0.335 3.4274 mg/kg -- -- 79 N-Nitroso-di-n-dipropylamine

Lake Wallula N-Nitrosodiphenylamine No 0.33 3.4274 mg/kg -- -- 84 N-Nitrosodiphenylamine

Lake Wallula Naphthalene No 0.33 3.4274 mg/kg -- -- 84 Naphthalene

Lake Wallula Pentachlorophenol No 1.6748 17.1369 mg/kg -- -- 84 Pentachlorophenol

Lake Wallula Phenol No 0.33 3.4274 mg/kg -- -- 84 Phenol

Lake Wallula Pyridine No 0.33 0.33 mg/kg -- -- 5 Pyridine

Lake Wallula 1,1,1-Trichloroethane No 0.0039 0.0786 mg/kg -- -- 75 1,1,1-Trichloroethane

Lake Wallula 1,1,2,2-Tetrachloroethane No 0.0039 0.0786 mg/kg -- -- 75 1,1,2,2-Tetrachloroethane

Lake Wallula 1,1,2-Trichloroethane No 0.0039 0.0786 mg/kg -- -- 75 1,1,2-Trichloroethane

Lake Wallula 1,1-Dichloroethane No 0.0039 0.0786 mg/kg -- -- 75 1,1-Dichloroethane

Lake Wallula 1,1-Dichloroethene No 0.0039 0.0786 mg/kg -- -- 75 1,1-Dichloroethene

Lake Wallula 1,2,4-Trichlorobenzene No 0.335 3.4274 mg/kg -- -- 79 1,2,4-Trichlorobenzene

Lake Wallula 1,2-Dichlorobenzene No 0.33 3.4274 mg/kg -- -- 84 1,2-Dichlorobenzene

Lake Wallula 1,2-Dichloroethane No 0.0047 0.0786 mg/kg -- -- 75 1,2-Dichloroethane

Lake Wallula 1,2-Dichloroethene(total) No 0.0087 0.0786 mg/kg -- -- 10 1,2-Dichloroethene(total)

Lake Wallula 1,2-Dichloropropane No 0.0039 0.0786 mg/kg -- -- 75 1,2-Dichloropropane

Lake Wallula 1,3-Dichlorobenzene No 0.335 3.4274 mg/kg -- -- 79 1,3-Dichlorobenzene

Lake Wallula 1,4-Dichlorobenzene No 0.33 3.4274 mg/kg -- -- 84 1,4-Dichlorobenzene
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Table 3-24. Lake Wallula Sub-Area Sediment Nondetect Analysis. (4 Pages)
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Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N EcologicalConcern

Limit Limit Limit Reporting Limit

Lake Wallula 2-Butanone No 0.0094 0.1613 mg/kg -- -- 75 2-Butanone

Lake Wallula 2-Hexanone No 0.0094 0.1613 mg/kg -- -- 75 2-Hexanone

Lake Wallula 4-Methyl-2-Pentanone No 0.0094 0.1613 mg/kg -- -- 75 4-Methyl-2-Pentanone

Lake Wallula Benzene No 0.0039 0.0786 mg/kg -- -- 75 Benzene

Lake Wallula Bromodichloromethane No 0.0047 0.0786 mg/kg -- -- 75 Bromodicloromethane

Lake Wallula Bromoform No 0.0039 0.0786 mg/kg -- -- 75 Bromoform

Lake Wallula Bromomethane No 0.0078 0.1613 mg/kg -- -- 75 Bromomethane

Lake Wallula Carbon disulfide No 0.0039 0.0786 mg/kg -- -- 75 Carbon disulfide

Lake Wallula Carbon tetrachloride No 0.0039 0.0786 mg/kg -- -- 75 Carbon tetrachloride

Lake Wallula Chlorobenzene No 0.0039 0.0786 mg/kg -- -- 75 Chlorobenzene

Lake Wallula Chloroethane No 0.0078 0.1613 mg/kg -- -- 75 Cloroethane

Lake Wallula Chloroform No 0.0039 0.0786 mg/kg -- -- 75 Chloroform

Lake Wallula Chloromethane No 0.0078 0.1613 mg/kg -- -- 75 Cloromethane

Lake Wallula cis-1,2-Dichloroethylene No 0.0039 0.0786 mg/kg -- -- 75 cis-1,2-Dichloroethylene

Lake Wallula cis-1,3-Dichloropropene No 0.0039 0.0786 mg/kg -- -- 75 cis-1,3-Dichloropropene

Lake Wallula Dibromochloromethane No 0.0039 0.0786 mg/kg -- -- 75 Dibromocloromethane

Lake Wallula Ethylbenzene No 0.0039 0.0786 mg/kg -- -- 75 Ethylbenzene

Lake Wallula m-Xylene No 0.0087 0.0786 mg/kg -- -- 10 m-Xylene

Lake Wallula Nitrobenzene No 0.33 3.4274 mg/kg -- -- 84 Nitrobenzene

Lake Wallula o-Xylene No 0.0087 0.0786 mg/kg -- -- 10 o-Xylene

Lake Wallula Styrene No 0.0039 0.0786 mg/kg -- -- 75 Styrene

Lake Wallula Tetrachloroethene No 0.0039 0.0786 mg/kg -- -- 75 Tetracloroethene

Lake Wallula trans-1,2-Dichloroethylene No 0.0039 0.0786 mg/kg -- -- 75 trans-1,2-Dichloroethylene

Lake Wallula trans-1,3-Dichloropropene No 0.0039 0.0786 mg/kg -- -- 75 trans-1,3-Dichloropropene

Lake Wallula Trichloroethene No 0.0039 0.0786 mg/kg -- -- 75 Tricloroethene

Lake Wallula Vinyl chloride No 0.0078 0.1613 mg/kg -- -- 75 Vinyl chloride

Lake Wallula Xylenes (total) No 0.0047 0.0786 mg/kg -- -- 75 Xylenes (total)
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

-= not applicable
BHC = benzene hexachloride
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Table 3-25. Porewater Nondetect Analysis.

Indicator Minimum Maximum Target Number To Be Addressed in Not a Contaminant of Potential
OU Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N EcologicalaConcern

Limit LimitL Limit Reporting Limit
100-BC-5 Antimony No 0.006 0.006 mg/L -- -- 17 Antimony Uranium

100-BC-5 Mercury Yes 0.0002 0.001 mg/L 0.0005 16 17 Mercury

100-BC-5 Silver No 0.002 0.002 mg/L -- -- 17 Silver

100-BC-5 Uranium Yes 0.1 0.1 mg/L 0.5 17 17

100-KR-4 Antimony No 0.006 0.012 mg/L -- -- 11 Antimony Strontium-90

100-KR-4 Beryllium No 0.002 0.004 mg/L -- -- 11 Beryllium Uranium

100-KR-4 Mercury Yes 0.0002 0.002 mg/L 0.0005 10 11 Mercury

100-KR-4 Silver No 0.002 0.004 mg/L -- -- 11 Silver

100-KR-4 Strontium-90 Yes -0.561 0.599 pCi/L 1 6 6

100-KR-4 Uranium Yes 0.1 0.2 mg/L 0.5 11 11

100-NR-2 Antimony No 0.006 0.006 mg/L -- -- 10 Antimony Mercury

100-NR-2 Beryllium No 0.002 0.002 mg/L -- -- 10 Beryllium Uranium

100-NR-2 Copper No 0.01 0.01 mg/L -- -- 10 Copper

100-NR-2 Mercury Yes 8.30E-05 0.0002 mg/L 0.0005 10 10 Silver

100-NR-2 Silver No 0.002 0.002 mg/L -- -- 10

100-NR-2 Uranium Yes 0.1 0.1 mg/L 0.5 10 10

100-HR-3 [Antimony No 0.0031 0.012 mg/L -- -- 25 Antimony None

100-HR-3 Silver No 0.00093 0.004 mg/L -- -- 25 Silver

100-FR-3 Antimony No 0.006 0.006 mg/L -- -- 6 Antimony Tritium

100-FR-3 Beryllium No 0.002 0.002 mg/L -- -- 6 Beryllium Uranium

100-FR-3 Silver No 0.002 0.002 mg/L -- -- 6 Silver

100-FR-3 Tritium Yes -8.21 75.9 pCi/L 400 3 3

100-FR-3 Uranium Yes 0.1 0.1 mg/L 0.5 6 6

200-PO-1 Antimony No 0.006 0.012 mg/L -- -- 10 Antimony Mercury

200-PO-1 Beryllium No 0.002 0.004 mg/L -- -- 10 Beryllium Uranium

200-PO-1 Mercury Yes 8.20E-05 0.0004 mg/L 0.0005 10 10 Silver

200-PO-1 Silver No 0.002 0.004 mg/L -- -- 10

200-PO-1 Uranium Yes 0.1 0.2 mg/L 0.5 10 10

300-FF-5 Antimony No 0.006 0.012 mg/L -- -- 16 Antimony None

300-FF-5 Silver No 0.002 0.004 mg/L -- -- 16 Silver

-- = not applicable; not an Inclusion List constituent
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Table 3-26. 100 Area Sub-Area Soil Nondetect Analysis. (3 Pages)

Su - raIndicator Minimum Maximum Target NumberToB Ad rse inN taC t m n nt fP tnil
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncerta ddresalysisNot a Ecologcaant of Potential

Limit Limit Limit Reporting Limit

100 Area Silver Yes 0.117 0.249 mg/kg 0.2 19 29 Silver

100 Area Thallium No 0.292 0.623 mg/kg -- -- 29 Thallium

100 Area Tin Yes 0.373 12.5 mg/kg 10 22 29 Tin

100 Area 4,6-Dinitro-2-methylphenol No 0.354 0.822 mg/kg -- -- 11 4,6-Dinitro-2-methylphenol

100 Area Aldrin No 0.00143 0.00166 mg/kg -- -- 11 Aldrin

100 Area alpha-BHC No 0.00143 0.00166 mg/kg -- -- 11 alpha-BHC

100 Area alpha-Chlordane No 0.00143 0.00166 mg/kg -- -- 11 alpha-Chlordane

100 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.00143 0.00166 mg/kg -- -- beta-1,2,3,4,5,6-

100 Area delta-BHC No 0.00143 0.00166 mg/kg -- -- 11 delta-BHC

100 Area Dichlorodiphenyldichloroethane No 0.00143 0.00166 mg/kg -- -- 11 Diclorodiphenyldichloroethane

100 Area Dieldrin No 0.00143 0.00166 mg/kg -- -- 11 Dieldrin

100 Area Endosulfan II No 0.00143 0.00166 mg/kg -- -- 11 EndosulfanlII

100 Area Endosulfan sulfate No 0.00143 0.00166 mg/kg -- -- 11 Endosulfan sulfate

100 Area Endrin aldehyde No 0.00143 0.00166 mg/kg -- -- 11 Endrin aldehyde

100 Area Endrin ketone No 0.00143 0.00166 mg/kg -- -- 11 Endrin ketone

100 Area gamma-BHC (lindane) No 0.00143 0.00166 mg/kg -- -- 11 gamma-BHC (lindane)

100 Area gamma-ChIlordane No 0.00143 0.00166 mg/kg -- -- 11 gamma-Clordane

100 Area Heptachlor No 0.00143 0.00166 mg/kg -- -- 11 Heptachlor

100 Area Heptachlor epoxide No 0.00143 0.00166 mg/kg -- -- 11 Heptaclor epoxide

100 Area Methoxychlor Yes 0.00143 0.00166 mg/kg 0.0165 11 11 Methoxyclor

100 Area Toxaphene No 0.0214 0.0249 mg/kg -- -- 11 Toxaphene

100 Area Americium-241 No 0.016 0.288 pCi/g -- -- 29 Americium-241

100 Area Cobalt-60 Yes 0.009 0.044 pCi/g 0.05 29 29 Cobalt-60

100 Area Europium-152 No 0.026 0.119 pCi/g -- -- 29 Europium-152

100 Area Europium-154 No 0.031 0.153 pCi/g -- -- 29 Europium-154

100 Area Europium-155 No 0.043 0.15 pCi/g -- -- 29 Europium-155

100 Area Plutonium-238 No -0.044 0.109 pCi/g -- -- 29 Plutonium-238

100 Area Plutonum-239/240 No -0.013 0.043 pCi/g -- -- 29 Plutonium-239/240

100 Area Strontium-90 Yes -0.092 0.27 pCi/g 1 29 29 Strontium-90

100 Area Technetium-99 No -0.106 0.139 pCi/g -- -- 29 Technetium-99

100 Area Tritium Yes -3.65 2.22 pCi/g 400 29 29 Tritium

100 Area 2,4,5-Trichlorophenol No 0.354 0.822 mg/kg -- -- 11 2,4,5-Triclorophenol

100 Area 2,4,6-Trichlorophenol No 0.354 0.822 mg/kg -- -- 11 2,4,6-Triclorophenol

100 Area 2,4-Dichlorophenol No 0.354 0.822 mg/kg -- -- 11 2,4-Diclorophenol

100 Area 2,4-Dimethylphenol No 0.354 0.822 mg/kg -- -- 11 2,4-Dimethylphenol

100 Area 2,4-Dinitrophenol No 1.77 4.11 mg/kg -- I--- 2,4-Dinitrophenol
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Table 3-26. 100 Area Sub-Area Soil Nondetect Analysis. (3 Pages)

Su - raIndicator Minimum Maximum Target NumberToB Ad rse inN taC t m n nt fP tnil
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncerta ddresalysisNot a Ecologcaant of Potential

Limit Limit Limit Reporting Limit

100 Area 2,4-Dinitrotoluene No 0.354 0.822 mg/kg -- -- 11 2,4-Dinitrotoluene

100 Area 2,6-Dinitrotoluene No 0.354 0.822 mg/kg -- -- 11 2,6-Dinitrotoluene

100 Area 2-Chloronaphthalene No 0.354 0.822 mg/kg -- -- 11 2-Cloronaphthalene

100 Area 2-Chlorophenol No 0.354 0.822 mg/kg -- -- 11 2-Clorophenol

100 Area 2-Methylnaphthalene No 0.354 0.822 mg/kg -- -- 11 2-Methylnapthalene

100 Area 2-Methylphenol (cresol, o-) No 0.354 0.822 mg/kg -- -- 11 2-Methylphenol (cresol, o-)

100 Area 2-Nitroaniline No 1.77 4.11 mg/kg -- -- 11 2-Nitroaniline

100 Area 2-Nitrophenol No 0.354 0.822 mg/kg -- -- 11 2-Nitrophenol

100 Area 3+4 Methylphenol (cresol, m+p) No 0.354 0.822 mg/kg -- -- 11 3+4 Methylphenol (cresol, m+p)

100 Area 3,3'-Dichlorobenzidine No 0.707 1.64 mg/kg -- -- 11 3,3'-Dichlorobenzidine

100 Area 3-Nitroaniline No 1.77 4.11 mg/kg -- -- 11 3-Nitroaniline

100 Area 4-Bromophenylphenyl ether No 0.354 0.822 mg/kg -- -- 11 4-Bromophenylphenyl ether

100 Area 4-Chloro-3-methylphenol No 0.354 0.822 mg/kg -- -- 11 4-Chloro-3-methylphenol

100 Area 4-Chloroaniline No 0.354 0.822 mg/kg -- -- 11 4-Cloroaniline

100 Area 4-Chlorophenylphenyl ether No 0.354 0.822 mg/kg -- -- 11 4-Chlorophenylphenyl ether

100 Area 4-Nitroaniline No 1.77 4.11 mg/kg -- -- 11 4-Nitroaniline

100 Area 4-Nitrophenol No 1.77 4.11 mg/kg -- -- 11 4-Nitrophenol

100 Area Acenaphthene No 0.354 0.822 mg/kg -- -- 11 Acenaphthene

100 Area Acenaphthylene No 0.354 0.822 mg/kg -- -- 11 Acenaphthylene

100 Area Anthracene No 0.354 0.822 mg/kg -- -- 11 Anthracene

100 Area Benzo(a)anthracene No 0.354 0.822 mg/kg -- -- 11 Benzo(a)anthracene

100 Area Benzo(a)pyrene No 0.354 0.822 mg/kg -- -- 11 Benzo(a)pyrene

100 Area Benzo(b)fluoranthene No 0.354 0.822 mg/kg -- -- 11 Benzo(b)fluoranthene

100 Area Benzo(ghi)perylene No 0.354 0.822 mg/kg -- -- 11 Benzo(ghi)perylene

100 Area Benzo(k)fluoranthene No 0.354 0.822 mg/kg -- -- 11 Benzo(k)fluoranthene

100 Area Bis(2-chloro-1-methylethyl)ether No 0.354 0.822 mg/kg -- -- 11 Bis(2-chloro-1-methylethyl)ether

100 Area Bis(2-Chloroethoxy)methane No 0.354 0.822 mg/kg -- -- 11 Bis(2-Chloroethoxy)methane

100 Area Bis(2-chloroethyl) ether No 0.354 0.822 mg/kg -- -- 11 Bis(2-chloroethyl) ether

100 Area Bis(2-ethylhexyl) phthalate No 0.354 0.822 mg/kg -- -- 11 Bis(2-ethylhexyl) phthalate

100 Area Butylbenzylphthalate No 0.354 0.822 mg/kg -- -- 11 Butylbenzylphthalate

100 Area Carbazole No 0.354 0.822 mg/kg -- -- 11 Carbazole

100 Area Chrysene No 0.354 0.822 mg/kg -- -- 11 Chrysene

100 Area Di-n-butylphthalate No 0.354 0.822 mg/kg -- -- 11 Di-n-butylphthalate

100 Area Di-n-octylphthalate No 0.354 0.822 mg/kg -- -- 11 Di-n-octylphthalate

100 Area Dibenz[a,h]anthracene No 0.354 0.822 mg/kg -- -- 11 Dibenz[a,h]anthracene

100 Area Dibenzofuran No 0.354 0.822 mg/kg -- -- 11 Dibenzofuran

100 Area Dimethyl phthalate No 0.354 0.822 mg/kg -- -- 11 Dimethyl phthalate
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Indicator Minimum Maximum Target Number To Be Addressed in Not a Contaminant of Potential
Sub-Area Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertaintyesalysi N Ecological ocen

Limit Limit Limit Reporting Limit

100 Area Fluorene No 0.354 0.822 mg/kg -- -- 11 Fluorene

100 Area Hexachlorobenzene No 0.354 0.822 mg/kg -- -- 11 Hexachlorobenzene

100 Area Hexachlorobutadiene No 0.354 0.822 mg/kg -- -- 11 Hexaclorobutadiene

100 Area Hexachlorocyclopentadiene No 0.354 0.822 mg/kg -- -- 11 Hexaclorocyclopentadiene

100 Area Hexachloroethane No 0.354 0.822 mg/kg -- -- 11 Hexacloroethane

100 Area Indeno(1,2,3-cd)pyrene No 0.354 0.822 mg/kg -- -- 11 Indeno(1,2,3-cd)pyrene

100 Area Isophorone No 0.354 0.822 mg/kg -- -- 11 Isophorone

100 Area N-Nitroso-di-n-dipropylamine No 0.354 0.822 mg/kg -- -- 11 N-Nitroso-di-n-dipropylamine

100 Area N-Nitrosodiphenylamine No 0.354 0.822 mg/kg -- -- 11 N-Nitrosodiphenylamine

100 Area Naphthalene No 0.354 0.822 mg/kg -- -- 11 Naphthalene

100 Area Pentachlorophenol No 1.77 4.11 mg/kg -- -- 11 Pentaclorophenol

100 Area Phenanthrene No 0.354 0.822 mg/kg -- -- 11 Phenanthrene

100 Area Phenol No 0.354 0.822 mg/kg -- -- 11 Phenol

100 Area 1,2,4-Trichlorobenzene No 0.354 0.822 mg/kg -- -- 11 1,2,4-Trichlorobenzene

100 Area 1,2-Dichlorobenzene No 0.354 0.822 mg/kg -- -- 11 1,2-Dichlorobenzene

100 Area 1,3-Dichlorobenzene No 0.354 0.822 mg/kg -- -- 11 1,3-Dichlorobenzene

100 Area 1,4-Dichlorobenzene No 0.354 0.822 mg/kg -- -- 11 1,4-Dichlorobenzene

100 Area Nitrobenzene No 0.354 0.822 mg/kg -- -- 11 Nitrobenzene
Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

-= not applicable

BHC = benzene hexachloride
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Table 3-27. 300 Area Sub-Area Soil Nondetect Analysis. (3 Pages)

Indicator Minimum Maximum Target Reporting Number Number To Be Addressed in Not a Contaminant of PotentialSub-Area Analyte Compound? Reporting Reporting Units Limit Meeting Target Results Uncertainty Analysis Ecological Concern
Limit Limit Reporting Limit

300 Area Silver Yes 0.119 0.227 mg/kg 0.2 30 48 Silver

300 Area Tin Yes 0.499 11.3 mg/kg 10 34 48 Tin

300 Area 4,6-Dinitro-2-methylphenol No 0.346 0.776 mg/kg -- -- 16 4,6-Dinitro-2-methylphenol

300 Area Aldrin No 0.0014 0.00157 mg/kg -- -- 16 Aldrin

300 Area alpha-BHC No 0.0014 0.00157 mg/kg -- -- 16 alpha-BHC

300 Area alpha-Chlordane No 0.0014 0.00157 mg/kg -- -- 16 alpha-Chlordane

300 Area beta-1,2,3,4,5,6-Hexachlorocyclohexane No 0.0014 0.00157 mg/kg -- -- 16 beta-1,2,3,4,5,6-Hexaclorocyclohexane

300 Area delta-BHC No 0.0014 0.00157 mg/kg -- -- 16 delta-BHC

300 Area Diclilorodiphenyldicliloroethane No 0.0014 0.00157 mg/kg -- -- 16 Diclorodiphenyldicliloroethane

300 Area Dieldrin No 0.0014 0.00157 mg/kg -- -- 16 Dieldrin

300 Area Endosulfan I No 0.0014 0.00157 mg/kg -- -- 16 Endosulfan I

300 Area Endosulfan II No 0.0014 0.00157 mg/kg -- -- 16 Endosulfan II

300 Area Endosulfan sulfate No 0.0014 0.00157 mg/kg -- -- 16 Endosulfan sulfate

300 Area Endrin No 0.0014 0.00157 mg/kg -- -- 16 Endrin

300 Area Endrin aldehyde No 0.0014 0.00157 mg/kg -- -- 16 Endrin aldehyde

300 Area Endrin ketone No 0.0014 0.00157 mg/kg -- -- 16 Endrin ketone

300 Area gamma-BHC (lindane) No 0.0014 0.00157 mg/kg -- -- 16 gamma-BHC (Lindane)

300 Area gamma-Chlordane No 0.0014 0.00157 mg/kg -- -- 16 gamma-Clordane

300 Area Heptachlor No 0.0014 0.00157 mg/kg -- -- 16 Heptachlor

300 Area Heptachlor epoxide No 0.0014 0.00157 mg/kg -- -- 16 Heptachlor epoxide

300 Area Methoxychlor Yes 0.0014 0.00157 mg/kg 0.0165 16 16 Methoxyclor

300 Area Toxaphene No 0.021 0.0235 mg/kg -- -- 16 Toxaphene

300 Area Americium-241 No 0.016 0.402 pCi/g -- -- 40 Americium-241

300 Area Carbon-14 No -2.43 2.3 pCi/g -- -- 40 Carbon-14

300 Area Europium-154 No 0.028 0.216 pCi/g -- -- 40 Europium-154

300 Area Europium-155 No 0.048 0.164 pCi/g -- -- 40 Europium-155

300 Area Plutonium-238 No -0.029 0.074 pCi/g -- -- 40 Plutonium-238

300 Area Technetium-99 No -0.145 0.469 pCi/g -- -- 40 Technetium-99

300 Area Tritium Yes -4.08 4.07 pCi/g 400 40 40 Tritium

300 Area 2,4,5-Trichlorophenol No 0.346 0.776 mg/kg -- -- 16 2,4,5-Triclorophenol

300 Area 2,4,6-Trichlorophenol No 0.346 0.776 {mg/kg -- -- 16 2,4,6-Triclorophenol

300 Area 2,4-Dichlorophenol No 0.346 0.776 mg/kg -- -- 16 2,4-Diclorophenol

300 Area 2,4-Dimethylphenol No 0.346 0.776 mg/kg -- -- 16 2,4-Dimethylphenol

300 Area 2,4-Dinitrophenol No 1.73 3.88 mg/kg -- -- 16 2,4-Dinitrophenol

300 Area 2,4-Dinitrotoluene No 0.346 0.776 mg/kg -- -- 16 2,4-Dinitrotoluene

300 Area 2,6-Dinitrotoluene No 0.346 0.776 mg/kg -- -- 16 2,6-Dinitrotoluene

Columbia River Component Risk Assessment
Volume , Part 2: Screening-Level Ecological Risk Assessment
June 2012

3-49



Selection of Contaminants of
Potential Ecological Concern

DOE/RL-2010-117

Rev. 0

Table 3-27. 300 Area Sub-Area Soil Nondetect Analysis. (3 Pages)

Indicator Minimum Maximum Target Reporting Number Number To Be Addressed in Not a Contaminant of Potential
Sub-Area Analyte Compound? Reporting Reporting Units Limit Meeting Target Results Uncertainty Analysis Ecological Concern

Limit Limit Reporting Limit

300 Area 2-Chloronaphthalene No 0.346 0.776 mg/kg -- -- 16 2-Cloronaphthalene

300 Area 2-Chlorophenol No 0.346 0.776 mg/kg -- -- 16 2-Clorophenol

300 Area 2-Methylnaphthalene No 0.346 0.776 mg/kg -- -- 16 2-Methylnapthalene

300 Area 2-Methylphenol (cresol, o-) No 0.346 0.776 mg/kg -- -- 16 2-Methylphenol (cresol, o-)

300 Area 2-Nitroaniline No 1.73 3.88 mg/kg -- -- 16 2-Nitroaniline

300 Area 2-Nitrophenol No 0.346 0.776 mg/kg -- -- 16 2-Nitrophenol

300 Area 3+4 Methylphenol (cresol, m-p) No 0.346 0.776 mg/kg -- -- 16 3+4 Methylphenol (cresol, m-p)

300 Area 3,3'-Dichlorobenzidine No 0.692 1.55 mg/kg -- -- 16 3,3'-Dichlorobenzidine

300 Area 3-Nitroaniline No 1.73 3.88 mg/kg -- -- 16 3-Nitroaniline

300 Area 4-Bromophenylphenyl ether No 0.346 0.776 mg/kg -- -- 16 4-Bromophenylphenyl ether

300 Area 4-Chloro-3-methylphenol No 0.346 0.776 mg/kg -- -- 16 4-Chloro-3-methylphenol

300 Area 4-Chloroaniline No 0.346 0.776 mg/kg -- -- 16 4-Clloroaniline

300 Area 4-Chlorophenylphenyl ether No 0.346 0.776 mg/kg -- -- 16 4-Chlorophenylphenyl ether

300 Area 4-Nitroaniline No 1.73 3.88 mg/kg -- -- 16 4-Nitroaniline

300 Area 4-Nitrophenol No 1.73 3.88 mg/kg -- -- 16 4-Nitrophenol

300 Area Acenaphthene No 0.346 0.776 mg/kg -- -- 15 Acenaphthene

300 Area Acenaphthylene No 0.346 0.776 mg/kg -- -- 15 Acenaphthylene

300 Area Anthracene No 0.346 0.776 mg/kg -- -- 15 Anthracene

300 Area Benzo(a)anthracene No 0.346 0.776 mg/kg -- -- 15 Benzo(a)anthracene

300 Area Benzo(a)pyrene No 0.346 0.776 mg/kg -- -- 15 Benzo(a)pyrene

300 Area Benzo(b)fluoranthene No 0.346 0.776 mg/kg -- -- 15 Benzo(b)fluoranthene

300 Area Benzo(ghi)perylene No 0.346 0.776 mg/kg -- -- 15 Benzo(ghi)perylene

300 Area Benzo(k)fluoranthene No 0.346 0.776 mg/kg -- -- 15 Benzo(k)fluoranthene

300 Area Bis(2-chloro-1-methylethyl)ether No 0.346 0.776 mg/kg -- -- 16 Bis(2-chloro-1-methylethyl)ether

300 Area Bis(2-Chloroethoxy)methane No 0.346 0.776 mg/kg -- -- 16 Bis(2-Chloroethoxy)methane

300 Area Bis(2-chloroethyl) ether No 0.346 0.776 mg/kg -- -- 16 Bis(2-chloroethyl) ether

300 Area Butylbenzylphthalate No 0.346 0.776 mg/kg -- -- 16 Butylbenzylphthalate

300 Area Carbazole No 0.346 0.776 mg/kg -- -- 16 Carbazole

300 Area Chrysene No 0.346 0.776 mg/kg -- -- 15 Chrysene

300 Area Di-n-butylphthalate No 0.346 0.776 mg/kg -- -- 16 Di-n-butylphthalate

300 Area Di-n-octylphthalate No 0.346 0.776 mg/kg -- -- 16 Di-n-octylphthalate

300 Area Dibenz[a,h]anthracene No 0.346 0.776 mg/kg -- -- 16 Dibenz[a,h]anthracene

300 Area Dibenzoffuran No 0.346 0.776 mg/kg -- -- 16 Dibenzofuran

300 Area Diethylphthalate No 0.346 0.776 mg/kg -- -- 16 Diethylphthalate

300 Area Dimethyl phthalate No 0.346 0.776 mg/kg -- -- 16 Dimethyl phthalate

300 Area Fluoranthene No 0.346 0.776 mg/kg -- -- 15 Fluoranthene

300 Area Fluorene No 0.346 0.776 mg/kg -- -- 15 Fluorene
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Limit Limit Reporting Limit

300 Area Hexachlorobenzene No 0.346 0.776 mg/kg -- -- 16 Hexachlorobenzene

300 Area Hexachlorobutadiene No 0.346 0.776 mg/kg -- -- 16 Hexaclorobutadiene

300 Area Hexachlorocyclopentadiene No 0.346 0.776 mg/kg -- -- 16 Hexaclorocyclopentadiene

300 Area Hexachloroethane No 0.346 0.776 mg/kg -- -- 16 Hexacloroethane

300 Area Indeno(1,2,3-cd)pyrene No 0.346 0.776 mg/kg -- -- 15 Indeno(1,2,3-cd)pyrene

300 Area Isophorone No 0.346 0.776 mg/kg -- -- 16 Isophorone

300 Area N-Nitroso-di-n-dipropylamine No 0.346 0.776 mg/kg -- -- 16 N-Nitroso-di-n-dipropylamine

300 Area N-Nitrosodiphenylamine No 0.346 0.776 mg/kg -- -- 16 N-Nitrosodiphenylamine

300 Area Naphthalene No 0.346 0.776 mg/kg -- -- 15 Naphthalene

300 Area Pentachlorophenol No 1.73 3.88 mg/kg -- -- 16 Pentaclorophenol

300 Area Phenanthrene No 0.346 0.776 mg/kg -- -- 15 Phenanthrene

300 Area Phenol No 0.346 0.776 mg/kg -- -- 16 Phenol

300 Area Pyrene No 0.346 0.776 mg/kg -- -- 15 Pyrene

300 Area 1,2,4-Trichlorobenzene No 0.346 0.776 mg/kg -- -- 16 1,2,4-Trichlorobenzene

300 Area 1,2-Dichlorobenzene No 0.346 0.776 mg/kg -- -- 16 1,2-Dichlorobenzene

300 Area 1,3-Dichlorobenzene No 0.346 0.776 mg/kg -- -- 16 1,3-Dichlorobenzene

300 Area 1,4-Dichlorobenzene No 0.346 0.776 mg/kg -- -- 16 1,4-Dichlorobenzene

300 Area Nitrobenzene No 0.346 0.776 mg/kg -- -- 16 Nitrobenzene
Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

-=not applicable
BHC = benzene hexachloride
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Sub-Area Tissue Type Analyte Compund' Reprtng ReprtinUnits Reportng MeeCinmuTargetRReourtsiUg ReptaniresalysiUnNgEcologMcalennent

Limit Limit Limit Reporting Limit

100 Area Carcass Antimony Yes 0.38 0.926 mg/kg 0.6 29 35 Antimony

100 Area Carcass Beryllium Yes 0.127 0.2 mg/kg 0.05 0 35 Beryllium

100 Area Carcass Bismuth No 0.962 10 mg/kg -- -- 35 Bismuth

100 Area Carcass Boron No 1.27 2 mg/kg -- -- 35 Boron

100 Area Carcass Hexavalent chromium No 0.127 0.127 mg/kg -- -- 9 Hexavalent chromium

100 Area Carcass Molybdenum No 0.641 2 mg/kg -- -- 35 Molybdenum

100 Area Carcass Nickel Yes 1.6 4 mg/kg 40 35 35 Nickel

100 Area Carcass Silver Yes 0.127 0.926 mg/kg 0.2 29 35 Silver

100 Area Carcass Thallium No 0.316 0.926 mg/kg -- -- 35 Thallium

100 Area Carcass Endosulfan I No 0.00515 0.02 mg/kg -- -- 30 Endosulfan I

100 Area Carcass Endosulfan II No 0.00515 0.02 mg/kg -- -- 30 Endosulfan II

100 Area Carcass Endosulfan sulfate No 0.00515 0.02 mg/kg -- -- 30 Endosulfan sulfate

100 Area Carcass Endrin ketone No 0.00515 0.02 mg/kg -- -- 30 Endrin ketone

100 Area Carcass gamma-Chlordane No 0.00515 0.02 mg/kg -- -- 30 gamma-Chlordane

100 Area Carcass Heptachlor No 0.00515 0.02 mg/kg -- -- 30 Heptachlor

100 Area Carcass Heptachlor epoxide No 0.00515 0.02 mg/kg -- -- 30 Heptachlor epoxide

100 Area Carcass Methoxychlor Yes 0.00515 0.02 mg/kg 0.0165 28 30 Methoxychlor

100 Area Carcass Toxaphene No 0.0773 0.301 mg/kg -- -- 30 Toxaphene

100 Area Carcass Americium-241 No 0.026 0.214 pCi/g -- -- 35 Americium-241

100 Area Carcass Cesium-137 Yes 0.025 0.058 pCi/g 0.1 35 35 Cesium-137

100 Area Carcass Cobalt-60 Yes 0.023 0.063 pCi/g 0.05 28 35 Cobalt-60

100 Area Carcass Europium-152 No 0.064 0.156 pCi/g -- -- 35 Europium-152

100 Area Carcass Europium-154 No 0.068 0.183 pCi/g -- -- 35 Europium-154

100 Area Carcass Europium-155 No 0.051 0.146 pCi/g -- -- 35 Europium-55

100 Area Carcass Plutonium-238 No -0.066 0.103 pCi/g -- -- 35 Plutonium-238

100 Area Carcass Plutonium-239/240 No -0.031 0.059 pCi/g -- -- 35 Plutonium-239/240

100 Area Carcass Technetium-99 No -0.166 0.242 pCi/g -- -- 35 Technetium-99

100 Area Carcass Tritium No -5.44 5.61 pCi/g -- -- 35 Tritium

100 Area Carcass Uranium-233/234 Yes -0.038 0.064 pCi/g 1 35 35 Uranium-233/234

100 Area Carcass Uranium-235 Yes 0 0.309 pCi/g 1 70 70 Uranium-235

100 Area Carcass Uranium-238 Yes -0.033 6.71 pCi/g 1 35 70 jUranium-238

300 Area Carcass Antimony Yes 0.38 0.6 mg/kg 0.6 34 35 Antimony

300 Area Carcass Beryllium Yes 0.127 0.2 mg/kg 0.05 0 35 Beryllium

300 Area Carcass Bismuth No 6.33 10 mg/kg -- -- 35 Bismuth

300 Area Carcass Boron No 1.27 2 mg/kg -- -- 35 Boron

300 Area Carcass Hexavalent chromium No 0.127 0.127 mg/kg -- -- 10 Hexavalent chromium
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300 Area Carcass Molybdenum No 1.27 2 mg/kg -- -- 35 Molybdenum

300 Area Carcass Silver Yes 0.127 0.2 mg/kg 0.2 34 35 Silver

300 Area Carcass Thallium No 0.316 0.5 mg/kg -- -- 35 Thallium

300 Area Carcass Aldrin No 0.00482 0.0211 mg/kg -- -- 30 Aldrin

300 Area Carcass alpha-BHC No 0.00482 0.0211 mg/kg -- -- 30 alpha-BHC

300 Area Carcass Endosulfan II No 0.00482 0.0211 mg/kg -- -- 30 Endosulfan II

300 Area Carcass Endosulfan sulfate No 0.00482 0.0211 mg/kg -- -- 30 Endosulfan sulfate

300 Area Carcass Endrin No 0.00482 0.0211 mg/kg -- -- 30 Endrin

300 Area Carcass Endrin ketone No 0.00482 0.0211 mg/kg -- -- 30 Endrin ketone

300 Area Carcass Heptachlor epoxide No 0.00482 0.0211 mg/kg -- -- 30 Heptaclor epoxide

300 Area Carcass Toxaphene No 0.0724 0.317 mg/kg -- -- 30 Toxaphene

300 Area Carcass Americium-241 No 0.024 0.184 pCi/g -- -- 35 Americium-241

300 Area Carcass Cesium-137 Yes 0.025 0.098 pCi/g 0.1 35 35 Cesium-137

300 Area Carcass Cobalt-60 Yes 0.024 0.054 pCi/g 0.05 31 35 Cobalt-60

300 Area Carcass Europium-152 No 0.069 0.159 pCi/g -- -- 35 Europium-152

300 Area Carcass Europium-154 No 0.066 0.168 pCi/g -- -- 35 Europium-154

300 Area Carcass Europium-155 No 0.05 0.125 pCi/g -- -- 35 Europium-155

300 Area Carcass Plutonium-238 No -0.109 0.184 pCi/g -- -- 35 Plutonium-238

300 Area Carcass Technetium-99 No -0.089 0.202 pCi/g -- -- 35 Technetium-99

300 Area Carcass Uranium-233/234 Yes -0.037 0.113 pCi/g 1 35 35 Uranium-233/234

300 Area Carcass Uranium-235 Yes -0.015 0.317 pCi/g 1 70 70 Uranium-235

300 Area Carcass Uranium-238 Yes -0.012 6.51 pCi/g 1 35 70 Uranium-238

Lake Wallula Carcass Antimony Yes 0.375 0.588 mg/kg 0.6 31 31 Antimony

Lake Wallula Carcass Beryllium Yes 0.125 0.196 mg/kg 0.05 0 31 Beryllium

Lake Wallula Carcass Bismuth No 6.25 9.8 mg/kg -- -- 31 Bismuth

Lake Wallula Carcass Boron No 1.25 1.96 mg/kg -- -- 31 Boron

Lake Wallula Carcass Hexavalent chromium No 0.127 0.127 mg/kg -- -- 6 Hexavalent chromium

Lake Wallula Carcass Molybdenum No 1.25 1.96 mg/kg -- -- 31 Molybdenum

Lake Wallula Carcass Silver Yes 0.125 0.196 mg/kg 0.2 31 31 Silver

Lake Wallula Carcass Thallium No 0.312 0.49 mg/kg -- -- 31 Thallium

Lake Wallula Carcass alpha-BHC No 0.0048 0.0178 mg/kg -- -- 31 alpha-BHC

Lake Wallula Carcass Endosulfan II No 0.0048 0.0178 mg/kg -- -- 31 Endosulfan II

Lake Wallula Carcass Endosulfan sulfate No 0.0048 0.0178 mg/kg -- -- 31 Endosulfan sulfate

Lake Wallula Carcass Endrin No 0.0048 0.0178 mg/kg -- -- 31 Endrin

Lake Wallula Carcass Endrin ketone No 0.0048 0.0178 mg/kg -- -- 31 Endrin ketone

Lake Wallula Carcass Heptachlor epoxide No 0.0048 0.0178 mg/kg -- -- 31 Heptachlor epoxide

Lake Wallula Carcass Methoxychlor Yes 0.0048 0.0178 mg/kg 0.0165 23 31 Methoxychlor
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Lake Wallula Carcass Toxaphene No 0.072 0.268 mg/kg -- -- 31 Toxaphene

Lake Wallula Carcass Americium-241 No 0.024 0.179 pCi/g -- -- 31 Americium-241

Lake Wallula Carcass Cesium-137 Yes 0.021 0.098 pCi/g 0.1 31 31 Cesium-137

Lake Wallula Carcass Cobalt-60 Yes 0.022 0.057 pCi/g 0.05 28 31 Cobalt-60

Lake Wallula Carcass Europium-152 No 0.053 0.156 pCi/g -- -- 31 Europium-152

Lake Wallula Carcass Europium-154 No 0.061 0.179 pCi/g -- -- 31 Europium-154

Lake Wallula Carcass Europium-155 No 0.043 0.128 pCi/g -- -- 31 Europium-155

Lake Wallula Carcass Plutonium-238 No -0.036 0.146 pCi/g -- -- 31 Plutonium-238

Lake Wallula Carcass Plutonium-239/240 No -0.033 0.054 pCi/g -- -- 31 Plutonium-239/240

Lake Wallula Carcass Strontium-90 Yes -0.077 0.066 pCi/g 1 31 31 Strontium-90

Lake Wallula Carcass Technetium-99 No -0.107 0.218 pCi/g -- -- 31 Technetium-99

Lake Wallula Carcass Tritium No -9.4 4.61 pCi/g -- -- 31 Tritium

Lake Wallula Carcass Uranium-233/234 Yes -0.031 0.135 pCi/g 1 31 31 Uranium-233/234

Lake Wallula Carcass Uranium-235 Yes -0.013 0.302 pCi/g 1 62 62 Uranium-235

Lake Wallula Carcass Uranium-238 Yes -0.024 6.46 pCi/g 1 31 62 Uranium-238
Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

- not applicable
BHC = benzene hexachloride
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Limit Limit Limit Reporting Limit

100 Area Fillet Antimony Yes 0.39 0.943 mg/kg 0.6 28 35 Antimony

100 Area Fillet Beryllium Yes 0.125 0.2 mg/kg 0.05 0 35 Beryllium

100 Area Fillet Bismuth No 0.938 10 mg/kg -- -- 35 Bismuth

100 Area Fillet Boron No 1.25 2 mg/kg -- -- 35 Boron

100 Area Fillet Molybdenum No 0.625 2 mg/kg -- -- 35 Molybdenum

100 Area Fillet Nickel Yes 1.56 4 mg/kg 40 35 35 Nickel

100 Area Fillet Silver Yes 0.13 0.943 mg/kg 0.2 28 35 Silver

100 Area Fillet Thallium No 0.325 0.943 mg/kg -- -- 35 Thallium

100 Area Fillet Uranium Yes 6.25 20 mg/kg 5 0 35 Uranium

100 Area Fillet Aldrin No 0.00506 0.0175 mg/kg -- -- 30 Aldrin

100 Area Fillet Endosulfan I No 0.00506 0.0175 mg/kg -- -- 30 Endosulfan I

100 Area Fillet Endosulfan II No 0.00506 0.0175 mg/kg -- -- 30 Endosulfan II

100 Area Fillet Endosulfan sulfate No 0.00506 0.0175 mg/kg -- -- 30 Endosulfan sulfate

100 Area Fillet Endrin aldehyde No 0.00506 0.0175 mg/kg -- -- 30 Endrin aldehyde

100 Area Fillet Endrin ketone No 0.00506 0.0175 mg/kg -- -- 30 Endrin ketone

100 Area Fillet gamma-Chlordane No 0.00506 0.0175 mg/kg -- -- 30 gamma-Chlordane

100 Area Fillet Heptachlor epoxide No 0.00506 0.0175 mg/kg -- -- 30 Heptachlor epoxide

100 Area Fillet Toxaphene No 0.0759 0.262 mg/kg -- -- 30 Toxaphene

100 Area Fillet Americium-241 No 0.024 0.201 pCi/g -- -- 35 Americium-241

100 Area Fillet Europium-152 No -0.041 0.223 pCi/g -- -- 55 Europium-152

100 Area Fillet Europium-154 No -0.0793 0.262 pCi/g -- -- 70 Europium-154

100 Area Fillet Europium-155 No -0.0296 0.192 pCi/g -- -- 70 Europium-155

100 Area Fillet Plutonium-238 No -0.046 0.111 pCi/g L5-- -- 3Plutonium-238

100 Area Fillet Technetium-99 No -0.192 0.341 pCi/g -- -- 35 Technetium-99

100 Area Fillet Tritium No -5.37 3.34 pCi/g -- -- 35 Tritium

100 Area Fillet Uranium-233/234 Yes -0.037 0.108 pCi/g 1 35 35 Uranium-233/234

100 Area Fillet Uranium-235 Yes 0 0.474 pCi/g 1 70 70 Uranium-235

100 Area Fillet Uranium-238 Yes -0.034 10.6 pCi/g 1 35 70 Uranium-238

300 Area Fillet Antimony Yes 0.38 0.6 mg/kg 0.6 33 35 Antimony

300 Area Fillet Beryllium Yes 0.127 0.2 mg/kg 0.05 0 35 Beryllium

300 Area Fillet Bismuth No 6.33 10 mg/kg L ---- 35 Bismuth
300 Area Fillet Boron No 1.27 2 mg/kg -- -- 35 Boron

300 Area Fillet Molybdenum No 1.27 2 mg/kg -- -- 35 Molybdenum

300 Area Fillet Nickel Yes 2.53 4 mg/kg 40 35 35 Nickel

300 Area Fillet Silver Yes 0.127 0.2 mg/kg 0.2 33 35 Silver

300 Area Fillet Thallium No 0.316 0.5 mg/kg -- -- 35 Thallium

Columbia River Component Risk Assessment
Volume , Part 2: Screening-Level Ecological Risk Assessment
June 2012

3-55



Selection of Contaminants of
Potential Ecological Concern

DOE/RL-2010-117

Rev. 0

Table 3-29. Fish Fillet Nondetect Analysis. (3 Pages)

Indicator Minimum Maximum Target Number To Be Addressed in Not a Contaminant of Potential
Sub-Area Tissue Type Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N EcologicalConcern
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300 Area Fillet Uranium Yes 12.7 20 mg/kg 5 0 35 Uranium

300 Area Fillet alpha-Chlordane No 0.00546 0.0212 mg/kg -- -- 30 alpha-Chlordane

300 Area Fillet Endosulfan II No 0.00546 0.0212 mg/kg -- -- 30 Endosulfan II

300 Area Fillet Endosulfan sulfate No 0.00546 0.0212 mg/kg -- -- 30 Endosulfan sulfate

300 Area Fillet Endrin No 0.00546 0.0212 mg/kg -- -- 30 Endrin

300 Area Fillet Endrin aldehyde No 0.00546 0.0212 mg/kg -- -- 30 Endrin aldehyde

300 Area Fillet Endrin ketone No 0.00546 0.0212 mg/kg -- -- 30 Endrin ketone

300 Area Fillet gamma-Chllordane No 0.00546 0.0212 mg/kg -- -- 30 gamma-Chllordane

300 Area Fillet Heptachlor epoxide No 0.00546 0.0212 mg/kg -- -- 30 Heptachlor epoxide

300 Area Fillet Methoxychlor Yes 0.00546 0.0212 mg/kg 0.0165 23 30 Methoxyclor

300 Area Fillet Toxaphene No 0.082 0.318 mg/kg -- -- 30 Toxaphene

300 Area Fillet Americium-241 No 0.025 0.198 pCi/g -- -- 35 Americium-241

300 Area Fillet Barium-140 No 0.0006 0.878 pCi/g -- -- 9 Barium-140

300 Area Fillet Carbon-14 Yes -2.92 3.02 pCi/g 50 35 35 Carbon-14

300 Area Fillet Cerium-141 No 0.0001 0.1261 pCi/g -- -- 9 Cerium-141

300 Area Fillet Cobalt-57 No 0 0.0356 pCi/g -- -- 9 Cobalt-57

300 Area Fillet Cobalt-60 Yes -0.0089 0.083 pCi/g 0.05 63 69 Cobalt-60

300 Area Fillet Europium-152 No -0.0389 0.22 pCi/g -- -- 56 Europium-152

300 Area Fillet Europium-154 No -0.0334 0.272 pCi/g -- -- 58 Europium-154

300 Area Fillet Europium-155 No -0.0301 0.178 pCi/g -- -- 58 Europium-155

300 Area Fillet Iodine-131 No 0.0005 0.8386 pCi/g -- -- 9 Iodine-131

300 Area Fillet Lanthanum-140 No 0.0002 0.2925 pCi/g -- -- 9 Lanthanum-140

300 Area Fillet Niobium-95 No 0.0001 0.0579 pCi/g -- -- 9 Niobium-95

300 Area Fillet Plutonium-238 No -0.119 0.11 pCi/g -- -- 35 Plutonium-238

300 Area Fillet Plutonium-239/240 No -0.042 0.137 pCi/g -- -- 35 Plutonium-239/240

300 Area Fillet Strontium-90 Yes -0.175 0.091 pCi/g 1 35 35 Strontium-90

300 Area Fillet Technetium-99 No -0.133 0.253 pCi/g -- -- 35 Technetium-99

300 Area Fillet Tritium No -7.18 5.25 pCi/g -- -- 35 Tritium

300 Area Fillet Uranium-233/234 Yes -0.033 0.122 pCi/g 1 35 35 Uranium-233/234

300 Area Fillet Zinc-65 No 0.0001 0.1014 pCi/g -- -- 9 Zinc-65

300 Area Fillet Zirconium-95 No 0.0001 0.0852 pCi/g -- -- 9 Zirconium-95

Lake Wallula Fillet Beryllium Yes 0.127 0.185 mg/kg 0.05 0 31 Beryllium

Lake Wallula Fillet Bismuth No 6.33 9.26 mg/kg -- -- 31 Bismuth

Lake Wallula Fillet Boron No 1.27 1.85 mg/kg -- -- 31 Boron

Lake Wallula Fillet Molybdenum No 1.27 1.85 mg/kg -- -- 31 Molybdenum

Lake Wallula Fillet Silver Yes 0.127 0.185 mg/kg 0.2 31 31 Silver

Lake Wallula Fillet Thallium No 0.316 0.463 mg/kg -- -- 31 Thallium
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Table 3-29. Fish Fillet Nondetect Analysis. (3 Pages)

Indicator Minimum Maximum Target Number To Be Addressed in Not a Contaminant of Potential
Sub-Area Tissue Type Analyte Compound? Reporting Reporting Units Reporting Meeting Target Number Results Uncertainty Analysis N EcologicalConcern

Limit Limit Limit Reporting Limit

Lake Wallula Fillet Uranium Yes 12.7 18.5 mg/kg 5 0 31 Uranium

Lake Wallula Fillet alpha-BHC No 0.00492 0.021 mg/kg -- -- 31 alpha-BHC

Lake Wallula Fillet delta-BHC No 0.00492 0.021 mg/kg -- -- 31 delta-BHC

Lake Wallula Fillet Endosulfan I No 0.00492 0.021 mg/kg -- -- 31 Endosulfan I

Lake Wallula Fillet Endosulfan sulfate No 0.00492 0.021 mg/kg -- -- 31 Endosulfan sulfate

Lake Wallula Fillet Endrin No 0.00492 0.021 mg/kg -- -- 31 Endrin

Lake Wallula Fillet Endrin ketone No 0.00492 0.021 mg/kg -- -- 31 Endrin ketone

Lake Wallula Fillet gamma-Chlordane No 0.00492 0.021 mg/kg -- -- 31 gamma-Clordane

Lake Wallula Fillet Heptachlor epoxide No 0.00492 0.021 mg/kg -- -- 31 Heptachlor epoxide

Lake Wallula Fillet Methoxychlor Yes 0.00492 0.021 mg/kg 0.0165 27 31 Methoxyclor

Lake Wallula Fillet Toxaphene No 0.0739 0.315 mg/kg -- -- 31 Toxaphene

Lake Wallula Fillet Americium-241 No 0.026 0.181 pCi/g -- -- 31 Americium-241

Lake Wallula Fillet Carbon-14 Yes -1.57 4.98 pCi/g 50 31 31 Carbon-14

Lake Wallula Fillet Cesium-137 Yes 0.02 0.103 pCi/g 0.1 30 31 Cesium-137

Lake Wallula Fillet Cobalt-60 Yes 0.02 0.088 pCi/g 0.05 24 31 Cobalt-60

Lake Wallula Fillet Europium-152 No 0.054 0.227 pCi/g -- -- 31 Europium-152

Lake Wallula Fillet Europium-154 No 0.064 0.256 pCi/g -- -- 31 Europium-154

Lake Wallula Fillet Europium-155 No 0.045 0.193 pCi/g -- -- 31 Europium-155

Lake Wallula Fillet Plutonium-238 No -0.069 0.137 pCi/g -- -- 31 Plutonium-238

Lake Wallula Fillet Plutonium-239/240 No -0.034 0.1 pCi/g -- -- 31 Plutonium-239/240

Lake Wallula Fillet Strontium-90 Yes -0.093 0.051 pCi/g 1 31 31 Strontium-90

Lake Wallula Fillet Technetium-99 No -0.207 0.393 pCi/g -- -- 31 Technetium-99

Lake Wallula Fillet Uranium-233/234 Yes 0 0.117 pCi/g 1 31 31 Uranium-233/234

Lake Wallula Fillet Uranium-235 Yes -0.023 0.438 pCi/g 1 62 62 Uranium-235

Lake Wallula Fillet Uranium-238 Yes -0.028 10.3 pCi/g 1 31 62 Uranium-238
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

-= not applicable

BHC = benzene hexachloride
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Table 3-30. Fish Liver and Kidney Nondetect Analysis. (2 Pages)

Indicator Minimum Maximum Target Number Number To Be Addressed in Not a Contaminant of Potential
Sub-Area Tissue Type Analyte Compound? Reporting Reporting Units Reporting Meeting Target Results Uncertainty Analysis N EcologicalConcern

Limit Limit Limit Reporting Limit

100 Area Liver/Kidney Bismuth No 0.949 9.8 mg/kg -- -- 49 Bismuth

100 Area Liver/Kidney Boron No 1.25 1.96 mg/kg -- -- 49 Boron

100 Area Liver/Kidney Cobalt No 1.25 2.73 mg/kg -- -- 49 Cobalt

100 Area Liver/Kidney Lithium No 1.27 2.45 mg/kg -- -- 49 Lithium

100 Area Liver/Kidney alpha-BHC No 0.00546 0.0106 mg/kg -- -- 10 alpha-BHC

100 Area Liver/Kidney delta-BHC No 0.00546 0.0106 mg/kg -- -- 10 delta-BHC

100 Area Liver/Kidney Heptachlor epoxide No 0.00546 0.0106 mg/kg -- -- 10 Heptachlor epoxide

100 Area Liver/Kidney Toxaphene No 0.082 0.159 mg/kg -- -- 10 Toxaphene

100 Area Liver/Kidney Americium-241 No 0.027 0.752 pCi/g -- -- 49 Americium-241

100 Area Liver/Kidney Cesium-137 Yes 0.029 0.361 pCi/g 0.1 37 49 Cesium-137

100 Area Liver/Kidney Cobalt-60 Yes 0.027 0.294 pCi/g 0.05 18 49 Cobalt-60

100 Area Liver/Kidney Europium-152 No 0.076 0.504 pCi/g -- -- 49 Europium-152

100 Area Liver/Kidney Europium-154 No 0.074 0.687 pCi/g -- -- 49 Europium-154

100 Area Liver/Kidney Europium-155 No 0.054 0.462 pCi/g -- -- 49 Europium-155

100 Area Liver/Kidney Plutonium-238 No -0.094 0.087 pCi/g -- -- 49 Plutonium-238

100 Area Liver/Kidney Plutonium-239/240 No -0.027 0.046 pCi/g -- -- 49 Plutonium-239/240

100 Area Liver/Kidney Technetium-99 No -0.153 0.26 pCi/g -- -- 49 Technetium-99

100 Area Liver/Kidney Tritium No -5.53 6.59 pCi/g -- -- 49 Tritium

100 Area Liver/Kidney Uranium-233/234 Yes -0.034 0.225 pCi/g 1 49 49 Uranium-233/234

100 Area Liver/Kidney Uranium-235 Yes -0.006 1.04 pCi/g 1 97 98 Uranium-235

100 Area Liver/Kidney Uranium-238 Yes -0.026 28.9 pCi/g 1 49 98 Uranium-238

300 Area Liver/Kidney Beryllium Yes 0.008 0.2 mg/kg 0.05 12 69 Beryllium

300 Area Liver/Kidney Bismuth No 0.974 10 mg/kg -- -- 50 Bismuth

300 Area Liver/Kidney Boron No 1.25 2 mg/kg -- -- 50 Boron

300 Area Liver/Kidney Cobalt No 1.25 2.78 mg/kg -- -- 50 Cobalt

300 Area Liver/Kidney Lithium No 0.637 2.5 mg/kg -- -- 50 Lithium

300 Area Liver/Kidney Aldrin No 0.00561 0.0192 mg/kg -- -- 9 Aldrin

300 Area Liver/Kidney alpha-BHC No 0.00561 0.0192 mg/kg -- -- 9 alpha-BHC

300 Area Liver/Kidney Endosulfan sulfate No 0.00561 0.0192 mg/kg -- -- 9 Endosulfan sulfate

300 Area Liver/Kidney Heptachlor No 0.00561 0.0192 mg/kg -- -- 9 Heptachlor

300 Area Liver/Kidney Toxaphene No 0.0843 0.289 mg/kg -- -- 9 Toxaphene

300 Area Liver/Kidney Americium-241 No 0.03 0.633 pCi/g -- -- 50 Americium-241

300 Area Liver/Kidney Carbon-14 Yes -3.44 5.62 pCi/g 50 50 50 Carbon-14

300 Area Liver/Kidney Cobalt-60 Yes 0.021 0.297 pCi/g 0.05 20 50 Cobalt-60

300 Area Liver/Kidney Europium-152 No 0.063 0.648 pCi/g -- -- 50 Europium-152

300 Area Liver/Kidney Europium-154 No 0.058 0.75 pCi/g -- -- 50 Europium-154
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Table 3-30. Fish Liver and Kidney Nondetect Analysis. (2 Pages)

Indicator Minimum Maximum Target Number Number To Be Addressed in Not a Contaminant of Potential
Sub-Area Tissue Type Analyte Compound? Reporting Reporting Units Reporting Meeting Target Results Uncertainty Analysis N EcologicalConcern

Limit Limit Limit Reporting Limit

300 Area Liver/Kidney Europium-155 No 0.048 0.509 pCi/g -- -- 50 Europium-155

300 Area Liver/Kidney Plutonium-238 No -0.101 0.12 pCi/g -- -- 50 Plutonium-238

300 Area Liver/Kidney Plutonium-239/240 No -0.035 0.082 pCi/g -- -- 50 Plutonium-239/240

300 Area Liver/Kidney Strontium-90 Yes -0.15 0.075 pCi/g 1 50 50 Strontium-90

300 Area Liver/Kidney Uranium-233/234 Yes -0.035 0.107 pCi/g 1 50 50 Uranium-233/234

300 Area Liver/Kidney Uranium-235 Yes -0.012 1.17 pCi/g 1 99 100 Uranium-235

300 Area Liver/Kidney Uranium-238 Yes -0.011 32.2 pCi/g 1 50 100 Uranium-238

Lake Wallula Liver/Kidney Antimony Yes 0.375 0.806 mg/kg 0.6 37 42 Antimony

Lake Wallula Liver/Kidney Beryllium Yes 0.125 0.189 mg/kg 0.05 0 42 Beryllium

Lake Wallula Liver/Kidney Bismuth No 0.949 9.43 mg/kg -- -- 42 Bismuth

Lake Wallula Liver/Kidney Boron No 1.25 1.89 mg/kg -- -- 42 Boron

Lake Wallula Liver/Kidney Cobalt No 1.25 2.42 mg/kg -- -- 42 Cobalt

Lake Wallula Liver/Kidney Lead Yes 0.312 0.806 mg/kg 0.5 37 42 Lead

Lake Wallula Liver/Kidney Uranium Yes 2.1 18.9 mg/kg 5 1 42 Uranium

Lake Wallula Liver/Kidney Americium-241 No 0.023 0.64 pCi/g -- -- 42 Americium-241

Lake Wallula Liver/Kidney Cesium-137 Yes 0.026 0.235 pCi/g 0.1 33 42 Cesium-137

Lake Wallula Liver/Kidney Cobalt-60 Yes 0.028 0.292 pCi/g 0.05 12 42 Cobalt-60

Lake Wallula Liver/Kidney Europium-152 No 0.067 0.546 pCi/g -- -- 42 Europium-152

Lake Wallula Liver/Kidney Europium-154 No 0.085 0.702 pCi/g -- -- 42 Europium-154

Lake Wallula Liver/Kidney Europium-155 No 0.05 0.375 pCi/g -- -- 42 Europium-55

Lake Wallula Liver/Kidney Plutonium-238 No -0.078 0.103 pCi/g -- -- 42 Plutonium-238

Lake Wallula Liver/Kidney Plutonium-239/240 No -0.032 0.068 pCi/g -- -- 42 Plutonium-239/240

Lake Wallula Liver/Kidney Strontium-90 Yes -0.155 0.206 pCi/g 1 42 42 Strontium-90

Lake Wallula Liver/Kidney Technetium-99 No -0.084 0.262 pCi/g -- -- 42 Technetium-99

Lake Wallula Liver/Kidney Tritium No -8.09 6.57 pCi/g -- -- 42 Tritium

Lake Wallula Liver/Kidney Uranium-233/234 Yes -0.028 0.082 pCi/g 1 42 42 Uranium-233/234

Lake Wallula Liver/Kidney Uranium-235 Yes 0 0.959 pCi/g 1 84 84 Uranium-235

Lake Wallula Liver/Kidney Uranium-238 Yes -0.004 31.7 pCi/g 1 42 84 Uranium-238
a Nondetect constituents that were not sampling and analysis plan indicator compounds, or which did not meet their required reporting limits, were retained as "Uncertain COPECs" for qualitative evaluation in the Uncertainty Analysis (Section 10.0).

-= not applicable
BHC = benzene hexachloride
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Table 4-1. Fish Species in the Hanford Reach of
the Columbia River. a

Common Name Scientific Name
American shad Alosa sapidissima
Black bullhead Ameiurus melas
Black crappie Pomoxis nigromaculatus
Blue catfish Ictalurusfurcatus
Bluegill Lepomis macrochirus
Bridgelip sucker Catostomus columbianus
Brown bullhead Ictalurus nebulosus
Burbot Lota Iota
Carp Cyprinus carpio

Channel catfish Ictalurus punctatus
Chinook salmon Oncorhynchus tshawytscha
Chiselmouth Acrocheilus alutaceus
Coho salmon Oncorhynchus kisutch
Cutthroat trout Oncorhynchus clarki
Dolly Varden Salvelinus malma
Lake whitefish Coregonus clupeaformis
Largemouth bass Micropterus salmoides
Largescale sucker Catostomus macrocheilus

Leopard dace Rhinichthysfalcatus
Longnose dace Rhinichthys cataractae
Mottled sculpin Cottus bairdi
Mountain sucker Catostomus platyrhynchus
Mountain whitefish Prosopium williamsoni
Northern pikeminnow Ptychocheilus oregonensis
Pacific lamprey Entosphenus tridentatus
Peamouth Mylocheilus caurinus
Paiute sculpin Cottus heldingi
Prickly sculpin Cottus asper
Pumpkinseed Lepomis gibbosus
Rainbow trout (steelhead) Oncorhynchus mykiss
Redside shiner Richardsonius balteatus
Reticulate sculpin Cottus perplexus
River lamprey Lampetra ayresi
Sandroller Percopsis transmontana

Smallmouth bass Micropterus dolomieui
Sockeye salmon Oncorhynchus nerka
Speckled dace Rhinichthys osculus
Tench Tinca tinca
Threespine stickleback Gasterosteus aculeatus
Torrent sculpin Cottus rotheus
Walleye Stizostedion vitreum
White crappie Pomoxis annularis
White sturgeon Acipenser transmontanus
Yellow perch Percaflavescens

Yellow bullhead Ameiuruss natalis

U.S. Fish and Wildlife Service, 2008, Hanford Reach National Monument Final
Comprehensive Conservation Plan & Environmental Impact Statement, Appendix J.
Available at http://www.fws.gov/hanfordreach/documents/finalccp/appendix-j.pdf.
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Table 4-2. Federal and Washington State Listed Endangered, Threatened,
Sensitive, and Candidate Species Occurring or Potentially Occurring

on the Hanford Site. a (3 Pages)

Common Name Scientific Name Federal Status b State Status b

Plants

Awned halfchaff sedge Lipocarpha (= Hemicarpha) aristulata -- Threatened

Beaked spike-rush Eleocharis rostellata -- Sensitive

Canadian St. John's wort Hypericum majus -- Sensitive

Chaffweed Anagallis (= Centunculus)minimus -- Threatened

Columbia milkvetch Astragalus columbianus Species of concern Sensitive

Columbia yellowcress Rorippa columbiae Species of concern Endangered

Coyote tobacco Nicotiana attenuata -- Sensitive

Desert dodder Cuscuta denticulata -- Threatened

Desert evening-primrose Oenothera caespitosa -- Sensitive

Dwarf evening primrose Camissonia (= Oenothera)pygmaea -- Sensitive

Fuzzytongue penstemon Penstemon eriantherus whitedii -- Sensitive

Geyer's milkvetch Astragalus geyeri -- Threatened

Grand redstem Ammannia robusta -- Threatened

Gray cryptantha Cryptantha leucophaea Species of concern Sensitive

Great Basin gilia Aliciella (= Gilia) leptomeria -- Threatened

Hoover's desert parsley Lomatium tuberosum Species of concern Sensitive

Loeflingia Loeflingia squarrosa var. squarrosa -- Threatened

Lowland toothcup Rotala ramosior -- Threatened

Desert cryptantha Cryptantha scoparia -- Sensitive

Piper's daisy Erigeron piperianus -- Sensitive

Rosy pussypaws Cistanthe (= Calyptridium) roseum -- Threatened

Small-flowered evening-primrose Camissonia (= Oenothera) minor -- Sensitive

Snake River cryptantha Cryptantha spiculifera (= C. interrupta) -- Sensitive

Suksdorfs monkey flower Mimulus suksdorfi -- Sensitive

Umtanum desert buckwheat Eriogonum codium Candidate Endangered

White Bluffs bladderpod Physaria (= Lesquerella) douglasii Candidate Threatened
ssp.tuplashensis

White eatonella Eatonella nivea -- Threatened

Mollusks

California floater Anodonta californiensis Species of concern Candidate

Great Columbia River spire snail Fluminicola columbiana Species of concern Candidate

Shortfaced lanx Fisherola nuttalli -- Candidate

Insects

Columbia River tiger beetle' Cicindela columbica -- Candidate

Silver-bordered fritillary Boloria selene atrocostalis -- Candidate
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Table 4-2. Federal and Washington State Listed Endangered, Threatened,
Sensitive, and Candidate Species Occurring or Potentially Occurring

on the Hanford Site. a (3 Pages)

Common Name Scientific Name Federal Status b State Status b

Fish

Bull trout d Salvelinus confluentus Threatened Candidate

Leopard dace d Rhinichthysflacatus -- Candidate

Mountain sucker d Catastomus platyrhynchus -- Candidate

River lamprey d Lampetra ayresi Species of concern Candidate

Spring-run Chinook salmon Oncorhynchus tshawytscha Endangered Candidate

Steelhead Oncorhynchus mykiss Threatened Candidate

Amphibians and Reptiles

Sagebrush lizard Sceloporus graciosus Species of concern Candidate

Striped whipsnake Masticophis taeniatus -- Candidate

Western toad Bufo boreas -- Candidate

Birds

American white pelican Pelecanus erythrorhynchos -- Endangered

Bald eagle Haliaeetus leucocephalus Species of concern Sensitive'

Burrowing owl Athene cunicularia Species of concern Candidate

Common loon Gavia immer -- Sensitive

Ferruginous hawk Buteo regalis Species of concern Threatened

Flamulated owl d Otusflammeolus -- Candidate

Golden eagle Aquila chrysaetos -- Candidate

Greater sage grouse Centrocercus urophasianus Candidate Threatened

Lewis's woodpecker d Melanerpes lewis -- Candidate

Loggerhead shrike Lanius ludovicianus Species of concern Candidate

Merlin Falco columbarius -- Candidate

Northern goshawk d Accipter gentilis Species of concern Candidate

Olive-sided flycatcher Contopus cooperi Species of concern

Peregrine falcon Falco peregrinus Species of concern Sensitive

Sage sparrow Amphispiza belli -- Candidate

Sage thrasher Oreoscoptes montanus -- Candidate

Sandhill crane Grus canadensis -- Endangered

Western grebe Aechmophorus occidentalis -- Candidate

Mammals

Black-tailed jackrabbit Lepus californicus -- Candidate

Merriam's shrew Sorex merriami -- Candidate
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Rev. 0Habitat Description

Table 4-2. Federal and Washington State Listed Endangered, Threatened,
Sensitive, and Candidate Species Occurring or Potentially Occurring

on the Hanford Site. a (3 Pages)

Common Name Scientific Name Federal Status b State Status b

Townsend's ground squirrel Spermophilus townsendii Species of concern Candidate

Washington ground squirrel d Sperm ophilus washingtoni Candidate Candidate

White-tailed jackrabbit Lepus townsendii -- Candidate

PNNL-18427, 2009, Hanford Site Environmental Surveillance Data Reportfor Calendar Year 2008, Pacific Northwest National
Laboratory, Richland, Washington. Available at http://www.pnl.gov/main/publications/external/technicalreports/PNNL-
18427app1.pdf.
Endangered = species in danger of extinction within all or a significant portion of its range.
Threatened = species likely to become endangered in the foreseeable future.
Candidate = species that are believed to qualify for threatened or endangered species status, but for which listing proposals have not
been prepared.
Sensitive = taxa that are vulnerable or declining and could become endangered or threatened without active management or removal of
threats.
Species of concern = species that are not currently listed or candidates under the Endangered Species Act, but are of conservation
concern within specific U.S. Fish and Wildlife Service regions.
Probable, but not observed, on the Hanford Site.

d Reported, but seldom observed, on the Hanford Site.
Reclassified in January 2008.

-- Not applicable; not a federally listed species.
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Table 5-1. Screening-Level Ecological Risk Assessment Endpoints
and Measures of Effect.

Habitat Type Assessment Endpoint Measure of Effect

Aquatic habitat Survival, growth, and reproduction of fish Aquatic life water quality criteria and literature
NOECs
Tissue residue effects concentrations
Fish condition factor analysis
Fish tissue histology

Survival, growth, and reproduction of aquatic Aquatic life water quality criteria and literature
plants NOECs

Survival, growth, and reproduction of algae Aquatic life water quality criteria and literature
(phytoplankton and periphyton) and NOECs
zooplankton

Survival, growth, and reproduction of Aquatic life water quality criteria and literature
amphibians NOECs

Survival, growth, and reproduction of benthic Sediment NOECs
organisms

Terrestrial habitat Survival, growth, and reproduction of soil Invertebrate-based soil NOECs
invertebrates

Survival, growth, and reproduction of Plant-based soil NOECs
terrestrial plants

Survival, growth, and reproduction of Mammal-based soil NOECs
mammals

Survival, growth, and reproduction of birds Avian-based soil NOECs

NOEC = no observed effect concentration
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Table 6-1. Aquatic Biota No Observed Effect Concentrations for Surface Water and
Porewater Contaminants of Potential Ecological Concern. (3 Pages)

Constituent Name Idenstituion NOEC Source NOEC Units Notes

1,2-Dichloroethane 107-06-2 ES/ER/TM-96/R2 0.91 mg/L Tier II SCV
1,4-Dichlorobenzene 106-46-7 ES/ER/TM-96/R2 0.015 mg/L Tier II SCV
Acetone 67-64-1 ES/ER/TM-96/R2 1.5 mg/L Tier II SCV
Aluminum 7429-90-5 EPA 2009 0.087 mg/L WQC CCC
Arsenic 7440-38-2 EPA 2009 0.15 mg/L WQC CCC
Barium 7440-39-3 MDEQ 2008 0.364 mg/L Michigan hardness-based value at hardness of 84 mg/L
Cadmium 7440-43-9 EPA 2009 0.00022 mg/L WQC CCC. Hardness adjusted to 84 mg/L, average for

Columbia River
Cesium-137 10045-97-3 DOE 2009 42.6 pCi/L Riparian animal BCG
Chloride 16887-00-6 EPA 2009 230 mg/L --
Chloroform 67-66-3 ES/ER/TM-96/R2 0.028 mg/L Tier II SCV
Chromium 7440-47-3 EPA 2009 0.064 mg/L WQC CCC. Hardness adjusted to 84 mg/L, average for

Columbia River
Chrysene 218-01-9 EPA 440/5-86-001 0.03 mg/L 10% of marine AWQC CMC
Cobalt 7440-48-4 ES/ER/TM-96/R2 0.023 mg/L Tier II SCV
Cobalt-60 10198-40-0 DOE 2009 3,760 pCi/L Aquatic animal BCG
Copper 7440-50-8 EPA 2006 0.01 mg/L WQC CCC. Hardness adjusted to 84 mg/L, average for

Columbia River
Fluoride 16984-48-8 BCMOE 1990 0.3 mg/L Tentative criterion
Hexavalent chromium 18540-29-9 WAC 173-201A 0.01 mg/L WQC CCC
Lead 7439-92-1 EPA 2009 0.0021 mg/L WQC CCC. Hardness adjusted to 84 mg/L, average for

Columbia River
Manganese 7439-96-5 ES/ER/TM-96/R2 0.12 mg/L Tier II SCV
Mercury 7439-97-6 WAC 173-201A 0.000012 mg/L WQC - inorganic mercury CCC. Based on fish tissue effects

on human health
Nickel 7440-02-0 EPA 2009 0.045 mg/L WQC CCC. Hardness adjusted to 84 mg/L, average for

Columbia River
Nitrate 14797-55-8 McGurk et al. 2006 7.1 mg/L Chronic NOEC for fish. Camargo et al. 2005 suggests that

8.86 mg/L is protective of most aquatic species
Nitrite 14797-65-0 Neuman et al. 2001 0.098 mg/L UF of 5 applied to study LOEC of 0.49 mg/L for significant

reduction in chironomid development
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Table 6-1. Aquatic Biota No Observed Effect Concentrations for Surface Water and
Porewater Contaminants of Potential Ecological Concern. (3 Pages)

Constituent Name Idenstituion NOEC Source NOEC Units Notes

Phosphorus 7723-14-0 Blindow 1988 1 mg/L Plant value; no effect on growth
Phosphate 14265-44-2 Blindow 1988 1 mg/L No value available; phosphorus used as a surrogate
Plutonium-238 13981-16-3 DOE 2009 176 pCi/L Aquatic animal BCG
Plutonium-239/240 PU-239/240 DOE 2009 187 pCi/L Aquatic animal BCG. Value for Pu-239
Selenium 7782-49-2 WAC 173-201A 0.005 mg/L WQC CCC
Silver 7440-22-4 ES/ER/TM-96/R2 0.00036 mg/L Tier II SCV
Strontium-90 10098-97-2 DOE 2009 287 pCi/L Riparian animal BCG
Technetium-99 14133-76-7 DOE 2009 667,000 pCi/L Riparian animal BCG
Total PCBs Total PCB ES/ER/TM-96/R2 0.00014 mg/L Tier II SCV
Total petroleum hydrocarbons - TPHDIESEL CRWQCB 2003 0.5 mg/L TPH value
diesel range
Trichloroethene 79-01-6 ES/ER/TM-96/R2 0.047 mg/L Tier II SCV
Tritium 10028-17-8 DOE 2009 265,000,000 pCi/L Riparian animal BCG
Uranium 7440-61-1 Sheppard et al. 2005 0.005 mg/L Summary paper reflecting data from many sources. Effect

levels span nearly three orders of magnitude (3 gg/L to
900 gg/L), reflecting considerable uncertainty in selection of a
no-effect concentration. The value selected is a probable no-
effect concentration and is the 5th percentile of the toxicity
data set

Uranium-233/234 U-233/234 DOE 2009 202 pCi/L Value for U-234; same CAS no. Aquatic animal BCG
Uranium-234 13966-29-5 DOE 2009 202 pCi/L Aquatic animal BCG
Uranium-235 15117-96-1 DOE 2009 217 pCi/L Aquatic animal BCG
Uranium-238 U-238 DOE 2009 223 pCi/L Aquatic animal BCG
Vanadium 7440-62-2 Stendahl and Sprague 1982 0.04 mg/L UF of 50 applied to study LC50 of 2 mg/L for effects on trout
Xylenes (total) 1330-20-7 ES/ER/TM-96/R2 0.013 mg/L Tier II SCV
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Table 6-1. Aquatic Biota No Observed Effect Concentrations for Surface Water and
Porewater Contaminants of Potential Ecological Concern. (3 Pages)

Constituent Name Constituent NOEC Source NOEC Units NotesIdentification
Zinc 7440-66-6 WAC 173-201A 0.09 mg/L Washington chronic WQS. Hardness adjusted to 84 mg/L,

average for Columbia River

-- = not applicable NOEC = no observed effect concentration
AWQC = ambient water quality criteria PCB = polychlorinated biphenyl
BCG = biota concentration guideline SCV = secondary chronic value
CAS = Chemical Abstract Services TPH = total petroleum hydrocarbons
CCC = criterion continuous concentration UF = uncertainty factor
CMC = criterion maximum concentration WQC = water quality criteria
LC = lethal concentration WQS = water quality standard
LOEC = lowest observed effect concentration

Blindow, I., 1988, "Phosphorous toxicity in Chara," Aquat. Bot. 32:393-395.
BCMOE, 1990, Ambient Water Quality Criteria for Fluoride, British Columbia Ministry of the Environment.

California Regional Water Quality Control Board (CRWQCB), 2003.
Camargo, J. A., A. Alonso, and A. Salamanca, 2005, "Nitrate Toxicity to Aquatic Animals: A Review With New Data for Freshwater Invertebrates," Chemosphere 58:1255-1267.
DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines. Available at http://web.ead.anl.gov/resrad/home2/index.cfm.

EPA, 2006, National Recommended Water Quality Criteria, Office of Water, Washington, D.C. Value for copper only.

EPA, 2009, National Recommended Water Quality Criteria, U.S. Environmental Protection Agency, Washington, D.C.
EPA 440/5-86-001, 1986, Quality Criteriafor Water (the Gold Book), U.S. Environmental Protection Agency, Washington, D.C.
ES/ERITM-96/R2, 1996, Toxicological Benchmarksfor Screening Potential Contaminants of Concernfor Effects on Aquatic Biota: 1996 Revision, Oak Ridge National Laboratory,
Oak Ridge, Tennessee.

McGurk, M. D., F. Landry, A. Tang, and C. C. Hanks, 2006, "Acute and Chronic Toxicity of Nitrate to Early Life Stages of Lake Trout (Salvelinus namaycush) and Lake Whitefish
(coregonus clupeanformis)," Env. Sci. Tox. 25(8):2187-2196.
MDEQ, 2008, Rule 57 Water Quality Values, Michigan Department of Environmental Quality, Lansing, Michigan. Available at
http://michigan.gov/deq/0,1607,7-135-3313_3686_3728-11383--,00.html.

Neumann, D., M. Kramer, I. Raschke, and G. Graefe, 2001, "Detrimental Effects of Nitrite on the Development of Benthic Chironomus Larvae, in Relation to their Settlement in Muddy
Sediments," Archiv. Hydrobiol. 153(1):103-128.
Sheppard, S. C., M. I. Sheppard, M. 0. Gallerand, and B. Sanipelli, 2005, "Derivation of Ecotoxicity Thresholds for Uranium," J. Environ. Radioactivity. 79(1):55-83.
Stendahl, D. and J. Sprague, 1982, "Effects of Water Hardness and pH on Vanadium Lethality to Rainbow Trout," Water Research 16:1479-1488.
WAC 173-20 lA, 2006, "Water Quality Standards for Surface Waters of the State of Washington," Washington Administrative Code.
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Table 6-2. Sediment Biota No Observed Effect Concentrations for Sediment
Contaminants of Potential Ecological Concern. (2 Pages)

Constituent Name Constituion NOEC Source NOEC Units Notes

Acetone 67-64-1 ES/ER/TM-95/R4 0.0087 mg/kg EqP at 1% TOC
alpha-BHC 319-84-6 OMOE 1993 0.006 mg/kg Lowest effect level
Carbon-14 14762-75-5 DOE 2009 59,000 pCi/g --

Cesium-137 10045-97-3 DOE 2009 3,120 pCi/g --

Chromium 7440-47-3 Michelsen 2011 72 mg/kg Table ES-I in source. Sediment quality standard
Cobalt-57 13981-50-5 DOE 2009 1,460 pCi/g No BCG available; value for Co-60 used. Riparian

animal sediment
Cobalt-60 10198-40-0 DOE 2009 1,460 pCi/g Riparian animal sediment
delta-BHC 319-86-8 ES/ER/TM-95/R4 0.12 mg/kg EqP at 1% TOC
Dichlorodiphenyldichloroethane 72-54-8 Michelsen 2011 0.310 mg/kg Table ES-1 in source. Sediment quality standard
Endosulfan sulfate 1031-07-8 EPA Region 5 0.034 mg/kg Based on equilibrium partitioning
Europium-152 14683-23-9 DOE 2009 3,040 pCi/g --

Europium-154 15585-10-1 DOE 2009 2,570 pCi/g --

Heptachlor epoxide 1024-57-3 MacDonald et al. 2000 0.0025 mg/kg Threshold effect level
Lead 7439-92-1 Michelsen 2011 360 mg/kg Table ES-1 in source. Sediment quality standard
Mercury 7439-97-6 Michelsen 2011 0.66 mg/kg Table ES-1 in source. Sediment quality standard
Molybdenum 7439-98-7 Crommentuijn et al. 250 mg/kg Maximum permissible concentration

2000
Phosphorus 7723-14-0 OMOE 1993 600 mg/kg Lowest effect level
Plutonium-239/240 PU-239/240 DOE 2009 5,860 pCi/g Value for Pu-239
Selenium 7782-49-2 Michelsen 2011 11 mg/kg Table 5-1 in source. Sediment quality value
Silver 7440-22-4 Michelsen 2011 0.57 mg/kg Table 5-1 in source. Sediment quality value
Strontium-90 10098-97-2 DOE 2009 582 pCi/g --

Technetium-99 14133-76-7 DOE 2009 42,200 pCi/g --

Thallium 7440-28-0 Crommentuijn et al. 2.6 mg/kg Maximum permissible concentration
2000

Toluene 108-88-3 ORNL 1997 0.05 mg/kg EqP at 1% TOC
Total PCBs TotalPCB Michelsen 2011 0.11 mg/kg Table ES-1 in source. Sediment quality standard
Total petroleum hydrocarbons - TPHDIESEL Michelsen 2011 340 mg/kg Table ES-1 in source. Sediment quality standard
diesel range
Total petroleum hydrocarbons - TPH/OILH Michelsen 2011 3,600 mg/kg Table ES-1 in source. Sediment quality standard
motor oil (high boiling)
Tritium 10028-17-8 DOE 2009 374,000 pCi/g --
Uranium 7440-61-1 Sheppard et al. 2005 100 mg/kg Aggregate value
Uranium-233/234 U-233/234 DOE 2009 5,270 pCi/g Value is for U-234; lower of U-233 and U-234
Uranium-234 13966-29-5 DOE 2009 5,270 pCi/g Riparian animal sediment
Uranium-235 15117-96-1 DOE 2009 3,730 pCi/g Riparian animal sediment
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Table 6-2. Sediment Biota No Observed Effect Concentrations for Sediment
Contaminants of Potential Ecological Concern. (2 Pages)

Constituent
Constituent Name Identification NOEC Source NOEC Units Notes

Uranium-238 U-238 DOE 2009 2,490 pCi/g Riparian animal sediment

-- = not applicable NOEC = no observed effect concentration
BCG = biota concentration guideline PCB = polychlorinated biphenyl
BHC = benzene hexachloride TOC = total organic carbon
EqP = equilibrium partitioning

Crommentuijn, D, D. Sijm, J. de Bruijn, M. van den Hoop, K. van Leeuwen, and E. van de Plassche, 2000, "Maximum Permissible and Negligible Concentration for Metals and
Metalloids in the Netherlands, Taking into Account Background Concentrations," J. Environ. Manage. 60(2):121-143.

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines. Available at http://web.ead.anl.gov/resrad/home2/index.cfm.

EPA, Region 5, 2003, Ecological Screening Levels, Most Sediment Values Based on Equilibrium Partitioning. Website version: www.epa.gov/reg5rcra/ca/edql.htm.
ES/ERITM-95/R4, 1997, Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment-Associated Biota: 1997 Revision, Oak Ridge National
Laboratory, Oak Ridge, Tennessee.

MacDonald, D. D., C. G. Ingersoll, and T. A. Berger, 2000, "Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems," Arch. Environ.
Con. Tox. 39:20-3 1.
Michelsen, T., 2011, Development of Benthic SQVsfor Freshwater Sediments in Washington, Oregon, and Idaho, Publication No. 11-09-05, Prepared for the Washington Department of
Ecology, Toxics Cleanup Program, Sediment Management Unit by Avocet Consulting, Olympia, Washington.

OMOE, 1993, Guidelinesfor the Protection and Management ofAquatic Sediment Quality in Ontario, Ontario Ministry of the Environment, Queen's Printer of Ontario, Ontario, Canada.

Sheppard, S. C., M. I. Sheppard, M. 0. Gallerand, and B. Sanipelli, 2005, "Derivation of Ecotoxicity Thresholds for Uranium," J. Environ. Radioactivity. 79(1):55-83.

Van Derveer, W. D. and S. P. Canton, 1997, Selenium Sediment Toxicity Thresholds and Derivation of Water Quality Criteria for Freshwater Biota of Western Streams,
Env. Tox & Chem. 16(6): 1260 - 1268.
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Table 6-3. Plant No Observed Effect Concentrations for Soil Contaminants
of Potential Ecological Concern. (2 Pages)

Constituent Name Idenstitueon NOEC Source NOEC Units Notes

alpha-BHC 319-84-6 WAC 173-340-900, Table 749-3 10 mg/kg --

Arsenic 7440-38-2 WAC 173-340-900, Table 749-3 10 mg/kg --

Carbon-14 14762-75-5 DOE 2009 60,700 pCi/g Terrestrial plant BCG
Cesium-137 10045-97-3 DOE 2009 2,210 pCi/g Terrestrial plant BCG
Chromium 7440-47-3 WAC 173-340-900, Table 749-3 42 mg/kg --
Cobalt-60 10198-40-0 DOE 2009 6,130 pCi/g Terrestrial plant BCG
Dichlorodiphenyldichloroethane 72-54-8 OSWER Directive 9285.7-57 7.1 mg/kg EPA SSL
Dichlorodiphenyltrichloroethane 50-29-3 OSWER Directive 9285.7-57 7.1 mg/kg No SSL; value is lowest value from SSL plant data

set
Diethylphthalate 84-66-2 WAC 173-340-900, Table 749-3 100 mg/kg --
Europium-152 14683-23-9 DOE 2009 14,700 pCi/g Terrestrial plant BCG
Heptachlor epoxide 1024-57-3 LA-UR-08-6673 0.4 mg/kg --

Hexavalent chromium 18540-29-9 LA-UR-08-6673 0.35 mg/kg --

Lead 7439-92-1 WAC 173-340-900, Table 749-3 50 mg/kg --

Lithium 7439-93-2 WAC 173-340-900, Table 749-3 35 mg/kg WAC value is Washington State. Background
Mercury 7439-97-6 WAC 173-340-900, Table 749-3. 0.3 mg/kg LANL NOEC is 34 mg/kg
Molybdenum 7439-98-7 WAC 173-340-900, Table 749-3 2 mg/kg --
Nickel 7440-02-0 OSWER Directive 9285.7-76 38 mg/kg EPA plant SSL
Total PCBs TotalPCB WAC 173-340-900, Table 749-3 40 mg/kg Value is from ORNL and has low confidence
Plutonium-239/240 PU-239/240 DOE 2009 12,700 pCi/g Terrestrial plant BCG for Pu-239
Selenium 7782-49-2 OSWER Directive 9285.7-72 0.52 mg/kg EPA SSL
Silver 7440-22-4 OSWER Directive 9285.7-77 560 mg/kg EPA SSL
Strontium-90 10098-97-2 DOE 2009 3,580 pCi/g Terrestrial plant BCG
Technetium-99 14133-76-7 DOE 2009 21,900 pCi/g --

Thallium 7440-28-0 LA-UR-08-6673 0.1 mg/kg --

Toluene 108-88-3 ES/ER/TM-85/R3 200 mg/kg --

Tritium 10028-17-8 DOE 2009 1,680,000 pCi/g --

Uranium 7440-61-1 Sheppard et al. 2005 250 mg/kg --

Uranium-233/234 U-233/234 DOE 2009 51,600 pCi/g Value for U-234. Terrestrial plant BCG
Uranium-234 13966-29-5 DOE 2009 51,600 pCi/g --
Uranium-235 15117-96-1 DOE 2009 27,400 pCi/g Terrestrial plant BCG
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Table 6-3. Plant No Observed Effect Concentrations for Soil Contaminants
of Potential Ecological Concern. (2 Pages)

Constituent
Constituent Name Contitin NOEC Source NOEC Units Notes

Identification
Uranium-238 U-238 DOE 2009 15,700 pCi/g Terrestrial plant BCG
-- = not applicable NOEC = no observed effect concentration
BCG = biota concentration guideline ORNL = Oak Ridge National Laboratory
BHC = benzene hexachloride PCB = polychlorinated biphenyl
EPA = U.S. Environmental Protection Agency SSL = soil screening level
LANL = Los Alamos National Laboratory WAC = Washington Administrative Code

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines. Available at http://web.ead.anl.gov/resrad/home2/index.cfm.
ES/ER/TM-85/R3, 1997, Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Terrestrial Plants: 1997 Revision, Oak Ridge National Laboratory,
Oak Ridge, Tennessee.
LA-UR-08-6673, 2008, Ecorisk Database, Release 2.3, Los Alamos National Laboratory, Los Alamos, New Mexico.

OSWER Directive 9285.7-57, 2007, Ecological Soil Screening Levelfor DDT & Metabolites, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.
OSWER Directive 9285.7-72, 2007, Ecological Soil Screening Levelfor Selenium, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, D.C.
OSWER Directive 285.7-76, 2005, Ecological Soil Screening Levelsfor Nickel: Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.
OSWER Directive 9285.7-77, 2006, Ecological Soil Screening Levelfor Silver, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, D.C.
Sheppard, S. C., M. I. Sheppard, M. 0. Gallerand, and B. Sanipelli, 2005, "Derivation of Ecotoxicity Thresholds for Uranium," J. Environ. Radioactivity. 79(1):55-83.
WAC 173-340-900, "Tables," Washington Administrative Code, as amended, Washington State Department of Ecology, Olympia, Washington.
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Table 6-4. Soil Invertebrates No Observed Effect Concentrations for
Soil Contaminants of Potential Ecological Concern. (2 Pages)

Constituent Name Idenstitueon NOEC Source NOEC Units Notes

Arsenic 7440-38-2 WAC 173-340-900, Table 749-3 60 mg/kg Value is a low-confidence value from ORNL
Carbon-14 14762-75-5 DOE 2009 4,760 pCi/g Terrestrial animal BCG
Cesium-137 10045-97-3 DOE 2009 20.8 pCi/g Terrestrial animal value BCG
Chromium 7440-47-3 Van Gestel et al. 1992 57 mg/kg MATC for reproduction; study met EPA's SSL data

criteria. LANL value of 2.3 not chosen because well
below background

Cobalt-60 10198-40-0 DOE 2009 692 pCi/g Terrestrial animal BCG
Dichlorodiphenyltrichloroethane 50-29-3 OSWER Directive 9285.7-57 0.118 mg/kg No SSL; geomean of LC50s from acceptable studies

divided by UF of 50 for LC50 - NOEC use.
Diethylphthalate 84-66-2 WAC 173-340-900, Table 749-3 200 mg/kg Dimethylphthalate used as a surrogate
Europium-152 14683-23-9 DOE 2009 1,520 pCi/g Terrestrial animal BCG
Lead 7439-92-1 OSWER Directive 9285.7-70 1,700 mg/kg EPA invertebrate SSL
Lithium 7439-93-2 Fischer and Molnar 1997 34.7 mg/kg 90% survival in 5 millimole LiCl soil
Mercury 7439-97-6 WAC 173-340-900, Table 749-3 0.1 mg/kg Value is a low-confidence value from ORNL
Nickel 7440-02-0 OSWER Directive 9285.7-76 280 mg/kg EPA invertebrate SSL. WAC value is a low-confidence

value from ORNL
Total PCBs TotalPCB Paine et al. 1993 24 mg/kg UF of 50 applied to study LC50 of 1,200 mg/kg for

effects on crickets, similar life history to darkling beetles
Plutonium-239/240 PU-239/240 DOE 2009 6,110 pCi/g Terrestrial animal BCG for Pu-239
Strontium-90 10098-97-2 DOE 2009 22.5 pCi/g Terrestrial animal BCG
Total petroleum hydrocarbons - TPHDIESEL WAC 173-340-900, Table 749-3 200 mg/kg --
diesel range
Uranium 7440-61-1 Sheppard et al. 2005 100 mg/kg Probable no-effect concentration
Uranium-233/234 U-233/234 DOE 2009 4,830 pCi/g Value for U-233. Terrestrial animal BCG
Uranium-235 15117-96-1 DOE 2009 2,770 pCi/g Terrestrial animal BCG
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Table 6-4. Soil Invertebrates No Observed Effect Concentrations for
Soil Contaminants of Potential Ecological Concern. (2 Pages)

Constituent
Constituent Name Identification NOEC Source NOEC Units Notes

Uranium-238 U-238 DOE 2009 1,580 pCi/g Terrestrial animal BCG
-- = not applicable NOEC = no observed effect concentration
BCG = biota concentration guideline ORNL = Oak Ridge National Laboratory
EPA = U.S. Environmental Protection Agency PCB = polychlorinated biphenyl
LANL = Los Alamos National Laboratory SSL = soil screening level
MATC = maximum acceptable toxicant concentration UF = uncertainty factor
DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines. Available at http://web.ead.anl.gov/resrad/home2/index.cfm.

Fischer, E. and L. Molnar, 1997, "Growth and Reproduction of Eiseniafoetida in Semi-Natural Soil Containing Various Metal Chlorides," Soil. Biol. Biochem. 3(4):667-678.

OSWER Directive 9285.7-57, 2007, Ecological Soil Screening Levelfor DDT & Metabolites. U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

OSWER Directive 9285.7-70, 2003, Ecological Soil Screening Levelfor Lead, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

OSWER Directive 9285.7-76, 2005, Ecological Soil Screening Levelsfor Nickel: Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

Paine, J. M., M. J. McKee, and M. E. Ryan, 1993, "Toxicity and Bioaccumulation of Soil PCBs in Crickets: Comparison of Laboratory and Field Studies," Environ. Toxicol. Chem. 12:2097-2103.

Sheppard, S. C., M. I. Sheppard, M. 0. Gallerand, and B. Sanipelli, 2005, "Derivation of Ecotoxicity Thresholds for Uranium," J. Environ. Radioactivity. 79(1):55-83.

Van Gestel, C. A. M, E. M. Dirven-Van Breemen, R. Baerselman, H. J. B. Emans, J. A. M. Janssen, R. Postuma, and P. J. M. Van Vliet, 1992, "Comparison of Sublethal and Lethal Criteria for
Nine Different Chemicals in Standardized Toxicity Tests Using the Earthworm Eisenia andrei," Ecotox. Environ. Safe. 23:206-220.

WAC 173-340-900, "Tables," Table 749-3, Washington Administrative Code, as amended, Washington State Department of Ecology, Olympia, Washington.
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Table 6-5. Bird No Observed Effect Concentrations for Soil
Contaminants of Potential Ecological Concern. (2 Pages)

Constituent Name Idenstitueon NOEC Source NOEC Units Notes

Arsenic 7440-38-2 OSWER Directive 9285.7-62 43 mg/kg EPA bird SSL
Carbon-14 14762-75-5 DOE 2009 4,760 pCi/g Terrestrial animal BCG
Cesium-137 10045-97-3 DOE 2009 20.8 pCi/g Terrestrial animal BCG
Chromium 7440-47-3 OSWER Directive 9285.7-66 26 mg/kg EPA bird SSL
Cobalt-60 10198-40-0 DOE 2009 692 pCi/g Terrestrial animal BCG
Dichlorodiphenyldichloroethane 72-54-8 EPA 2007 0.093 mg/kg EPA SSL
Dichlorodiphenyltrichloroethane 50-29-3 EPA 2007 0.093 mg/kg EPA SSL
Endosulfan sulfate 1031-07-8 Calculated per WAC 173-340-7493 19.4 mg/kg Calculated per WAC 173-340-7493; see

Appendix D
Europium-152 14683-23-9 DOE 2009 1,520 pCi/g Terrestrial animal BCG
Hexavalent chromium 18540-29-9 LA-UR-08-6673 190 mg/kg --
Lead 7439-92-1 OSWER Directive 9285.7-70 11 mg/kg EPA bird SSL
Mercury 7439-97-6 LA-UR-08-6673 0.013 mg/kg --
Molybdenum 7439-98-7 Calculated per WAC 173-340-7493 96.6 mg/kg Calculated per WAC 173-340-7493;

UF of 5 applied to TRV of 35.3 for
LOEL-NOEL use. See Appendix D

Nickel 7440-02-0 OSWER Directive 9285.7-76 210 mg/kg EPA bird SSL
Total PCBs TotalPCB LA-UR-08-6673 0.041 mg/kg Lowest value among all Aroclors
Plutonium-239/240 PU-239/240 DOE 2009 6,110 pCi/g Terrestrial animal BCG for Pu-239
Strontium-90 10098-97-2 DOE 2009 22.5 pCi/g Terrestrial animal BCG
Selenium 7782-49-2 OSWER Directive 9285.7-72 1.2 mg/kg EPA SSL
Silver 7440-22-4 OSWER Directive 9285.7-77 4.2 mg/kg EPA SSL
Strontium-90 10098-97-2 DOE 2009 22.5 pCi/g Terrestrial animal BCG
Thallium 7440-28-0 LA-UR-08-6673 2008 0.9 mg/kg --
Total petroleum hydrocarbons - TPHDIESEL WAC 173-340-900, Table 749-3, 6,000 mg/kg Wildlife value; bird or mammal not
diesel range wildlife value indicated
Tritium 10028-17-8 LA-UR-08-6673 2008 300,000 pCi/g --
Uranium 7440-61-1 WAC 173-340-900 31 mg/kg Calculated with RCBRA EcoPRG

NOAEL TRV of 16 mg/kg/day and
WAC 173-340-900 Table 749-4 robin
model

Uranium-233/234 U-233/234 DOE 2009 5,130 pCi/g Terrestrial animal BCG for U-234
Uranium-235 15117-96-1 DOE 2009 2,770 pCi/g Terrestrial animal BCG
Uranium-238 U-238 DOE 2009 1,580 pCi/g Terrestrial animal BCG
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Table 6-5. Bird No Observed Effect Concentrations for Soil
Contaminants of Potential Ecological Concern. (2 Pages)

ConsttuentNameConstituentConstituent Namentitn NOEC Source NOEC Units Notes
Identification

Vanadium 7440-62-2 OSWER Directive 9285.7-75 7.8 mg/kg EPA SSL

-- =not applicable PCB = polychlorinated biphenyl
BCG = biota concentration guideline PRG = preliminary remediation goal
EPA = U.S. Environmental Protection Agency SSL = soil screening level
LOEL = lowest observable effect level TRV = toxicity reference value
NOAEL = no observable adverse effect level UF = uncertainty factor
NOEL = no observable effect level WAC = Washington Administrative Code

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines. Available at http://web.ead.anl.gov/resrad/home2/index.cfm.

LA-UR-08-6673, 2008, Ecorisk Database, Release 2.3, Los Alamos National Laboratory, Los Alamos, New Mexico.

OSWER Directive 9285.7-62, 2005, Ecological Soil Screening Levelfor Arsenic, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency
Response, Washington, D.C.

OSWER Directive 9285.7-66, 2005, Ecological Soil Screening Levelsfor Chromium: Interim Final, revised 2008, U.S. Environmental Protection Agency, Office of Solid Waste and
Emergency Response, Washington, D.C.

OSWER Directive 9285.7-70, 2003, Ecological Soil Screening Levelfor Lead, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

OSWER Directive 9285.7-57, 2007, Ecological Soil Screening Levelfor DDT & Metabolites, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

OSWER Directive 9285.7-72, 2007, Ecological Soil Screening Levelfor Selenium, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

OSWER Directive 9285.7-77, 2006, Ecological Soil Screening Levelfor Silver, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

OSWER Directive 9285.7-75, 2005, Ecological Soil Screening Levelsfor Vanadium: Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency
Response, Washington, D.C.

OSWER Directive 9285.7-76, 2007, Ecological Soil Screening Levelsfor Nickel: Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency
Response, Washington, D.C.

WAC 173-340-900, "Tables," Washington Administrative Code, as amended, Washington State Department of Ecology, Olympia, Washington.
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Table 6-6. Mammal No Observed Effect Concentrations for Soil
Contaminants of Potential Ecological Concern. (2 Pages)

Constituent Name Constituion NOEC Source NOEC Units Notes

Arsenic 7440-38-2 OSWER Directive 9285.7-62 46 mg/kg EPA mammalian SSL
Carbon-14 14762-75-5 DOE 2009 4,760 pCi/g Terrestrial animal BCG
Cesium-137 10045-97-3 DOE 2009 20.8 pCi/g Terrestrial Animal BCG
Chromium 7440-47-3 OSWER Directive 9285.7-66 34 mg/kg EPA mammalian SSL
Cobalt-60 10198-40-0 DOE 2009 692 pCi/g Terrestrial Animal BCG
Dichlorodiphenyltrichloroethane 50-29-3 OSWER Directive 9285.7-57 0.021 mg/kg EPA SSL
Diethylphthalate 84-66-2 EPA Region 5 24.8 mg/kg Based on exposure to a shrew
Europium-152 14683-23-9 DOE 2009 1,520 pCi/g Terrestrial animal BCG
Hexavalent chromium 18540-29-9 OSWER Directive 9285.7-66 130 mg/kg EPA mammalian SSL
Lead 7439-92-1 OSWER Directive 9285.7-70 56 mg/kg EPA mammalian SSL
Mercury 7439-97-6 LA-UR-08-6673 1.7 mg/kg --
Nickel 7440-02-0 OSWER Directive 9285.7-76 130 mg/kg EPA mammalian SSL
Total PCBs TotalPCB WAC 173-340-900, Table 749-3 0.65 mg/kg Value for wildlife receptors; bird or mammal

not indicated
Plutonium-239/240 PU-239/240 DOE 2009 6,110 pCi/g Terrestrial animal BCG for Pu-239
Strontium 7440-24-6 LA-UR-08-6673 96 mg/kg --
Strontium-90 10098-97-2 DOE 2009 22.5 pCi/g Terrestrial animal BCG
Total petroleum hydrocarbons - TPHDIESEL WAC 173-340-900, Table 749-3, 6,000 mg/kg Wildlife value; bird or mammal not indicated
diesel range wildlife value
Uranium 7440-61-1 WAC 173-340-900 3 mg/kg Calculated with CHPRC EcoPRG NOAEL and

WAC 173-340-900 Table 749-4 shrew model.
RCBRA value

Uranium-233/234 U-233/234 DOE 2009 5,130 pCi/g Terrestrial animal BCG for U-234
Uranium-235 15117-96-1 DOE 2009 2,770 pCi/g Terrestrial animal BCG
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Table 6-6. Mammal No Observed Effect Concentrations for Soil
Contaminants of Potential Ecological Concern. (2 Pages)

Constituent Name Constituent NOEC Source NOEC Units Notes
Identification

Uranium-238 U-238 DOE 2009 1,580 pCi/g Terrestrial animal BCG
-- = not applicable PCB = polychlorinated biphenyl
BCG = biota concentration guideline RCBRA = River Corridor Baseline Risk Assessment
CHPRC = CH2M HILL Plateau Remediation Company SSL = soil screening level
EPA = U.S. Environmental Protection Agency TPH = total petroleum hydrocarbons
NOAEL = no observable adverse effect level WAC = Washington Administrative Code
NOEC = no observed effect concentration

DOE, 2009, ResRad Biota, Version 1.5, Biota Concentration Guidelines. Available at http://web.ead.anl.gov/resrad/home2/index.cfm.

LA-UR-08-6673, 2008, Ecorisk Database, Release 2.3, Los Alamos National Laboratory, Los Alamos, New Mexico.

EPA, Region 5, 2003, Ecological Screening Levels, Website version: www.epa.gov/reg5rcra/ca/edql.htm.

OSWER Directive 9285.7-57, 2007, Ecological Soil Screening Levelfor DDT & Metabolites, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

OSWER Directive 9285.7-62, 2005, Ecological Soil Screening Levelfor Arsenic, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

OSWER Directive9285.7-66, 2005, Ecological Soil Screening Levelsfor Chromium: Interim Final, revised 2008, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency
Response, Washington, D.C.

OSWER Directive9285.7-70, 2003, Ecological Soil Screening Levelfor Lead, Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

OSWER Directive9285.7-76, 2007, Ecological Soil Screening Levelsfor Nickel: Interim Final, U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response,
Washington, D.C.

WAC 173-340-900, "Tables," Washington Administrative Code, as amended, Washington State Department of Ecology, Olympia, Washington.

C

C
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Table 7-1. Surface Water Aquatic Biota Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Sub-Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

100 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

300 Area

Number
Units of

Samples
COPEC

Chromium a
Fluoride

Lead a
Mercury

Nitrate a
Phosphate

Phosphorus

Sulfate a
Sulfate a
Total PCBs

Cesium-137

Strontium-90 a

Technetium-99

Tritium

Uranium-233/234 a
Uranium-238 a

1,2-Dichloroethane

1,4-Dichlorobenzene

Acetone

Chloroform

Chromium

Chrysene

Lead a
Mercury

Nitrate a
Nitrite

Silver

Sulfate a

Total PCBs

Trichloroethene

Xylenes (total)

Xylenes (total)

Xylenes (total)

Plutonium-238

Plutonium-239/240

Strontium-90

Technetium-99

Tritium

Uranium-233/234 a

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

pCi/L

pCi/L

pCi/L

pCi/L

pCi/L

pCi/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

pCi/L

pCi/L

pCi/L

pCi/L

pCi/L

pCi/L

Number
of

Detections

50
83

57

18

90

1
14

90

90

1
2

28

1
21

22

45

142

90

142

105
90

3

88

90

90

1
44

72

9
28

39

68

80
73

80

80
469

5

468

175

318

314

468

318

1
80

80

80
80

68

68

400

94

357

17

FOD
(%)

35.21

92.22

40.14

17.14

100

33.33

15.91

100

100

100

4.55

38.89

11.11

75

56.41

66.18

7.5

1.37

47.5

6.25

79.32

20

90.6
78.86

99.37

3.18

36.32

99.69

100

10

17.5

17.5

17.5

2.94

17.65

74.25

4.26

92.72

82.35

Sample
Minimum Maximum Number of

Detect Detect Maximum

0.000041

0.014

0.0000246

0.0000004

0.217

0.01

0.01
7.58

7.58

0.000000446

4

0.0428

0.697
21.5

0.123

0.138

0.00012

0.00022

0.00025

0.0037
0.0000211

0.0007

0.00000111
0.000000225

0.137

0.069
0.000000948

1.3

0.000000866
0.00017

0.0004

0.0004

0.0004

0.0000204

0.00000843

0.0332

0.299

15.4

0.203

0.0973
0.14

0.00432

0.000081
3.37

0.01

0.0591
11.4

11.4

0.000000446

8.54

1.34

0.697
176

0.402

0.321

0.0011
0.00022

0.0182

0.0055
0.00644

0.0007

0.00556
0.00000629

8.41

0.329
0.0000177

19.2

0.000000866
0.00021

0.0012

0.0012

0.0012

0.0000405

0.00015
0.26

1.15

989
1.8

B1KHR6

B12VP3

J19HR7

J19HR8

J19H22

BIBC58

J19J80

J19H22

J19K13

J17RY8

J013X9

B1KHR7

J013YO
BIDM37

J19JT6

J19F52

B15988

B106M9

J19HW7

B15988

J19K51

J17TJ4

B1DMO3

B1DMO3

B1D7L8

B1KFW5

B1DMO3

B146X3

J17T01
B1DMR6

B106N5

B106M9

B106NO

B14X1O

B12862

BID502

B 1 6PJ9

J19K50
J19F86

Location of
Maximum

(RM)

379.11

380.15

380.01

381.81

384.10

379.17

377.96
384.10

368.73

366.20

383.69

378.94

383.69

369.49

379.16

383.27

343.00

340.89

344.07

343.00

349.58

339.92

343.01

343.01

343.41

359.74

343.01

340.89

355.81

340.44

343.00

340.89

340.89

340.89

340.89

340.46

340.89

359.90

344.60

Designation of
Maximum

HL 1296

HL 816

J100K24

KWIN Test 1
T100BC1J1

HL 1617

T100D1A
T100BC1J1

TiOOF2A

IS8-5SW

HL 1430

HL 1417

HL 1430

HL 545

T100N2A

J100BC47

HL 2171

HL 1140

J30019

HL 2171

JHTS40

LG-1SW

HL 2118

HL 2118

HL 707

HL 573

HL 2118

HL 1140

RG-3SW

HL 1210

HL 2171

HL 1140

HL 1140

HL 1140

HL 1140

HL 1016

HL 1140

JHTS9
T3003A

Minimum
Reporting

Limit

0.0000392
0.0051

0.0012

0.00006

0.25

0.00556

-2.92

-0.239

-1.32
21

0

0

0.00008
0.00009

0.00021

0.00007
0.0000165

0.01

0.0000049

0.00006

0.0487

0.00657
0.0000012

0.11

0.00009

0.00013

0.00013
0.00013

-0.069

-0.023
-0.12

-0.81

-48

0.103

Maximum
Reporting

Limit

0.005
0.25

0.005

0.0002

0.25

0.05

20.6

0.288

0.728
134

0.435

0.225

0.005
0.01

0.01

0.005
0.1

0.01

0.005
0.0005

0.5

0.25
0.01

0.11

0.005

0.005
0.005

0.005

0.068

0.076
0.5

0.839

106
0.171

Number of
Ecological Exceedances

NOEC (Detected)

0.064

0.3

0.002

0.0000
7.1

1
1

NA

NA

0.0001
42.6

287

667,00
265,000,

202

223

12

0

0

0

0

Number of
Exceedances
(Reporting

Limit)
0
0

70

87

0

0

4 0 --

0 0

0 0

0 0 0
000 0 0

0 0

0 0

Radionuclide Sum of Fractions > 1.0?

0.91
0.015

1.5

0.028
0.064

0.03

0.0021

0.000012

7.1

0.098
0.00036

NA

0.00014

0.047

0.013

0.013
0.013

176

187

287

667,000

265,000,000
202

Maximum Inclusion
> NOEC? List

Yes

No

Yes

Yes

No

No

No

NA

NA

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

No

Yes

Yes

No

NA

No

No

No

No

No

No

No

No

No

No

No

Yes

No

Yes

Yes

Yes

No

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

Yes

No

Yes

Yes

Yes

No

No

Yes

No

Yes

No

No

No

No

Yes

Yes

Yes

Yes

Yes
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1
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317

1
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2
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Table 7-1. Surface Water Aquatic Biota Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

COPEC

Uranium-235

Uranium-238 a

Chloride

Chromium

Fluoride

Fluoride

Fluoride

Hexavalent chromium

Lead

Mercury

Nitrate a
Sulfate a
Total PCBs

TPH-diesel range

TPH-motor oil

Uranium

Cobalt-60

Plutonium-238

Plutonium-239/240

Strontium-90

Tritium

Uranium-233/234 a

Uranium-234

Uranium-235

Uranium-238 a

Number
Units of

Samples

pCi/L 408

pCi/L 408

Number
of

Detections

36

399

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

pCi/L

pCi/L

pCi/L

pCi/L

pCi/L

pCi/L

pCi/L

pCi/L

pCi/L

Sub-Area

300 Area

300 Area

300 Area

Sample
Minimum Maximum Number of

Detect Detect Maximum

0.00959
0.1

FOD
(%)

8.82

97.79

100

16.67

50

50

50

5.56

16.67

16.67

100

100

100

13.33

6.67

16.67

4

5.26

5.26

16.67

12.5

72.22

100

5.26

73.68

0.05
1.62

4.98

0.00101

0.11
0.11

0.11

0.004

0.0018

0.000062

4.79

10.7

0.000000961

0.087

0.11

0.0125

0.6
1.1

1.19

0.115
35.2

1.12

0.27

0.065

0.719

26205

J19F86

J18P47

J18P93

B 1 70P9
B 1 70R0

B170R1

J17TV5

J17TL5

J17V41

J18P47

J18P47

J18NK7

J17TK8

J17TK6

J17TL8

30879
J17V40

J17V40

B 1 7BH9

B 1 6WL6

J17TK5

30879
J17TK5

J17TK5

Location of
Maximum

(RM)

340.38

344.60

298.07

298.54

292.38

292.26

292.46

292.68

333.81

292.75

298.07

298.07

298.54

292.68

311.82

330.28

333.60

308.48

308.48

295.53

292.26

325.04

333.60

325.04

325.04

Designation of
Maximum

HL 1039

T3003A

HRB-1SW

HRM-1SW

HL 320

HL 1414

HL 931

MDBR-1SW

BL-1SW

MD-3SW

HRB-1SW

HRB-1SW

HRM-1SW

MDBR-1SW

PK-1SW

CP-1SW-F

HL 169

LW-2SW

LW-2SW

HL 779
HL 1414

SP-I1SW

HL 169

SP- 1SW

SP-I1SW

Minimum
Reporting

Limit

-0.03
0.01

0.00059

0.25

0.25

0.25

0.0037

0.0012

0.00006

0.03
0.3

0.01

-0.822

-0.092

-0.014

-0.228

-189

0.135

0

0

Maximum
Reporting

Limit

0.159
0.17

0.0208

0.25

0.25

0.25

0.0037

0.005

0.0002

0.1
0.3

0.2

18.9

0.059

0.033

0.373

122

0.305

0.066

0.174

Number of
Ecological Exceedances

NOEC (Detected)

217

223

230

0.064

0.3
0.3

0.3

0.01
0.002

0.0000

7.1

NA

0.0001

0.5

NA

0.005

3760

176

187

287

265,000,

202

202

217

223

0

Number of
Exceedances
(Reporting

Limit)
0

0 0
Radionuclide Sum of Fractions > 1.0?

0
0

0
0
0
0
0

0

12

0

0
0
0
0

9

35

1.23

0.000117

0.11
0.11

0.11

0.004

0.0000111

0.000000583

0.36
5.92

0.000000859

0.064

0.11

0.000691

0.6
1.1

1.19

0.0837

31.9

0.149

0.2

0.065

0.118

Maximum Inclusion
> NOEC? List

No

No

No

No

No

No

No

No

No

No

Yes

No

NA

No

No

NA

Yes

No

No

No

No

No

No

No

No

No

No

Yes

Yes

No

Yes

No

No

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No

Yes

Yes

NOTE: COPECs listed more than once indicate that the same maximum concentration was present in more than one sample. Each sample is listed individually.

Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation.

-- not applicable; all samples were detections; no reporting limit recorded NOEC = no observed effect concentration
COPEC =contaminant of potential ecological concern PCB = polychlorinated biphenyl
FOD = frequency of detection RM = River Mile
NA = not available TPH = total petroleum hydrocarbons
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Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

Lake Wallula

4 0 --

0 0
-- 0
1 35

0 0
0 0

0 0

0 0
000 0 0

0 0

0 --

0 0

0 0

Radionuclide Sum of Fractions > 1.0?
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Table 7-2. Surface Water No-Observed-Effect
Concentration Exceedances.

100 Area 300 Area Lake Wallula
Aquatic Biota Aquatic Biota Aquatic Biota

Chromium Lead Mercury
Lead Nitrate Uranium
Mercury Nitrite

7-3
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Table 7-3. Sediment Biota Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of

Sub-Area COPEC Units of of FOD Detect Detect Number of Maximum Designation of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Limit Limit (Detected) Limit)

100 Area Acetone mg/kg 45 3 6.67 0.0229 0.0579 J18M19 384.11 RBC-1SD 0.00996 0.0204 0.0087 3 42 Yes No
100 Area Chromiuma mg/kg 123 123 100 5.93 275 J19JK6 369.74 J100H43 -- -- 72 3 -- Yes Yes

100 Area delta-BHC mg/kg 45 2 4.44 0.00125 0.0189 J17WH9 372.74 LI-1SD 0.0016 0.00576 0.12 0 0 No No
100 Area Endosulfan sulfate mg/kg 45 2 4.44 0.000534 0.00144 J17Y97 369.87 HT-4SD 0.0016 0.00711 0.034 0 0 No No
100 Area Heptachlor epoxide mg/kg 45 1 2.22 0.0318 0.0318 J17WH9 372.74 LI-1SD 0.0016 0.00576 0.0025 1 24 Yes No

100 Area Hexavalent chromium mg/kg 117 31 26.5 0.26 7.38 J17WJ9 372.74 LI-1SD 0.167 0.377 NA -- 0 NA Yes

100 Area Leada mg/kg 123 119 96.75 3.61 59.3 J17Y97 369.87 HT-4SD 5.95 21.7 360 0 0 No Yes
100 Area Mercury a mg/kg 123 62 50.41 0.0117 0.133 J187P7 367.61 RFD-2SSD 0.0271 0.0952 0.66 0 0 No Yes
100 Area TPH-diesel range mg/kg 30 6 20 8.19 30.9 J17Y96 369.83 HT-6SD 4.02 7.11 340 0 0 No Yes

100 Area TPH-motor oil mg/kg 30 11 36.67 11.1 64.5 J17Y96 369.83 HT-6SD 12.2 91.8 3,600 0 0 No Yes

100 Area Uranium mg/kg 120 6 5 1.85 9.44 J17WJO 370.86 LI-7SD 14.3 67.9 100 0 0 No Yes
100 Area Carbon-14 pCi/g 96 2 2.08 3.02 3.16 J17WD4 376.66 RDD-1SD -3.31 4.97 59,000 0 0 No Yes

100 Area Cesium-137a pCi/g 123 78 63.41 0.0117 0.449 J19JW6 379.40 N Outfall 0.00846 0.122 3,120 0 0 No Yes
100 Area Cobalt-60 pCi/g 123 7 5.69 0.0246 0.101 J19JW2 378.85 TOON5Ring 0.0074 0.125 1,460 0 0 No Yes

100 Area Europium-152 pCi/g 123 7 5.69 0.0602 0.257 J187P7 367.61 RFD-2SSD 0.0231 0.296 3,040 0 0 No Yes

100 Area Plutonium-239/240 pCi/g 123 1 0.81 1.38 1.38 J17WH7 371.47 LI-SD -0.0595 0.122 5,860 0 0 No Yes
100 Area Strontium-90 pCi/g 123 3 2.44 0.442 1.36 J19JW2 378.85 TOON5Ring -0.398 0.254 582 0 0 No Yes

100 Area Technetium-99 pCi/g 91 1 1.1 0.586 0.586 J18MH2 381.82 RKC1-1SD -0.194 0.27 42,200 0 0 No Yes

100 Area Uranium-233/234 a pCi/g 123 117 95.12 0.28 3.81 J18702 381.33 RKLS-14SSD 0.186 0.418 5,270 0 0 No Yes
100 Area Uranium-235 pCi/g 123 3 2.44 0.0495 0.112 J18KH8 379.21 RNLS-2SSD -0.029 0.336 3,730 0 0 No Yes
100 Area Uranium-238a pCi/g 123 116 94.31 0.289 3.39 J18702 381.33 RKLS-14SSD 0.112 0.581 2,490 0 0 No Yes
100 Area Radionuclide Sum of Fractions > 1.0? No

300 Area Chromiuma mg/kg 151 151 100 7.65 30.1 J18030 350.29 WI-SD -- -- 72 0 -- No Yes

300 Area Hexavalent chromium mg/kg 133 28 21.05 0.228 17.3 J17XM7 356.63 SI-1OSD 0.164 0.399 NA -- 0 NA Yes

300 Area Leada mg/kg 151 133 88.08 2.66 111 J187P2 362.74 HT-8SSD 3.58 18.3 360 0 0 No Yes
300 Area Mercury mg/kg 151 40 26.49 0.0102 0.0542 J17XM1 358.09 SI-8SD 0.0161 0.0749 0.66 0 0 No Yes
300 Area Selenium mg/kg 151 9 5.96 0.429 8.46 J18098 345.61 JSI-4SD 0.499 2.53 11 0 0 No No
300 Area Titanium mg/kg 5 5 100 1,030 1,290 J18J33 339.64 LG-SSD -- -- NA -- -- NA No

300 Area TPH-diesel range mg/g 69 15 21.74 1.36 20 J18030 350.29 W-5SD 3.53 6.92 340 0 0 NYes

300 Area TPH-motor oil mg/kg 69 33 47.83 3.41 136 J18865 353.86 IS12-4SSD 7.96 73.1 3,600 0 0 No Yes
300 Area Uranium mg/kg 149 2 1.34 4.6 7.7 J19KY6 344.44 J30013 9.97 50.7 100 0 0 No Yes
300 Area Carbon-14 pCi/g 138 4 2.9 4.21 5.61 J188B8 346.03 300ISL-3SSD -3.42 3.67 59,000 0 0 No Yes

300 Area Cesium-137a pCi/g 153 100 65.36 0.0168 0.472 J17XM1 358.09 SI-8SD 0.0104 0.24 3,120 0 0 No Yes

300 Area Cobalt-60 pCi/g 153 2 1.31 0.0322 0.0589 J18KY3 343.00 300DC4-SD -0.00314 0.249 1,460 0 0 No Yes

300 Area Europium-152 pCi/g 152 7 4.61 0.115 0.377 J18031 350.50 WI-3SD 0.0206 0.609 3,040 0 0 No Yes
300 Area Plutonium-239/240 pCi/g 152 6 3.95 0.00768 0.216 J188B9 345.72 300ISL-SSD -0.0452 0.134 5,860 0 0 No Yes

300 Area Strontium-90 pCi/g 141 4 2.84 0.0559 5.98 J188B9 345.72 300ISL-SSSD -0.323 0.359 582 0 0 No Yes
300 Area Technetium-99 pCi/g 142 2 1.41 6.78 6.84 J19KM5 357.85 JHTS33 -0.22 0.422 42,200 0 0 No Yes

300 Area Tritium pCi/g 5 1 20 15.2 15.2 J19K71 357.85 JHTS33 0.126 5.29 374,000 0 0 No Yes
300 Area Uranium-233/234 a pCi/g 151 147 97.35 0.321 6.94 J19F99 344.60 T3003A 0.307 0.383 5,270 0 0 No Yes

300 Area Uranium-234 pCi/g 2 2 100 0.269 0.278 B JD1 354.67 HL 813 -- -- 5,270 0 -- No No
300 Area Uranium-235 pCi/g 153 19 12.42 0.00873 0.38 J19F99 344.60 T3003A -0.0465 0.368 3,730 0 0 No Yes
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Table 7-3. Sediment Biota Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of

Sub-Area COPEC Units of of FOD Detect Detect Number of Maximum Designation of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion
_________________ ___ ____ ___ %)_____Maximum____ ____________ E_____ (Reporting > NOEC? List

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Limit Limit (Detected) Limit) >_NE?_Lis

300 Area Uranium-238 a pCi/g 153 148 96.73 0.236 6.21 J19KY6 344.44 J30013 0.124 0.454 2,490 0 0 No Yes
300 Area Radionuclide Sum of Fractions > 1.0? No

Lake Wallula alpha-BHC mg/kg 94 7 7.45 0.00218 0.0352 J180P1 336.46 CPM-5SD 0.00011 0.0173 0.006 4 17 Yes No
Lake Wallula Antimony mg/kg 122 35 28.69 0.292 5.1 B17B60 293.89 HL 1932 0.362 2.64 NA 0 0 NA No

Lake Wallula Chromiuma mg/kg 144 144 100 3.7 80.5 J180T5 327.72 CM-4SD -- -- 72 4 -- Yes Yes

Lake Wallula Dichlorodiphenyldichloroethane mg/kg 89 9 10.11 0.00013 0.0333 J18KM9 339.00 300DC5-lSD 0.00135 0.0173 0.310 0 11 No No
Lake Wallula Hexavalent chromium mg/kg 52 2 3.85 0.51 1.73 J189C7 334.00 BL-9SSD 0.165 0.641 NA -- 0 NA Yes
LakeWallula Leada mg/kg 144 122 84.72 2.1 119 J180R3 331.32 CP-SD 2.42 15.3 360 0 0 No Yes
Lake Wallula Mercury a mg/kg 143 84 58.74 0.0168 0.379 J181B0 291.95 MDBR-5SD 0.0241 0.0677 0.66 0 0 No Yes
Lake Wallula Molybdenum mg/kg 122 50 40.98 0.0951 1.99 J189J7 317.80 BI-SSD 0.278 8.78 250 0 0 No No
Lake Wallula Phosphorus mg/kg 106 106 100 377 2,990 J180T5 327.72 CM-4SD -- -- 600 95 -- Yes No

Lake Wallula Silver mg/kg 128 23 17.97 0.0854 2.5 B17B60 293.89 HL 1932 0.115 0.878 0.57 4 2 Yes No
Lake Wallula Thallium mg/kg 128 38 29.69 0.267 3.12 J18OT5 327.72 CM-4SD 0.287 2.2 2.6 1 0 Yes No
Lake Wallula Titanium mg/kg 3 3 100 2,130 2,450 J18J35 325.22 TR-2SSD -- -- NA -- -- NA No

Lake Wallula Toluene mg/kg 75 1 1.33 0.185 0.185 J180H6 339.37 300D-4SD 0.00391 0.0786 0.05 1 2 Yes No
Lake Wallula Total PCBs mg/kg 27 8 29.63 0.000336 0.00953 J18089 327.85 CM-2SD 0.0104 0.133 0.11 0 5 No No

Lake Wallula TPH-diesel range mg/kg 69 17 24.64 1.93 340 J180P3 336.52 CPM-2SD 3.35 109 340 1 0 Yes Yes
Lake Wallula TPH-motor oil mg/kg 69 25 36.23 4.24 691 J18OPO 336.49 CPM-4SD 6.23 329 3,600 0 0 No Yes
Lake Wallula Vanadium mg/kg 110 110 100 18.1 207 J18OT5 327.72 CM-4SD -- -- NA -- -- NA No

LakeWallula Cesium-137a pCi/g 132 115 87.12 0.01 1.26 J18L51 292.77 MDC-1SD -0.001 0.0406 3,120 0 0 No Yes
Lake Wallula Cobalt-57 pCi/g 1 1 100 0.063 0.063 30871 293.02 HL 505 -- -- 1,460 0 -- No No

Lake Wallula Cobalt-60 pCi/g 131 19 14.5 0.005 0.0861 J18L51 292.77 MDC-SD -0.0113 0.124 1,460 0 0 No Yes

Lake Wallula Europium-152 pCi/g 118 21 17.8 0.033 1.33 J18L51 292.77 MDC-1SD -0.00583 0.286 3,040 0 0 No Yes
Lake Wallula Europium-154 pCi/g 116 1 0.86 0.12 0.12 26248 293.02 HL 505 -0.0623 0.264 2,570 0 0 No Yes
Lake Wallula Plutonium-239/240 pCi/g 135 42 31.11 0.0017 1.18 J180K2 328.39 CI-7SD -0.0937 0.28 5,860 0 0 No Yes
Lake Wallula Strontium-90 pCi/g 135 18 13.33 0.002 1.3 J189P6 298.09 HR-SSD -0.374 0.404 582 0 0 No Yes
Lake Wallula Uranium-233/234 a pCi/g 91 90 98.9 0.255 2.69 J18KM9 339.00 300DC5-lSD 0.195 0.195 5,270 0 0 No Yes
Lake Wallula Uranium-234 pCi/g 41 41 100 0.119 1.6 31810 293.29 HL 836 -- -- 5,270 0 -- No No

Lake Wallula Uranium-234 pCi/g 41 41 100 0.119 1.6 B17BP1 293.55 HL 1263 -- -- 5,270 0 -- No No
Lake Wallula Uranium-234 pCi/g 41 41 100 0.119 1.6 B17BP2 293.90 HL 491 -- -- 5,270 0 -- No No
Lake Wallula Uranium-235 a pCi/g 129 41 31.78 0.0061 0.254 J189B9 334.24 BL-7SSD -0.00818 0.209 3,730 0 0 No Yes
Lake Wallula Uranium-238 apCi/g 129 124 96.12 0.127 2.01 J18KM9 339.00 300DC5-1SD 0.214 0.473 2,490 0 0 No Yes
Lake Wallula Radionuclide Sum of Fractions > 1.0? No

Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation.
S Pnot applicable; all samples were detections; no reporting limit recorded NOEC = no observed effect concentration

BHC = benzene hexachloride PCB = polychlorinated biphenyl
COPEC = contaminant of potential ecological concern RM = River Mile
FOD = frequency of detection TPH = total petroleum hydrocarbons
NA = not available
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Table 7-4. Sediment No Observed Effect Concentration Exceedances.

100 Area 300 Area Lake Wallula
Sediment Biota Sediment Biota Sediment Biota

Acetone None alpha-BHC

Chromium Chromium

Heptachlor epoxide Phosphorus

Silver

Thallium
Toluene
TPH-diesel range

BHC = benzene hexachloride
TPH = total petroleum hydrocarbons

Screening-Level Risk Calculation
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Table 7-5. Porewater Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (3 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of
Operable COPEC Units of of FOD Detect Detect Number of maximum Designation of Reporting Reporting Ecological Excedances Exceedances Maximum Inclusion

UnitUis fof FD eet eec(ume)o axmmMaximum LmtLmtNOEC Eceacs (Reporting > NOEC? ListUnit Samples Detections (wet wt.) (wet wt.) Maximum (RM) Limit Limit (Detected) Limit)

100-BC-5 Aluminum mg/L 8 1 12.5 0.416 0.416 J19F46 383.94 T100BC3C 0.022 0.05 0.087 1 0 Yes No
100-BC-5 Arsenic mg/L 8 2 25 0.00326 0.00503 J19F47 384.11 T100BClJ5 0.01 0.01 0.15 0 0 No No
100-BC-5 Cadmium mg/L 8 1 12.5 0.000214 0.000214 J19H1O 384.10 T100BClJ1 0.001 0.001 0.00025 0 7 No No
100-BC-5 Chromium mg/L 8 7 87.5 0.00129 0.0236 J19F46 383.94 T100BC3C 0.002 0.002 0.074 0 0 No Yes
100-BC-5 Cobalt mg/L 8 1 12.5 0.00191 0.00191 J19F47 384.11 T100BClJ5 0.002 0.002 0.023 0 0 No No

100-BC-5 Hexavalent chromium mg/L 38 23 60.53 0.005 0.112 J19515 383.94 T100BC3C 0.0037 0.0074 0.01 19 0 Yes Yes

100-BC-5 Lead mg/L 8 3 37.5 0.00204 0.00465 J19H1O 384.10 T100BClJ1 0.005 0.005 0.0025 1 5 Yes Yes
100-BC-5 Nitrate mg/L 7 7 100 2.32 24.4 J19H09 383.72 T100BC4A -- -- 7.1 3 -- Yes Yes

100-BC-5 Selenium mg/L 8 4 50 0.00315 0.00407 J19F47 384.11 T100BClJ5 0.01 0.01 0.005 0 4 No No

100-BC-5 Sulfate mg/L 8 8 100 19.4 40.7 J19H09 383.72 T100BC4A -- -- NA -- -- NA Yes

100-BC-5 Vanadium mg/L 8 8 100 0.00352 0.0126 J19KBO 384.20 2A-A -- -- 0.04 0 -- No No

100-BC-5 Zinc mg/L 8 7 87.5 0.00482 0.0228 J19F47 384.11 T100BClJ5 0.01 0.01 0.105 0 0 No No

100-BC-5 Strontium-90 pCi/L 8 1 12.5 6.12 6.12 J19H13 383.72 T100BC4A -0.395 1.31 287 0 0 No Yes

100-BC-5 Tritium pCi/L 8 8 100 1,400 12,100 J19H13 383.72 T100BC4A -- -- 265,000,000 0 -- No Yes

100-BC-5 Radionuclide Sum of Fractions > 1.0? No

100-KR-4 Aluminum mg/L 5 1 20 0.0195 0.0195 J19KF1 381.44 K Intake Test 3A 0.0123 0.0233 0.087 0 0 No No
100-KR-4 Chromium mg/L 5 4 80 0.0164 0.0595 J19HPO 380.01 J100K24 0.002 0.002 0.074 0 0 No Yes

100-KR-4 Hexavalent chromium mg/L 38 17 44.74 0.004 0.056 J19HJ8 381.04 T100K3A 0.0037 0.0074 0.01 14 0 Yes Yes
100-KR-4 Lead mg/L 5 1 20 0.00204 0.00204 J19HJ7 381.81 KWIN Test 1 0.005 0.005 0.0025 0 4 No Yes
100-KR-4 Manganese mg/L 5 3 60 0.00118 2.13 J19KF1 381.44 K Intake Test 3A 0.000855 0.00177 0.12 1 0 Yes No

100-KR-4 Nitrate mg/L 4 4 100 7.44 17.3 J19HJ5 381.81 KWIN Test 1 -- -- 7.1 4 -- Yes Yes

100-KR-4 Phosphate mg/L 3 1 33.33 0.5 0.5 J19KFO 381.44 K Intake Test 3A 0.25 0.25 1 0 0 No No

100-KR-4 Sulfateb mg/L 5 5 100 8.27 67.1 J19HN9 380.01 J100K24 -- -- NA -- -- NA Yes

100-KR-4 Vanadium mg/L 5 5 100 0.00499 0.0135 J19HJ7 381.81 KWIN Test 1 -- -- 0.04 0 -- No No

100-KR-4 Tritium pCi/L 6 4 66.67 658 6,500 J19HJ8 381.04 T100K3A 82.4 232 265,000,000 0 0 No Yes
100-KR-4 Radionuclide Sum of Fractions > 1.0? No

100-NR-2 Aluminum mg/L 5 0 0 -- -- -- -- -- 0.0169 0.0247 0.087 -- 0 NA No
100-NR-2 Chloride {mg/L 5 5 100 11.3 113 j J19JP6 379.32 JT100N3A -- -- 230 0 -- No No

100-NR-2 Chromium mg/L 5 5 100 0.00163 0.00389 j J19JR3 379.40 N Outfall -- -- 0.074 0 -- No Yes
100-NR-2 Hexavalent chromium mg/L 5 1 20 0.026 0.026 J19JR6 379.18 T100N1A 0.0074 0.0074 0.01 1 0 Yes Yes
100-NR-2 Lead mg/L 5 0 0 -- -- -- -- -- 0.005 0.005 0.0025 -- 5 NA Yes

100-NR-2 Nickel mg/L 5 1 20 0.000715 0.000715 J19JRO 379.18 T100N1A 0.005 0.005 0.052 0 0 No No
100-NR-2 Nitrate mg/L 5 5 100 36.5 134 J19JP6 379.32 JT100N3A -- -- 7.1 5 -- Yes Yes

100-NR-2 Phosphate mg/L 2 1 50 9.05 9.05 J19JP5 379.16 T100N2A 0.25 0.25 1 1 0 Yes No

100-NR-2 Sulfate mg/L 5 5 100 52.2 180 J19JP5 379.16 T100N2A -- -- NA -- -- NA Yes

100-NR-2 TPH-diesel range mg/L 15 1 6.67 0.0509 0.0509 J19JP6 379.32 JT100N3A 0.1 1.11 0.5 0 1 No Yes
100-NR-2 TPH-motor oil mg/L 15 1 6.67 0.136 0.136 J19JP6 379.32 JT100N3A 0.3 3.33 NA -- 0 NA Yes

100-NR-2 Vanadium mg/L 5 5 100 0.00309 0.00642 J19JRO 379.18 T100N1A -- -- 0.04 0 -- No No
100-NR-2 Strontium-90 b pCi/L 36 9 25 8.46 72.3 J19584 378.85 T100N5RING -1.15 2.6 287 0 0 No Yes
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Table 7-5. Porewater Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (3 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of
Operable COPEC Units of of FOD Detect Detect Number of Maximum Designation of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion

Unit Samples ' Detections (wet wt.) (wet wt.) Maximum (RM) Maximum Limit Limit NOEC (Detected) (Reporting NOEC? List

100-NR-2 Tritium pCi/L 5 5 100 1,100 12,000 J19JR5 378.85 T100N5RING -- -- 265,000,000 0 -- No Yes

100-NR-2 Radionuclide Sum of Fractions > 1.0? No

100-HR-3 Aluminum mg/L 11 3 27.27 0.0202 0.477 J19J70 377.72 T100D3A 0.02 0.05 0.087 1 0 Yes No
100-HR-3 Arsenic mg/L 11 2 18.18 0.00202 0.00333 J19J70 377.72 T100D3A 0.01 0.02 0.15 0 0 No No
100-HR-3 Chromium mg/L 11 9 81.82 0.00296 0.62 J19J70 377.72 T100D3A 0.002 0.002 0.074 2 0 Yes Yes

100-HR-3 Cobalt mg/L 11 2 18.18 0.000858 0.00214 J19J68 377.96 T100D1A 0.002 0.004 0.023 0 0 No No
100-HR-3 Copper mg/L 11 3 27.27 0.00214 0.00864 J19JF4 370.38 T100H6A 0.01 0.02 0.011 0 2 No No

100-HR-3 Hexavalent chromium b mg/L 72 39 54.17 0.005 0.64 J19J74 377.72 T100D3A 0.0037 0.0074 0.01 31 0 Yes Yes

100-HR-3 Lead mg/L 11 4 36.36 0.00204 0.00681 J19J70 377.72 T100D3A 0.005 0.01 0.0025 2 7 Yes Yes

100-HR-3 Manganese mg/L 11 11 100 0.000501 0.792 J19FF9 373.42 T100H1E -- -- 0.12 2 -- Yes No
100-HR-3 Mercury mg/L 11 0 0 -- -- -- -- -- 0.000082 0.002 0.000012 -- 11 NA Yes
100-HR-3 Nickel mg/L 11 11 100 0.000561 0.0518 J19J68 377.96 T100D1A -- -- 0.052 1 -- Yes No

100-HR-3 Nitrate mg/L 14 13 92.86 0.55 44.2 J19J66 377.72 T100D3A 0.186 0.186 7.1 9 0 Yes Yes
100-HR-3 Sulfateb mg/L 14 14 100 0.51 152 J19J64 377.96 T100D1A -- -- NA -- -- NA Yes

100-HR-3 Uranium mg/L 11 0 0 -- -- -- -- -- 0.1 0.2 0.005 -- 11 NA Yes

100-HR-3 Vanadium mg/L 11 11 100 0.00222 0.0122 J19J68 377.96 T100D1A -- -- 0.04 0 -- No No

100-HR-3 Strontium-90 pCi/L 12 3 25 1.54 6.78 J195K2 372.27 J100H44 -0.0414 1.18 287 0 0 No Yes
100-HR-3 Tritium pCi/L 11 7 63.64 353 14,100 J19J72 377.96 T100D1A 9.36 243 265,000,000 0 0 No Yes
100-HR-3 Radionuclide Sum of Fractions > 1.0? No

100-FR-3 Aluminum mg/L 3 1 33.33 0.053 0.053 J19K03 368.73 T100F2A 0.05 0.0502 0.087 0 0 No No
100-FR-3 Chromium mg/L 3 2 66.67 0.00401 0.00481 J19K02 368.63 J100Fl1 0.002 0.002 0.074 0 0 No Yes
100-FR-3 Cobalt mg/L 3 1 33.33 0.000681 0.000681 J19JF3 369.74 J100H43 0.002 0.002 0.023 0 0 No No

100-FR-3 Hexavalent chromium mg/L 24 3 12.5 0.008 0.031 J193B3 369.74 J100H43 0.0037 0.0074 0.01 2 0 Yes Yes

100-FR-3 Lead mg/L 3 0 0 -- -- -- -- -- 0.005 0.005 0.0025 -- 3 NA Yes

100-FR-3 Manganese mg/L 3 3 100 0.00416 2.26 J19JF3 369.74 J100H43 -- -- 0.12 1 -- Yes No

100-FR-3 Mercury mg/L 3 1 33.33 0.000099 0.000099 J19JF3 369.74 J100H43 0.0002 0.0002 0.000012 1 2 Yes Yes
100-FR-3 Nickel mg/L 3 2 66.67 0.00051 0.00165 J19JF3 369.74 J100H43 0.005 0.005 0.052 0 0 No No

100-FR-3 Nitrateb { mg/L 2 2 100 3.11 8.02 J19KOO 368.63 J100F1 -- -- 7.1 1 -- Yes Yes
100-FR-3 Sulfate mg/L 3 3 100 10 20.2 J19KOO 368.63 J100F1j -- -- NA -- -- NA Yes

100-FR-3 Strontium-90 pCi/L 3 2 66.67 1.49 2.33 J19K04 368.63 J100F1 0.118 0.118 287 0 0 No Yes
100-FR-3 Radionuclide Sum of Fractions> 1.0? No

200-PO-1 Aluminum mg/L 5 2 40 0.015 0.0377 J19K39 349.58 JHTS40 0.028 0.0492 0.087 0 0 No No
200-PO-1 Arsenic mg/L 5 3 60 0.00208 0.00739 J19K37 357.85 JHTS33 0.01 0.02 0.15 0 0 No No
200-PO-1 Chromium mg/L 5 4 80 0.000568 0.00301 J19K42 357.38 JHTS19 0.004 0.004 0.074 0 0 No Yes

200-PO-1 Hexavalent chromium mg/L 5 4 80 0.013 0.021 J19K43 357.85 JHTS33 0.0074 0.0074 0.01 4 0 Yes Yes

200-PO-1 Lead mg/L 5 1 20 0.00421 0.00421 J19K37 357.85 JHTS33 0.005 0.01 0.0025 1 4 Yes Yes
200-PO-1 Nickel mg/L 5 3 60 0.00065 0.00107 J19K41 357.54 JHTS18 0.005 0.005 0.052 0 0 No No

200-PO-1 Nitrate mg/L 5 5 100 1.03 35.7 J19K31 357.85 JHTS33 -- -- 7.1 4 -- Yes Yes

200-PO-1 Nitrite mg/L 1 1 100 0.27 0.27 J19K32 359.90 JHTS9 -- -- 0.098 1 -- Yes No
200-PO-1 Selenium {mg/L 5 1 20 0.00302 0.00302 J19K39 349.58 JHTS40 0.01 0.02 0.005 0 4 No No
200-PO-1 Sulfate mg/L 5 5 100 17.5 41.6 J19K31 357.85 j JHTS33 -- -- NA -- -- NA Yes
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Table 7-5. Porewater Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (3 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of
Operable COPEC Units of of FOD Detect Detect Number of maximum Designation of Reporting Reporting Ecological Excedances Exceedances Maximum Inclusion

UnitUis fof FD eet eec(ume)o axmmMaximum LmtLmtNOEC Eceacs (Reporting > NOEC? ListUnit Samples a Detections (wet wt.) (wet wt.) Maximum (RM) Limit Limit (Detected) Limit)

200-PO-1 Vanadium mg/L 5 5 100 0.00773 0.017 J19K37 357.85 JHTS33 -- -- 0.04 0 -- No No

200-PO-1 Technetium-99 pCi/L 3 3 100 32.5 130 J19KM3 357.85 JHTS33 -- -- 667,000 0 -- No Yes

200-PO-1 Tritium pCi/L 34 12 35.29 408 65,200 J19K43 357.85 JHTS33 -68 301 265,000,000 0 0 No Yes
200-PO-1 Radionuclide Sum of Fractions > 1.0? No

300-FF-5 Acetone mg/L 0 0 -- -- -- -- -- -- -- -- 1.5 -- -- NA No

300-FF-5 Aluminum mg/L 8 2 25 0.02 0.107 J19F80 344.60 T3003A 0.0148 0.0535 0.087 1 0 Yes No
300-FF-5 Arsenic mg/L 8 2 25 0.003 0.00586 J19KX1 344.44 J30013 0.01 0.01 0.15 0 0 No No
300-FF-5 Barium mg/L 8 8 100 0.048 0.15 J19H04 343.03 T3005J5 -- -- 0.437 0 -- No No

300-FF-5 Cadmium mg/L 8 1 12.5 0.000216 0.000216 J19H04 343.03 T3005J5 0.001 0.002 0.00025 0 7 No No
300-FF-5 Chloride mg/L 8 8 100 8.86 53.5 J19H02 343.03 T3005J5 -- -- 230 0 -- No No

300-FF-5 Chromium mg/L 8 4 50 0.001 0.00276 J19HW4 344.07 J30019 0.002 0.004 0.074 0 0 No Yes

300-FF-5 Cobalt mg/L 8 0 0 -- -- -- -- -- 0.002 0.004 0.023 -- 0 NA No
300-FF-5 Copper mg/L 8 0 0 -- -- -- -- -- 0.01 0.02 0.011 -- 1 NA No

300-FF-5 Hexavalent chromium' mg/L 8 2 25 0.004 0.006 J19F83 344.21 J30016 0.0037 0.0148 0.01 0 1 No Yes

300-FF-5 Lead mg/L 8 2 25 0.00214 0.00253 J19F78 345.00 T3001J3 0.005 0.01 0.0025 1 6 Yes Yes
300-FF-5 Manganese mg/L 8 6 75 0.00312 0.117 J19F78 345.00 T3001J3 0.00259 0.00448 0.12 0 0 No No
300-FF-5 Mercury mg/L 8 0 0 -- -- -- -- -- 0.0002 0.0006 0.000012 -- 8 NA Yes

300-FF-5 Nickel mg/L 8 7 87.5 0.000553 0.0031 J19F77 344.51 J3008 0.005 0.005 0.052 0 0 No No
300-FF-5 Nitrate mg/L 8 8 100 0.61 116 J19H02 343.03 T3005J5 -- -- 7.1 6 -- Yes Yes

300-FF-5 Selenium mg/L 8 3 37.5 0.00327 0.0102 J19H04 343.03 T3005J5 0.01 0.02 0.005 1 5 Yes No
300-FF-5 Sulfate mg/L 8 8 100 28.8 155 J19H02 343.03 T3005J5 -- -- NA -- -- NA Yes

300-FF-5 Trichloroethene b mg/L 20 1 5 0.00376 0.00376 J19F73 344.51 J3008 0.005 0.005 0.047 0 0 No Yes
300-FF-5 Uranium mg/L 8 7 87.5 0.022 0.17 J19KXO 345.07 J3002 0.1 0.1 0.005 7 1 Yes Yes

300-FF-5 Vanadium mg/L 8 8 100 0.00226 0.0163 J19H04 343.03 T3005J5 -- -- 0.04 0 -- No No
300-FF-5 Zinc mg/L 8 8 100 0.00509 0.0184 J19F80 344.60 T3003A -- -- 0.105 0 -- No No
300-FF-5 Tritium pCi/L 8 6 75 1,760 6,720 J19F82 345.00 T3001J3 -191 176 265,000,000 0 0 No Yes

300-FF-5 Radionuclide Sum of Fractions > 1.0? No

Zeros equal no filtered samples for that COPEC.

Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation.

not applicable NOEC = no observed effect concentration
COPEC = contaminant of potential ecological concern RM = River Mile
FOD = frequency of detection TPH = total petroleum hydrocarbons
NA = not available
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Table 7-6. Porewater No Observed Effect Concentration Exceedances.

100-BC-5 100-KR-4 100-NR-2 100-HR-3 100-FR-3 200-PO-1 300-FF-5
Aquatic Biota Aquatic Biota Aquatic Biota Aquatic Biota Aquatic Biota Aquatic Biota Aquatic Biota

Aluminum Hexavalent Hexavalent Aluminum Hexavalent Hexavalent Aluminum

Hexavalent chromium chromium Chromium chromium chromium Lead
chromium Manganese Nitrate Hexavalent Manganese Lead Nitrate
Lead Nitrate Phosphate chromium Mercury Nitrate Selenium
Nitrate Lead Nitrate Nitrite Uranium

Manganese

Nickel
Nitrate
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Table 7-7. Soil Plant Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Designation Minimum Maximum Number of Number of

Sub-Area COPEC Units of of FOD Detect Detect Number of Maximum of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit NOEC (Detected) (Reporting > NOEC? List
Limit)

100 Area Arsenic mg/kg 29 29 100 2.91 8.99 J18B06 372.21 LI-10S -- -- 10 0 -- No No

100 Area Chromium mg/kg 29 29 100 14 20.8 J18B04 371.83 LI-7S -- -- 42 0 -- No Yes

100Area Dichlorodiphenyltrichloroethane mg/kg 11 1 9.09 0.00174 0.00174 J18B00 371.45 LI-3S 0.00143 0.00155 7.1 0 0 No No

100Area Diethylphthalate mg/kg 11 1 9.09 0.0635 0.0635 J18B12 370.68 WB-7S 0.356 0.822 100 0 0 No No
100 Area Hexavalent chromium mg/kg 23 2 8.7 0.07 0.13 J18B16 371.20 WB-4S 0.21 1.04 0.35 0 6 No Yes
100 Area Lead mg/kg 29 29 100 3.62 94.3 J189Y1 374.58 13-2S -- -- 50 3 -- Yes Yes

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B04 371.83 LI-7S -- -- 35 0 -- No No

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B09 371.18 LI-2S -- -- 35 0 -- No No

100 Area Mercury a mg/kg 29 20 68.97 0.013 0.052 J18B00 371.45 LI-3S 0.025 0.032 0.3 0 0 No Yes

100 Area Nickel mg/kg 29 29 100 12.3 18.4 J18B09 371.18 LI-2S -- -- 38 0 -- No No

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW9 371.94 LI-8S -- -- 40 0 -- No No

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW7 370.90 WB-6S -- -- 40 0 -- No No

100 Area TPH-diesel range mg/kg 11 1 9.09 2.68 2.68 J189Y0 374.64 13-S 3.54 4.11 NA -- 0 NA Yes
100 Area TPH-motor oil mg/kg 11 6 54.55 4.44 179 J18BOO 371.45 LI-3 10.7 25.7 NA -- 0 NA Yes

100Area Uranium mg/kg 29 1 3.45 1.47 1.47 J189Y6 374.34 13-8S 11.7 24.9 250 0 0 No Yes
100 Area Carbon-14 pCi/g 29 1 3.45 65.5 65.5 J18B05 372.05 LI-9 -1.91 1.26 60,700 0 0 No Yes

100 Area Cesium-137 a pCi/g 29 27 93.1 0.015 0.454 J18B19 371.42 WB-S 0.037 0.064 2,210 0 0 No Yes

100 Area Uranium-233/234 a pCi/g 29 29 100 0.344 1 J18B19 371.42 WB-S -- -- 51,600 0 -- No Yes

100 Area Uranium-235 pCi/g 29 3 10.34 0.072 0.096 J18B13 370.01 WB-9S -0.017 0.088 27,400 0 0 No Yes

100 Area Uranium-238 a pCi/g 29 29 100 0.296 0.997 J18B05 372.05 LI-9 -- -- 15,700 0 -- No Yes

100 Area Radionuclide Sum of Fractions > 1.0? No

300 Area Arsenic mg/kg 48 48 100 2.95 9.37 J18B63 341.88 GI-8 -- -- 10 0 -- No No

300 Area Chromium mg/kg 48 48 100 10.4 21.8 J18B54 345.48 JI-6 -- -- 42 0 -- No Yes

300 Area Hexavalent chromium mg/kg 21 4 19.05 0.06 0.17 J18B53 345.45 JI-8S 0.2 0.23 0.35 0 0 No Yes
300 Area Lead mg/kg 48 48 100 4.94 65 J18B53 345.45 JI-8s -- -- 50 7 -- Yes Yes

300 Area Lithium mg/kg 48 48 100 6.33 12.2 J18B37 348.94 WI-8 -- -- 35 0 -- No No

300 Area Mercurya mg/kg 48 27 56.25 0.01 0.11 J18B61 341.95 G1-7 0.024 0.033 0.3 0 0 No Yes
300 Area Nickel mg/kg 48 48 100 9.91 18.4 J18B37 348.94 WI-8 -- -- 38 0 -- No No

300 Area Total PCBs mg/kg 5 5 100 0.000346 0.00215 J189W2 341.95 GI-6 -- -- 40 0 -- No No

300 Area TPH-diesel range mg/kg 16 3 18.75 1.36 5.63 J18B59 342.07 G1-2 3.46 3.88 NA -- 0 NA Yes

300 Area TPH-motor oil mg/kg 16 11 68.75 5.72 30.1 J18B32 349.25 WI-2 10.5 13.5 NA -- 0 NA Yes
300 Area Uranium mg/kg 48 1 2.08 2.12 2.12 J18B39 348.89 WI-9 11.9 22.7 250 0 0 No Yes
300 Area Cesium-137 a pCi/g 40 37 92.5 0.039 0.569 J18B51 345.45 JI-7 0.019 0.04 2,210 0 0 No Yes
300 Area Cobalt-60 pCi/g 40 1 2.5 0.016 0.016 J18B48 345.60 JI-3 0.008 0.043 6,130 0 0 No Yes

300 Area Europium-152 pCi/g 40 7 17.5 0.053 0.342 J18B51 345.45 JI-7 0.024 0.111 14,700 0 0 No Yes

300 Area Plutonium-239/240 pCi/g 40 1 2.5 0.034 0.034 J18B52 345.55 JI-5S -0.023 0.035 12,700 0 0 No Yes
300 Area Strontium-90 pCi/g 40 2 5 0.784 1.81 J18B26 352.20 HI-9 -0.066 0.125 3,580 0 0 No Yes

300 Area Uranium-233/234 a pCi/g 40 40 100 0.385 1.78 J18B54 345.48 JI-6 -- -- 51,600 0 -- No Yes

300 Area Uranium-235 pCi/g 40 8 20 0.041 0.068 J18B52 345.55 JI-5S -0.013 0.237 27,400 0 0 No Yes
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Table 7-7. Soil Plant Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Designation Minimum Maximum Ecological Number of Number of
Sub-Area COPEC Units of of Detect Detect Number of Maximum of Reporting Reporting NOEC Exceedances (Reporting >NOEC? List

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit (Detected) Limit)

300 Area Uranium-238 pCi/g 40 40 100 0.291 1.38 J18B54 345.48 JI-6S -- -- 15,700 0 -- No Yes

300 Area Radionuclide Sum of Fractions > 1.0? No
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation.

not applicable; all samples were detections; no reporting limit recorded
contaminant of potential ecological concern
frequency of detection
not available

NOEC = no observed effect concentration
PCB = polychlorinated biphenyl
RM = River Mile
TPH = total petroleum hydrocarbons
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Table 7-8. Soil Invertebrate Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Designation Minimum Maximum Number of Number of

Sub-Area COPEC Units of of FOD Detect Detect Number of Maximum of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion
%)NOEC E(eedncsraxmuinc E? Lsio

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit (Detected) (Reorting > NOEC? List

100 Area Arsenic mg/kg 29 29 100 2.91 8.99 J18B06 372.21 LI-10S -- -- 60 0 -- No No

100 Area Chromium mg/kg 29 29 100 14 20.8 J18B04 371.83 LI-7S -- -- 57 0 -- No Yes

100Area Dichlorodiphenyltrichloroethane mg/kg 11 1 9.09 0.00174 0.00174 J18B00 371.45 LI-3S 0.00143 0.00155 0.118 0 0 No No
100 Area Diethylphthalate mg/kg 11 1 9.09 0.0635 0.0635 J18B12 370.68 WB-7S 0.356 0.822 200 0 0 No No
100 Area Hexavalent chromium mg/kg 23 2 8.7 0.07 0.13 J18B16 371.20 WB-4S 0.21 1.04 NA -- 0 NA Yes
100 Area Lead mg/kg 29 29 100 3.62 94.3 J189Y1 374.58 13-2S -- -- 1,700 0 -- No Yes

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B04 371.83 LI-7S -- -- 34.7 0 -- No No

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B09 371.18 LI-2S -- -- 34.7 0 -- No No

100 Area Mercury a mg/kg 29 20 68.97 0.013 0.052 J18B00 371.45 LI-3S 0.025 0.032 0.1 0 0 No Yes

100 Area Nickel mg/kg 29 29 100 12.3 18.4 J18B09 371.18 LI-2S -- -- 280 0 -- No No

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW9 371.94 LI-8S -- -- 24 0 -- No No

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW7 370.90 WB-6S -- -- 24 0 -- No No

100 Area TPH-diesel range mg/kg 11 1 9.09 2.68 2.68 J189Y0 374.64 13-S 3.54 4.11 200 0 0 No Yes
100 Area TPH-motor oil mg/kg 11 6 54.55 4.44 179 J18B00 371.45 LI-3S 10.7 25.7 NA -- 0 NA Yes

100Area Uranium mg/kg 29 1 3.45 1.47 1.47 J189Y6 374.34 I3-8S 11.7 24.9 100 0 0 No Yes
100 Area Carbon-14 pCi/g 29 1 3.45 65.5 65.5 J18B05 372.05 LI-9S -1.91 1.26 4,760 0 0 No Yes
100 Area Cesium-137 a pCi/g 29 27 93.1 0.015 0.454 J18B19 371.42 WB-lS 0.037 0.064 20.8 0 0 No Yes

100 Area Uranium-233/234 a pCi/g 29 29 100 0.344 1 J18B19 371.42 WB-lS -- -- 4,830 0 -- No Yes

100 Area Uranium-235 pCi/g 29 3 10.34 0.072 0.096 J18B13 370.01 WB-9S -0.017 0.088 2,770 0 0 No Yes

100 Area Uranium-238 a pCi/g 29 29 100 0.296 0.997 J18B05 372.05 [ LI-9S -- -- 1,580 0 -- No Yes
100 Area Radionuclide Sum of Fractions > L.? No

300 Area Arsenic mg/kg 48 48 100 2.95 9.37 J18B63 341.88 GI-8 -- -- 60 0 -- No No

300 Area Chromium mg/kg 48 48 100 10.4 21.8 J18B54 345.48 JI-6 -- -- 57 0 -- No Yes

300 Area Hexavalent chromium mg/kg 21 4 19.05 0.06 0.17 J18B53 345.45 JI-8S 0.2 0.23 NA -- 0 NA Yes

300 Area Lead mg/kg 48 48 100 4.94 65 J18B53 345.45 JI-8S -- -- 1,700 0 -- No Yes

300 Area Lithium mg/kg 48 48 100 6.33 12.2 J18B37 348.94 WI-8 -- -- 34.7 0 -- No No

300 Area Mercury mg/kg 48 27 56.25 0.01 0.11 J18B61 341.95 GI-7 0.024 0.033 0.1 1 0 Yes Yes
300 Area Nickel mg/kg 48 48 100 9.91 18.4 J18B37 348.94 WI-8 -- -- 280 0 -- No No

300 Area Total PCBs mg/kg 5 5 100 0.000346 0.00215 J189W2 341.95 GI-6 -- -- 24 0 -- No No

300 Area TPH-diesel range mg/kg 16 3 18.75 1.36 5.63 J18B59 342.07 GI-2 3.46 3.88 200 0 0 No Yes
300 Area TPH-motor oil mg/kg 16 11 68.75 5.72 30.1 J18B32 349.25 WI-2 10.5 13.5 NA -- 0 NA Yes

300 Area Uranium mg/kg 48 1 2.08 2.12 2.12 J18B39 348.89 WI-9 11.9 22.7 100 0 0 No Yes
300 Area Cesium-137 a pCi/g 40 37 92.5 0.039 0.569 J18B51 345.45 JI-7 0.019 0.04 20.8 0 0 No Yes

300 Area Cobalt-60 pCi/g 40 1 2.5 0.016 0.016 J18B48 345.60 JI-3 0.008 0.043 692 0 0 No Yes

300 Area Europium-152 pCi/g 40 7 17.5 0.053 0.342 J18B51 345.45 JI-7 0.024 0.111 1,520 0 0 No Yes

300 Area Plutonium-239/240 pCi/g 40 1 2.5 0.034 0.034 J18B52 345.55 JI-5S -0.023 0.035 6,110 0 0 No Yes
300 Area Strontium-90 pCi/g 40 2 5 0.784 1.81 J18B26 352.20 HI-9 -0.066 0.125 22.5 0 0 No Yes

300 Area Uranium-233/234 a pCi/g 40 40 100 0.385 1.78 J18B54 345.48 JI-6 -- -- 4,830 0 -- No Yes

300 Area Uranium-235 pCi/g 40 8 20 0.041 0.068 J18B52 345.55 JI-5S -0.013 0.237 2,770 0 0 No Yes
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Table 7-8. Soil Invertebrate Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Designation Minimum Maximum Number of Number of
FOD ELimit)l E___dnce Maxmum Inclsio

Sub-Area COPEC Units of of (%D Detect Detect Number of Maximum of Reporting Reporting NOEC Exceedances Exceedances Maximum Inclusion
Samples Detections % (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit (Detected) (Reorting NOEC? List

300 Area Uranium-238 pCi/g 40 40 100 0.291 1.38 J18B54 345.48 JI-6S -- -- 1,580 0 -- No Yes

300 Area Radionuclide Sum of Fractions > 1.0? No
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation.

not applicable; all samples were detections; no reporting limit recorded
contaminant of potential ecological concern
frequency of detection
not available

NOEC
PCB
RM
TPH

no observed effect concentration
polychlorinated biphenyl
River Mile
total petroleum hydrocarbons
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Table 7-9. Soil Wildlife Bird Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Designation Minimum Maximum Number of Number of

Sub-Area COPEC Units of of FOD Detect Detect Number of Maximum of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit NOE (Detected) (Reporting > NOEC? List
Limit)

100 Area Arsenic mg/kg 29 29 100 2.91 8.99 J18B06 372.21 LI-10S -- -- 43 0 -- No No

100 Area Chromium mg/kg 29 29 100 14 20.8 J18B04 371.83 LI-7S -- -- 26 0 -- No Yes

100 Area Dichlorodiphenyltrichloroethane mg/kg 11 1 9.09 0.00174 0.00174 J18B00 371.45 LI-3S 0.00143 0.00155 0.093 0 0 No No
100 Area Diethylphthalate mg/kg 11 1 9.09 0.0635 0.0635 J18B12 370.68 WB-7S 0.356 0.822 NA -- 0 NA No
100 Area Hexavalent chromium mg/kg 23 2 8.7 0.07 0.13 J18B16 371.20 WB-4S 0.21 1.04 190 0 0 No Yes
100Area Lead mg/kg 29 29 100 3.62 94.3 J189Y1 374.58 13-2S -- -- 11 17 -- Yes Yes

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B04 371.83 LI-7S -- -- NA -- -- NA No

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B09 371.18 LI-2S -- -- NA -- -- NA No

100 Area Mercury a mg/kg 29 20 68.97 0.013 0.052 J18B00 371.45 LI-3S 0.025 0.032 0.013 20 9 Yes Yes
100 Area Nickel mg/kg 29 29 100 12.3 18.4 J18B09 371.18 LI-2S -- -- 210 0 -- No No

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW9 371.94 LI-8S -- -- 0.041 0 -- No No

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW7 370.90 WB-6S -- -- 0.041 0 -- No No

100 Area TPH-diesel range mg/kg 11 1 9.09 2.68 2.68 J189Y0 374.64 13-S 3.54 4.11 6,000 0 0 No Yes
100Area TPH-motor oil mg/kg 11 6 54.55 4.44 179 J18BOO 371.45 LI-3 10.7 25.7 NA -- 0 NA Yes

100Area Uranium mg/kg 29 1 3.45 1.47 1.47 J189Y6 374.34 13-8S 11.7 24.9 31 0 0 No Yes
100 Area Carbon-14 pCi/g 29 1 3.45 65.5 65.5 J18B05 372.05 LI-9S -1.91 1.26 4,760 0 0 No Yes
100 Area Cesium-137 a pCi/g 29 27 93.1 0.015 0.454 J18B19 371.42 WB-lS 0.037 0.064 20.8 0 0 No Yes

100 Area Uranium-233/234 a pCi/g 29 29 100 0.344 1 J18B19 371.42 WB-lS -- -- 5,130 0 -- No Yes

100 Area Uranium-235 pCi/g 29 3 10.34 0.072 0.096 J18B13 370.01 WB-9 -0.017 0.088 2,770 0 0 No Yes
100 Area Uranium-238 a pCi/g 29 29 100 0.296 0.997 J18B05 372.05 LI-9 -- -- 1,580 0 -- No Yes
100 Area Radionuclide Sum of Fractions> 1.0? No

300 Area Arsenic mg/kg 48 48 100 2.95 9.37 J18B63 341.88 1-8s -- -- 43 0 -- No No

300 Area Chromium mg/kg 48 48 100 10.4 21.8 J18B54 345.48 JI-6S -- -- 26 0 -- No Yes

300 Area Hexavalent chromium mg/kg 21 4 19.05 0.06 0.17 J18B53 345.45 JI-8S 0.2 0.23 190 0 0 No Yes
300 Area Lead mg/kg 48 48 100 4.94 65 J18B53 345.45 JI-8 -- -- 11 33 -- Yes Yes

300 Area Lithium mg/kg 48 48 100 6.33 12.2 J18B37 348.94 WI-8s -- -- NA -- -- NA No

300 Area Mercury mg/kg 48 27 56.25 0.01 0.11 J18B61 341.95 G1-7 0.024 0.033 0.013 23 21 Yes Yes
300 Area Nickel mg/kg 48 48 100 9.91 18.4 J18B37 348.94 WI-8 -- -- 210 0 -- No No

300 Area Total PCBs mg/kg 5 5 100 0.000346 0.00215 J189W2 341.95 G1-6 -- -- 0.041 0 -- No No

300 Area TPH-diesel range mg/kg 16 3 18.75 1.36 5.63 J18B59 342.07 G1-2 3.46 3.88 6,000 0 0 No Yes
300 Area TPH-motor oil mg/kg 16 11 68.75 5.72 30.1 J18B32 349.25 WI-2 10.5 13.5 NA -- 0 NA Yes
300 Area Uranium mg/kg 48 1 2.08 2.12 2.12 J18B39 348.89 WI-9 11.9 22.7 31 0 0 No Yes
300 Area Cesium-137 a pCi/g 40 37 92.5 0.039 0.569 J18B51 345.45 JI-7 0.019 0.04 20.8 0 0 No Yes
300 Area Cobalt-60 pCi/g 40 1 2.5 0.016 0.016 J18B48 345.60 JI-3 0.008 0.043 692 0 0 No Yes

300 Area Europium-152 pCi/g 40 7 17.5 0.053 0.342 J18B51 345.45 JI-7 0.024 0.111 1,520 0 0 No Yes

300 Area Plutonium-239/240 pCi/g 40 1 2.5 0.034 0.034 J18B52 345.55 JI-5S -0.023 0.035 6,110 0 0 No Yes
300 Area Strontium-90 pCi/g 40 2 5 0.784 1.81 J18B26 352.20 HI-9 -0.066 0.125 22.5 0 0 No Yes
300 Area Uranium-233/234 a pCi/g 40 40 100 0.385 1.78 J18B54 345.48 JI-6 -- -- 5,130 0 -- No Yes

300 Area Uranium-235 pCi/g 40 8 20 0.041 0.068 J18B52 345.55 JI-5S -0.013 0.237 2,770 0 0 No Yes
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Table 7-9. Soil Wildlife Bird Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Designation Minimum Maximum Number of Number of
FOD ELimit)l E___dnce Maxmum Inclsio

Sub-Area COPEC Units of of (%) Detect Detect Number of Maximum of Reporting Reporting NOECi Exceedances Exceedances Maximum Inclusion
Samples Detections (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit (Detected) (Reorting NOEC? List

300 Area Uranium-238 pCi/g 40 40 100 0.291 1.38 J18B54 345.48 JI-6S -- -- 1,580 0 -- No Yes

300 Area Radionuclide Sum of Fractions > 1.0? No
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation.

-not applicable; all samples were detections; no reporting limit recorded
- contaminant of potential ecological concern
- frequency of detection
-not available

NOEC
PCB
RM
TPH

-no observed effect concentration
-polychlorinated biphenyl
-River Mile
-total petroleum hydrocarbons
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Table 7-10. Soil Wildlife Mammal Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of

Sub-Area COPEC Units of of FOD Detect Detect Number of Maximum Designation of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit NOEC (Detected) (Reporting > NOEC? List
Limit)

100 Area Arsenic mg/kg 29 29 100 2.91 8.99 J18B06 372.21 LI-10S -- -- 46 0 -- No No

100 Area Chromium mg/kg 29 29 100 14 20.8 J18B04 371.83 LI-7S -- -- 34 0 -- No Yes

100 Area Dichlorodiphenyltrichloroethane mg/kg 11 1 9.09 0.00174 0.00174 J18BOO 371.45 LI-3S 0.00143 0.00155 0.021 0 0 No No
100 Area Diethylphthalate mg/kg 11 1 9.09 0.0635 0.0635 J18B12 370.68 WB-7S 0.356 0.822 24.8 0 0 No No
100 Area Hexavalent chromium mg/kg 23 2 8.7 0.07 0.13 J18B16 371.20 WB-4S 0.21 1.04 130 0 0 No Yes
100 Area Lead mg/kg 29 29 100 3.62 94.3 J189Y1 374.58 13-2S -- -- 56 2 -- Yes Yes

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B04 371.83 LI-7S -- -- NA -- -- NA No

100 Area Lithium mg/kg 29 29 100 7.42 13.3 J18B09 371.18 LI-2S -- -- NA -- -- NA No

100 Area Mercury a mg/kg 29 20 68.97 0.013 0.052 J18BOO 371.45 LI-3S 0.025 0.032 1.7 0 0 No Yes

100 Area Nickel mg/kg 29 29 100 12.3 18.4 J18B09 371.18 LI-2S -- -- 130 0 -- No No

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW9 371.94 LI-8S -- -- 0.65 0 -- No No

100 Area Total PCBs mg/kg 2 2 100 0.000376 0.000376 J18HW7 370.90 WB-6S -- -- 0.65 0 -- No No

100 Area TPH-diesel range mg/kg 11 1 9.09 2.68 2.68 J189Y0 374.64 13-S 3.54 4.11 6,000 0 0 No Yes
100Area TPH-motor oil mg/kg 11 6 54.55 4.44 179 J18BOO 371.45 LI-3S 10.7 25.7 NA -- 0 NA Yes

100Area Uranium mg/kg 29 1 3.45 1.47 1.47 J189Y6 374.34 13-8S 11.7 24.9 3 0 28 No Yes
100 Area Carbon-14 pCi/g 29 1 3.45 65.5 65.5 J18B05 372.05 LI-9S -1.91 1.26 4,760 0 0 No Yes
100 Area Cesium-137 a pCi/g 29 27 93.1 0.015 0.454 J18B19 371.42 WB-1S 0.037 0.064 20.8 0 0 No Yes

100 Area Uranium-233/234 a pCi/g 29 29 100 0.344 1 J18B19 371.42 WB-1S -- -- 5,130 0 -- No Yes

100 Area Uranium-235 pCi/g 29 3 10.34 0.072 0.096 J18B13 370.01 WB-9 -0.017 0.088 2,770 0 0 No Yes
100 Area Uranium-238 a pCi/g 29 29 100 0.296 0.997 J18B05 372.05 LI-9 -- -- 1,580 0 -- No Yes
100 Area Radionuclide Sum of Fractions> 1.0? No

300 Area Arsenic mg/kg 48 48 100 2.95 9.37 J18B63 341.88 1-8 -- -- 46 0 -- No No

300 Area Chromium mg/kg 48 48 100 10.4 21.8 J18B54 345.48 JI-6 -- -- 34 0 -- No Yes

300 Area Hexavalent chromium mg/kg 21 4 19.05 0.06 0.17 J18B53 345.45 JI-8 0.2 0.23 130 0 0 No Yes
300 Area Lead mg/kg 48 48 100 4.94 65 J18B53 345.45 JI-8 -- -- 56 5 -- Yes Yes

300 Area Lithium mg/kg 48 48 100 6.33 12.2 J18B37 348.94 WI-8 -- -- NA -- -- NA No

300 Area Mercury mg/kg 48 27 56.25 0.01 0.11 J18B61 341.95 GI-7 0.024 0.033 1.7 0 0 No Yes
300 Area Nickel mg/kg 48 48 100 9.91 18.4 J18B37 348.94 WI-8 -- -- 130 0 -- No No

300 Area Total PCBs mg/kg 5 5 100 0.000346 0.00215 J189W2 341.95 61-6S -- -- 0.65 0 -- No No

300 Area TPH-diesel range mg/kg 16 3 18.75 1.36 5.63 J18B59 342.07 GI-2 3.46 3.88 6,000 0 0 No Yes

300 Area TPH-motor oil mg/kg 16 11 68.75 5.72 30.1 J18B32 349.25 WI-2 10.5 13.5 NA -- 0 NA Yes
300 Area Uranium mg/kg 48 1 2.08 2.12 2.12 J18B39 348.89 WI-9 11.9 22.7 3 0 47 No Yes
300 Area Cesium-137 a pCi/g 40 37 92.5 0.039 0.569 J18B51 345.45 JI-7 0.019 0.04 20.8 0 0 No Yes
300 Area Cobalt-60 pCi/g 40 1 2.5 0.016 0.016 J18B48 345.60 JI-3 0.008 0.043 692 0 0 No Yes

300 Area Europium-152 pCi/g 40 7 17.5 0.053 0.342 J18B51 345.45 JI-7 0.024 0.111 1,520 0 0 No Yes

300 Area Plutonium-239/240 pCi/g 40 1 2.5 0.034 0.034 J18B52 345.55 JI-5S -0.023 0.035 6,110 0 0 No Yes
300 Area Strontium-90 pCi/g 40 2 5 0.784 1.81 J18B26 352.20 HI-9 -0.066 0.125 22.5 0 0 No Yes
300 Area Uranium-233/234 a pCi/g 40 40 100 0.385 1.78 J18B54 345.48 JI-6 -- -- 5,130 0 -- No Yes

300 Area Uranium-235 pCi/g 40 8 20 0.041 0.068 J18B52 345.55 JI-5S -0.013 0.237 2,770 0 0 No Yes

Columbia River Component Risk Assessment
Volume I, Part 2: Screening-Level Ecological Risk Assessment

June 2012 7-21



DOE/RL-2010-117

Rev. 0Screening-Level Risk Calculation

Table 7-10. Soil Wildlife Mammal Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of
FOD Designation of Reporting Reporting Ecological Exceedances Exceedances Maximum InclusionSub-Area COPEC Units o of Detect Detect Number of Maximum Reporting C Reporting xceedancest

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Limit Limit (Detected) Limit) > NOEC? List

300 Area Uranium-238 pCi/g 40 40 100 0.291 1.38 J18B54 345.48 JI-6S -- -- 1,580 0 -- No Yes

300 Area Radionuclide Sum of Fractions > 1.0? No
a Inclusion List analyte consistent with or lower than Reference concentrations, as determined by statistical or qualitative evaluation.

-not applicable; all samples were detections; no reporting limit recorded
-contaminant of potential ecological concern
-frequency of detection
-not available

NOEC
PCB
RM
TPH

no observed effect concentration
polychlorinated biphenyl
River Mile
total petroleum hydrocarbons

Columbia River Component Risk Assessment
Volume L Part 2: Screening-Level Ecological Risk Assessment

COPEC
FOD
NA
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Table 7-11. Soil No Observed Effect Concentration Exceedances.

100 Area 300 Area

Plant Soil Wildlife Wildlife Plant Soil Wildlife Wildlife
Invertebrate Bird Mammal Invertebrate Bird Mammal

Lead None Lead Lead Lead Mercury Lead Lead
Mercury Mercury

7-23
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Table 7-12. Shoreline Sediment Plant Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of

Sub-Area COPEC Units of of FOD Detect Detect Number of Maximum Designation of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion
Su-raCPCUis o f (%) MxmmNE Rprig >NE? Ls

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit NOE (Detected) (Reorting NOEC? List

100 Area Acetone mg/kg 24 0 0 -- -- -- -- -- 0.0122 0.0204 NA -- 0 NA No

100 Area Chromium mg/kg 52 52 100 12.2 35.8 J18702 381.33 RKLS-14SSD -- -- 42 0 -- No Yes

100 Area delta-BHC mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 10 -- 0 NA No

100 Area Endosulfan sulfate mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 19.4 -- 0 NA No

100Area Heptachlor epoxide mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 0.4 -- 0 NA No

100 Area Hexavalent chromium mg/kg 48 2 4.17 0.412 0.618 J187L3 367.62 RFLS-5SSD 0.179 0.259 0.35 2 0 Yes Yes
100 Area Lead mg/kg 52 49 94.23 3.61 46.6 J187Y2 365.86 HT-1SSD 15.8 21.7 50 0 0 No Yes
100 Area Mercury mg/kg 52 28 53.85 0.0129 0.133 J187P7 367.61 RFD-2SSD 0.0297 0.0412 0.3 0 0 No Yes

100 Area TPH-diesel range mg/kg 16 0 0 -- -- -- -- -- 4.08 5.38 NA -- 0 NA Yes

100Area TPH-motor oil mg/kg 16 4 25 18.7 43.5 J187P6 367.32 RFD-4SSD 42 91.8 NA -- 0 NA Yes
100 Area Uranium mg/kg 52 2 3.85 1.85 6.9 J186X2 381.82 RKLS-12SSD 14.3 33.4 250 0 0 No Yes
100 Area Carbon-14 pCi/g 52 0 0 -- -- -- -- -- -3.31 2.55 60,700 -- 0 NA Yes

100Area Cesium-137 pCi/g 52 44 84.62 0.0117 0.4 J187P7 367.61 RFD-2SSD 0.0116 0.0513 2,210 0 0 No Yes
100 Area Cobalt-60 pCi/g 52 4 7.69 0.0373 0.0875 J187W8 366.26 IS9-3SSD 0.0074 0.0635 6,130 0 0 No Yes

100Area Europium-152 pCi/g 52 4 7.69 0.116 0.257 J187P7 367.61 RFD-2SSD 0.0234 0.168 14,700 0 0 No Yes
100 Area Plutonium-239/240 pCi/g 52 0 0 -- -- -- -- -- -0.0405 0.0822 12,700 -- 0 NA Yes

100 Area Strontium-90 pCi/g 52 0 0 -- -- -- -- -- -0.161 0.254 3,580 -- 0 NA Yes

100 Area Technetium-99 pCi/g 52 0 0 -- -- -- -- -- -0.194 0.236 21,900 -- 0 NA Yes

100 Area Uranium-233/234 pCi/g 52 52 100 0.326 3.81 J18702 381.33 RKLS-14SSD -- -- 51,600 0 -- No Yes

100 Area Uranium-235 pCi/g 52 2 3.85 0.0959 0.112 J18KH8 379.21 RNLS-2SSD 0 0.254 27,400 0 0 No Yes
100 Area Uranium-238 pCi/g 52 52 100 0.369 3.39 J18702 381.33 RKLS-14SSD -- -- 15,700 0 -- No Yes
100 Area Radionuclide Sum of Fractions > 1.0? No

300 Area Chromium mg/kg 91 91 100 9.25 29.5 J189D6 341.36 300D-2SSD -- -- 42 0 -- No Yes

300 Area Hexavalent chromium mg/kg 76 11 14.47 0.26 0.998 J18943 343.27 300LS-8SSD 0.164 0.399 0.35 10 1 Yes Yes
300 Area Lead mg/kg 91 73 80.22 6.05 111 J187P2 362.74 HT-8SSD 3.58 18.3 50 5 0 Yes Yes
300 Area Mercury mg/kg 91 24 26.37 0.0102 0.045 J187Y4 362.92 HT-6SSD 0.0275 0.0521 0.3 0 0 No Yes

300 Area Selenium mg/kg 91 4 4.4 0.429 1.01 J18933 343.27 300LS-8SSD 0.499 2.05 0.52 3 86 Yes No

300 Area Titanium mg/kg 5 5 100 1030 1290 J18J33 339.64 LG-SSD -- -- NA -- -- NA No

300 Area TPH-diesel range mg/kg 46 5 10.87 3.58 14.4 J18J30 339.64 LG-2SSD 3.53 5.1 NA -- 0 NA Yes

300 Area TPH-motor oil mg/kg 46 20 43.48 3.41 136 J18865 353.86 IS12-4SSD 13 73.1 NA -- 0 NA Yes
300 Area Uranium mg/kg 91 0 0 -- -- -- -- -- 9.97 41 250 -- 0 NA Yes

300 Area Carbon-14 pCi/g 91 4 4.4 4.21 5.61 J188B8 346.03 300ISL-3SSD -3.42 3.67 60,700 0 0 No Yes
300 Area Cesium-137 pCi/g 91 62 68.13 0.0197 0.405 J187Y4 362.92 HT-6SSD 0.0106 0.0916 2,210 0 0 No Yes
300 Area Cobalt-60 pCi/g 91 0 0 -- -- -- -- -- 0.00896 0.0581 6,130 -- 0 NA Yes
300 Area Europium-152 pCi/g 91 3 3.3 0.115 0.257 J187Y4 362.92 HT-6SSD 0.0209 0.144 14,700 0 0 No Yes

300 Area Plutonium-239/240 pCi/g 91 5 5.49 0.0605 0.216 J188B9 345.72 300ISL-SSD -0.0422 0.134 12,700 0 0 No Yes
300 Area Strontium-90 pCi/g 91 3 3.3 0.422 5.98 J188B9 345.72 300ISL-SSD -0.19 0.267 3,580 0 0 No Yes
300 Area Technetium-99 pCi/g 91 0 0 -- -- -- -- -- -0.0603 0.351 21,900 -- 0 NA Yes

300 Area Tritium pCi/g 0 0 -- -- -- -- -- -- -- -- 1,680,000 -- -- NA Yes

300 Area Uranium-233/234 pCi/g 91 91 100 0.365 2.18 J18907 350.56 WI-2SSD -- -- 51,600 0 -- No Yes

300 Area Uranium-234 pCi/g 0 0 -- -- -- -- -- -- -- -- 51,600 -- -- NA No

300 Area Uranium-235 pCi/g 91 14 15.38 0.0466 0.135 J18907 350.56 WI-2SSD -0.0465 0.283 27,400 0 0 No Yes
300 Area Uranium-238 pCi/g 91 91 100 0.342 2.25 J18907 350.56 WI-2SSD -- -- 15,700 0 -- No Yes
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Table 7-12. Shoreline Sediment Plant Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number oftFOD Designation of otn Ecological Exceedances Maximum Inclusion
Sub-Area COPEC Units of of F( D Detect Detect Number of Maximum Reporting Reporting Exceedances ERedrnges Maximum is

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit NOEC (Detected) Limit) > NEC? Lis

300 Area Radionuclide Sum of Fractions > 1.0? No

Lake Wallula alpha-BHC mg/kg 33 0 0 -- -- -- -- -- 0.00135 0.00554 10 -- 0 NA No

Lake Wallula Antimony mg/kg 40 4 10 0.292 0.633 J189B9 334.24 BL-7SSD 0.362 1.3 NA -- 0 NA No

Lake Wallula Chromium mg/kg 40 40 100 5.18 27.9 J189B8 334.16 BL-8SSD -- -- 42 0 -- No Yes

Lake Wallula Dichlorodiphenyldichloroethane mg/kg 33 0 0 -- -- -- -- -- 0.00135 0.00554 7.1 -- 0 NA No

Lake Wallula Hexavalent chromium mg/kg 20 2 10 0.51 1.73 J189C7 334.00 BL-9SSD 0.165 0.278 0.35 2 0 Yes Yes
Lake Wallula Lead mg/kg 40 19 47.5 3.77 34.4 J189B9 334.24 BL-7SSD 2.42 15.3 50 0 0 No Yes
Lake Wallula Mercury mg/kg 40 2 5 0.0233 0.0369 J189B9 334.24 BL-7SSD 0.0241 0.0677 0.3 0 0 No Yes
Lake Wallula Molybdenum mg/kg 40 40 100 0.0951 1.99 J189J7 317.80 BI-SSD -- -- 2 0 -- No No

Lake Wallula Phosphorus mg/kg 40 40 100 379 1540 J189K4 325.06 SP-9SSD -- -- NA -- -- NA No

Lake Wallula Silver mg/kg 40 0 0 -- -- -- -- -- 0.115 0.431 560 -- 0 NA No

Lake Wallula Thallium mg/kg 40 0 0 -- -- -- -- -- 0.287 1.08 0.1 -- 40 NA No

Lake Wallula Titanium mg/kg 3 3 100 2130 2450 J18J35 325.22 TR-2SSD -- -- NA -- -- NA No

Lake Wallula Toluene mg/kg 31 0 0 -- -- -- -- -- 0.00391 0.00767 200 -- 0 NA No

Lake Wallula Total PCBs mg/kg 3 3 100 0.000336 0.0064 J18694 337.51 HA-6SSD -- -- 40 0 -- No No

Lake Wallula TPH-diesel range mg/kg 33 4 12.12 1.93 14.9 J18J34 325.22 TR-1SSD 3.35 5.49 NA -- 0 NA Yes
Lake Wallula TPH-motor oil mg/kg 33 3 9.09 4.24 8.33 J18J35 325.22 TR-2SSD 6.23 138 NA -- 0 NA Yes
Lake Wallula Vanadium mg/kg 40 40 100 28.4 123 J189J7 317.80 BI-1SSD -- -- NA -- -- NA No

Lake Wallula Cesium-137 pCi/g 40 27 67.5 0.0251 0.262 J189B9 334.24 BL-7SSD 0.0201 0.0371 2,210 0 0 No Yes
Lake Wallula Cobalt-57 pCi/g 0 0 -- -- -- -- -- -- -- -- NA -- -- NA No

Lake Wallula Cobalt-60 pCi/g 40 1 2.5 0.0224 0.0224 J189B9 334.24 BL-7SSD 0.00714 0.0533 6,130 0 0 No Yes
Lake Wallula Europium-152 pCi/g 40 1 2.5 0.239 0.239 J189B9 334.24 BL-7SSD 0.0204 0.128 14,700 0 0 No Yes
Lake Wallula Europium-154 pCi/g 40 0 0 -- -- -- -- -- 0.0214 0.17 12,500 -- 0 NA Yes

Lake Wallula Plutonium-239/240 pCi/g 40 0 0 -- -- -- -- -- -0.0253 0.0237 12,700 -- 0 NA Yes

Lake Wallula Strontium-90 pCi/g 40 1 2.5 1.3 1.3 J189P6 298.09 HR-SSD -0.25 0.201 3,580 0 0 No Yes
Lake Wallula Uranium-233/234 pCi/g 40 40 100 0.255 1.42 J189J2 320.42 PHMU-1SSD -- -- 51,600 0 -- No Yes

Lake Wallula Uranium-234 pCi/g 0 0 -- -- -- -- -- -- -- -- 51,600 -- -- NA No

Lake Wallula Uranium-235 pCi/g 40 5 12.5 0.0346 0.254 J189B9 334.24 BL-7SSD -0.00818 0.124 27,400 0 0 No Yes
Lake Wallula Uranium-238 pCi/g 40 38 95 0.245 1.12 J189C4 334.56 BL-4SSD 0.214 0.471 15,700 0 0 No Yes
Lake Wallula Radionuclide Sum of Fractions > 1.0? No
-- = not applicable NOEC = no observed effect concentration
BHC = benzene hexachloride PCB = polychlorinated biphenyl
COPEC = contaminant of potential ecological concern RM = River Mile
FOD = frequency of detection TPH = total petroleum hydrocarbons
NA =notavailable
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Table 7-13. Shoreline Sediment Wildlife Bird Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of

Sub-Area COPEC Units of of FOD Detect Detect Number of Maximum Designation of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Limit Limit (Detected) limit)

100 Area Acetone mg/kg 24 0 0 -- -- -- -- -- 0.0122 0.0204 NA -- 0 NA No

100 Area Chromium mg/kg 52 52 100 12.2 35.8 J18702 381.33 RKLS-14SSD -- -- 26 5 -- Yes Yes

100 Area delta-BHC mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 NA -- 0 NA No

100 Area Endosulfan sulfate mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 19.4 -- 0 NA No

100 Area Heptachlor epoxide mg/kg 25 0 0 -- -- -- -- -- 0.00164 0.00576 NA -- 0 NA No

100 Area Hexavalent chromium mg/kg 48 2 4.17 0.412 0.618 J187L3 367.62 RFLS-5SSD 0.179 0.259 190 0 0 No Yes
100Area Lead mg/kg 52 49 94.23 3.61 46.6 J187Y2 365.86 HT-1SSD 15.8 21.7 11 42 3 Yes Yes
100 Area Mercury mg/kg 52 28 53.85 0.0129 0.133 J187P7 367.61 RFD-2SSD 0.0297 0.0412 0.013 27 24 Yes Yes

100 Area TPH-diesel range mg/kg 16 0 0 -- -- -- -- -- 4.08 5.38 6,000 -- 0 NA Yes

100Area TPH-motoroil mg/kg 16 4 25 18.7 43.5 J187P6 367.32 RFD-4SSD 42 91.8 NA -- 0 NA Yes
100 Area Uranium mg/kg 52 2 3.85 1.85 6.9 J186X2 381.82 RKLS-12SSD 14.3 33.4 31 0 1 No Yes
100 Area Carbon-14 pCi/g 52 0 0 -- -- -- -- -- -3.31 2.55 4,760 -- 0 NA Yes

100 Area Cesium-137 pCi/g 52 44 84.62 0.0117 0.4 J187P7 367.61 RFD-2SSD 0.0116 0.0513 20.8 0 0 No Yes
100 Area Cobalt-60 pCi/g 52 4 7.69 0.0373 0.0875 J187W8 366.26 IS9-3SSD 0.0074 0.0635 692 0 0 No Yes

100Area Europium-152 pCi/g 52 4 7.69 0.116 0.257 J187P7 367.61 RFD-2SSD 0.0234 0.168 1,520 0 0 No Yes
100 Area Plutonium-239/240 pCi/g 52 0 0 -- -- -- -- -- -0.0405 0.0822 6,110 -- 0 NA Yes

100 Area Strontium-90 pCi/g 52 0 0 -- -- -- -- -- -0.161 0.254 22.5 -- 0 NA Yes

100 Area Technetium-99 pCi/g 52 0 01-- I -- I-- -- -- -0.194 0.236 NA -- 0 NA Yes
100 Area Uranium-233/234 pCi/g 52 52 100 0.326 3.81 J18702 381.33 RKLS-14SSD -- -- 5,130 0 -- No Yes

100 Area Uranium-235 pCi/g 52 2 3.85 0.0959 0.112 J18KH8 379.21 RNLS-2SSD 0 0.254 2,770 0 0 No Yes
100 Area Uranium-238 pCi/g 52 52 100 0.369 3.39 J18702 381.33 RKLS-14SSD -- -- 1,580 0 -- No Yes

100 Area Radionuclide Sum of Fractions > 1.0? No

300 Area Chromium mg/kg 91 91 100 9.25 29.5 J189D6 341.36 300D-2SSD -- -- 26 3 -- Yes Yes
300 Area Hexavalent chromium mg/kg 76 11 14.47 0.26 0.998 J18943 343.27 300LS-8SSD 0.164 0.399 190 0 0 No Yes
300 Area Lead mg/kg 91 73 80.22 6.05 111 J187P2 362.74 HT-8SSD 3.58 18.3 11 32 6 Yes Yes
300 Area Mercury mg/kg 91 24 26.37 0.0102 0.045 J187Y4 362.92 HT-6SSD 0.0275 0.0521 0.013 19 67 Yes Yes
300 Area Selenium mg/kg 91 4 4.4 0.429 1.01 J18933 343.27 300LS-8SSD 0.499 2.05 1.2 0 13 No No

300 Area Titanium mg/kg 5 5 100 1030 1290 J18J33 339.64 LG-SSD -- -- NA -- -- NA No
300 Area TPH-diesel range mg/kg 46 5 10.87 3.58 14.4 J18J30 339.64 LG-2SSD 3.53 5.1 6,000 0 0 No Yes
300 Area TPH-motor oil mg/kg 46 20 43.48 3.41 136 J18865 353.86 IS12-4SSD 13 73.1 NA -- 0 NA Yes

300 Area Uranium mg/kg 91 0 0 -- -- -- -- -- 9.97 41 31 -- 2 NA Yes

300 Area Carbon-14 pCi/g 91 4 4.4 4.21 5.61 J188B8 346.03 300ISL-3SSD -3.42 3.67 4,760 0 0 No Yes
300 Area Cesium-137 pCi/g 91 62 68.13 0.0197 0.405 J187Y4 362.92 HT-6SSD 0.0106 0.0916 20.8 0 0 No Yes
300 Area Cobalt-60 pCi/g 91 0 0 -- -- -- -- -- 0.00896 0.0581 692 -- 0 NA Yes

300 Area Europium-152 pCi/g 91 3 3.3 0.115 0.257 J187Y4 362.92 HT-6SSD 0.0209 0.144 1,520 0 0 No Yes
300 Area Plutonium-239/240 pCi/g 91 5 5.49 0.0605 0.216 J188B9 345.72 300ISL-SSD -0.0422 0.134 6,110 0 0 No Yes
300 Area Strontium-90 pCi/g 91 3 3.3 0.422 5.98 J188B9 345.72 300ISL-SSD -0.19 0.267 22.5 0 0 No Yes
300 Area Technetium-99 pCi/g 91 0 0 -- -- -- -- -- -0.0603 0.351 NA -- 0 NA Yes

300 Area Tritium pCi/g 0 0 -- -- -- -- -- -- -- -- 300,000 -- -- NA Yes

300 Area Uranium-233/234 pCi/g 91 91 100 0.365 2.18 J18907 350.56 WI-2SSD -- -- 5,130 0 -- No Yes
300 Area Uranium-234 pCi/g 0 0 -- -- -- -- -- -- -- -- 14,000 -- -- NA No

300 Area Uranium-235 pCi/g 91 14 15.38 0.0466 0.135 J18907 350.56 WI-2SSD -0.0465 0.283 2,770 0[0 No Yes
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Table 7-13. Shoreline Sediment Wildlife Bird Contaminant of Potential Ecological Concern Exceedances and No Observed Effect Concentrations. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of

Sub-Area COPEC Units of of FOD Detect Detect Number of Maximum Designation of Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion

Samples Detections (dry wt.) (dry wt.) Maximum (RM) Maximum Limit Limit NOEC (Detected) (Rorting > NOEC? List

300 Area Uranium-238 pCi/g 91 91 100 0.342 2.25 J18907 350.56 WI-2SSD -- -- 1,580 0 -- No Yes

300 Area Radionuclide Sum of Fractions > 1.0? No

Lake Wallula alpha-BHC mg/kg 33 0 0 -- -- -- -- -- 0.00135 0.00554 NA -- 0 NA No

Lake Wallula Antimony mg/kg 40 4 10 0.292 0.633 J189B9 334.24 BL-7SSD 0.362 1.3 NA -- 0 NA No
Lake Wallula Chromium mg/kg 40 40 100 5.18 27.9 J189B8 334.16 BL-8SSD -- -- 26 2 -- Yes Yes

Lake Wallula Dichlorodiphenyldichloroethane mg/kg 33 0 0 -- -- -- -- -- 0.00135 0.00554 0.093 -- 0 NA No

Lake Wallula Hexavalent chromium mg/kg 20 2 10 0.51 1.73 J189C7 334.00 BL-9SSD 0.165 0.278 190 0 0 No Yes
Lake Wallula Lead mg/kg 40 19 47.5 3.77 34.4 J189B9 334.24 BL-7SSD 2.42 15.3 11 3 1 Yes Yes
Lake Wallula Mercury mg/kg 40 2 5 0.0233 0.0369 J189B9 334.24 BL-7SSD 0.0241 0.0677 0.013 2 38 Yes Yes

Lake Wallula Molybdenum mg/kg 40 40 100 0.0951 1.99 J189J7 317.80 BI-1SSD -- -- 96.6 0 -- No No

Lake Wallula Phosphorus mg/kg 40 40 100 379 1540 J189K4 325.06 SP-9SSD -- -- NA -- -- NA No

Lake Wallula Silver mg/kg 40 0 0 -- -- -- -- -- 0.115 0.431 4.2 -- 0 NA No

Lake Wallula Thallium mg/kg 40 0 0 -- -- -- -- -- 0.287 1.08 0.9 -- 1 NA No

Lake Wallula Titanium mg/kg 3 3 100 2130 2450 J18J35 325.22 TR-2SSD -- -- NA -- -- NA No

Lake Wallula Toluene mg/kg 31 0 0 -- -- -- -- -- 0.00391 0.00767 NA -- 0 NA No

Lake Wallula Total PCBs mg/kg 3 3 100 0.000336 0.0064 J18694 337.51 HA-6SSD -- -- 0.041 0 -- No No

Lake Wallula TPH-diesel range mg/kg 33 4 12.12 1.93 14.9 J18J34 325.22 TR-1SSD 3.35 5.49 6,000 0 0 No Yes
Lake Wallula TPH-motor oil mg/kg 33 3 9.09 4.24 8.33 J18J35 325.22 TR-2SSD 6.23 138 NA -- 0 NA Yes
Lake Wallula Vanadium mg/kg 40 40 100 28.4 123 J189J7 317.80 BI-1SSD -- -- 7.8 40 -- Yes No

Lake Wallula Cesium-137 pCi/g 40 27 67.5 0.0251 0.262 J189B9 334.24 BL-7SSD 0.0201 0.0371 20.8 0 0 No Yes

Lake Wallula Cobalt-57 pCi/g 0 0 -- -- -- -- -- -- -- -- NA -- -- NA No

Lake Wallula Cobalt-60 pCi/g 40 1 2.5 0.0224 0.0224 J189B9 334.24 BL-7SSD 0.00714 0.0533 692 0 0 No Yes

Lake Wallula Europium-152 pCi/g 40 1 2.5 0.239 0.239 J189B9 334.24 BL-7SSD 0.0204 0.128 1,520 0 0 No Yes

Lake Wallula Europium-154 pCi/g 40 0 0 -- -- -- -- -- 0.0214 0.17 NA -- 0 NA Yes

Lake Wallula Plutonium-239/240 pCi/g 40 0 0 -- -- -- -- -- -0.0253 0.0237 6,110 -- 0 NA Yes

Lake Wallula Strontium-90 pCi/g 40 1 2.5 1.3 1.3 J189P6 298.09 HR-SSD -0.25 0.201 22.5 0 0 No Yes

Lake Wallula Uranium-233/234 pCi/g 40 40 100 0.255 1.42 J189J2 320.42 PHMU-1SSD -- -- 5,130 0 -- No Yes

Lake Wallula Uranium-234 pCi/g 0 0 -- -- -- -- -- -- -- -- 14,000 -- -- NA No

Lake Wallula Uranium-235 pCi/g 40 5 12.5 0.0346 0.254 - J189B9 334.24 BL-7SSD -0.00818 0.124 2,770 0 0 No Yes
Lake Wallula Uranium-238 pCi/g 40 38 95 0.245 1.12 J189C4 334.56 BL-4SSD 0.214 0.471 1,580 0 0 No Yes
Lake Wallula Radionuclide Sum of Fractions > 1.0? No

-- =not applicable NOEC = no observed effect concentration
BHC = benzene hexachloride PCB = polychlorinated biphenyl
COPEC = contaminant of potential ecological concern RM = River Mile
FOD = frequency of detection TPH = total petroleum hydrocarbons
NA = not available
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Table 7-14. Shoreline Sediment No Observed Effect Concentration Exceedances.

100 Area 300 Area Lake Wallula

Plant Wildlife Bird Plant Wildlife Bird Plant Wildlife Bird

Hexavalent chromium Chromium Hexavalent chromium Chromium Hexavalent chromium Chromium

Lead Lead Lead Lead

Mercury Selenium Mercury Mercury

Vanadium

Table 7-15. Summary of Screening Level Evaluation: Contaminants of Potential
Ecological Concern with Maximum Concentrations Exceeding

No Observed Effect Concentrations.

100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area
Surface Water

Aquatic biota Chromium Lead Mercury

Lead Nitrate Uranium

Mercury Nitrite

Sediment
Sediment biota Acetone None alpha-BHC

Chromium Chromium

Heptachlor epoxide Phosphorus

Silver

Thallium

Toluene

TPH-diesel range

Soil
Invertebrates None Mercury --

Plant Lead Lead --

Bird Lead Lead --

Mercury Mercury

Mammal Lead Lead --

Shoreline Sediment
Plant Hexavalent chromium Hexavalent chromium Hexavalent chromium

Lead

Selenium

Bird Chromium Chromium Chromium

Lead Lead Lead

Mercury Mercury Mercury

Vanadium

Porewater
100-BC-5 100-KR-4 100-NR-2 100-HR-3 100-FR-3 200-P-1 300-FF-5

Aquatic biota Aluminum Hexavalent Hexavalent Aluminum Hexavalent Hexavalent Aluminum

Hexavalent chromium chromium Chromium chromium chromium Lead
chromium Manganese Nitrate Hexavalent Manganese Lead Nitrate
Lead Nitrate Phosphate chromium Mercury Nitrate Selenium
Nitrate Lead Nitrate Nitrite Uranium

Manganese

Nickel
Nitrate

-- = not applicable; no island soil samples were collected from Lake Wallula
BHC = benzene hexachloride
TPH = total petroleum hydrocarbons
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Table 8-1. Sediment, Soil, and Surface Water Ecological Lowest Observed Effect Concentrations. (3 Pages)

Media Receptor Constituent LOEC Source LOEC LOEC LOEC NotesValue Units

Sediment Sediment biota Acetone Calculated by EqP 0.141 mg/kg EpP w foc = 0.007, Koc = 1.981, LOEC of 10 mg/L from Ewell
et al. 1986; 96-hr LC50 of 100 mg/L for Daphnia magna; UF of 10
applied for LC50 - LOEC conversion.

Sediment Sediment biota alpha-BHC Calculated by EqP 0.24 mg/kg EpP w foc = 0.007, Koc = 3,380, LOEC from Canton et al. 1975,
EC50 for reproduction of 0.100 mg/L for Daphnia, test duration
25 days. UF of 10 applied for EC50 - LOEC use. Likely
conservative value; other values in Ecotox higher.

Sediment Sediment biota Chromium Michelsen 2011 88 mg/kg Cleanup screening level.

Sediment Sediment biota Dichlorodiphenyldi- Michelsen 2011 0.86 mg/kg Cleanup screening level.
chloroethane

Sediment Sediment biota Heptachlor epoxide MacDonald et al. 0.016 mg/kg Consensus-based probable effect concentration.
2000

Sediment Sediment biota Phosphorus OMOE 1993 2000 mg/kg Severe effects level.

Sediment Sediment biota Silver Michelsen 2011 1.7 mg/kg Cleanup screening level.

Sediment Sediment biota Toluene Calculated by EqP 5.22 mg/kg EpP w foc = 0.007, Koc = 268, LOEC of 2.74 mg/L from
Moles et al. 1981. Statistically significant reduction in growth in
coho salmon fry after 40-day exposure.

Sediment Sediment biota Total petroleum Michelsen 2011 510 mg/kg Cleanup screening level value.
hydrocarbons - diesel
range

Soil Soil invertebrate Mercury ES/ER/TM-95/R4 0.5 mg/kg LOEC from study used by ES/ER/TM-95-R4 to generate NOEC
benchmarks.

Soil Plant Hexavalent chromium LA-UR-08-6673 1.8 mg/kg Tier 4 data set only EC50 .
2008

Soil Plant Lead OSWER Directive 144 mg/kg Lowest acceptable SSL study value higher than CRC NOEC.
9285.7-70

Soil Plant Selenium WAC 173-340-900, 1 mg/kg LOEC-based WAC value.
Table 749-3

Soil Wildlife bird Chromium Calculated; OSWER 155 mg/kg Calculated from EPA SSL 2008 equations using LOEC of
Directive 9285.7-66 15.63 mg/kg/day, = geomean of LOECs for repro and growth in

EPA SSL data set. EPA SSL based on geomean of NOECs for
repro and growth. RCBRA used 2.78 = lowest bounded
reproductive LOEC above the geometric mean NOEC, but this
produces a LOEC SSL of 28 mg/kg, same as NOEC SSL
26 mg/kg.
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benzene hexachloride
criterion continuous concentration
Columbia River Component
U.S. Environmental Protection Agency
lowest observed effect concentration
no observable adverse effect level
no observed effect concentration
no observable effect level

PRG
RCBRA
SSL
TRV
UF
WAC
WQC

preliminary remediation goal
River Corridor Baseline Risk Assessment
soil screening level
toxicity reference value
uncertainty factor
Washington Administrative Code
water quality criteria

Table 8-1. Sediment, Soil, and Surface Water Ecological Lowest Observed Effect Concentrations. (3 Pages)

Media Receptor Constituent LOEC Source LOEC LOEC LOEC NotesValue Units

Soil Wildlife bird Lead Calculated; OSWER 25 mg/kg Calculated from EPA SSL equations using RCBRA LOEC TRV of
Directive 9285.7-70 3.26 mg/kg/day. LOEC is from bounded study used by EPA for

NOEL.

Soil Wildlife bird Mercury RCBRA Tier II PRG 2 mg/kg RCBRA Tier 2 PRG. Value less than calculated LOEC-based
WAC value for inorganic mercury (5.5 mg/kg).

Soil Wildlife bird Vanadium Calculated; OSWER 16 mg/kg Calculated from EPA SSL equations using LOEC TRV of
Directive 9285.7-75 0.688 mg/kg/day. LOEC is from bounded study used by EPA for

NOEL.

Soil Wildlife mammal Lead Calculated; OSWER 122 mg/kg Calculated from EPA SSL equations using LOEC of
Directive 9285.7-70 8.9 mg/kg/day. LOEC from bounded study used by EPA for

NOEL.

Water Aquatic biota Aluminum EPA 2009 0.087 mg/L WQC CCC.

Water Aquatic biota Chromium EPA 2009 0.064 mg/L WQC CCC. Hardness adjusted to 84 mg/L.

Water Aquatic biota Hexavalent chromium WAC 173-201A 0.01 mg/L WQC CC.

Water Aquatic biota Lead EPA 2009 0.0021 mg/L WQC CCC. Hardness adjusted to 84 mg/L.

Water Aquatic biota Manganese Reimer 1999 1.31 mg/L UF of 10 applied to study 96-hr LC5 0 of 13.1 mg/L for salmon.

Water Aquatic biota Mercury WAC 173-201A 0.000012 mg/L WQC CCC. Based on fish tissue effects on human health.

Water Aquatic biota Nickel EPA 2009 0.045 mg/L WQC CCC. Hardness adjusted to 84 mg/L.

Water Aquatic biota Nitrate Camargo et al. 2005 37.64 mg/L 120-hr LCO of 8.5 mg/L NO3-N. Converted to NO3 conc.

Water Aquatic biota Nitrite Neuman et al. 2001 0.493 mg/L Chronic LOEC for Chironomid development.

Water Aquatic biota Selenium WAC 173-201A 0.005 mg/L WQC CCC.

Water Aquatic biota Uranium Sheppard et al. 2005 0.03 mg/L Aggregate data. 25th percentile of invertebrate toxicity data.
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Table 8-1. Sediment, Soil, and Surface Water Ecological Lowest Observed Effect Concentrations. (3 Pages)

Media Receptor Constituent LOEC Source LOEC LOEC LOEC NotesValue Units
Chem. 5(9):631-840.
LA-UR-08-6673, 2008, Ecorisk Database, Release 2.3, Los Alamos National Laboratory, Los Alamos, New Mexico.

MacDonald, D. D., C. G. Ingersoll, and T. A. Berger, 2000, "Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems," Arch. Environ. Con.
Tax. 39:20-3 1.
Michelsen, T., 2011, Development ofBenthic SQVsfor Freshwater Sediments in Washington, Oregon, and Idaho, Publication No. 11-09-05, Prepared for the Washington State Department of
Ecology, Toxics Cleanup Program, Sediment Management Unit, by Avocet Consulting, Olympia, Washington.

Moles, A., S. Bates, S. D. Rice, and S. Korn, 1981, "Reduced Growth of Coho Salmon Fry Exposed to Two Petroleum Components, Toluene and Naphthalene, in Fresh Water," T Am. Fish.
Soc. 110:430-436.
Neumann, D., M. Kramer, I Raschke, and G. Graefe, 2001, "Detrimental Effects of Nitrite on the Development of Benthic Chironomus Larvae, in Relation to their Settlement in Muddy
Sediments," Archiv. Hydrobiol, 153(1):103-128.
OMOE, 1993, Guidelinesfor the Protection and Management ofAquatic Sediment Quality in Ontario, Ontario Ministry of the Environment, Queen's Printer of Ontario, Ontario, Canada.

OSWER Directive 9285.7-66, 2005, Ecological Soil Screening Levelsfor Chromium, Interim Final, U.S. Environmental Protection Agency, Washington, D.C.

OSWER Directive 9285.7-70, 2005, Ecological Soil Screening Levelsfor Lead, Interim Final, U.S. Environmental Protection Agency, Washington, D.C.

OSWER Directive 9285.7-75, 2005 Ecological Soil Screening Levelsfor Vanadium, Interim Final, U.S. Environmental Protection Agency, Washington, D.C.

Reimer, P. S., 1999, "Environmental Effects of Manganese and Proposed Freshwater Guidelines to Protect Aquatic Life in British Columbia," MS thesis, University of British Columbia,
Vancouver, B.C.

Sheppard, S. C., M. I. Sheppard, M. 0. Gallerand, and B. Sanipelli, 2005, "Derivation of Ecotoxicity Thresholds for Uranium," J. Environ. Radioactivity. 79(1):55-83.

WAC 173-201A, 2006, "Water Quality Standards for Surface Waters of the State of Washington," Washington Administrative Code.

WAC 173-340-900, "Model Toxics Control Act - Cleanup," Table 749-3, Washington Administrative Code.
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COPEC
D
HQ
LOEC
T

contaminant of potential ecological concern
dissolved
hazard quotient
lowest observed effect concentration
total

Table 8-2. Surface Water Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients.

Sub-Area COPEC Units Sample Designation Sample River River Result Total or LOEC LOEC
Number Date Location Mile Dissolved HQ

100 Area Chromium mg/L B1KHR6 HL 1296 9/12/2006 Right 379.11 0.0973 D 0.064 1.5
100 Area Lead mg/L J19HR7 J100K24 1/31/2010 Right 380.01 0.00432 D 0.0021 2.1
100 Area Mercury mg/L J19HR8 KWIN Test 1 1/22/2010 Right 381.81 0.000081 D 0.000012 6.7

300 Area Lead mg/L B1DMO3 HL 2118 9/14/2005 Right 343.01 0.00556 T 0.0021 2.6
300 Area Lead mg/L B13LD5 HL 1140 12/4/2001 Right 340.89 0.00347 T 0.0021 1.7
300 Area Nitrate mg/L B1D7L8 HL 707 6/7/2005 Right 343.41 8.41 T 37.64 0.2
300 Area Nitrite mg/L B1KFW5 HL 573 9/11/2006 Right 359.74 0.329 T 0.493 0.7
300 Area Nitrite mg/L B1KFV8 HL 1587 9/11/2006 Right 359.02 0.243 T 0.493 0.5
300 Area Nitrite mg/L B1KFY3 HL 1614 9/13/2006 Right 345.56 0.164 T 0.493 0.3
300 Area Nitrite mg/L B1KFY2 HL 90 9/13/2006 Left 343.57 0.217 T 0.493 0.4
300 Area Nitrite mg/L BIKFX4 HL 1444 9/13/2006 Right 343.13 0.128 T 0.493 0.3
300 Area Nitrite mg/L B1KFW7 HL 583 9/13/2006 Right 340.4 0.171 T 0.493 0.3
300 Area Nitrite mg/L B1KFW9 HL 858 9/13/2006 Right 340.39 0.161 T 0.493 0.3
300 Area Nitrite mg/L BIKFX2 HL 497 9/13/2006 Left 340.39 0.289 T 0.493 0.6

Lake Wallula Mercury mg/L J17V41 MD-3SW 11/11/2008 Dam 292.75 0.000062 T 0.000012 5.2
Lake Wallula Uranium mg/L J17TL8 CP-1SW-F 11/4/2008 Right 330.28 0.0125 D 0.03 0.4
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Table 8-3. 100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC Units Sample Designation Sample River River Result LOEC LOEC
Number Date Location Mile (dry wt.) HQ

100 Area Acetone mg/kg J18M19 RBC-1SD 3/26/2009 Right 384.11 0.0579 0.141 0.4
100 Area Acetone mg/kg J18MJ5 RKC2-1SD 3/27/2009 Right 381.44 0.0229 0.141 0.2
100 Area Acetone mg/kg J18MR6 RNC-1SD 4/2/2009 Right 379.46 0.0361 0.141 0.3
100 Area Chromium mg/kg J19J90 T100D3A 2/5/2010 Right 377.72 122 88 1.4
100 Area Chromium mg/kg J19JK6 J100H43 1/30/2010 Right 369.74 275 88 3.1
100 Area Chromium mg/kg J19K18 J100F11 2/12/2010 Right 368.63 151 88 1.7
100 Area Heptachlor epoxide mg/kg J17WH9 LI-1SD 12/3/2008 Left 372.74 0.0318 0.016 2.0
100 Area Hexavalent chromium mg/kg J19KD3 2A-A 2/20/2010 Right 384.20 1.42 NA NA
100 Area Hexavalent chromium mg/kg J18M30 RBC-1SD 3/26/2009 Right 384.11 0.787 NA NA
100 Area Hexavalent chromium mg/kg J19H38 T100BC1J1 2/19/2010 Right 384.10 0.888 NA NA
100 Area Hexavalent chromium mg/kg J19KD4 T100BC6J10 2/19/2010 Right 383.62 0.999 NA NA
100 Area Hexavalent chromium mg/kg J18MH3 RKC1-1SD 3/27/2009 Right 381.82 0.407 NA NA
100 Area Hexavalent chromium mg/kg J19HV5 KWIN Test 1 1/22/2010 Right 381.81 1.18 NA NA
100 Area Hexavalent chromium mg/kg J18MJ6 RKC2-1SD 3/27/2009 Right 381.44 1.4 NA NA
100 Area Hexavalent chromium mg/kg J19J96 T100D1A 2/13/2010 Right 377.96 0.286 NA NA
100 Area Hexavalent chromium mg/kg J19J98 T100D3A 2/5/2010 Right 377.72 5.94 NA NA
100 Area Hexavalent chromium mg/kg J18MV0 RDC-1SD 4/2/2009 Right 377.72 0.998 NA NA
100 Area Hexavalent chromium mg/kg J19JN8 J100D39 2/14/2010 Right 376.99 1.33 NA NA
100 Area Hexavalent chromium mg/kg J19JN9 J100D9 2/14/2010 Right 376.91 1.18 NA NA
100 Area Hexavalent chromium mg/kg J17WCO RDD-5SD 12/3/2008 Left 374.97 0.701 NA NA
100 Area Hexavalent chromium mg/kg J17WB8 RDD-6SD 12/3/2008 Left 374.69 0.684 NA NA
100 Area Hexavalent chromium mg/kg J17WH1 RDD-7SD 12/3/2008 Left 374.51 0.684 NA NA
100 Area Hexavalent chromium mg/kg J17WC7 RDD-1SD 12/3/2008 Left 374.01 0.468 NA NA
100 Area Hexavalent chromium mg/kg J17WC5 RDD-12SD 12/3/2008 Left 373.99 0.892 NA NA
100 Area Hexavalent chromium mg/kg J17WC4 RDD-13SD 12/3/2008 Left 373.96 0.539 NA NA
100 Area Hexavalent chromium mg/kg J17WC2 RDD-14SD 12/3/2008 Left 373.77 0.756 NA NA
100 Area Hexavalent chromium mg/kg J19FJ4 T100H1E 1/24/2010 Left 373.42 0.26 NA NA
100 Area Hexavalent chromium mg/kg J17WJ9 LI-1SD 12/3/2008 Left 372.74 7.38 NA NA
100 Area Hexavalent chromium mg/kg J17WK3 LI-2SD 12/3/2008 Left 372.52 0.79 NA NA
100 Area Hexavalent chromium mg/kg J17WJ6 LI-3SD 12/3/2008 Left 372.08 0.403 NA NA
100 Area Hexavalent chromium mg/kg J17WKO LI-7SD 12/3/2008 Left 370.86 0.692 NA NA
100 Area Hexavalent chromium mg/kg J17WK1 LI-9SD 12/4/2008 Left 370.59 1.73 NA NA
100 Area Hexavalent chromium mg/kg J17YC8 HT-9SD 12/4/2008 Island 369.91 0.435 NA NA
100 Area Hexavalent chromium mg/kg J187L1 RFLS-2SSD 2/12/2009 Left 368.26 0.412 NA NA
100 Area Hexavalent chromium mg/kg J17X17 RFLS-1SD 12/4/2008 Left 367.66 0.733 NA NA
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Table 8-3. 100 Area Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (2 Pages) 0

Sample Sample River River Result LOEC
Sub-Area COPEC Units Sape Designation S pe RieRie Rsut LOEC LENumber Date Location Mile (dry wt.) HQ

100 Area Hexavalent chromium mg/kg J187L3 RFLS-5SSD 2/12/2009 Left 367.62 0.618 NA NA
100 Area Hexavalent chromium mg/kg J17X21 RFLS-2SD 12/4/2008 Left 367.61 1.4 NA NA
100 Area Hexavalent chromium mg/kg J17X19 RFLS-5SD 12/4/2008 Left 367.27 0.949 NA NA

COPEC = contaminant of potential ecological concern
HQ = hazard quotient
LOEC = lowest observed effect concentration
NA = not available; no LOEC available for hexavalent chromium; data shown for discussion purposes
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COPEC =

HQ =

LOEC =

NA =

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration
not available; no LOEC available for hexavalent chromium; data shown for discussion purposes

Table 8-4. 300 Area Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients.

Sub-Area COPEC Units Sample Designation Sample River River Result LOEC LOEC
Number Date Location Mile (dry wt.) HQ

300 Area Hexavalent chromium mg/kg J17XJ5 HT-1 1SD 12/5/2008 Left 363.00 0.285 NA NA
300 Area Hexavalent chromium mg/kg J17XJ7 HT-13SD 12/5/2008 Left 362.98 1.47 NA NA
300 Area Hexavalent chromium mg/kg J17XL2 SI-ISD 12/5/2008 Left 359.40 0.923 NA NA
300 Area Hexavalent chromium mg/kg J17YF5 SI-11SD 12/5/2008 Right 358.89 0.608 NA NA
300 Area Hexavalent chromium mg/kg J17YF7 SI-12SD 12/5/2008 Right 358.82 0.363 NA NA
300 Area Hexavalent chromium mg/kg J17XM6 SI-8SD 3/5/2009 Slough 358.09 1.76 NA NA
300 Area Hexavalent chromium mg/kg J19K87 JHTS18 2/15/2010 Right 357.54 0.228 NA NA
300 Area Hexavalent chromium mg/kg J19K88 JHTS19 2/15/2010 Right 357.38 0.346 NA NA
300 Area Hexavalent chromium mg/kg J18832 SI-2SSD 2/17/2009 Left 357.03 0.865 NA NA
300 Area Hexavalent chromium mg/kg J18830 SI-3SSD 2/17/2009 Left 356.66 0.484 NA NA
300 Area Hexavalent chromium mg/kg J17XM7 SI-10SD 3/5/2009 Slough 356.63 17.3 NA NA
300 Area Hexavalent chromium mg/kg J17XL4 SI-4SD 12/8/2008 Left 356.43 0.307 NA NA
300 Area Hexavalent chromium mg/kg J18820 IS11-3SSD 2/17/2009 Island 355.56 0.59 NA NA
300 Area Hexavalent chromium mg/kg J18862 RG-10SSD 2/17/2009 Left 354.67 0.725 NA NA
300 Area Hexavalent chromium mg/kg J18874 IS12-2SSD 2/17/2009 Island 354.27 0.437 NA NA
300 Area Hexavalent chromium mg/kg J18877 IS12-1OSSD 2/17/2009 Island 353.00 0.407 NA NA
300 Area Hexavalent chromium mg/kg J18897 HMSTD-3SSD 2/18/2009 Island 352.65 0.699 NA NA
300 Area Hexavalent chromium mg/kg J17YVO HMSTD-1SD 12/8/2008 Island 352.26 0.305 NA NA
300 Area Hexavalent chromium mg/kg J17YV1 HMSTD-5SD 2/18/2009 Island 352.18 0.711 NA NA
300 Area Hexavalent chromium mg/kg J17YW5 IS13-ISD 12/8/2008 Island 351.93 2.04 NA NA
300 Area Hexavalent chromium mg/kg J17YW3 IS13-3SD 12/8/2008 Island 351.76 0.501 NA NA
300 Area Hexavalent chromium mg/kg J18040 WI-3SD 12/9/2008 Island 350.50 0.669 NA NA
300 Area Hexavalent chromium mg/kg J188C9 300ISL-5SSD 2/18/2009 Island 345.72 0.26 NA NA
300 Area Hexavalent chromium mg/kg J180B4 JSI-10SD 12/9/2008 Left 345.21 0.327 NA NA
300 Area Hexavalent chromium mg/kg J19FB3 T3003A 1/11/2010 Right 344.60 0.326 NA NA
300 Area Hexavalent chromium mg/kg J18943 300LS-8SSD 2/6/2009 Island 343.27 0.998 NA NA
300 Area Hexavalent chromium mg/kg J189F2 300D-ISSD 2/18/2009 Island 341.67 0.518 NA NA
300 Area Hexavalent chromium mg/kg J189F1 300D-2SSD 2/18/2009 Island 341.36 0.547 NA NA
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Table 8-5. Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (3 Pages)

Sub-Area COPEC Units Sample Designation Sample River River Result LOEC LOEC
Number Date Location Mile (dry wt.) HQ

Lake Wallula alpha-BHC mg/kg J180P3 CPM-2SD 12/10/2008 Right 336.52 0.0233 0.24 0.1
Lake Wallula alpha-BHC mg/kg J180P4 CPM-1SD 12/10/2008 Right 336.49 0.0348 0.24 0.1
Lake Wallula alpha-BHC mg/kg J180P0 CPM-4SD 12/10/2008 Right 336.49 0.011 0.24 0.05
Lake Wallula alpha-BHC mg/kg J180P1 CPM-5SD 12/10/2008 Right 336.46 0.0352 0.24 0.1
Lake Wallula Chromium mg/kg J18OT5 CM-4SD 12/11/2008 Right 327.72 80.5 88 0.9
Lake Wallula Chromium mg/kg B17BJ3 HL 1879 7/14/2003 Dam 293.99 73.2 88 0.8
Lake Wallula Chromium mg/kg B12CK7 HL 1843 7/20/2001 Dam 293.17 72.8 88 0.8
Lake Wallula Chromium mg/kg B17712 HL 1361 7/16/2003 Dam 292.68 73.8 88 0.8
Lake Wallula Hexavalent chromium mg/kg J189C7 BL-9SSD 2/19/2009 Right 334.00 1.73 NA NA
Lake Wallula Hexavalent chromium mg/kg J189T1 HR-8SSD 2/20/2009 Tributary 298.00 0.51 NA NA
Lake Wallula Phosphorus mg/kg J18OH5 300D-3SD 12/10/2008 Left 339.42 776 2000 0.4
Lake Wallula Phosphorus mg/kg J180H6 300D-4SD 12/10/2008 Left 339.37 682 2000 0.3
Lake Wallula Phosphorus mg/kg J180H7 300D-5SD 12/10/2008 Left 339.35 717 2000 0.4
Lake Wallula Phosphorus mg/kg J18KP4 300DC6-1SD 3/25/2009 Left 339.05 620 2000 0.3
Lake Wallula Phosphorus mg/kg J18KM9 300DC5-1SD 3/25/2009 Right 339.00 638 2000 0.3
Lake Wallula Phosphorus mg/kg J18991 HA-1SSD 2/19/2009 Right 337.63 800 2000 0.4
Lake Wallula Phosphorus mg/kg J18985 HA-2SSD 2/19/2009 Right 337.60 733 2000 0.4
Lake Wallula Phosphorus mg/kg J18990 HA-3SSD 2/19/2009 Right 337.56 628 2000 0.3
Lake Wallula Phosphorus mg/kg J18986 HA-4SSD 2/19/2009 Right 337.52 639 2000 0.3
Lake Wallula Phosphorus mg/kg J18987 HA-6SSD 2/19/2009 Right 337.51 996 2000 0.5
Lake Wallula Phosphorus mg/kg J18988 HA-8SSD 2/19/2009 Right 337.45 685 2000 0.3
Lake Wallula Phosphorus mg/kg J180P3 CPM-2SD 12/10/2008 Right 336.52 723 2000 0.4
Lake Wallula Phosphorus mg/kg J180P4 CPM-1SD 12/10/2008 Right 336.49 734 2000 0.4
Lake Wallula Phosphorus mg/kg J180P0 CPM-4SD 12/10/2008 Right 336.49 865 2000 0.4
Lake Wallula Phosphorus mg/kg J180P1 CPM-5SD 12/10/2008 Right 336.46 898 2000 0.4
Lake Wallula Phosphorus mg/kg J189C0 BL-2SSD 2/19/2009 Island 334.87 642 2000 0.3
Lake Wallula Phosphorus mg/kg J189B5 BL-3SSD 2/19/2009 Island 334.72 705 2000 0.4
Lake Wallula Phosphorus mg/kg J189C4 BL-4SSD 2/19/2009 Island 334.56 888 2000 0.4
Lake Wallula Phosphorus mg/kg J189B6 BL-5SSD 2/19/2009 Island 334.40 691 2000 0.3
Lake Wallula Phosphorus mg/kg J189C3 BL-6SSD 2/19/2009 Island 334.36 856 2000 0.4
Lake Wallula Phosphorus mg/kg J189B9 BL-7SSD 2/19/2009 Island 334.24 720 2000 0.4
Lake Wallula Phosphorus mg/kg J189B8 BL-8SSD 2/19/2009 Island 334.16 691 2000 0.3
Lake Wallula Phosphorus mg/kg J189B7 BL-9SSD 2/19/2009 Right 334.00 1470 2000 0.7
Lake Wallula Phosphorus mg/kg J180R3 CP-1SD 12/10/2008 Right 331.32 717 2000 0.4
Lake Wallula Phosphorus mg/kg J180RO CP-2SD 12/10/2008 Right 331.10 784 2000 0.4
Lake Wallula Phosphorus mg/kg J180R4 CP-3SD 12/10/2008 Right 330.91 735 2000 0.4
Lake Wallula Phosphorus mg/kg J180K6 CI-1SD 12/11/2008 Right 328.92 841 2000 0.4
Lake Wallula Phosphorus mg/kg J18X23 CI-1SD-RES 6/10/2009 Right 328.92 802 2000 0.4
Lake Wallula Phosphorus mg/kg J18X24 CI-2SD-RES 6/10/2009 Right 328.89 823 2000 0.4
Lake Wallula Phosphorus mg/kg J180KO CI-2SD 12/11/2008 Right 328.89 840 2000 0.4
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Table 8-5. Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (3 Pages)

Sub-Area COPEC Units Sample Designation Sample River River Result LOEC LOEC
Number Date Location Mile (dry wt.) HQ

Lake Wallula Phosphorus mg/kg J180K9 CI-3SD 12/11/2008 Right 328.88 845 2000 0.4
Lake Wallula Phosphorus mg/kg J18X25 CI-3SD-RES 6/10/2009 Right 328.87 796 2000 0.4
Lake Wallula Phosphorus mg/kg J18X26 CI-4SD-RES 6/10/2009 Right 328.71 784 2000 0.4
Lake Wallula Phosphorus mg/kg J18OK5 CI-4SD 12/11/2008 Right 328.71 994 2000 0.5
Lake Wallula Phosphorus mg/kg J180K4 CI-5SD 12/11/2008 Right 328.67 1200 2000 0.6
Lake Wallula Phosphorus mg/kg J18X27 CI-5SD-RES 6/10/2009 Right 328.67 1120 2000 0.6
Lake Wallula Phosphorus mg/kg J18X28 CI-6SD-RES 6/9/2009 Right 328.57 678 2000 0.3
Lake Wallula Phosphorus mg/kg J180K7 CI-6SD 12/11/2008 Right 328.57 775 2000 0.4
Lake Wallula Phosphorus mg/kg J180K1 CI-8SD 12/11/2008 Right 328.40 915 2000 0.5
Lake Wallula Phosphorus mg/kg J18X30 CI-8SD-RES 6/9/2009 Right 328.40 1180 2000 0.6
Lake Wallula Phosphorus mg/kg J180K2 CI-7SD 12/11/2008 Right 328.39 954 2000 0.5
Lake Wallula Phosphorus mg/kg J18X29 CI-7SD-RES 6/9/2009 Right 328.37 870 2000 0.4

Lake Wallula Phosphor-us mg/kg J18K8 CI-9SD 12/11/2008 Right 328.22 845 2000 0.4
Lake Wallula Phosphorus mg/kg J180K3 CI-90SD 12/11/2008 Right 328.21 787 2000 0.4
Lake Wallula Phosphorus mg/kg J18X32 CI-1SD-RES 6/9/2009 Right 328.21 702 2000 0.4
Lake Wallula Phosphorus mg/kg J18X31 CI-9SD-RES 6/9/2009 Right 328.21 722 2000 0.4
Lake Wallula Phosphorus mg/kg J18X46 CM-SD-RES 6/9/2009 Left 327.88 972 2000 0.5
Lake Wallula Phosphorus mg/kg J18XT9 CM-SD 12/11/2008 Left 327.88 1160 2000 0.6
Lake Wallula Phosphorus mg/kg J18X47 CM-2SD-RES 6/9/2009 Left 327.85 842 2000 0.4
Lake Wallula Phosphorus mg/kg J18X48 CM-3SD-RES 6/9/2009 Left 327.77 1210 2000 0.6
Lake Wallula Phosphorus mg/kg J18XT8 CM-3SD 12/11/2008 Left 327.77 1380 2000 0.7
Lake Wallula Phosphorus mg/kg J180T5 CM-4SD 12/11/2008 Left 327.72 2990 2000 1.5
Lake Wallula Phosphorus mg/kg J18X49 CM-4SD-RES 6/9/2009 Left 327.72 2200 2000 1.1
Lake Wallula Phosphorus mg/kg J189K5 SP-3SSD 2/19/2009 Left 325.38 746 2000 0.4
Lake Wallula Phosphorus mg/kg J18J35 TR-2SSD 3/11/2009 Slough 325.22 997 2000 0.5
Lake Wallula Phosphorus mg/kg J18J34 TR-lSSD 3/12/2009 Slough 325.22 1000 2000 0.5
Lake Wallula Phosphorus mg/kg J18J36 TR-3SSD 3/13/2009 Slough 325.22 973 2000 0.5
Lake Wallula Phosphorus mg/kg J189K4 SP-9SSD 2/19/2009 Left 325.06 1540 2000 0.8
Lake Wallula Phosphorus mg/kg J189J4 THMU-1SSD 2/23/2009 Right 320.70 1170 2000 0.6
Lake Wallula Phosphorus mg/kg J189J2 PHMU-1SSD 2/23/2009 Slough 320.42 667 2000 0.3
Lake Wallula Phosphorus mg/kg J189J1 PHMU-2SSD 2/23/2009 Slough 319.90 1030 2000 0.5
Lake Wallula Phosphorus mg/kg J189J5 THMU-2SSD 2/23/2009 Right 319.78 1200 2000 0.6
Lake Wallula Phosphorus mg/kg J189J3 PHMU-3SSD 2/23/2009 Slough 319.62 706 2000 0.4
Lake Wallula Phosphorus mg/kg J189J7 BI-1SSD 2/23/2009 Island 317.80 1190 2000 0.6
Lake Wallula Phosphorus mg/kg J180W8-A PM-1SD 2/2/2009 Left 316.24 682 2000 0.3
Lake Wallula Phosphorus mg/kg J18158-A WB-lSD 2/2/2009 Left 316.00 651 2000 0.3
Lake Wallula Phosphorus mg/kg J18157-A WB-2SD 2/2/2009 Left 315.82 680 2000 0.3
Lake Wallula Phosphorus mg/kg J18159-A WB-3SD 2/2/2009 Left 315.40 801 2000 0.4
Lake Wallula Phosphorus mg/kg J18160-A WB-4SD 2/2/2009 Left 315.33 743 2000 0.4
Lake Wallula Phosphorus mg/kg J18L19 LWC1-1SD 4/6/2009 Left 312.40 668 2000 0.3
Lake Wallula Phosphorus mg/kg J189M8 PK-10SSD 3/4/2009 Left 311.90 1020 2000 0.5
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BHC
COPEC
HQ
LOEC

benzene hexachloride
contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration

NA = not available; no LOEC available for hexavalent chromium; data shown for discussion purposes
TPH = total petroleum hydrocarbons

Table 8-5. Lake Wallula Sub-Area Sediment Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (3 Pages)

Sample Sample River River Result LOEC
Sub-Area COPEC Units Number Designation Date Location Mile (dry wt.) LOEC HQ

Lake Wallula Phosphorus mg/kg J17XR5 LW-1SD 2/2/2009 Right 309.71 641 2000 0.3
Lake Wallula Phosphorus mg/kg J18L31 LWC2-1SD 4/8/2009 Left 305.41 646 2000 0.3
Lake Wallula Phosphorus mg/kg J17XR8 LW-4SD 2/2/2009 Left 301.01 828 2000 0.4
Lake Wallula Phosphorus mg/kg J189P6 HR-5SSD 2/20/2009 Tributary 298.09 987 2000 0.5
Lake Wallula Phosphorus mg/kg J189R0 HR-6SSD 2/20/2009 Tributary 298.05 846 2000 0.4
Lake Wallula Phosphorus mg/kg J189R1 HR-8SSD 2/20/2009 Tributary 298.00 729 2000 0.4
Lake Wallula Phosphorus mg/kg J189P5 HR-7SSD 2/20/2009 Tributary 298.00 1100 2000 0.6
Lake Wallula Phosphorus mg/kg J17XR9 LW-5SD 2/2/2009 Left 297.78 844 2000 0.4
Lake Wallula Phosphorus mg/kg J189T6 MBRA-4SSD 2/20/2009 Dam 293.32 1280 2000 0.6
Lake Wallula Phosphorus mg/kg J189T5 MBRA-5SSD 2/20/2009 Dam 293.32 973 2000 0.5
Lake Wallula Phosphorus mg/kg J18177 MBRA-4SD 2/3/2009 Dam 293.31 739 2000 0.4
Lake Wallula Phosphorus mg/kg J18172 MBRA-3SD 2/2/2009 Dam 293.26 731 2000 0.4
Lake Wallula Phosphorus mg/kg J189T4 MBRA-3SSD 2/20/2009 Dam 293.26 1020 2000 0.5
Lake Wallula Phosphorus mg/kg J189T8 MBRA-2SSD 2/20/2009 Dam 293.23 1220 2000 0.6
Lake Wallula Phosphorus mg/kg J18176 MBRA-2SD 2/2/2009 Dam 293.22 758 2000 0.4
Lake Wallula Phosphorus mg/kg J189T7 MBRA-1SSD 2/20/2009 Dam 293.20 1130 2000 0.6
Lake Wallula Phosphorus mg/kg J18173 MBRA-1SD 2/2/2009 Dam 293.19 843 2000 0.4
Lake Wallula Phosphorus mg/kg J18L51 MDC-1SD 4/7/2009 Dam 292.77 783 2000 0.4
Lake Wallula Phosphorus mg/kg J181B1 MDBR-1SD 2/3/2009 Dam 292.13 862 2000 0.4
Lake Wallula Phosphorus mg/kg J181B3 MDBR-3SD 2/3/2009 Dam 292.11 935 2000 0.5
Lake Wallula Phosphorus mg/kg J181B2 MDBR-2SD 2/3/2009 Dam 292.11 872 2000 0.4
Lake Wallula Phosphorus mg/kg J18198 MDBR-6SD 2/3/2009 Dam 292.03 742 2000 0.4
Lake Wallula Phosphorus mg/kg J18199 MDBR-4SD 2/3/2009 Dam 291.95 908 2000 0.5
Lake Wallula Phosphorus mg/kg J181BO MDBR-5SD 2/3/2009 Dam 291.95 758 2000 0.4
Lake Wallula Silver mg/kg B17B65 HL 1879 8/8/2003 Dam 293.99 1.9 1.7 1.1
Lake Wallula Silver mg/kg B17B67 HL 1529 8/8/2003 Dam 293.98 1.2 1.7 0.7
Lake Wallula Silver mg/kg B17B57 HL 1932 8/8/2003 Dam 293.89 1.2 1.7 0.7
Lake Wallula Silver mg/kg B17B60 HL 1932 8/8/2003 Dam 293.89 2.5 1.7 1.5
Lake Wallula Thallium mg/kg J180T5 CM-4SD 12/11/2008 Left 327.72 3.12 2.6 1.2
Lake Wallula Toluene mg/kg J180H6 300D-4SD 12/10/2008 Left 339.37 0.185 5.22 0.04
Lake Wallula TPH-diesel mg/kg J180P3 CPM-2SD 12/10/2008 Right 336.52 340 510 0.7
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Table 8-6. Porewater Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (4 Pages)

Operable COPEC Units Sample Designation Sample River River Result Total or LOEC LOEC
Unit Number Date Location Mile Dissolved HQ

100-BC-5 Aluminum mg/L J19F46 T100BC3C 1/17/2010 Right 383.94 0.416 D 0.087 4.8
100-BC-5 Hexavalent chromium mg/L J19519 J100BC2 8/31/2009 Right 384.24 0.016 T 0.01 1.6
100-BC-5 Hexavalent chromium mg/L J19356 2A-A 9/15/2009 Right 384.20 0.024 T 0.01 2.4
100-BC-5 Hexavalent chromium mg/L J19KB4 2A-A 2/20/2010 Right 384.20 0.01 T 0.01 1
100-BC-5 Hexavalent chromium mg/L J19355 J100BC9 9/15/2009 Right 384.10 0.015 T 0.01 1.5
100-BC-5 Hexavalent chromium mg/L J19364 T100BC1J5 9/13/2009 Right 384.10 0.023 T 0.01 2.3
100-BC-5 Hexavalent chromium mg/L J19520 T100BC1J1 8/31/2009 Right 384.10 0.018 T 0.01 1.8
100-BC-5 Hexavalent chromium mg/L J19359 T100BC2B 9/16/2009 Right 384.03 0.027 T 0.01 2.7
100-BC-5 Hexavalent chromium mg/L J19515 T100BC3C 9/13/2009 Right 383.94 0.112 T 0.01 11.0
100-BC-5 Hexavalent chromium mg/L J19F42 T100BC3C 1/17/2010 Right 383.94 0.022 D 0.01 2.2
100-BC-5 Hexavalent chromium mg/L J19512 J100BC19 8/30/2009 Right 383.83 0.015 T 0.01 1.5
100-BC-5 Hexavalent chromium mg/L J19366 J100BC21 9/16/2009 Right 383.81 0.073 T 0.01 7.3
100-BC-5 Hexavalent chromium mg/L J19H13 T100BC4A 1/18/2010 Right 383.72 0.046 T 0.01 4.6
100-BC-5 Hexavalent chromium mg/L J19516 T100BC4A 8/24/2009 Right 383.71 0.08 T 0.01 8.0
100-BC-5 Hexavalent chromium mg/L J19353 T100BC5C 9/14/2009 Right 383.65 0.057 T 0.01 5.7
100-BC-5 Hexavalent chromium mg/L J19518 T100BC6J10 8/30/2009 Right 383.62 0.026 T 0.01 2.6
100-BC-5 Hexavalent chromium mg/L J19KB5 T100BC6J10 2/19/2010 Right 383.62 0.01 T 0.01 1
100-BC-5 Hexavalent chromium mg/L J19354 J100BC23 9/14/2009 Right 383.59 0.091 T 0.01 9.1
100-BC-5 Hexavalent chromium mg/L J19F41 J100BC47 1/17/2010 Right 383.27 0.013 D 0.01 1.3
100-BC-5 Hexavalent chromium mg/L J19514 J100BC47 8/30/2009 Right 383.25 0.028 T 0.01 2.8
100-BC-5 Lead mg/L J19H1O T100BClJ1 2/19/2010 Right 384.10 0.00465 D 0.0025 1.9
100-BC-5 Nitrate mg/L J19H09 T100BC4A 1/18/2010 Right 383.72 24.4 T 37.64 0.6
100-BC-5 Nitrate mg/L J19K97 T100BC6J10 2/19/2010 Right 383.62 10.8 T 37.64 0.3
100-BC-5 Nitrate mg/L J19F37 J100BC47 1/17/2010 Right 383.27 12.4 T 37.64 0.3

100-KR-4 Hexavalent chromium mg/L J19HJ9 KWIN Test 1 1/22/2010 Right 381.81 0.018 T 0.01 1.8
100-KR-4 Hexavalent chromium mg/L J19558 KWIN Test 1 10/1/2009 Right 381.81 0.023 T 0.01 2.3
100-KR-4 Hexavalent chromium mg/L J19561 J100K33 10/6/2009 Right 381.81 0.02 D 0.01 2.0
100-KR-4 Hexavalent chromium mg/L J19570 KWIN Test 3 10/20/2009 Right 381.80 0.013 T 0.01 1.3
100-KR-4 Hexavalent chromium mg/L J193C1 T100K1C 10/27/2009 Right 381.75 0.044 D 0.01 4.4
100-KR-4 Hexavalent chromium mg/L J19JC9 T100K1C 1/31/2010 Right 381.75 0.033 D 0.01 3.3
100-KR-4 Hexavalent chromium mg/L J193C2 J100K40 10/27/2009 Right 381.43 0.014 D 0.01 1.4
100-KR-4 Hexavalent chromium mg/L J193B8 T100K2B 11/3/2009 Right 381.31 0.015 D 0.01 1.5
100-KR-4 Hexavalent chromium mg/L J19JR4 T100K2B 2/27/2010 Right 381.31 0.011 D 0.01 1.1
100-KR-4 Hexavalent chromium mg/L J19560 J100K9 10/6/2009 Right 381.21 0.01 T 0.01 1
100-KR-4 Hexavalent chromium mg/L J19HJ8 T100K3A 1/23/2010 Right 381.04 0.056 T 0.01 5.6
100-KR-4 Hexavalent chromium mg/L J193C5 T100K3A 10/25/2009 Right 381.03 0.017 D 0.01 1.7
100-KR-4 Hexavalent chromium mg/L J193B7 J100K24 10/27/2009 Right 380.01 0.036 D 0.01 3.6
100-KR-4 Hexavalent chromium mg/L J19HP1 J100K24 1/31/2010 Right 380.01 0.054 D 0.01 5.4
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Table 8-6. Porewater Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (4 Pages)

Operable COPEC Units Sample Designation Sample River River Result Total or LOEC LOEC
Unit Number Date Location Mile Dissolved HQ

100-KR-4 Manganese mg/L J19KF1 K Intake Test 3A 2/28/2010 Right 381.44 2.13 D 1.31 1.6
100-KR-4 Nitrate mg/L J19HJ5 KWIN Test 1 1/22/2010 Right 381.81 17.3 T 37.64 0.5
100-KR-4 Nitrate mg/L J19JC7 T100K1C 1/31/2010 Right 381.75 7.44 T 37.64 0.2
100-KR-4 Nitrate mg/L J19HJ4 T100K3A 1/23/2010 Right 381.04 11.9 T 37.64 0.3
100-KR-4 Nitrate mg/L J19HN9 J100K24 1/31/2010 Right 380.01 11.4 T 37.64 0.3

100-NR-2 Hexavalent chromium mg/L J19JR6 T100N1A 30:00.0 Right 379.18 0.026 T 0.01 2.6
100-NR-2 Nitrate mg/L J19JP7 N Outfall 2/8/2010 Right 379.40 36.5 T 37.64 1
100-NR-2 Nitrate mg/L J19JP6 JT100N3A 2/7/2010 Right 379.32 134 T 37.64 3.6
100-NR-2 Nitrate mg/L J19JP4 T100N1A 2/6/2010 Right 379.18 54.3 T 37.64 1.4
100-NR-2 Nitrate mg/L J19JP5 T100N2A 2/6/2010 Right 379.16 54.9 T 37.64 1.5
100-NR-2 Nitrate mg/L J19JP3 T10ON5Ring 2/7/2010 Right 378.85 40.6 T 37.64 1.1
100-NR-2 Phosphate mg/L J19JP5 T100N2A 2/6/2010 Right 379.16 9.05 T NA NA

100-HR-3 Aluminum mg/L J19J70 T100D3A 2/5/2010 Right 377.72 0.477 D 0.087 5.5
100-HR-3 Chromium mg/L J19J70 T100D3A 2/5/2010 Right 377.72 0.62 D 0.074 8.4
100-HR-3 Chromium mg/L J19J71 J100D36 2/13/2010 Right 377.31 0.0825 D 0.074 1.1
100-HR-3 Hexavalent chromium mg/L J19530 J100D20 10/13/2009 Right 378.10 0.011 D 0.01 1.1
100-HR-3 Hexavalent chromium mg/L J19529 J100D2 10/13/2009 Right 378.06 0.013 D 0.01 1.3
100-HR-3 Hexavalent Chromium mg/L J19J72 T100D1A 2/13/2010 Right 377.96 0.01 D 0.01 1
100-HR-3 Hexavalent chromium mg/L J19J73 T100D2A 2/5/2010 Right 377.78 0.041 D 0.01 4.1
100-HR-3 Hexavalent chromium mg/L J195D6 T100D2A 10/12/2009 Right 377.78 0.026 D 0.01 2.6
100-HR-3 Hexavalent chromium mg/L J19381 T100D3A 10/12/2009 Right 377.73 0.331 D 0.01 33.0
100-HR-3 Hexavalent chromium mg/L J19J74 T100D3A 2/5/2010 Right 377.72 0.64 D 0.01 64.0
100-HR-3 Hexavalent chromium mg/L J19528 J100D18 10/13/2009 Right 377.59 0.016 D 0.01 1.6
100-HR-3 Hexavalent Chromium mg/L J19527 J100D23 10/13/2009 Right 377.55 0.01 D 0.01 1
100-HR-3 Hexavalent chromium mg/L J195D2 J100D36 10/7/2009 Right 377.31 0.112 D 0.01 11.0
100-HR-3 Hexavalent chromium mg/L J19J75 J100D36 2/13/2010 Right 377.31 0.08 T 0.01 8.0
100-HR-3 Hexavalent chromium mg/L J195D7 J100D12 10/12/2009 Right 377.17 0.014 D 0.01 1.4
100-HR-3 Hexavalent chromium mg/L J195D8 J100D39 10/12/2009 Right 376.99 0.026 D 0.01 2.6
100-HR-3 Hexavalent chromium mg/L J19526 J100D9 10/12/2009 Right 376.92 0.018 D 0.01 1.8
100-HR-3 Hexavalent chromium mg/L J19535 J100D8 10/18/2009 Right 376.83 0.017 D 0.01 1.7
100-HR-3 Hexavalent chromium mg/L J19J63 J100H45 1/30/2010 Right 373.94 0.01 T 0.01 1
100-HR-3 Hexavalent chromium mg/L J19396 J100H3 10/11/2009 Right 373.63 0.028 D 0.01 2.8
100-HR-3 Hexavalent chromium mg/L J195F8 T100H1E 10/5/2009 Left 373.42 0.023 D 0.01 2.3
100-HR-3 Hexavalent chromium mg/L J19394 J100H7 10/11/2009 Left 373.30 0.013 T 0.01 1.3
100-HR-3 Hexavalent chromium mg/L J193B5 J100H5 9/23/2009 Right 373.26 0.015 D 0.01 1.5
100-HR-3 Hexavalent chromium mg/L J19555 T100H1A 9/23/2009 Right 373.15 0.029 T 0.01 2.9
100-HR-3 Hexavalent chromium mg/L J19FHO T100H1A 1/24/2010 Right 373.15 0.05 D 0.01 5.0
100-HR-3 Hexavalent chromium mg/L J19547 T100H1J3 9/21/2009 Right 373.03 0.022 T 0.01 2.2
100-HR-3 Hexavalent chromium mg/L J19548 T100H1J8 9/21/2009 Right 372.95 0.012 D 0.01 1.2
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Table 8-6. Porewater Contaminant of Potential Ecological Concern Exceedances and

Lowest Observed Effect Concentration Hazard Quotients. (4 Pages)

Operable COPEC Units Sample Designation Sample River River Result Total or LOEC LOEC
Unit Number Date Location Mile Dissolved HQ

100-HR-3 Hexavalent chromium mg/L J195F4 J100H17 10/1/2009 Right 372.51 0.015 T 0.01 1.5
100-HR-3 Hexavalent chromium mg/L J195F2 T100H2A 10/5/2009 Right 372.47 0.02 D 0.01 2.0
100-HR-3 Hexavalent chromium mg/L J195F3 T100H3A 10/8/2009 Right 372.36 0.016 T 0.01 1.6
100-HR-3 Hexavalent chromium mg/L J195K2 J100H44 10/8/2009 Right 372.27 0.028 T 0.01 2.8
100-HR-3 Hexavalent chromium mg/L J195H0 J100H27 11/2/2009 Right 372.04 0.012 D 0.01 1.2
100-HR-3 Hexavalent chromium mg/L J195F6 T100H6A 10/5/2009 Right 370.38 0.046 T 0.01 4.6
100-HR-3 Hexavalent chromium mg/L J19397 T100H6J6 10/8/2009 Slough 370.01 0.031 D 0.01 3.1
100-HR-3 Lead mg/L J19J70 T100D3A 2/5/2010 Right 377.72 0.00681 D 0.0025 2.7
100-HR-3 Lead mg/L J19FF9 T100H1E 1/24/2010 Left 373.42 0.00256 D 0.0025 1.0
100-HR-3 Manganese mg/L J19FF9 T100H1E 1/24/2010 Left 373.42 0.792 D 1.31 0.6
100-HR-3 Manganese mg/L J19JF4 T100H6A 2/27/2010 Right 370.38 0.195 D 1.31 0.1
100-HR-3 Nickel mg/L J19J68 T100D1A 2/13/2010 Right 377.96 0.0518 D 0.052 1.0
100-HR-3 Nitrate mg/L J19J64 T100D1A 2/13/2010 Right 377.96 18.9 T 37.64 0.5
100-HR-3 Nitrate mg/L J19J65 T100D2A 2/5/2010 Right 377.78 19.2 T 37.64 0.5
100-HR-3 Nitrate mg/L J19J66 T100D3A 2/5/2010 Right 377.72 44.2 T 37.64 1.2
100-HR-3 Nitrate mg/L J19J67 J100D36 2/13/2010 Right 377.31 10.5 T 37.64 0.3
100-HR-3 Nitrate mg/L J19JM2 J100D39 2/14/2010 Right 376.99 9.94 T 37.64 0.3
100-HR-3 Nitrate mg/L J19JM1 J100D9 2/14/2010 Right 376.91 9.25 T 37.64 0.2
100-HR-3 Nitrate mg/L J19FF6 T100H1A 1/24/2010 Right 373.15 16.3 T 37.64 0.4
100-HR-3 Nitrate mg/L J19JD7 T100H2A 1/29/2010 Right 372.47 12.7 T 37.64 0.3
100-HR-3 Nitrate mg/L J19JFO T100H6A 2/27/2010 Right 370.38 10.2 T 37.64 0.3

100-FR-3 Hexavalent chromium mg/L J193B3 J100H43 9/24/2009 Right 369.74 0.031 T 0.01 3.1
100-FR-3 Hexavalent chromium mg/L J19KO5 T100F2A 2/12/2010 Right 368.73 0.02 D 0.01 2.0
100-FR-3 Manganese mg/L J19JF3 J100H43 1/30/2010 Right 369.74 2.26 D 1.31 1.7
100-FR-3 Mercury mg/L J19JF3 J100H43 1/30/2010 Right 369.74 0.000099 D 0.000012 8.3
100-FR-3 Nitrate mg/L J19KOO J100FI1 2/12/2010 Right 368.63 8.02 T 37.64 0.2

200-PO-1 Hexavalent chromium mg/L J19K44 JHTS9 2/21/2010 Right 359.90 0.015 T 0.01 1.5
200-PO-1 Hexavalent chromium mg/L J19K43 JHTS33 2/21/2010 Right 357.85 0.021 T 0.01 2.1
200-PO-1 Hexavalent chromium mg/L J19K47 JHTS18 2/15/2010 Right 357.54 0.014 D 0.01 1.4
200-PO-1 Hexavalent chromium mg/L J19K48 JHTS19 2/15/2010 Right 357.38 0.013 D 0.01 1.3
200-PO-1 Lead mg/L J19K37 JHTS33 2/21/2010 Right 357.85 0.00421 D 0.0025 1.7
200-PO-1 Nitrate mg/L J19K31 JHTS33 2/21/2010 Right 357.85 35.7 T 37.64 0.9
200-PO-1 Nitrate mg/L J19K35 JHTS18 2/15/2010 Right 357.54 14 T 37.64 0.4
200-PO-1 Nitrate mg/L J19K36 JHTS19 2/15/2010 Right 357.38 33.5 T 37.64 0.9
200-PO-1 Nitrate mg/L J19K33 JHTS40 2/26/2010 Right 349.58 27.4 T 37.64 0.7
200-PO-1 Nitrite mg/L J19K32 JHTS9 2/21/2010 Right 359.90 0.27 T 0.493 0.5

300-FF-5 Aluminum mg/L J19F80 T3003A 1/11/2010 Right 344.60 0.107 D 0.087 1.2
300-FF-5 Lead mg/L J19F78 T3001J3 2/1/2010 Right 345.00 0.00253 D 0.0025 1.0
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Table 8-6. Porewater Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (4 Pages)

Operable COPEC Units Sample Designation Sample River River Result Total or LOEC LOEC
Unit Number Date Location Mile Dissolved HQ

300-FF-5 Nitrate mg/L J19KW7 J3002 2/26/2010 Right 345.07 21.8 T 37.64 0.6
300-FF-5 Nitrate mg/L J19F76 T3003A 1/11/2010 Right 344.60 19.4 T 37.64 0.5
300-FF-5 Nitrate mg/L J19KW8 J30013 2/22/2010 Right 344.44 9.82 T 37.64 0.3
300-FF-5 Nitrate mg/L J19F75 J30016 1/11/2010 Right 344.21 15.8 T 37.64 0.4
300-FF-5 Nitrate mg/L J19HW2 J30019 2/1/2010 Right 344.07 19.1 T 37.64 0.5
300-FF-5 Nitrate mg/L J19H02 T3005J5 1/25/2010 Left 343.03 116 T 37.64 3.1
300-FF-5 Selenium mg/L J19H04 T3005J5 1/25/2010 Left 343.03 0.0102 D 0.005 2.0
300-FF-5 Uranium mg/L J19KX0 J3002 2/26/2010 Right 345.07 0.17 D 0.03 5.7
300-FF-5 Uranium mg/L J19F78 T3001J3 2/1/2010 Right 345.00 0.0409 D 0.03 1.4
300-FF-5 Uranium mg/L J19F80 T3003A 1/11/2010 Right 344.60 0.111 D 0.03 3.7
300-FF-5 Uranium mg/L J19KX1 J30013 2/22/2010 Right 344.44 0.0919 D 0.03 3.1
300-FF-5 Uranium mg/L J19F79 J30016 1/11/2010 Right 344.21 0.114 D 0.03 3.8
300-FF-5 Uranium mg/L J19HW4 J30019 2/1/2010 Right 344.07 0.048 D 0.03 1.6
300-FF-5 Uranium mg/L J19H04 T3005J5 1/25/2010 Left 343.03 0.022 D 0.03 0.7
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Table 8-7. Evaluation of Porewater Chromium by Hexavalent Chromium No Observable Effect Concentrations.

Number Number Sample Location of Minimum Maximum Number of Number of
Operable COPEC Units of of FOD Minimum Maximum Number of Maximum Designation Reporting Reporting Ecological Exceedances Exceedances Maximum Inclusion

Unit Samples Detections (%) Detect Detect Maximum (RM) of Maximum Limit Limit NOEC (Detected) (Reporting > NOEC? List
Limit)

100-BC-5 Chromium mg/L 8 7 87.5 0.00129 0.0236 J19F46 383.94 T100BC3C 0.002 0.002 0.01 3 0 Yes Yes
100-KR-4 Chromium mg/L 5 4 80 0.0164 0.0595 J19HPO 380.01 J100K24 0.002 0.002 0.01 4 0 Yes Yes
100-NR-2 Chromium mg/L 5 5 100 0.00163 0.00389 J19JR3 379.40 N Outfall -- -- 0.01 0 -- No Yes
100-HR-3 Chromium mg/L 11 9 81.82 0.00296 0.62 J19J70 377.72 T100D3A 0.002 0.002 0.01 6 0 Yes Yes
100-FR-3 Chromium mg/L 3 2 66.67 0.00401 0.00481 J19K02 368.63 J100F11 0.002 0.002 0.01 0 0 No Yes
200-PO-1 Chromium mg/L 5 4 80 0.000568 0.00301 J19K42 357.38 JHTS19 0.004 0.004 0.01 0 0 No Yes
300-FF-5 Chromium mg/L 8 4 50 0.001 0.00276 J19HW4 344.07 J30019 0.002 0.004 0.01 0 0 No Yes

COPEC
FOD
NOEC
RM

not applicable; all samples were detections; no reporting limit recorded
contaminant of potential ecological concern
frequency of detection
no observed effect concentration
river mile

Columbia River Component Risk Assessment
Volume , Part 2: Screening-Level Ecological Risk Assessment
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Table 8-8. Porewater Samples Exceeding Hexavalent Chromium Water Quality Criteria.

Operable COPEC Units Sample Designation Sample River River Result Total or LOEC LOEC
Unit Number Date Location Mile Dissolved HQ

100-BC-5 Chromium mg/L J19F46 T100BC3C 1/17/2010 Right 383.94 0.0236 D 0.01 2.4
100-BC-5 Chromium mg/L J19H11 T100BC4A 1/18/2010 Right 383.72 0.02 D 0.01 2.0
100-BC-5 Chromium mg/L J19KB1 T100BC6J10 2/19/2010 Right 383.62 0.0102 D 0.01 1.0
100-KR-4 Chromium mg/L J19HJ7 KWIN Test 1 1/22/2010 Right 381.81 0.0164 D 0.01 1.6
100-KR-4 Chromium mg/L J19JC8 T100K1C 1/31/2010 Right 381.75 0.0288 D 0.01 2.9
100-KR-4 Chromium mg/L J19HJ6 T100K3A 1/23/2010 Right 381.04 0.0567 D 0.01 5.7
100-KR-4 Chromium mg/L J19HPO J100K24 1/31/2010 Right 380.01 0.0595 D 0.01 6.0
100-HR-3 Chromium mg/L J19J69 T100D2A 2/5/2010 Right 377.78 0.0336 D 0.01 3.4
100-HR-3 Chromium mg/L J19J70 T100D3A 2/5/2010 Right 377.72 0.62 D 0.01 62.0
100-HR-3 Chromium mg/L J19J71 J100D36 2/13/2010 Right 377.31 0.0825 D 0.01 8.3
100-HR-3 Chromium mg/L J19JM4 J100D39 2/14/2010 Right 376.99 0.0338 D 0.01 3.4
100-HR-3 Chromium mg/L J19JM3 J100D9 2/14/2010 Right 376.91 0.0131 D 0.01 1.3
100-HR-3 Chromium mg/L J19FF8 T100H1A 1/24/2010 Right 373.15 0.0428 D 0.01 4.3

COPEC = contaminant of potential ecological concern
D = dissolved
HQ = hazard quotient
LOEC = lowest observed effect concentration
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COPEC
HQ
LOEC

= contaminant of potential ecological concern
= hazard quotient
= lowest observed effect concentration

Table 8-9. Soil Plant Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients.

Sub-Area COPEC Units Sample Designation Sample River River Result LOEC LOEC

(dry wt.) Number Date Location Mile HQ
100 Area Lead mg/kg J189Y1 I13-2S 3/2/2009 Island 374.58 94.3 144 0.7
100 Area Lead mg/kg J189Y5 13-7S 3/2/2009 Island 374.46 60.1 144 0.4
100 Area Lead mg/kg J18B17 WB-3S 3/2/2009 Island 371.07 54.7 144 0.4

300 Area Lead mg/kg J18B20 HI-IS 3/3/2009 Island 352.67 54.8 144 0.4
300 Area Lead mg/kg J18B25 HI-5S 3/3/2009 Island 352.42 60.2 144 0.4
300 Area Lead mg/kg J18B54 JI-6S 2/27/2009 Island 345.48 59.2 144 0.4
300 Area Lead mg/kg J18X63 JI-6S-RES 6/11/2009 Island 345.48 56.3 144 0.4
300 Area Lead mg/kg J18X64 JI-8S-RES 6/11/2009 Island 345.45 53.4 144 0.4
300 Area Lead mg/kg J18353 JI-8 2/27/2009 Island 345.45 65 144 0.5
300 Area Lead mg/kg J18B63 GI-8S 2/27/2009 Island 341.88 58.3 144 0.4
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COPEC =

HQ =

LOEC =

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration
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Table 8-10. Soil Invertebrate Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients

Sub-Area COPEC Units Sample Designation Sample River River Result LOEC
(dry wt.) Number Date Location Mile HQ

300 Area Mercury mg/kg J18B61 GI-7S 2/27/2009 Island 341.95 0.11 0.5 0.2



cm

COPEC
HQ
LOEC

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration

Table 8-11. 100 Area Sub-Area Soil Terrestrial Bird Contaminant of Potential Ecological Concern Exceedance
and Lowest Observed Effect Concentration Hazard Quotients.

Sub-Area COPEC Units Sample Designation Sample Date River River Result LOEC LOEC
(dry wt.) Number Location Mile HQ

100 Area Lead mg/kg J189Y0 13-IS 3/2/2009 Island 374.64 45.8 25 1.8
100 Area Lead mg/kg J189Y3 13-5S 3/2/2009 Island 374.63 46.7 25 1.9
100 Area Lead mg/kg J189Y9 13-6S 3/2/2009 Island 374.60 25.2 25 1.0
100 Area Lead mg/kg J189Y1 13-2S 3/2/2009 Island 374.58 94.3 25 3.8
100 Area Lead mg/kg J189Y5 13-7S 3/2/2009 Island 374.46 60.1 25 2.4
100 Area Lead mg/kg J18B06 LI-10S 3/2/2009 Island 372.21 42.2 25 1.7
100 Area Lead mg/kg J18B07 LI-5S 3/2/2009 Island 371.85 15.8 25 0.6
100 Area Lead mg/kg J18B04 LI-7S 3/2/2009 Island 371.83 26.5 25 1.1
100 Area Lead mg/kg J18B08 LI-4S 3/2/2009 Island 371.70 29.7 25 1.2
100 Area Lead mg/kg J18BOO LI-3S 3/2/2009 Island 371.45 32.3 25 1.3
100 Area Lead mg/kg J18B19 WB-1S 3/2/2009 Island 371.42 42.2 25 1.7
100 Area Lead mg/kg J18B18 WB-2S 3/2/2009 Island 371.31 11.6 25 0.5
100 Area Lead mg/kg J18B09 LI-2S 3/2/2009 Island 371.18 20.1 25 0.8
100 Area Lead mg/kg J18B03 LI-iS 3/2/2009 Island 371.13 14.9 25 0.6
100 Area Lead mg/kg J18B17 WB-3S 3/2/2009 Island 371.07 54.7 25 2.2
100 Area Lead mg/kg J18B12 WB-7S 3/3/2009 Island 370.68 12 25 0.5
100 Area Lead mg/kg J18B14 WB-10S 3/3/2009 Island 369.98 12.7 25 0.5
100 Area Mercury mg/kg J18B06 LI-10S 3/2/2009 Island 372.21 0.027 2 0.01
100 Area Mercury mg/kg J18B02 LI-6S 3/2/2009 Island 372.18 0.019 2 0.01
100 Area Mercury mg/kg J18B05 LI-9S 3/2/2009 Island 372.05 0.024 2 0.01
100 Area Mercury mg/kg J18BO1 LI-8S 3/2/2009 Island 371.94 0.026 2 0.01
100 Area Mercury mg/kg J18B07 LI-5S 3/2/2009 Island 371.85 0.03 2 0.02
100 Area Mercury mg/kg J18B04 LI-7S 3/2/2009 Island 371.83 0.05 2 0.03
100 Area Mercury mg/kg J18B08 LI-4S 3/2/2009 Island 371.70 0.036 2 0.02
100 Area Mercury mg/kg J18B _ LI-3S 3/2/2009 Island 371.45 0.052 2 0.03
100 Area Mercury mg/kg J18B19 WB-S 3/2/2009 Island 371.42 0.018 2 0.009
100 Area Mercury mg/kg J18B18 WB-2S 3/2/2009 Island 371.31 0.02 2 0.01
100 Area Mercury mg/kg J18B16 WB-4S 3/2/2009 Island 371.20 0.013 2 0.007
100 Area Mercury mg/kg J18B109 LI-2S 3/2/2009 Island 371.18 0.032 2 0.02
100 Area Mercury mg/kg J18B03 LI-2S 3/2/2009 Island 371.13 0.028 2 0.01
100 Area Mercury mg/kg J18B317 W-3S 3/2/2009 Island 371.07 0.026 2 0.01
100 Area Mercury mg/kg J18B15 WB-5S 3/2/2009 Island 370.96 0.013 2 0.007
100 Area Mercury mg/kg J18B1 WB-6S 3/3/2009 Island 370.90 0.016 2 0.008
100 Area Mercury mg/kg J18B12 WB-7S 3/3/2009 Island 370.68 0.016 2 0.008
100 Area Mercury mg/kg J18B1l WB-8S 3/3/2009 Island 370.14 0.02 2 0.01
100 Area Mercury mg/kg J18B13 WB-9S 3/3/2009 Island 370.01 0.017 2 0.009
100 Area Mercury mg/kg J18B134 WB-10S 3/3/2009 Island 369.98 0.018 2 0.009
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Table 8-12. 300 Area Sub-Area Soil Terrestrial Bird Contaminant of Potential Ecological Concern Exceedances
and Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC Units Sample Designation Sample River River Result LOEC LOEC

(dry wt.) Number Date Location Mile HQ
300 Area Lead mg/kg J18B20 HI-iS 3/3/2009 Island 352.67 54.8 25 2.2
300 Area Lead mg/kg J18B23 HI-2S 3/3/2009 Island 352.64 37 25 1.5
300 Area Lead mg/kg J18B25 HI-5S 3/3/2009 Island 352.42 60.2 25 2.4
300 Area Lead mg/kg J18B29 HI-7S 3/3/2009 Island 352.32 12.3 25 0.5
300 Area Lead mg/kg J18B27 HI-8S 3/3/2009 Island 352.31 21.3 25 0.9
300 Area Lead mg/kg J18B24 HI-6S 3/3/2009 Island 352.26 27.2 25 1.1
300 Area Lead mg/kg J18B28 HI-10S 3/3/2009 Island 352.23 16.1 25 0.6
300 Area Lead mg/kg J18B26 HI-9S 3/3/2009 Island 352.20 41 25 1.6
300 Area Lead mg/kg J18B32 WI-2S 3/3/2009 Island 349.25 28.8 25 1.2
300 Area Lead mg/kg J18B34 WI-3S 3/3/2009 Island 349.22 16.1 25 0.6
300 Area Lead mg/kg J18B39 WI-9s 3/3/2009 Island 348.89 24 25 1
300 Area Lead mg/kg J18B50 JI-iS 2/27/2009 Island 345.64 31.5 25 1.3
300 Area Lead mg/kg J18B47 JI-2S 2/27/2009 Island 345.61 37.1 25 1.5
300 Area Lead mg/kg J18B48 JI-3S 2/27/2009 Island 345.60 40.4 25 1.6
300 Area Lead mg/kg J18B49 JI-4S 2/27/2009 Island 345.56 35.8 25 1.4
300 Area Lead mg/kg J18B52 JI-5S 2/27/2009 Island 345.55 43.4 25 1.7
300 Area Lead mg/kg J18B54 JI-6S 2/27/2009 Island 345.48 59.2 25 2.4
300 Area Lead mg/kg J18X63 JI-6S-RES 6/11/2009 Island 345.48 56.3 25 2.3
300 Area Lead mg/kg J18X64 JI-8S-RES 6/11/2009 Island 345.45 53.4 25 2.1
300 Area Lead mg/kg J18B53 JI-8S 2/27/2009 Island 345.45 65 25 2.6
300 Area Lead mg/kg J18B51 JI-7S 2/27/2009 Island 345.45 47.8 25 1.9
300 Area Lead mg/kg J18B55 JI-9s 2/27/2009 Island 345.40 16.6 25 0.7
300 Area Lead mg/kg J18B56 JI-lOS 2/27/2009 Island 345.33 41.7 25 1.7
300 Area Lead mg/kg J18X65 JI-10S-RES 6/11/2009 Island 345.33 37.9 25 1.5
300 Area Lead mg/kg J18X66 GI-2S-RES 6/11/2009 Island 342.07 26.2 25 1.0
300 Area Lead mg/kg J18B59 GI-2S 2/27/2009 Island 342.07 42.7 25 1.7
300 Area Lead mg/kg J18B65 GI-3S 2/27/2009 Island 342.04 45.9 25 1.8
300 Area Lead mg/kg J18B62 GI-5S 2/27/2009 Island 341.98 40.7 25 1.6
300 Area Lead mg/kg J18B58 G1-4S 2/27/2009 Island 341.97 18.1 25 0.7
300 Area Lead mg/kg J18X67 GI-4S-RES 6/11/2009 Island 341.97 17.5 25 0.7
300 Area Lead mg/kg J18B57 GI-6S 2/27/2009 Island 341.95 11.2 25 0.4
300 Area Lead mg/kg J18B63 GI-8S 2/27/2009 Island 341.88 58.3 25 2.3
300 Area Lead mg/kg J18X69 GI-8S-RES 6/11/2009 Island 341.88 45.7 25 1.8
300 Area Mercury mg/kg J18B20 HI-iS 3/3/2009 Island 352.67 0.017 2 0.009
300 Area Mercury mg/kg J18B23 HI-2S 3/3/2009 Island 352.64 0.016 2 0.008
300 Area Mercury mg/kg J18B21 HI-3S 3/3/2009 Island 352.50 0.018 2 0.009
300 Area Mercury mg/kg J18B22 HI-4S 3/3/2009 Island 352.43 0.024 2 0.01
300 Area Mercury mg/kg J18B25 HI-5S 3/3/2009 Island 352.42 0.021 2 0.01
300 Area Mercury mg/kg J18B29 HI-7S 3/3/2009 Island 352.32 0.021 2 0.01
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COPEC
HQ
LOEC

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration

Table 8-12. 300 Area Sub-Area Soil Terrestrial Bird Contaminant of Potential Ecological Concern Exceedances
and Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC Units Sample Designation Sample River River Result LOEC LOEC
(dry wt.) Number Date Location Mile HQ

300 Area Mercury mg/kg J18B27 HI-8S 3/3/2009 Island 352.31 0.038 2 0.02
300 Area Mercury mg/kg J18B24 HI-6S 3/3/2009 Island 352.26 0.019 2 0.01
300 Area Mercury mg/kg J18B28 HI-10S 3/3/2009 Island 352.23 0.021 2 0.01
300 Area Mercury mg/kg J18B26 HI-9S 3/3/2009 Island 352.20 0.015 2 0.008
300 Area Mercury mg/kg J18B32 WI-2S 3/3/2009 Island 349.25 0.036 2 0.02
300 Area Mercury mg/kg J18B34 WI-3S 3/3/2009 Island 349.22 0.021 2 0.01
300 Area Mercury mg/kg J18B36 WI-4S 3/3/2009 Island 349.19 0.015 2 0.008
300 Area Mercury mg/kg J18B33 WI-6S 3/3/2009 Island 349.15 0.019 2 0.01
300 Area Mercury mg/kg J18B35 WI-7S 3/3/2009 Island 349.10 0.018 2 0.009
300 Area Mercury mg/kg J18B50 JI-iS 2/27/2009 Island 345.64 0.039 2 0.02
300 Area Mercury mg/kg J18B47 JI-2S 2/27/2009 Island 345.61 0.021 2 0.01
300 Area Mercury mg/kg J18B48 JI-3S 2/27/2009 Island 345.60 0.026 2 0.01
300 Area Mercury mg/kg J18B49 JI-4S 2/27/2009 Island 345.56 0.023 2 0.01
300 Area Mercury mg/kg J18B51 JI-7S 2/27/2009 Island 345.45 0.029 2 0.01
300 Area Mercury mg/kg J18B53 JI-8S 2/27/2009 Island 345.45 0.016 2 0.008
300 Area Mercury mg/kg J18B61 GI-7S 2/27/2009 Island 341.95 0.11 2 0.06
300 Area Mercury mg/kg J18B63 GI-8S 2/27/2009 Island 341.88 0.045 2 0.02
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Table 8-13. Soil Terrestrial Mammal Contaminant of Potential Ecological Concern Exceedances and 0

Lowest Observed Effect Concentration Hazard Quotients.

Sub-Area COPEC Units Sample D ti Sample River River Result LOEC LOEC
Z_ Sub-Area C OP(dry w t.) Num ber esigna ion D ate Location M ile Result _ _ _ _ H Q 0

100 Area Lead mg/kg J189Y1 13-2S 3/2/2009 Island 374.58 94.3 122 0.8
100 Area Lead mg/kg J189Y5 13-7S 3/2/2009 Island 374.46 60.1 122 0.5

300 Area Lead mg/kg J18B25 HI-5S 3/3/2009 Island 352.42 60.2 122 0.5
300 Area Lead mg/kg J18B54 JI-6S 2/27/2009 Island 345.48 59.2 122 0.5
300 Area Lead mg/kg J18X63 JI-6S-RES 6/11/2009 Island 345.48 56.3 122 0.5
300 Area Lead mg/kg J18B53 JI-8S 2/27/2009 Island 345.45 65 122 0.5
300 Area Lead mg/kg J18B63 GI-8S 2/27/2009 Island 341.88 58.3 122 0.5
COPEC = contaminant of potential ecological concern
HQ = hazard quotient
LOEC = lowest observed effect concentration
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COPEC
HQ
LOEC

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration

Table 8-14. Shoreline Sediment Terrestrial Plant Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients.

Sub-Area COPEC Units Numbr Designation Sample Location ie Result LOEC LOEC

100 Area Hexavalent chromium mg/kg J187L1 RFLS-2SSD 2/12/2009 Left 368.26 0.412 1.8 0.2
100 Area Hexavalent chromium mg/kg J187L3 RFLS-5SSD 2/12/2009 Left 367.62 0.618 1.8 0.3

300 Area Hexavalent chromium mg/kg J18832 SI-2SSD 2/17/2009 Left 357.03 0.865 1.8 0.5
300 Area Hexavalent chromium mg/kg J18830 SI-3SSD 2/17/2009 Left 356.66 0.484 1.8 0.3
300 Area Hexavalent chromium mg/kg J18820 IS11-3SSD 2/17/2009 Island 355.56 0.59 1.8 0.3
300 Area Hexavalent chromium mg/kg J18862 RG-1OSSD 2/17/2009 Left 354.67 0.725 1.8 0.4
300 Area Hexavalent chromium mg/kg J18874 IS12-2SSD 2/17/2009 Island 354.27 0.437 1.8 0.2
300 Area Hexavalent chromium mg/kg J18877 IS12-1OSSD 2/17/2009 Island 353.00 0.407 1.8 0.2
300 Area Hexavalent chromium mg/kg J18897 HMSTD-3SSD 2/18/2009 Island 352.65 0.699 1.8 0.4
300 Area Hexavalent chromium mg/kg J18943 300LS-8SSD 2/6/2009 Island 343.27 0.998 1.8 0.6
300 Area Hexavalent chromium mg/kg J189F2 300D-ISSD 2/18/2009 Island 341.67 0.518 1.8 0.3
300 Area Hexavalent chromium mg/kg J189F1 300D-2SSD 2/18/2009 Island 341.36 0.547 1.8 0.3
300 Area Lead mg/kg J187P2 HT-8SSD 2/16/2009 Island 362.74 111 144 0.8
300 Area Lead mg/kg J18886 HMSTD-9SSD 2/18/2009 Island 351.80 56.7 144 0.4
300 Area Lead mg/kg J18906 WI-3SSD 2/13/2009 Island 350.23 58.3 144 0.4
300 Area Lead mg/kg J18902 WI-8SSD 2/13/2009 Island 349.10 62.5 144 0.4
300 Area Lead mg/kg J18913 WI-1OSSD 2/13/2009 Island 348.62 54.6 144 0.4
300 Area Selenium mg/kg J18931 300LS-4SSD 2/6/2009 Island 343.75 0.539 1 0.5
300 Area Selenium mg/kg J18933 300LS-8SSD 2/6/2009 Island 343.27 1.01 1 1.0
300 Area Selenium mg/kg J18937 300LS-9SSD 2/6/2009 Island 343.18 0.62 1 0.6

Lake Wallula Hexavalent chromium mg/kg J189C7 BL-9SSD 2/19/2009 Right 334.00 1.73 1.8 1
Lake Wallula Hexavalent chromium mg/kg J189T1 HR-8SSD 2/20/2009 Tributary 298.00 0.51 1.8 0.3
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Table 8-15. 100 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential Ecological Concern
Exceedances and Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC Units Numbr Designation Sample Location ie Result LOEC LOEC

100 Area Chromium mg/kg J186X6 RKLS-13SSD 2/10/2009 Left 381.72 27.5 108 0.3
100 Area Chromium mg/kg J18702 RKLS-14SSD 2/10/2009 Left 381.33 35.8 108 0.3
100 Area Chromium mg/kg J18KH7 RNLS-ISSD 3/4/2009 Left 379.25 28.1 108 0.3
100 Area Chromium mg/kg J18764-A RDD-8SSD 2/11/2009 Island 374.59 28.9 108 0.3
100 Area Chromium mg/kg J18779 LI-llSSD 2/12/2009 Island 371.39 26.8 108 0.2
100 Area Lead mg/kg J186F2 RBLS-16SSD 2/10/2009 Left 383.65 11.2 70 0.2
100 Area Lead mg/kg J186D4 RBLS-3SSD 2/10/2009 Island 382.56 19.7 70 0.3
100 Area Lead mg/kg J186D3 RBLS-2SSD 2/10/2009 Island 382.55 15.4 70 0.2
100 Area Lead mg/kg J186D6 RBLS-7SSD 2/10/2009 Left 382.07 17.9 70 0.3
100 Area Lead mg/kg J186X2 RKLS-12SSD 2/10/2009 Left 381.82 19.6 70 0.3
100 Area Lead mg/kg J186X6 RKLS-13SSD 2/10/2009 Left 381.72 23.9 70 0.3
100 Area Lead mg/kg J186X3 RKLS-15SSD 2/10/2009 Left 381.56 13.3 70 0.2
100 Area Lead mg/kg J18702 RKLS-14SSD 2/10/2009 Left 381.33 33.4 70 0.5
100 Area Lead mg/kg J18KH7 RNLS-1SSD 3/4/2009 Left 379.25 24.9 70 0.4
100 Area Lead mg/kg J18KH8 RNLS-2SSD 3/4/2009 Left 379.21 21.4 70 0.3
100 Area Lead mg/kg J18KJ5 RNLS-3SSD 3/4/2009 Left 379.19 17 70 0.2
100 Area Lead mg/kg J18KJ4 RNLS-4SSD 3/4/2009 Left 379.15 23 70 0.3
100 Area Lead mg/kg J18KJ3 RNLS-5SSD 3/4/2009 Left 379.13 24.6 70 0.4
100 Area Lead mg/kg J18763 RDD-3SSD 2/11/2009 Right 376.51 24.9 70 0.4
100 Area Lead mg/kg J18764-A RDD-8SSD 2/11/2009 Island 374.59 30.4 70 0.4
100 Area Lead mg/kg J18766 RDD-1OSSD 2/11/2009 Island 374.24 19.2 70 0.3
100 Area Lead mg/kg J187D3 RH-ISSD 2/11/2009 Island 373.22 11.4 70 0.2
100 Area Lead mg/kg J187D4 RH-4SSD 2/12/2009 Island 373.19 19.1 70 0.3
100 Area Lead mg/kg J187D2 RH-8SSD 2/12/2009 Island 373.16 25.6 70 0.4
100 Area Lead mg/kg J187F0 RH-2SSD 2/12/2009 Island 373.15 21.4 70 0.3
100 Area Lead mg/kg J187D8 RH-3SSD 2/12/2009 Island 373.13 18.7 70 0.3
100 Area Lead mg/kg J187D6 RH-5SSD 2/12/2009 Island 373.11 20.2 70 0.3
100 Area Lead mg/kg J187D5 RH-9SSD 2/12/2009 Island 373.09 15.4 70 0.2
100 Area Lead mg/kg J187D7 RH-7SSD 2/12/2009 Island 373.06 18.3 70 0.3
100 Area Lead mg/kg J187F1 RH-1OSSD 2/12/2009 Island 372.97 20.5 70 0.3
100 Area Lead mg/kg J18779 LI-IISSD 2/12/2009 Island 371.39 13.3 70 0.2
100 Area Lead mg/kg J18796 WBT-1SSD 2/12/2009 Left 370.30 15.1 70 0.2
100 Area Lead mg/kg J18797 WBT-2SSD 2/12/2009 Left 370.27 12 70 0.2
100 Area Lead mg/kg J18798 WBT-3SSD 2/12/2009 Left 370.24 12.7 70 0.2
100 Area Lead mg/kg J18799 WBT-4SSD 2/12/2009 Left 370.19 14.2 70 0.2
100 Area Lead mg/kg J187B0 WBT-8SSD 2/12/2009 Left 370.10 11.6 70 0.2
100 Area Lead mg/kg J187L0 RFLS-3SSD 2/12/2009 Left 368.29 13.7 70 0.2
100 Area Lead mg/kg J187P9 RFD-1SSD 2/16/2009 Slough 367.77 34.1 70 0.5
100 Area Lead mg/kg J187R0 RFD-3SSD 2/16/2009 Right 1 367.63 33.3 70 0.5
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COPEC
HQ
LOEC

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration

Table 8-15. 100 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential Ecological Concern
Exceedances and Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC Units Numbr Designation Sample Location ie Result LOEC LOEC

100 Area Lead mg/kg J187K8 RFLS-5SSD 2/12/2009 Left 367.62 13.2 70 0.2
100 Area Lead mg/kg J187P7 RFD-2SSD 2/16/2009 Right 367.61 27.7 70 0.4
100 Area Lead mg/kg J187P5 RFD-6SSD 2/16/2009 Right 366.86 28 70 0.4
100 Area Lead mg/kg J187R3 RFD-9SSD 2/16/2009 Right 366.51 33 70 0.5
100 Area Lead mg/kg J187P8 RFD-1OSSD 2/16/2009 Right 366.48 31.5 70 0.5
100 Area Lead mg/kg J187W8 IS9-3SSD 2/16/2009 Island 366.26 24.3 70 0.3
100 Area Lead mg/kg J187Y2 HT-ISSD 2/12/2009 Right 365.86 46.6 70 0.7
100 Area Lead mg/kg J187Y5 HT-2SSD 2/12/2009 Right 365.85 15.8 70 0.2
100 Area Mercury mg/kg J186X6 RKLS-13SSD 2/10/2009 Left 381.72 0.0333 2.5 0.01
100 Area Mercury mg/kg J18702 RKLS-14SSD 2/10/2009 Left 381.33 0.0467 2.5 0.02
100 Area Mercury mg/kg J18KH7 RNLS-1SSD 3/4/2009 Left 379.25 0.0324 2.5 0.01
100 Area Mercury mg/kg J18KH8 RNLS-2SSD 3/4/2009 Left 379.21 0.0433 2.5 0.02
100 Area Mercury mg/kg J18KJ5 RNLS-3SSD 3/4/2009 Left 379.19 0.0199 2.5 0.008
100 Area Mercury mg/kg J18KJ4 RNLS-4SSD 3/4/2009 Left 379.15 0.0326 2.5 0.01
100 Area Mercury mg/kg J18KJ3 RNLS-5SSD 3/4/2009 Left 379.13 0.0339 2.5 0.01
100 Area Mercury mg/kg J18764-A RDD-8SSD 2/11/2009 Island 374.59 0.0283 2.5 0.01
100 Area Mercury mg/kg J187D2 RH-8SSD 2/12/2009 Island 373.16 0.0407 2.5 0.02
100 Area Mercury mg/kg J187D5 RH-9SSD 2/12/2009 Island 373.09 0.0153 2.5 0.006
100 Area Mercury mg/kg J187F1 RH-1OSSD 2/12/2009 Island 372.97 0.0141 2.5 0.006
100 Area Mercury mg/kg J18796 WBT-1SSD 2/12/2009 Left 370.30 0.0206 2.5 0.008
100 Area Mercury mg/kg J18798 WBT-3SSD 2/12/2009 Left 370.24 0.0172 2.5 0.007
100 Area Mercury mg/kg J18799 WBT-4SSD 2/12/2009 Left 370.19 0.0203 2.5 0.008
100 Area Mercury mg/kg J187B0 WBT-8SSD 2/12/2009 Left 370.10 0.0177 2.5 0.007
100 Area Mercury mg/kg J187L0 RFLS-3SSD 2/12/2009 Left 368.29 0.0176 2.5 0.007
100 Area Mercury mg/kg J187P9 RFD-1SSD 2/16/2009 Slough 367.77 0.0151 2.5 0.006
100 Area Mercury mg/kg J187R0 RFD-3SSD 2/16/2009 Right 367.63 0.0347 2.5 0.01
100 Area Mercury mg/kg J187K8 RFLS-5SSD 2/12/2009 Left 367.62 0.0198 2.5 0.008
100 Area Mercury mg/kg J187P7 RFD-2SSD 2/16/2009 Right 367.61 0.133 2.5 0.05
100 Area Mercury mg/kg J187P6 RFD-4SSD 2/16/2009 Right 367.32 0.0245 2.5 0.01
100 Area Mercury mg/kg J187R1 RFD-5SSD 2/16/2009 Right 367.08 0.0413 2.5 0.02
100 Area Mercury mg/kg J187R2 RFD-7SSD 2/16/2009 Right 366.68 0.0184 2.5 0.007
100 Area Mercury mg/kg J187R3 RFD-9SSD 2/16/2009 Right 1 366.51 0.0177 2.5 0.007
100 Area Mercury mg/kg J187P8 RFD-1OSSD 2/16/2009 Right 366.48 0.016 2.5 0.006
100 Area Mercury mg/kg J187W8 IS9-3SSD 2/16/2009 Island 366.26 0.0172 2.5 0.007
100 Area Mercury mg/kg J187Y2 HT-1SSD 2/12/2009 Right 365.86 0.0391 2.5 0.02
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Table 8-16. 300 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential Ecological Concern Exceedances
and Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC Units Numbr Designation Sample Location ie Result LOEC LOEC

300 Area Chromium mg/kg J18908 WI-6SSD 2/13/2009 Island 349.38 26.7 108 0.2
300 Area Chromium mg/kg J189D6 300D-2SSD 2/18/2009 Island 341.36 29.5 108 0.3
300 Area Chromium mg/kg J18J30 LG-2SSD 3/11/2009 Right 339.64 26.9 108 0.2
300 Area Lead mg/kg J187P1 HT-5SSD 2/16/2009 Slough 363.07 40.9 70 0.6
300 Area Lead mg/kg J187Y4 HT-6SSD 2/16/2009 Slough 362.92 28.8 70 0.4
300 Area Lead mg/kg J187Y1 HT-7SSD 2/16/2009 Island 362.87 39.1 70 0.6
300 Area Lead mg/kg J187P2 HT-8SSD 2/16/2009 Island 362.74 111 70 1.6
300 Area Lead mg/kg J18848 RG-4SSD 2/17/2009 Left 355.07 11.2 70 0.2
300 Area Lead mg/kg J18851 RG-9SSD 2/17/2009 Left 354.71 12 70 0.2
300 Area Lead mg/kg J18887 HMSTD-8SSD 2/18/2009 Island 351.89 15.1 70 0.2
300 Area Lead mg/kg J18886 HMSTD-9SSD 2/18/2009 Island 351.80 56.7 70 0.8
300 Area Lead mg/kg J18890 HMSTD-1OSSD 2/18/2009 Island 351.76 31.7 70 0.5
300 Area Lead mg/kg J188H2 IS14-7SSD 2/9/2009 Left 350.91 30.9 70 0.4
300 Area Lead mg/kg J188H3 IS14-8SSD 2/9/2009 Left 350.86 39 70 0.6
300 Area Lead mg/kg J18907 WI-2SSD 2/13/2009 Island 350.56 24 70 0.3
300 Area Lead mg/kg J18906 WI-3SSD 2/13/2009 Island 350.23 58.3 70 0.8
300 Area Lead mg/kg J18908 WI-6SSD 2/13/2009 Island 349.38 32.1 70 0.5
300 Area Lead mg/kg J18903 WI-7SSD 2/13/2009 Island 349.24 22.5 70 0.3
300 Area Lead mg/kg J18902 WI-8SSD 2/13/2009 Island 349.10 62.5 70 0.9
300 Area Lead mg/kg J18913 WI-1OSSD 2/13/2009 Island 348.62 54.6 70 0.8
300 Area Lead mg/kg J18904 WI-9SSD 2/13/2009 Island 348.43 26.7 70 0.4
300 Area Lead mg/kg J188B8 300ISL-3SSD 2/18/2009 Island 346.03 17.5 70 0.3
300 Area Lead mg/kg J188B9 300ISL-5SSD 2/18/2009 Island 345.72 14.3 70 0.2
300 Area Lead mg/kg J188C0 300ISL-7SSD 2/18/2009 Island 345.65 14.5 70 0.2
300 Area Lead mg/kg J188C1 300ISL-1OSSD 2/18/2009 Island 345.19 22.5 70 0.3
300 Area Lead mg/kg J18933 300LS-8SSD 2/6/2009 Island 343.27 15 70 0.2
300 Area Lead mg/kg J189D7 300D-ISSD 2/18/2009 Island 341.67 18.5 70 0.3
300 Area Lead mg/kg J189D6 300D-2SSD 2/18/2009 Island 341.36 14.4 70 0.2
300 Area Lead mg/kg J189D8 300D-3SSD 2/19/2009 Island 341.28 31.3 70 0.4
300 Area Lead mg/kg J189D9 300D-4SSD-RES 2/27/2009 Island 340.59 16 70 0.2
300 Area Lead mg/kg J189F0 300D-5SSD 2/19/2009 Island 339.79 12.1 70 0.2
300 Area Lead mg/kg J18J29 LG-1SSD 3/12/2009 Right 339.64 22.2 70 0.3
300 Area Lead mg/kg J18J30 LG-2SSD 3/11/2009 Right 339.64 22.8 70 0.3
300 Area Lead mg/kg J18J32 LG-4SSD 3/12/2009 Right 339.64 25.9 70 0.4
300 Area Lead mg/kg J18J33 LG-5SSD 3/12/2009 Right 339.64 28.5 70 0.4
300 Area Mercury mg/kg J187P1 HT-5SSD 2/16/2009 Slough 363.07 0.0195 2.5 0.008
300 Area Mercury mg/kg J187Y4 HT-6SSD 2/16/2009 Slough 362.92 0.045 2.5 0.02
300 Area Mercury mg/kg J187Y1 HT-7SSD 2/16/2009 Island 362.87 0.0322 2.5 0.01
300 Area Mercury mg/kg J187P2 HT-8SSD 2/16/2009 Island 362.74 0.04 2.5 0.02
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COPEC
HQ
LOEC

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration

Table 8-16. 300 Area Sub-Area Shoreline Sediment Bird Contaminant of Potential Ecological Concern Exceedances
and Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC Units Numbr Designation Sample Location ie Result LOEC LOEC

300 Area Mercury mg/kg J18888 HMSTD-5SSD 2/18/2009 Left 353.12 0.0168 2.5 0.007
300 Area Mercury mg/kg J188B3 HMSTD-6SSD 2/18/2009 Island 352.12 0.0151 2.5 0.006
300 Area Mercury mg/kg J18887 HMSTD-8SSD 2/18/2009 Island 351.89 0.016 2.5 0.006
300 Area Mercury mg/kg J18890 HMSTD-1OSSD 2/18/2009 Island 351.76 0.0148 2.5 0.006
300 Area Mercury mg/kg J188H0 IS14-ISSD 2/9/2009 Left 351.33 0.029 2.5 0.01
300 Area Mercury mg/kg J188H2 IS14-7SSD 2/9/2009 Left 350.91 0.0185 2.5 0.007
300 Area Mercury mg/kg J18908 WI-6SSD 2/13/2009 Island 349.38 0.0321 2.5 0.01
300 Area Mercury mg/kg J18902 WI-8SSD 2/13/2009 Island 349.10 0.0339 2.5 0.01
300 Area Mercury mg/kg J18966 IS16-2SSD 2/18/2009 Left 347.23 0.0151 2.5 0.006
300 Area Mercury mg/kg J18968 IS16-4SSD 2/18/2009 Left 347.12 0.0181 2.5 0.007
300 Area Mercury mg/kg J188C0 300ISL-7SSD 2/18/2009 Island 345.65 0.0131 2.5 0.005
300 Area Mercury mg/kg J188C1 300ISL-1OSSD 2/18/2009 Island 345.19 0.0161 2.5 0.006
300 Area Mercury mg/kg J18933 300LS-8SSD 2/6/2009 Island 343.27 0.0407 2.5 0.02
300 Area Mercury mg/kg J189D9 300D-4SSD-RES 2/27/2009 Island 340.59 0.0169 2.5 0.007
300 Area Mercury mg/kg J18J29 LG-1SSD 3/12/2009 Right 339.64 0.0317 2.5 0.01
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Table 8-17. Lake Wallula Shoreline Sediment Bird Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC Units Sample Designation Sample River River Mile Result LOEC LOEC HQ
Number Date Location RvrMl eut LE OCH

Lake Wallula Chromium mg/kg J189C4 BL-4SSD 2/19/2009 Island 334.56 27.3 108 0.3
Lake Wallula Chromium mg/kg J189B8 BL-8SSD 2/19/2009 Island 334.16 27.9 108 0.3
Lake Wallula Lead mg/kg J189C3 BL-6SSD 2/19/2009 Island 334.36 11.3 70 0.2
Lake Wallula Lead mg/kg J189B9 BL-7SSD 2/19/2009 Island 334.24 34.4 70 0.5
Lake Wallula Lead mg/kg J189P5 HR-7SSD 2/20/2009 Tributary 298.00 11 70 0.2
Lake Wallula Mercury mg/kg J189C3 BL-6SSD 2/19/2009 Island 334.36 0.0233 2.5 0.009
Lake Wallula Mercury mg/kg J189B9 BL-7SSD 2/19/2009 Island 334.24 0.0369 2.5 0.01
Lake Wallula Vanadium mg/kg J18991 HA-1SSD 2/19/2009 Right 337.63 60.4 11 5.5
Lake Wallula Vanadium mg/kg J18985 HA-2SSD 2/19/2009 Right 337.60 55.8 11 5.1
Lake Wallula Vanadium mg/kg J18990 HA-3SSD 2/19/2009 Right 337.56 50.6 11 4.6
Lake Wallula Vanadium mg/kg J18986 HA-4SSD 2/19/2009 Right 337.52 57 11 5.2
Lake Wallula Vanadium mg/kg J18992 HA-5SSD 2/19/2009 Right 337.51 56.6 11 5.1
Lake Wallula Vanadium mg/kg J18987 HA-6SSD 2/19/2009 Right 337.51 51.5 11 4.7
Lake Wallula Vanadium mg/kg J18988 HA-8SSD 2/19/2009 Right 337.45 58.9 11 5.4
Lake Wallula Vanadium mg/kg J189C1 BL-1SSD 2/19/2009 Island 334.94 43.2 11 3.9
Lake Wallula Vanadium mg/kg J189C0 BL-2SSD 2/19/2009 Island 334.87 40 11 3.6
Lake Wallula Vanadium mg/kg J189B5 BL-3SSD 2/19/2009 Island 334.72 55.7 11 5.1
Lake Wallula Vanadium mg/kg J189C4 BL-4SSD 2/19/2009 Island 334.56 75.6 11 6.9
Lake Wallula Vanadium mg/kg J189B6 BL-5SSD 2/19/2009 Island 334.40 43.2 11 3.9
Lake Wallula Vanadium mg/kg J189C3 BL-6SSD 2/19/2009 Island 334.36 54.9 11 5.0
Lake Wallula Vanadium mg/kg J189B9 BL-7SSD 2/19/2009 Island 334.24 47.3 11 4.3
Lake Wallula Vanadium mg/kg J189B8 BL-8SSD 2/19/2009 Island 334.16 87.1 11 7.9
Lake Wallula Vanadium mg/kg J189B7 BL-9SSD 2/19/2009 Right 334.00 78 11 7.1
Lake Wallula Vanadium mg/kg J189K2 SP-9SSD 2/19/2009 Left 325.52 37.1 11 3.4
Lake Wallula Vanadium mg/kg J189J9 SP-2SSD 2/19/2009 Left 325.46 28.4 11 2.6
Lake Wallula Vanadium mg/kg J189K5 SP-3SSD 2/19/2009 Left 325.38 37.9 11 3.4
Lake Wallula Vanadium mg/kg J18J36 TR-3SSD 3/13/2009 Slough 325.22 74.5 11 6.8
Lake Wallula Vanadium mg/kg J18J35 TR-2SSD 3/11/2009 Slough 325.22 77.7 11 7.1
Lake Wallula Vanadium mg/kg J18J34 TR-lSSD 3/12/2009 Slough 325.22 67.7 11 6.2
Lake Wallula Vanadium mg/kg J189K4 SP-9SSD 2/19/2009 Left 325.06 88.9 11 8.1
Lake Wallula Vanadium mg/kg J189J4 THMU-1SSD 2/23/2009 Right 320.70 84.7 11 7.7
Lake Wallula Vanadium mg/kg J189J2 PHMU-1SSD 2/23/2009 Slough 320.42 43.9 11 4.0
Lake Wallula Vanadium mg/kg J189J1 PHMU-2SSD 2/23/2009 Slough 319.90 79.5 11 7.2
Lake Wallula Vanadium mg/kg J189J5 THMU-2SSD 2/23/2009 Right 319.78 77 11 7.0
Lake Wallula Vanadium mg/kg J189J3 PHMU-3SSD 2/23/2009 Slough 319.62 62.3 11 5.7
Lake Wallula Vanadium mg/kg J189J7 BI-1SSD 2/23/2009 Island 317.80 123 11 11.0
Lake Wallula Vanadium mg/kg J189J6 BI-2SSD 2/23/2009 Island 317.27 53.1 11 4.8
Lake Wallula Vanadium mg/kg J189M8 PK-10SSD 3/4/2009 Left 311.90 69.1 11 6.3
Lake Wallula Vanadium mg/kg J189P6 HR-5SSD 2/20/2009 Tributary 298.09 75.5 11 6.9
Lake Wallula Vanadium mg/kg J189R0 HR-6SSD 2/20/2009 Tributary 298.05 82.4 11 7.5
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Table 8-17. Lake Wallula Shoreline Sediment Bird Contaminant of Potential Ecological Concern Exceedances and
Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC Units Sample Designation Sample River River Mile Result LOEC LOEC HQNumber Date Location RvrMl eut LE OCH
Lake Wallula Vanadium mg/kg J189R1 HR-8SSD 2/20/2009 Tributary 298.00 53.2 11 4.8
Lake Wallula Vanadium mg/kg J189P5 HR-7SSD 2/20/2009 Tributary 298.00 77.1 11 7.0
Lake Wallula Vanadium mg/kg J189T5 MBRA-5SSD 2/20/2009 Dam 293.32 71.1 11 6.5
Lake Wallula Vanadium mg/kg J189T6 MBRA-4SSD 2/20/2009 Dam 293.32 93.2 11 8.5
Lake Wallula Vanadium mg/kg J189T4 MBRA-3SSD 2/20/2009 Dam 293.26 78.9 11 7.2
Lake Wallula Vanadium mg/kg J189T8 MBRA-2SSD 2/20/2009 Dam 293.23 86.9 11 7.9
Lake Wallula Vanadium mg/kg J189T7 MBRA-1SSD 2/20/2009 Dam 293.20 96.3 11 8.8

COPEC = contaminant of potential ecological concern
HQ = hazard quotient
LOEC = lowest observed effect concentration
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Table 8-18. Contaminants of Potential Ecological Concern in 100 Area Sub-Area
Surface Water, Sediment, and Porewater.

100 Area Sub-Area 100 Area Sub-Area [ 100 Area Sub-Area Porewater COPECs
Surface Water COPECs Sediment COPECs 100-BC-5 100-KR-4 100-NR-2 100-HR-3 100-FR-3
Cesium-137 Acetone Aluminum Aluminum Aluminum Aluminum Aluminum
Chromium Carbon-14 Arsenic Chromium Chloride Arsenic Chromium
Fluoride Cesium-137 Cadmium Hexavalent Chromium Chromium Cobalt

chromium
Lead Chromium Chromium Lead Hexavalent chromium Cobalt Hexavalent

chromium
Mercury Cobalt-60 Cobalt Manganese Lead Copper Lead
Nitrate delta-BHC Hexavalent Nitrate Nickel Hexavalent Manganese

chromium chromium
Phosphate Endosulfan sulfate Lead Phosphate Nitrate Lead Mercury
Phosphorus Europium-152 Nitrate Sulfate Phosphate Manganese Nickel
Strontium-90 Heptachlor epoxide Selenium Vanadium Sulfate Mercury Nitrate
Sulfate Hexavalent chromium Sulfate Tritium Total petroleum Nickel Sulfate

hydrocarbons - diesel range
Technetium-99 Lead Vanadium Total petroleum Nitrate Strontium-90
Total polychlorinated Mercury Zinc hydrocarbons - motor oil Sulfate
biphenyls (high boiling)
Tritium Plutonium-239/240 Strontium-90 Strontium-90 Uranium
Uranium-233/234 Strontium-90 Tritium Tritium Vanadium
Uranium-238 Technetium-99 Vanadium Strontium-90

Total petroleum Tritium
hydrocarbons - diesel range
Total petroleum
hydrocarbons - motor oil
(high boiling)
Uranium
Uranium-233/234
Uranium-235

| Uranium-238

BHC = benzene hexachloride
COPEC = contaminant of potential ecological concern
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Table 8-19. Contaminants of Potential Ecological Concern in 300-Area Sub-Area
Surface Water, Sediment, and Porewater.

00 Area Sub-Area 3300 Area Sub-Area Porewater COPECs
Surface Water COPECs 300 Area Sub-Area Sediment COPECs 200-PO-1 300-FF-5

1,2-Dichloroethane Carbon-14 Aluminum Acetone
1,4-Dichlorobenzene Cesium-137 Arsenic Aluminum
Acetone Chromium Chromium Arsenic
Chloroform Cobalt-60 Hexavalent chromium Barium

Chromium Europium-152 Lead Cadmium
Chrysene Hexavalent chromium Nickel Chloride
Lead Lead Nitrate Chromium

Mercury Mercury Nitrite Cobalt

Nitrate Plutonium-239/240 Selenium Copper

Nitrite Selenium Sulfate Hexavalent chromium
Plutonium-238 Strontium-90 Technetium-99 Lead
Plutonium-239/240 Technetium-99 Tritium Manganese
Silver Titanium Vanadium Mercury
Strontium-90 Total petroleum hydrocarbons - diesel range Nickel

Sulfate Total petroleum hydrocarbons - motor oil Nitrate
(high boiling)

Technetium-99 [ Tritium [ Selenium
Uranium Sulfate

Total polychlorinated biphenyls Uranium-233/234 Trichloroethene

Trichloroethene Uranium-234 Tritium

Tritium Uranium-235 Uranium

Uranium-233/234 Uranium-238 Vanadium

Uranium-235 Zinc

Uranium-238

Xylenes (total)

COPEC = contaminant of potential ecological concern
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Fish Risk Evaluation

Table 9-1. Tissue Concentrations Associated with Effects. (3 Pages)
EfetToxRes RCBRA

CAS EffectTest Experimental Duration Sample
COPEC Level Analyte Species Lifestage Test Site Route Tissue Concentration Units Value Effect Comments Reference Notes

Number TypeCondition Concentration (days) Item Type (Yes/No)
Arsenic 7440-38-2 LOEC Arsenic Green sunfish, NR Laboratory Renewal, Water 60 mg/L 35 Fillet Muscle 6 mg/kg No Survival - 20 C; Sorensen, E. M. B., 1976, "Thermal

(sodium Lepomis 3 d reduced - death LT 0 = 210 hr; Effects on the Accumulation of Arsenic
arsenate) cyanellus (Fw) residues in surviving in Green Sunfish, Lepomis cyanellus,"

fish Arch Environ ContaI Toxicol 4:8-17.
Arsenic 7440-38-2 LOEC Arsenic Green sunfish, NR Laboratory Renewal, Water 60 mg/L 35 Liver Liver 47 mg/kg No Survival - 10 

0
C; Sorensen, F. M. B, 1976, "Thermal

(sodium Lepomis 3 d reduced 50% LT50 = 678 hr; Effects on the Accumulation of Arsenic
arsenate) cyanellus (Fw) residues in surviving in Green Sunfish, Lepomis cyanellus,"

fish Arch Environ ContaIM Toxicol 4:8-17.
Arsenic 7440-38-2 LOEC Arsenic Rainbow trout, Juvenile Laboratory Flow- Diet 180 pg/g 56 Carcass Carcass 3.1 mg/kg No Growth - NR Cockell, K. A. and J. W. Hilton, 1988,

(arsenic Oncorhynchus through reduced "Preliminary Investigations on the
trioxide) nykiss (Fw) Comparative Chronic Toxicity of Four

Dietary Arsenicals to Juvenile Rainbow
Trout (Salmo gairdneri R.)," Aqua
Toxicol 12:73-82.

Cadmium 7440-43-9 LOEC Cadmium Rainbow trout, Adult Laboratory Flow- Water 1.8 pg/L 455 Liver Liver 5.8 mg/kg Yes Reproduction - NR Brown, V., D. Shurben, W. Miller, and
(cadmium Oncorhynchus through reduced M. Crane, 1994, "Cadmium Toxicity to
sulfate) nykiss (Fw) Rainbow Trout Oncorhynchus mykiss

Walbaum and Brown Trout Salmo trutta
L. Over Extended Exposure Periods,"
Ecotoxicol Environ Sa29:38-46.

Cadmium 7440-43-9 LOEC Cadmium Brook trout, Multiple Laboratory Flow- Water 3.4 pg/L 266 Kidney Kidney 10 mg/kg No Survival - First generation fish, Benoit, D. A., E. N. Leonard,
(cadmium Salvelinus through reduced males died during G. M. Christensen, and J. T. Fiandt, 1976,
chloride) fntinalis (Fw) spawning "Toxic Effects of Cadmium on Three

Generations of Brook Trout (Salvelinus
fontinalis)," Trans Am Fish Soc
105:550-560.

Lead 7439-92-1 LOEC Lead (lead Brook trout, Multiple Laboratory Flow- Adult 235 pg/L 735 Liver Liver 26.8 mg/kg Yes Survival, Second generation Holcombe, G. W., D. A. Benoit,
nitrate) Salvelinus through fish + growth, fish E. N. Leonard, and J. M. McKim, 1976,

/ontinalis (Fw) water reproduction - "Long-Term Effects of Lead Exposure on
reduced Three Generations of Brook Trout

(Salvelinus fontinalis)," J Fish Res Board
Can 33:1731-1741.

Lead 7439-92-1 LOEC Lead (lead Brook trout, Multiple Laboratory Flow- Adult 235 pg/L 735 Kidney Kidney 65.2 mg/kg No Survival, Second generation Holcombe, G. W., D. A. Benoit,
nitrate) Salvelinus through fish + growth, fish E. N. Leonard, and J. M. McKim, 1976,

f/ntinalis (Fw) water reproduction - "Long-Term Effects of Lead Exposure on
reduced Three Generations of Brook Trout

(Salvelinus fontinalis)," J Fish Res Board
Can 33:1731-1741.

Mercury 7439-97-6 LOEC Mercury Brook trout, Multiple Laboratory Flow- Water 0.93 pg/L 756 Fillet Muscle 10.2 mg/kg Yes Survival, Second generation McKim, J. M., G. F. Olson,
(methyl- Salvelinus through growth, fish G. W. Holcombe, and E. P. Hunt, 1976,
mercuric /bntinalis (Fw) reproduction - "Long-Term Effects of Methylmercuric
chloride) reduced Chloride on Three Generations of Brook

Trout (Salvelinus fontinalis): Toxicity,
Accumulation, Distribution, and
Elimination," J Fish Res Board Can
33:2726-2739.

Mercury 7439-97-6 LOEC Mercury Brook trout, Multiple Laboratory Flow- Water 0.93 pg/L 756 Liver Liver 24.4 mg/kg Yes Survival, Second generation McKim, J. M., G. F. Olson,
(methyl- Salvelinus through growth, fish G. W. Holcombe, and E. P. Hunt, 1976,
mercuric /bntinalis (Fw) reproduction - "Long-Term Effects of Methylmercuric
chloride) reduced Chloride on Three Generations of Brook

Trout (Salvelinus fontinalis): Toxicity,
Accumulation, Distribution, and
Elimination," J Fish Re's Board Can
33:2726-2739.

Mercury 7439-97-6 LOEC Mercury Brook trout, Multiple Laboratory Flow- Water 0.93 pg/L 756 Kidney Kidney 26.9 mg/kg No Survival, Second generation McKim, J. M., G. F. Olson,
(methyl- Salvelinus through growth, fish G. W. Holcombe, and E. P. Hunt, 1976,
mercuric fbntinalis (Fw) reproduction - "Long-Term Effects of Methylmercuric
chloride) reduced Chloride on Three Generations of Brook

Trout (Salvelinus fontinalis): Toxicity,
Accumulation, Distribution, and
Elimination," J Fish Res Board Can
33:2726-2739.

DDT 50-29-3 LOEC DDT Airbreathing NR Laboratory Static Water 360 pg/L 4 Fillet Muscle 0.12 mg/kg No Survival - Radiotracer study; Pandian, T. J. and R. Bhaskaran, 1983, Original values listed as
fish, Channa reduced 96-hr LC0 ; -Uptake, Accumulation and Elimination 0.12-0.21
striatus (Fw) residues = DDT + of 14C DDT in the Fish Channa striatus,"

metabolites Indian JExp Biol21:88-91.
DDT 50-29-3 LOEC DDT Airbreathing NR Laboratory Static Water 360 pg/L 4 Liver Liver 3.59 mg/kg No Survival - Radiotracer study; Pandian, T. J. and R. Bhaskaran, 1983,

fish, Channa reduced 96-hr LC 0 ; "Uptake, Accumulation and Elimination
striatus (Fw) residues = DDT + of 14C DDT in the Fish Channa striatus,"

metabolites Indian iEvp Biol219:88-91.
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Table 9-1. Tissue Concentrations Associated with Effects. (3 Pages)
EfetToxRes RCBRA

CPC CAS Effect est Eprmna uration Sample Txe CR
COPEC CAiLevel Analyte Species Lifestage Test Site Route Tissue Concentration Units Value Effect Comments Reference Notes

Number TypeCondition Concentration (days) Item Type (Yes/No)
Copper 7440-50-8 LOEC Copper Bluegill, Multiple Laboratory Flow- Water 162 pg/L 660 Kidney Kidney 8.8 mg/kg No Survival, NR Benoit, D. A., 1975, "Chronic Effects of Chosen LOEC. Multiple

(copper Lepomis through growth, Copper on Survival, Growth, and endpoints. Lower LOECs
sulfate) macrochirus reproduction - Reproduction of the Bluegill (Lepomis show inconsistent

(Fw) reduced macrochirus), Trans Am Fish Soc relationships to media
104:353-358. concentrations and effects.

Original value shown as 8.8e
(value converted to wet wt.).

Copper 7440-50-8 LOEC Copper Bluegill, Multiple Laboratory Flow- Water 162 pg/L 660 Liver Liver 96 mg/kg No Survival, NR Benoit, D. A., 1975, "Chronic Effects of Chosen LOEC. Lowest
(copper Lepomis through growth, Copper on Survival, Growth, and LOEC.
sulfate) macrochirus reproduction - Reproduction of the Bluegill (Lepomis

(Fw) reduced macrochirus), Trans Am Fish Soc

104:353-358.
Endosulfan 1 959-98-8 LOEC Endosulfan Pike, Adult Laboratory Static Water 1 pg/L 3 Liver Liver 3.1 mg/kg No Survival - Residues in dead Matthiessen, P., P. J. Fox, Chosen LOEC. Lowest

(35% EC) Hepsetus odo1 reduced - death fish R. J. Douthwaite, and A. B. Wood, 1982, effect value. Endosulfan as
(Fw) "Accumulation of Endosulfan Residues in surrogate for Endosulfan I

Fish and their Predators after Aerial
Spraying for the Control of Tsetse Fly in
Botswana," Pestc Sc 13:39-48.

Endosulfan 11 33213-65-9 LOEC Endosulfan Pike, Adult Laboratory Static Water 1 pg/L 3 Liver Liver 3.1 mg/kg No Survival - Residues in dead Matthiessen, P., P. J. Fox, Chosen LOEC. Lowest
(35% EC) Hepserus odot reduced - death fish R. J. Douthwaite, and A. B. Wood, 1982, effect value. Endosulfan as

(Fw) "Accumulation of Endosulfan Residues in surrogate for Endosulfan i11
Fish and their Predators after Aerial
Spraying for the Control of Tsetse Fly in
Botswana," Pestic Sci 13:39-48.

Endrin 72-20-8 LOEC Endrin Bluegill, NR Laboratory Flow- Water 2 pg/L 1 Fillet Muscle 0.12 mg/kg No Survival - 24-hr LC 0 ; residues Bennett, H. J. and J. W. Day, Jr., 1970, Chosen NOEC.
Lepomis through reduced in surviving fish "Absorption of Endrin by the Bluegill
macrochirus Sunfish, Lepomis macrochirus," Pestic
(Fw) Monitor J 3:201-203.

Endrin 72-20-8 LOEC Endrin Bluegill, NR Laboratory Flow- Water 2 pg/L 1 Liver Liver 1 mg/kg No Survival - 24-hr LC,0; residues Bennett, H. J. and J. W. Day, Jr., 1970, Chosen LOEC. No kidney
Lepomis through reduced in surviving fish Absorption of Endrin by the Bluegill data available.
macrochirus Sunfish, Lepomis macrochirus, Pestic
(Fw) Monitor J 3:201-203.

Endrin ketone 53494-70-5 LOEC Endrin Bluegill, NR Laboratory Flow- Water 2 pg/L 1 Liver Liver 1 mg/kg No Survival - 24-hr LC,0; residues Bennett, H. J. and J. W. Day, Jr., 1970, Chosen LOEC, using Endrin
Lepomis through reduced in surviving fish "Absorption of Endrin by the Bluegill as surrogate. No kidney data
macrochirus Sunfish, Lepomis macrochirus," Pestec available.
(Fw) Monitor J 3:201-203.

Endrin 7421-93-4 LOEC Endrin Bluegill, NR Laboratory Flow- Water 2 pg/L 1 Liver Liver 1 mg/kg No Survival - 24-hr LC0 ; residues Bennett, H. J. and J. W. Day Jr., 1970, Chosen LOEC, using Endrin
aldehyde Lepomis through reduced in surviving fish "Absorption of Endrin by the Bluegill as surrogate. No kidney data

macrochirus Sunfish, Lepomis macrochirus," Pestic available.
(Fw) Monitor J 3:201-203.

Selenium 7782-49-2 LOEC Selenium Rainbow trout, Juvenile Laboratory Flow- Diet 11.8 pg/g 112 Kidney Kidney 1.54 mg/kg No Survival - High carbohydrate Hilton, J. W. and P. V. Hodson, 1983, Chosen LOEC; lowest value.
(sodium Oncorhynchus through no effect; diet "Effect of Increased Dietary
selenite) mykiss (Fw) growth - Carbohydrate on Selenium Metabolism

reduced and Toxicity in Rainbow Trout (Salmo

gairdneri)," J Nutr 113:1241-1248.
Selenium 7782-49-2 LOEC Selenium Rainbow trout, Multiple Laboratory Flow- Diet 3.7 pg/g 168 Liver Liver 8.84 mg/kg No Growth - NR Hilton, J. W., P. V. Hodson, and

(sodium Oncorhynchus through reduced S. J. Slinger, 1982, "Absorption,
selenite) mykiss (Fw) Distribution, Half-Life and Possible

Routes of Elimination of Dietary
Selenium in Juvenile Rainbow Trout
(Salmo gairdneri)." Comp Biochem
Physiol 71 C:49-55.

Zinc 7440-66-6 LOEC Zinc Brook trout, Multiple Laboratory Flow- Water 1,360 tg/L 140 Kidney Kidney 36.9 mg/kg No Reproduction NR Holcombe, G. W., D. A. Benoit, and Chosen LOEC. Zinc
(zinc sulfate) Salvelinus through (hatchability) - E. N. Leonard, 1979, "Long-Term correlation to exposure weak.

/ontinalis (Fw) reduced Effects of Zinc Exposures on Brook Trout
(Salvelinus fontinalis)," Trans Am Fish
Soc 108:76-87.

Zinc 7440-66-6 LOEC Zinc Brook trout, Multiple Laboratory Flow- Water 1,360 pg/L 140 Liver Liver 66.3e mg/kg No Reproduction NR Holcombe, G. W., D. A. Benoit, and Chosen LOEC.
(zinc sulfate) Salvelinus through (hatchability) - E. N. Leonard, 1979, "Long-Term

f/ntinalis (Fw) reduced Effects of Zinc Exposures on Brook Trout
(Salvelinus fontinalis)," Trans Am Fish

So108:76-87.
Shaded indicates t-c chosen lovcr valuc of the kidney or livcr valucs, for those with corbined livr/kidney tissue types.

CAS = Chcmical Abstract Services Fw = freshwater
COPEC = contaminant of potential ecological concern LOEC = lowest obsrvcd effect concentration
d = days water renewed during lab test NOEC = no observed effect conccntration
DDT = dichliorodiphenyltrichloroethane NR = not recorded
EC = effect concentration RCBRA = River Corridor Bascline Risk Assessment
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Table 9-2.

Analyte
Fillet Liver

Summary of Maximum Lowest Observed Effect Concentration Hazard Quotients in Fish Tissue. (2 Pages)

100 Area

Kidney Liver/Kidney Carcass Fillet Liver

300 Area

Kidney Liver/Kidney Carcass Fillet Liver

Lake Wallula

Kidney Liver/Kidney Carcass

Aldrin -- -- -- -- -- -- -- -- -- -- NA -- -- -- --

alpha-BHC NA -- -- -- -- -- -- -- -- -- -- -- -- -- --

alpha-Chlordane -- NA NA NA -- -- NA NA NA -- -- -- -- -- --

Aluminum -- NA NA NA NA -- NA NA NA NA -- -- -- -- NA

Arsenic 0.2 0.06 NA 0.007 0.4 0.2 0.03 NA 0.008 0.5 -- 0.03 NA 0.008 0.4
Barium -- -- -- -- NA -- NA NA NA NA -- -- -- -- --

beta-1,2,3,4,5,6-Hexachorocyclohexane -- NA NA NA -- -- -- -- -- -- -- -- -- -- NA

Cadmium -- 36 1 0.4 -- -- 24 2 0.6 -- -- -- -- -- --

Chromium NA NA NA NA NA -- NA NA NA NA NA NA NA NA NA
Cobalt -- -- -- -- -- NA -- -- -- -- -- -- -- -- --

Copper -- 3 1 0.7 -- NA 3 0.7 0.8 -- -- -- -- -- --

delta-BHC -- -- -- -- NA -- NA NA NA NA -- NA NA NA NA

Dichlorodiphenyldichloroethylene -- NA NA NA -- -- -- -- -- -- -- -- -- -- --

Dichliorodiphenyltrichlioroethane 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- --

Dieldrin -- NA NA NA -- NA NA NA NA -- NA NA NA NA --

Endosulfan I -- 0.005 NA 0.04 -- -- 0.05 NA 0.1 -- -- 0.01 NA 0.007 --

Endosulfan II -- -- -- -- -- NA NA NA 0.01 -- -- NA NA 0.003 --

Endrin 0.3 0.03 NA 0.03 NA -- 0.06 NA 0.007 -- -- NA NA 0.02 --

Endrin aldehyde -- 0.07 NA NA -- -- -- -- -- -- -- -- -- -- --

Endrin ketone -- 0.005 NA 0.02 -- -- NA NA 0.02 -- -- NA NA 0.04 --

gamma-BHC (lindane) -- NA NA NA NA -- -- -- -- -- -- -- -- -- NA

gamma-Chlordane -- NA NA NA -- -- NA NA NA -- -- -- -- -- --

Heptachlor -- NA NA NA -- -- -- -- -- -- -- -- -- -- --

Heptachlor epoxide -- -- -- -- -- -- NA NA NA -- -- NA NA NA --

Hexavalent chromium NA -- -- -- -- -- -- -- -- -- NA -- -- -- --

Iron -- NA NA NA -- -- -- -- -- -- -- -- -- -- --

Lead NA 0.02 NA 0.02 NA NA 0.01 NA NA NA NA -- -- -- NA

Manganese -- NA NA NA -- -- NA NA NA -- -- -- -- -- --

Mercury 0.06 0.03 0.01 0.01 NA NA 0.04 0.01 0.007 NA 0.04 0.005 0.004 0.008 NA
Methoxychor -- -- -- -- -- -- NA NA NA NA -- -- -- -- --

Methyl mercury -- -- -- -- -- 0.06 -- -- -- NA NA -- -- -- NA
Selenium -- 2 1 3 -- -- 1 2 3 -- NA -- -- -- --

Silver -- I NA NA NA -- NA NA NA NA -- j - -- -- 1-- f--
Thallium -- NA NA NA -- -- -- -- -- -- -- -- -- -- --

Total PCBs -- NA NA NA NA -- NA NA NA NA -- NA NA NA --

Uranium -- NA NA NA NA -- NA NA NA NA -- -- -- -- NA

Zinc -- 22 14 0.8 -- -- 24 16 0.8 -- -- -- -- -- --

Carbon-14 NA NA NA NA NA -- -- -- -- NA -- NA NA NA NA

Cesium-137 NA -- -- -- -- -- NA NA NA -- -- -- -- -- --

Cobalt-60 NA -- -- -- -- -- -- -- -- -- -- -- -- -- --

Plutonium-239/240 NA -- -- -- -- -- -- -- -- NA -- -- -- -- --

Strontium-90 NA NA NA NA NA -- -- -- -- NA -- -- -- -- --

Technetium-99 -- -- -- -- -- -- NA NA NA -- -- -- -- -- --
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Table 9-2. Summary of Maximum Lowest Observed Effect Concentration Hazard Quotients in Fish Tissue. (2 Pages)

100 Area 300 Area Lake Wallula

Fillet Liver Kidney Liver/Kidney Carcass Fillet Liver Kidney Liver/Kidney Carcass Fillet Liver Kidney Liver/Kidney Carcass

Tritium -- -- -- -- NA NA NA NA NA NA -- -- --r--

Uranium-234 -- -- -- -- NA -- -- -- -- -- -- -- -- --

Uranium-235 -- -- -- -- NA -- -- -- -- -- -- -- -- --

Uranium-238 -- -- -- -- -- NA -- -- -- -- -- -- -- -- --

= not applicable; not detected in tissue identified
= benzene hexachloride
= lowest observed effect concentration not available
= polychlorinated biphenyl

9-4

Fish Risk Evaluation

BHC
NA
PCB

Columbia River Component Risk Assessment
Volume I, Part 2: Screening-Level Ecological Risk Assessment

June 2012



Table 9-3. Summary of Contaminants of Potential Ecological Concern with Maximum
Lowest Observed Effect Concentration Hazard Quotients >1.0.

Maximum Maximum Maximum 1 Maximum Maximum
Fillet Fillet HQ Liver Liver HQ Kidney Kidney HQ Liver/Kidney Liver/Kidney Carcass Carcass HQ

Upriver

-- -- Cadmium 1 Cadmium 1 Selenium 4 -- --

-- -- Zinc 4 Copper 1 -- -- -- --

-- -- -- -- Selenium 2 -- -- -- --

-- -- - -- -- Zinc 14 -- -- -- --

100 Area

-- -Cadmium 36 Cadmium I Selenium 3 1 -- - -
-- -- Copper 3 Copper 1 -- -- --

-- -- Selenium 2 Selenium 1 -- -- --

-- -- j Zinc 22 Zinc 14 -- -- --

300 Area

-- -- Cadmium 24 Cadmium 2 Selenium 3 -- --

-- -- Copper 3 Selenium 2 -- -- --

-- -- Selenium 1 Zinc 16 -- -- --

-- -- Zinc 24 -- -- -- -- -- --

Lake Wallula a

No contaminants of potential ecological concern exceeded lowest observed effect concentrations in Lake Wallula.

- not applicable; no contaminants of potential ecological concern with HQs >1 in tissue identified
HQ = hazard quotient

CC
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Table 9-4. Fish Fillet Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)
Units Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of maximum

Sub-Area Tissue COPEC (wets of of FOD Detect Detect Number of Maximum maximum Reporting Reporting LOEC Exceedances (Reportinges ECis
(wet wt.) Samples Detections (wet wt.) (wet wt.) Maximum (RM) Limit Limit (Detected) Limit)g HQ

100 Area Fillet alpha-BHC mg/kg 30 1 3.33 0.0966 0.0966 J192Y6 376.51 8/5/2009 0.00506 0.0175 NA 0 0 NA No
100 Area Fillet alpha-Chlordane mg/kg 30 1 3.33 0.0106 0.0106 J18X89 369.65 9/24/2009 0.00506 0.0175 NA 0 0 NA No
100 Area Fillet Arsenic mg/kg 35 11 31.43 0.211 1.02 J19283 379.46 7/30/2009 0.649 1 6 0 0 0.2 No
100 Area Fillet Chromium mg/kg 35 29 82.86 0.163 1.44 J19071 379.47 9/2/2009 0.139 0.877 NA 0 0 NA Yes
100 Area Fillet Dicilorodiphenyltrichloroethane mg/kg 30 4 13.33 0.00752 0.0237 J19684 374.52 10/21/2009 0.00506 0.0175 0.12 0 0 0.2 No
100 Area Fillet Endrin mg/kg 30 1 3.33 0.0321 0.0321 J191H3 369.81 12/14/2009 0.00506 0.0175 0.12 0 0 0.3 No
100 Area Fillet Hexavalent chromium mg/kg 9 4 44.44 0.128 0.216 J192C1 381.45 8/3/2009 0.127 0.127 NA 0 0 NA Yes
100 Area Fillet Lead mg/kg 35 5 14.29 0.259 0.865 J19682 369.66 10/21/2009 0.325 0.943 NA 0 0 NA Yes
100 Area Fillet Mercury mg/kg 33 33 100 0.038 0.606 J18X87 369.74 9/25/2009 -- -- 10.2 0 0 0.06 Yes
100 Area Fillet Methoxychlor mg/kg 30 1 3.33 0.0116 0.0116 J19293 376.51 8/3/2009 0.00506 0.0175 NA 0 0 NA No
100 Area Fillet Carbon-14 pCi/g 35 1 2.86 6.06 6.06 J191H6 381.58 12/14/2009 -1.63 4.69 NA 0 0 NA Yes
100 Area Fillet Cesium-137 pCi/g 86 1 1.16 0.013 0.013 29040 369.74 7/10/2002 -0.0189 0.088 NA 0 0 NA Yes
100 Area Fillet Cobalt-60 pCi/g 85 1 1.18 0.009 0.009 30868 375.29 1/13/2003 -0.0252 0.089 NA 0 0 NA Yes
100 Area Fillet Plutonium-239/240 pCi/g 35 1 2.86 0.916 0.916 J19068 381.95 9/2/2009 -0.028 0.072 NA 0 0 NA Yes
100 Area Fillet Strontium-90 pCi/g 35 1 2.86 1.55 1.55 J19068 381.95 9/2/2009 -0.162 0.104 NA 0 0 NA Yes
100 Area Fillet Radionuclide Sum of Fractions > 1.0? NA
300 Area Fillet Aldrin mg/kg 30 1 3.33 0.00917 0.00917 J19478 347.39 9/3/2009 0.00546 0.0212 NA 0 0 NA No
300 Area Fillet alpha-BHC mg/kg 30 1 3.33 0.00901 0.00901 J18K38 341.55 4/22/2009 0.00546 0.0212 NA 0 0 NA No
300 Area Fillet Arsenic mg/kg 35 14 40 0.255 1.13 J19478 347.39 9/3/2009 0.633 1 6 0 0 0.2 No
300 Area Fillet Chromium mg/kg 35 29 82.86 0.153 1.47 J193K4 362.66 8/6/2009 0.154 0.2 NA 0 0 NA Yes
300 Area Fillet Cobalt mg/kg 35 5 14.29 0.793 2.82 J193K4 362.66 8/6/2009 1.27 2 NA 0 0 NA No
300 Area Fillet delta-BHC mg/kg 30 5 16.67 0.0183 0.0757 J191R5 344.55 12/1/2009 0.00546 0.0212 NA 0 0 NA No
300 Area Fillet Dieldrin mg/kg 30 6 20 0.0193 0.033 J18K40 362.15 4/22/2009 0.00546 0.0212 NA 0 0 NA No
300 Area Fillet Hexavalent chromium mg/kg 10 4 40 0.174 0.289 J19466 363.06 8/17/2009 0.127 0.127 NA 0 0 NA Yes
300 Area Fillet Lead mg/kg 35 4 11.43 0.28 1.59 J18K38 341.55 4/22/2009 0.242 0.999 NA 0 0 NA Yes
300 Area Fillet Mercury mg/kg 38 38 100 0.026 0.612 J193L4 357.55 8/10/2009 -- -- 10.2 0 0 0.06 Yes
300 Area Fillet Methyl mercury mg/kg 3 3 100 0.104 0.239 J195V3 347.39 9/8/2009--- NA 0 0 NA No
300 Area Fillet Cesium-137 pCi/g 79 1 1.27 0.0213 0.0213 -- -- -- -0.0128 0.083 NA 0 0 NA Yes
300 Area Fillet Uranium-234 pCi/g 19 4 21.05 0.006 0.0314 B14J73 343.78 7/9/2002 -0.00697 0.00346 NA 0 0 NA No
300 Area Fillet Uranium-235 pCi/g 54 1 1.85 0.0318 0.0318 B14J73 343.78 7/9/2002 -0.008 0.032 NA 0 0 NA Yes

300 Area Fillet Uranium-238 pCi/g 54 4 7.41 0.00292 0.0445 B14J73 343.78 7/9/2002 -0.033 0.055 NA 0 0 NA Yes

300 Area Fillet Radionuclide Sum of Fractions > 1.0? NA
Lake Wallula Fillet Aldrin mg/kg 31 1 3.23 0.0192 0.0192 J195P2 314.27 9/10/2009 0.00492 0.021 NA 0 0 NA No
Lake Wallula Fillet Chromium mg/kg 31 26 83.87 0.141 2.01 J190L7 336.68 8/25/2009 0.143 0.185 NA 0 0 NA Yes
Lake Wallula Fillet Dieldrin mg/kg 31 5 16.13 0.0165 0.0386 J18K81 338.48 4/15/2009 0.00581 0.021 NA 0 0 NA No
Lake Wallula Fillet Hexavalent chromium mg/kg 6 1 16.67 0.154 0.154 J194B7 314.27 9/8/2009 0.127 0.127 NA 0 0 NA Yes
Lake Wallula Fillet Lead mg/kg 31 3 9.68 0.453 0.635 J196K6 335.23 10/21/2009 0.321 1.02 NA 0 0 NA Yes

Lake Wallula illet Mercury mg/kg 32 32 100 0.035 0.401 J8XJ6 312.71 7/1/2010--- 10.2 0 0 0.04 Yes
Lake Wallula Fillet Methyl mercury mg/kg 1 1 100 0.0721 0.0721 J195V5 314.27 9/8/2009--- NA 0 0 NA No
Lake Wallula Fillet Seleim mg/kg 31 31 100 0.549 292 J195R4 31427 9/14/2009--- NA 0 0 NA No
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Table 9-4. Fish Fillet Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of Maximum
Sub-Area Tissue COPEC Units of of FOD Detect Detect Number of Maximum Date of Reporting Reporting Ecological Exceedances Exceedances LOEC Inclusion

(wet wt.) Samples Detections (wet wt.) (wet wt.) Maximum (RM) maximum Limit Limit LEC (Detected) (Rporting HQ List

Lake Wallula Fillet Tritium pCi/g 31 1 3.23 6.25 6.25 J190L9 338.17 8/24/2009 -5.04 4.04 NA 0 0 NA Yes
Lake Wallula Fillet Radionuclide Sum of Fractions > 1.0? NA

-not applicable; no reporting limits; COPEC detected in all samples
- benzene hexachloride
- contaminant of potential ecological concern
- frequency of detection

HQ
LOEC
NA
RM

hazard quotient
lowest observed effect concentration
not available
river mile

Columbia River Component Risk Assessment
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Table 9-5. Fish Liver Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Number Number Minimum Maximum Sample Location Minimum Maximum Number of Number of Maximum
Sub-Area Tissue COPEC Units of of FOD Detect Detect Number of Date of Reporting Reporting Ecological Exceedances Exceedances LOEC Inclusion

(wet wt.) Samples Detections (wet wt.) (wet wt.) Of Maximum Maximum Limit Limit LOEC (Detected) (Reporting HQ List
Maximum (RM) Limit)

100 Area Liver apha-Chordane mg/kg 7 3 42.86 0.0194 0.0708 J192F6 381.45 8/4/2009 0.00724 0.0097 NA 0 0 NA No
100 Area Liver Aluminum mg/kg 48 32 66.67 0.643 61.2 B1J1C4 378.02 7/13/2006 1 4.81 NA 0 0 NA No
100Area Liver Antimony mg/kg 48 14 29.17 0.0101 0.211 BJ1C4 378.02 7/13/2006 0.01 0.577 NA 0 0 NA No
100 Area Liver Arsenic mg/kg 48 40 83.33 0.157 2.94 B19L95 379.09 7/1/2004 0.641 0.962 47 0 0 0.06 No

100 Area Liver Beryllium mg/kg 48 4 8.33 0.038 0.0538 B169H9 378.34 1/13/2003 0.008 0.192 NA 0 0 NA No
100 Area Liver beta-1,2,3,4,5,6-Hexachlorocyclohexane mg/kg 6 1 16.67 0.0141 0.0141 J19308 372.97 8/5/2009 0.00546 0.0097 NA 0 0 NA No
100 Area Liver Cadmium mg/kg 48 48 100 0.455 209 B19L96 377.82 7/1/2004 -- -- 5.8 16 -- 36 No

100Area Liver Chromium mg/kg 48 36 75 0.107 11.9 B19L96 377.82 7/1/2004 0.1 0.192 NA 0 0 NA Yes
100 Area Liver Copper mg/kg 48 48 100 2.07 324 B19L96 377.82 7/1/2004 -- -- 96 9 -- 3 No

100 Area Liver Dichlorodiphenyldichloroethylene mg/kg 8 8 100 0.00885 0.0971 J19285 379.46 7/30/2009 -- -- 3.59 0 -- 0.03 No

100 Area Liver Dieldrin mg/kg 5 0 -- -- -- -- -- -- 0.00546 0.0097 NA -- 0 NA No

100 Area Liver Endosulfan I mg/kg 6 2 33.33 0.00704 0.0149 J19274 379.46 7/29/2009 0.00546 0.0097 3.1 0 0 0.005 No
100 Area Liver Endrin mg/kg 6 1 16.67 0.0283 0.0283 J192Y8 376.51 8/5/2009 0.00546 0.0097 1 0 0 0.03 No
100 Area Liver Endrin aldehyde mg/kg 5 1 20 0.068 0.068 J19285 379.46 7/30/2009 0.00546 0.00942 1 0 0 0.07 No
100 Area Liver Endrin ketone mg/kg 5 1 20 0.00546 0.00546 J192B5 381.45 8/3/2009 0.00724 0.0097 1 0 0 0.005 No

100 Area Liver gamma-BHC (lindane) mg/kg 6 2 33.33 0.0268 0.0388 J19285 379.46 7/30/2009 0.00546 0.00942 NA 0 0 NA No
100 Area Liver gamma-Chlordane mg/kg 5 1 20 0.0388 0.0388 J19285 379.46 7/30/2009 0.00546 0.00942 NA 0 0 NA No
100 Area Liver Heptachlor mg/kg 6 1 16.67 0.0141 0.0141 J19308 372.97 8/5/2009 0.00546 0.0097 NA 0 0 NA No

100 Area Liver Iron mg/kg 14 14 100 30.8 1020 J19295 376.51 8/3/2009 -- -- NA 0 -- NA No

100 Area Liver Lead mg/kg 48 26 54.17 0.0241 0.426 B1J1C4 378.02 7/13/2006 0.02 0.481 26.8 0 0 0.02 Yes

100 Area Liver Manganese mg/kg 48 48 100 0.582 68.7 B1J1C7 378.16 7/13/2006 -- -- NA 0 -- NA No

100 Area Liver Mercury mg/kg 24 24 100 0.033 0.752 J192Y8 376.51 8/5/2009 -- -- 24.4 0 -- 0.03 Yes

100 Area Liver Methoxychlor mg/kg 5 0 0 -- -- -- -- -- 0.00546 0.0097 NA -- 0 NA No

100Area Liver Selenium mg/kg 48 48 100 1.45 16.3 B1F712 377.24 11/9/2005 -- -- 8.84 7 -- 2 No

100 Area Liver Silver mg/kg 48 29 60.42 0.00908 3.6 B19L96 377.82 7/1/2004 0.009 0.192 NA 0 0 NA No
100 Area Liver Thallium mg/kg 48 34 70.83 0.014 1.7 B169H8 378.34 1/13/2003 0.312 0.481 NA 0 0 NA No
100 Area Liver Thorium mg/kg 34 2 5.88 0.0636 0.0944 B1J1C4 378.02 7/13/2006 0.01 0.021 NA 0 0 NA No
100 Area Liver Total PCBs mg/kg 8 8 100 0.0663 1.17 J192B9 381.45 8/3/2009 -- -- NA 0 -- NA No

100 Area Liver Uranium mg/kg 48 23 47.92 0.00806 2 J192F6 381.45 8/4/2009 0.009 19.2 NA 0 0 NA Yes
100 Area Liver Zinc mg/kg 48 48 100 30.2 1460 B19L98 377.88 7/1/2004 -- -- 66.3 38 -- 22 No

100 Area Liver Carbon-14 pCi/g 14 0 0 -- -- -- -- -- -2.88 4.58 NA -- 0 NA Yes

100 Area Liver Strontium-90 pCi/g 14 0 0 -- -- -- -- -- -0.106 0.185 NA -- 0 NA Yes

100 Area Liver Radionuclide Sum of Fractions > 1.0? NA

300 Area Liver alpha-Chlordane mg/kg 6 2 33.33 0.0129 0.124 J193M8 362.67 8/11/2009 0.00561 0.0163 NA 0 0 NA No

300 Area Liver Aluminum mg/kg 40 27 67.5 0.872 36 B19L87 343.57 7/19/2004 2 4.72 NA 0 0 NA No
300 Area Liver Antimony mg/kg 40 14 35 0.0105 0.0807 B1J1B3 344.25 7/14/2006 0.009 0.566 NA 0 0 NA No
300 Area Liver Arsenic mg/kg 40 30 75 0.239 1.62 BCXC1 362.32 5/5/2005 0.1 0.926 47 0 0 0.03 No

300 Area Liver Barium mg/kg 20 18 90 0.108 17 J193K6 362.66 8/6/2009 0.385 0.463 NA 0 0 NA No
300 Area Liver Cadmium mg/kg 40 40 100 0.0685 138 B19L86 344.52 7/19/2004 -- -- 5.8 12 -- 24 No

300 Area Liver Chromium mg/kg 40 31 77.5 0.0847 4.97 B19L86 344.52 7/19/2004 0.1 0.189 NA 0 0 NA Yes
300 Area Liver Copper mg/kg 40 40 100 2.75 272 j B15BJO 343.7817/9/2002 -- -- 96 7 -- 3 No
300 Area Liver delta-BHC mg/kg 5 0 -- -- -- -- -- -- 0.00561 0.0163 NA -- 0 NA No
300 Area Liver Dieldrin mg/kg 7 2 28.57 0.0219 0.0467 J19319 362.66 8/6/200910.00561 0.0163 NA 0 0 NA No

Columbia River Component Risk Assessment
Volume , Part 2: Screening-Level Ecological Risk Assessment

Fish Risk Evaluation
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Table 9-5. Fish Liver Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Number Number Minimum Maximum Sample Location Minimum maximum Number of Number of maximumUisNme of DtOfEcological Exceeances LOncliot
Sub-Area Tissue COPEC Units of of FOD Detect Detect N of Mae f Reporting Reporting EC Exceedances Ee nsEC

(wet wt.) Samples Detections (wet wt.) (wet wt.) maximum (RM) Limit Limit (Detected) (Reporting
Maiu R )Limit) H

300 Area Liver Endosulfan I mg/kg 8 4 50 0.0146 0.147 J193K6 362.66 8/6/2009 0.00561 0.0163 3.1 0 0 0.05 No

300 Area Liver Endosulfan II mg/kg 5 0 -- -- -- -- -- -- 0.00561 0.0163 3.1 -- 0 NA No

300 Area Liver Endrin mg/kg 5 2 40 0.00727 0.0563 J19440 363.06 8/17/2009 0.00561 0.0163 1 0 0 0.06 No
300 Area Liver Endrin ketone mg/kg 5 0 -- -- -- -- -- -- 0.00561 0.0163 1 -- 0 NA No

300 Area Liver gamma-Chlordane mg/kg 5 0 -- -- -- -- -- -- 0.00561 0.0163 NA -- 0 NA No

300 Area Liver Heptachlor epoxide mg/kg 7 2 28.57 0.0146 0.0211 J19440 363.06 8/17/2009 0.00561 0.0171 NA 0 0 NA No

300 Area Liver Lead mg/kg 40 17 42.5 0.048 0.316 B19L84 343.27 7/19/2004 0.02 0.472 26.8 0 0 0.01 Yes

300 Area Liver Manganese mg/kg 40 40 100 0.594 73.4 B1J1B4 344.21 7/14/2006 -- -- NA 0 -- NA No

300 Area Liver Mercury mg/kg 32 32 100 0.0305 0.873 J193K6 362.66 8/6/2009 -- -- 24.4 0 -- 0.04 Yes

300 Area Liver Methoxychlor mg/kg 6 3 50 0.00935 0.073 J19450 363.06 8/17/2009 0.00704 0.0163 NA 0 0 NA No
300 Area Liver Selenium mg/kg 40 40 100 1.28 8.48 B15BH5 343.78 7/9/2002 -- -- 8.84 1 -- 1 No

300 Area Liver Silver mg/kg 40 24 60 0.00395 2.02 B15BJO 343.78 7/9/2002 0.003 0.189 NA 0 0 NA No
300 Area Liver Thorium mg/kg 25 4 16 0.0118 0.0379 B15BH9 343.78 7/9/2002 0.01 0.021 NA 0 0 NA No
300 Area Liver Total PCBs mg/kg 9 9 100 0.134 1.35 J193L0 362.66 8/6/2009 -- -- NA 0 -- NA No

300 Area Liver Uranium mg/kg 40 18 45 0.00105 1.45 J19319 362.66 8/6/2009 0.001 18.9 NA 0 0 NA Yes

300 Area Liver Zinc mg/kg 40 40 100 29.9 1600 B19L87 343.57 7/19/2004 -- -- 66.3 25 -- 24 No

300 Area Liver Cesium-137 pCi/g 15 0 -- -- -- -- -- -- 0.023 0.072 NA -- 0 NA Yes

300 Area Liver Technetium-99 pCi/g 15 0 -- -- -- -- -- -- -0.113 0.15 NA -- 0 NA Yes

300 Area Liver Tritium pCi/g 15 0 -- -- -- -- -- -- -6.7 3.83 NA -- 0 NA Yes

300 Area Liver Radionuclide Sum of Fractions > 1.0? NA

Lake Wallula Liver Arsenic mg/kg 11 5 45.45 0.482 1.21 J194Y7 314.27 9/10/2009 0.649 0.893 47 0 0 0.03 No

Lake Wallula Liver Chromium mg/kg 11 2 18.18 0.163 0.25 J195R6 314.27 9/14/2009 0.13 0.189 NA 0 0 NA Yes

Lake Wallula Liver delta-BHC mg/kg 0 0 -- -- -- -- -- -- -- -- NA -- -- NA No

Lake Wallula Liver Dieldrin mg/kg 0 0 -- -- -- -- -- -- -- -- NA -- -- NA No

Lake Wallula Liver Endosulfan I mg/kg 1 1 100 0.0382 0.0382 J194Y7 314.27 9/10/2009 -- -- 3.1 0 -- 0.01 No

Lake Wallula Liver Endosulfan II mg/kg 0 0 -- -- -- -- -- -- -- -- 3.1 -- -- NA No

Lake Wallula Liver Endrin mg/kg 0 0 -- -- -- -- -- -- -- -- 1 -- -- NA No

Lake Wallula Liver Endrin ketone mg/kg 0 0 -- -- -- -- -- -- -- -- 1 -- -- NA No

Lake Wallula Liver Heptachlor epoxide mg/kg 2 0 -- -- -- -- -- -- 0.0184 0.0195 NA -- 0 NA No

Lake Wallula Liver Mercury mg/kg 11 11 100 0.04 0.119 J194C2 314.27 9/9/2009 -- -- 24.4 0 -- 0.005 Yes

Lake Wallula Liver Total PCBs mg/kg 6 6 100 0.0736 0.323 J19501 314.27 9/10/2009 -- -- NA 0 -- NA No

Lake Wallula Liver Carbon-14 pCi/g 11 0 -- -- -- -- -- -- -1.38 7.52 NA -- 0 NA Yes

Lake Wallula Liver Radionuclide Sum of Fractions > 1.0? NA

-- = not applicable; no reporting limits; COPEC detected in all samples LOEC = lowest observed effect concentration
BHC = benzene hexachloride NA = not available
COPEC = contaminant of potential ecological concern PCB = polychlorinated biphenyl
FOD = frequency of detection RM = river mile
HQ = hazard quotient

Columbia River Component Risk Assessment
Volume I, Part 2: Screening-Level Ecological Risk Assessment
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Table 9-6. 100 Area Sub-Area Fish Liver Sample Lowest Observed
Effect Concentration Hazard Quotients. (3 Pages)

Sub-Area COPEC Units Sample Species Designation Sample River River Result LOEC LOEC
(wet wt.) Number Date Location Mile HQ

100 Area Cadmium mg/kg B19L97 Carp HL 1714 7/1/2004 Right 379.50 30.3 5.8 5

100 Area Cadmium mg/kg B19L95 Carp HL 457 7/1/2004 Right 379.09 50.7 5.8 9

100 Area Cadmium mg/kg B15BJ6 Carp HL 83 7/10/2002 Right 379.02 38.4 5.8 7

100 Area Cadmium mg/kg B15BJ7 Carp HL 83 7/10/2002 Right 379.02 89.4 5.8 15

100 Area Cadmium mg/kg B15BJ8 Carp HL 83 7/10/2002 Right 379.02 29.5 5.8 5

100 Area Cadmium mg/kg B15BJ9 Carp HL 83 7/10/2002 Right 379.02 54.7 5.8 9

100 Area Cadmium mg/kg B15BKO Carp HL 83 7/10/2002 Right 379.02 26 5.8 4

100 Area Cadmium mg/kg B169H8 Whitefish HL 1283 1/13/2003 Right 378.34 5.54 5.8 1

100 Area Cadmium mg/kg B19L94 Carp HL 1858 7/1/2004 Right 378.21 35.8 5.8 6

100 Area Cadmium mg/kg B1J1C7 Sucker HL 1823 7/13/2006 Right 378.16 8.38 5.8 1

100 Area Cadmium mg/kg B1J1C4 Sucker HL 1917 7/13/2006 Right 378.02 6.15 5.8 1

100 Area Cadmium mg/kg B1J1C3 Carp HL 1036 7/13/2006 Right 377.92 33.1 5.8 6

100 Area Cadmium mg/kg B19L96 Carp HL 970 7/1/2004 Right 377.82 209 5.8 36

100 Area Cadmium mg/kg J196B3 Carp 100SA-CARP 4 12/8/2009 Right 377.69 9.53 5.8 2

100 Area Cadmium mg/kg J196B1 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 7.05 5.8 1

100 Area Cadmium mg/kg J196B0 Carp 100SA-CARP 1 12/8/2009 Right 369.66 6.6 5.8 1

100 Area Copper mg/kg B19L95 Carp HL 457 7/1/2004 Right 379.09 154 96 2

100 Area Copper mg/kg B15BJ6 Carp HL 83 7/10/2002 Right 379.02 99.1 96 1

100 Area Copper mg/kg B15BJ7 Carp HL 83 7/10/2002 Right 379.02 248 96 3

100 Area Copper mg/kg B15BJ8 Carp HL 83 7/10/2002 Right 379.02 113 96 1

100 Area Copper mg/kg B15BJ9 Carp HL 83 7/10/2002 Right 379.02 162 96 2

100 Area Copper mg/kg B15BKO Carp HL 83 7/10/2002 Right 379.02 110 96 1

100 Area Copper mg/kg B19L94 Carp HL 1858 7/1/2004 Right 378.21 123 96 1

100 Area Copper mg/kg B1J1C3 Carp HL 1036 7/13/2006 Right 377.92 111 96 1

100 Area Copper mg/kg B19L96 Carp HL 970 7/1/2004 Right 377.82 324 96 3

100 Area Selenium mg/kg B169H5 Whitefish HL 1283 1/13/2003 Right 378.34 13.6 8.84 2

100 Area Selenium mg/kg B169H6 Whitefish HL 1283 1/13/2003 Right 378.34 9.91 8.84 1

100 Area Selenium mg/kg B169H7 Whitefish HL 1283 1/13/2003 Right 378.34 9.26 8.84 1

100 Area Selenium mg/kg B169H8 Whitefish HL 1283 1/13/2003 Right 378.34 11.1 8.84 1

100 Area Selenium mg/kg B169H9 Whitefish HL 1283 1/13/2003 Right 378.34 10.3 8.84 1

100 Area Selenium mg/kg BIF712 Whitefish HL 971 11/9/2005 Left 377.24 16.3 8.84 2
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Table 9-6. 100 Area Sub-Area Fish Liver Sample Lowest Observed
Effect Concentration Hazard Quotients. (3 Pages)

Sub-Area COPEC Units Sample Species Designation Sample River River LOEC
(wet wt.) Number Date Location Mile HQ

100 Area Selenium mg/kg B15BK4 Bass HL 103 7/10/2002 Slough 366.83 8.4 8.84 1

100 Area Zinc mg/kg J196B4 Carp 100SA-CARP 5 12/7/2009 Right 381.13 210 66.3 3

100 Area Zinc mg/kg B19L97 Carp HL 1714 7/1/2004 Right 379.50 533 66.3 8

100 Area Zinc mg/kg B19L95 Carp HL 457 7/1/2004 Right 379.09 352 66.3 5

100 Area Zinc mg/kg B15BJ6 Carp HL 83 7/10/2002 Right 379.02 406 66.3 6

100 Area Zinc mg/kg B15BJ7 Carp HL 83 7/10/2002 Right 379.02 1,220 66.3 18

100 Area Zinc mg/kg B15BJ8 Carp HL 83 7/10/2002 Right 379.02 1,030 66.3 16

100 Area Zinc mg/kg B15BJ9 Carp HL 83 7/10/2002 Right 379.02 376 66.3 6

100 Area Zinc mg/kg B15BKO Carp HL 83 7/10/2002 Right 379.02 498 66.3 8

100 Area Zinc mg/kg B169H5 Whitefish HL 1283 1/13/2003 Right 378.34 94.9 66.3 1

100 Area Zinc mg/kg B169H6 Whitefish HL 1283 1/13/2003 Right 378.34 89.3 66.3 1

100 Area Zinc mg/kg B169H7 Whitefish HL 1283 1/13/2003 Right 378.34 95.7 66.3 1

100 Area Zinc mg/kg B169H8 Whitefish HL 1283 1/13/2003 Right 378.34 110 66.3 2

100 Area Zinc mg/kg B169H9 Whitefish HL 1283 1/13/2003 Right 378.34 86.2 66.3 1

100 Area Zinc mg/kg B19L94 Carp HL 1858 7/1/2004 Right 378.21 965 66.3 15

100 Area Zinc mg/kg B1J1C6 Sucker HL 1823 7/13/2006 Right 378.16 80.1 66.3 1

100 Area Zinc mg/kg B1J1C7 Sucker HL 1823 7/13/2006 Right 378.16 73.7 66.3 1

100 Area Zinc mg/kg B1J1C4 Sucker HL 1917 7/13/2006 Right 378.02 133 66.3 2

100 Area Zinc mg/kg BiJiC5 Sucker HL 1917 7/13/2006 Right 378.02 150 66.3 2

100 Area Zinc mg/kg B1J1C3 Carp HL 1036 7/13/2006 Right 377.92 653 66.3 10

100 Area Zinc mg/kg B19L98 Carp HL 351 7/1/2004 Right 377.88 1,460 66.3 22

100 Area Zinc mg/kg B19L96 Carp HL 970 7/1/2004 Right 377.82 1,360 66.3 21

100 Area Zinc mg/kg J196B3 Carp 100SA-CARP 4 12/8/2009 Right 377.69 359 66.3 5

100 Area Zinc mg/kg BIF711 Whitefish HL 971 11/9/2005 Left 377.24 71.5 66.3 1

100 Area Zinc mg/kg BIF712 Whitefish HL 971 11/9/2005 Left 377.24 69.7 66.3 1

100 Area Zinc mg/kg BIF713 Whitefish HL 971 11/9/2005 Left 377.24 70.2 66.3 1

100 Area Zinc mg/kg BIF714 Whitefish HL 971 11/9/2005 Left 377.24 76.3 66.3 1

100 Area Zinc mg/kg BIF715 Whitefish HL 971 11/9/2005 Left 377.24 69.5 66.3 1

100 Area Zinc mg/kg J196B2 Carp 100SA-CARP 3 12/8/2009 Left 374.52 267 66.3 4

100 Area Zinc mg/kg J196B1 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 244 66.3 4

100 Area Zinc mg/kg J196B0 Carp 100SA-CARP 1 12/8/2009 Right 369.66 189 66.3 3

100 Area Zinc mg/kg B15BK1 Bass HL 103 7/10/2002 Slough 366.83 66.7 66.3 1
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COPEC
HQ
LOEC

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration

Table 9-6. 100 Area Sub-Area Fish Liver Sample Lowest Observed
Effect Concentration Hazard Quotients. (3 Pages)

Sub-Area COPEC Units Sample Species Designation Sample River River Result LOEC LOEC
(wet wt.) Number Date Location Mile HQ

100 Area Zinc mg/kg B15BK2 Bass HL 103 7/10/2002 Slough 366.83 89.8 66.3 1

100 Area Zinc mg/kg B15BK4 Bass HL 103 7/10/2002 Slough 366.83 110 66.3 2

100 Area Zinc mg/kg B1CXD6 Bass HL 946 5/5/2005 Slough 366.47 68.4 66.3 1

100 Area Zinc mg/kg B1CXD7 Bass HL 946 5/5/2005 Slough 366.47 79.2 66.3 1

100 Area Zinc mg/kg B1CXD8 Bass HL 946 5/5/2005 Slough 366.47 65.9 66.3 1

100 Area Zinc mg/kg B1CXD9 Bass HL 2035 5/5/2005 Slough 366.47 88.9 66.3 1

100 Area Zinc mg/kg B1CXFO Bass HL 390 5/5/2005 Slough 366.47 76 66.3 1
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Table 9-7. 300 Area Sub-Area Fish Liver Sample Lowest Observed
Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC (weit.) Same Species Designation Sample River R Result LOEC LOEC(wtw. ubrDate Location Mile Rsl LOC HQ

300 Area Cadmium mg/kg J196H0 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 6.19 5.8 1

300 Area Cadmium mg/kg B19L85 Carp HL 40 7/19/2004 Right 344.88 52.6 5.8 9

300 Area Cadmium mg/kg B19L86 Carp HL 1398 7/19/2004 Right 344.52 138 5.8 24

300 Area Cadmium mg/kg B15BH6 Carp HL 776 7/9/2002 Right 343.78 30.9 5.8 5

300 Area Cadmium mg/kg B15BH7 Carp HL 776 7/9/2002 Right 343.78 73 5.8 13

300 Area Cadmium mg/kg B15BH8 Carp HL 776 7/9/2002 Right 343.78 70 5.8 12

300 Area Cadmium mg/kg B15BH9 Carp HL 776 7/9/2002 Right 343.78 25.1 5.8 4

300 Area Cadmium mg/kg B15BJO Carp HL 776 7/9/2002 Right 343.78 113 5.8 19

300 Area Cadmium mg/kg B19L87 Carp HL 352 7/19/2004 Right 343.57 47.8 5.8 8

300 Area Cadmium mg/kg J196H3 Carp 300SA-CARP 4 11/18/2009 Right 343.53 5.58 5.8 1

300 Area Cadmium mg/kg B19L84 Carp HL 1807 7/19/2004 Right 343.27 57.3 5.8 10

300 Area Cadmium mg/kg J196H4 Carp 300SA-CARP 5 12/7/2009 Island 340.42 7.85 5.8 1

300 Area Copper mg/kg B19L85 Carp HL 40 7/19/2004 Right 344.88 138 96 1

300 Area Copper mg/kg B19L86 Carp HL 1398 7/19/2004 Right 344.52 116 96 1

300 Area Copper mg/kg B15BH8 Carp HL 776 7/9/2002 Right 343.78 122 96 1

300 Area Copper mg/kg B15BH9 Carp HL 776 7/9/2002 Right 343.78 111 96 1

300 Area Copper mg/kg B15BJO Carp HL 776 7/9/2002 Right 343.78 272 96 3

300 Area Copper mg/kg B19L87 Carp HL 352 7/19/2004 Right 343.57 126 96 1

300 Area Copper mg/kg B19L84 Carp HL 1807 7/19/2004 Right 343.27 233 96 2

300 Area Selenium mg/kg B15BH5 Bass HL 776 7/9/2002 Right 343.78 8.48 8.84 1

300 Area Zinc mg/kg B15BH1 Bass HL 989 7/10/2002 Slough 362.91 84.3 66.3 1

300 Area Zinc mg/kg J196H0 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 362 66.3 5

300 Area Zinc mg/kg B1CXC1 Bass HL 1563 5/5/2005 Island 362.32 90.8 66.3 1

300 Area Zinc mg/kg B1CXC2 Bass HL 1563 5/5/2005 Island 362.32 65.2 66.3 1

300 Area Zinc mg/kg B1CXC5 Bass HL 383 9/28/2005 Slough 362.29 66 66.3 1

300 Area Zinc mg/kg B1CXC3 Bass HL 716 9/28/2005 Slough 362.27 69.4 66.3 1

300 Area Zinc mg/kg B1CXC4 Bass HL 487 9/28/2005 Slough 362.23 68.1 66.3 1

300 Area Zinc mg/kg J196H1 Carp 300SA-CARP 2 12/15/2009 Left 346.56 124 66.3 2

300 Area Zinc mg/kg J196H2 Carp 300SA-CARP 3 11/18/2009 Left 345.96 208 66.3 3

300 Area Zinc mg/kg B19L85 Carp HL 40 7/19/2004 Right 344.88 631 66.3 10

300 Area Zinc mg/kg B1J1B7 Sucker HL 930 7/14/2006 Right 344.64 141 66.3 2
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COPEC
HQ
LOEC

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration

Table 9-7. 300 Area Sub-Area Fish Liver Sample Lowest Observed
Effect Concentration Hazard Quotients. (2 Pages)

Sub-Area COPEC (weit.) Same Species Designation Sample River River Result LOEC LOEC(wtw. ubrDate Location Mile Rsl LOC HQ

300 Area Zinc mg/kg B19L86 Carp HL 1398 7/19/2004 Right 344.52 602 66.3 9

300 Area Zinc mg/kg B1J1B3 Sucker HL 1368 7/14/2006 Right 344.25 269 66.3 4

300 Area Zinc mg/kg B1J1B4 Sucker HL 1818 7/14/2006 Right 344.21 200 66.3 3

300 Area Zinc mg/kg B15BH5 Bass HL 776 7/9/2002 Right 343.78 88.5 66.3 1

300 Area Zinc mg/kg B15BH6 Carp HL 776 7/9/2002 Right 343.78 464 66.3 7

300 Area Zinc mg/kg B15BH7 Carp HL 776 7/9/2002 Right 343.78 244 66.3 4

300 Area Zinc mg/kg B15BH8 Carp HL 776 7/9/2002 Right 343.78 547 66.3 8

300 Area Zinc mg/kg B15BH9 Carp HL 776 7/9/2002 Right 343.78 553 66.3 8

300 Area Zinc mg/kg B15BJO Carp HL 776 7/9/2002 Right 343.78 504 66.3 8

300 Area Zinc mg/kg B19L87 Carp HL 352 7/19/2004 Right 343.57 1,600 66.3 24

300 Area Zinc mg/kg B19L88 Carp HL 352 7/19/2004 Right 343.57 1,160 66.3 17

300 Area Zinc mg/kg J196H3 Carp 300SA-CARP 4 11/18/2009 Right 343.53 216 66.3 3

300 Area Zinc mg/kg B19L84 Carp HL 1807 7/19/2004 Right 343.27 735 66.3 11

300 Area Zinc mg/kg J196H4 Carp 300SA-CARP 5 12/7/2009 Island 340.42 265 66.3 4
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Table 9-8. Average Fish Liver Cadmium Values Across Sub-Areas.

Statistic Upriver 100 Area 300 Area Lake Wallula
Sub-Area Sub-Area Sub-Area Sub-Area

Bass

FOD -- 9/9 10/10 --

Average result (mg/kg) a -- 1.88 1.69 --

Standard deviation -- 1.42 1.48 --

Average LOEC HQ -- 0.3 0.3 --

Carp

FOD 4/4 16/16 15/15 5/5

Average result (mg/kg) a 4.27 39.3 42.6 2.16

Standard deviation 2.98 51.02 42.16 1.45

Average LOEC HQ 0.7 6.8 7.4 0.4

Sturgeon

FOD 5/5 9/9 10/10 6/6

Average result (mg/kg) a 0.7 1.33 0.971 0.373

Standard deviation 1.11 0.73 0.91 0.11

Average LOEC HQ 0.1 0.2 0.2 0.1

Sucker

FOD -- 4/4 5/5 --

Average result (mg/kg) a -- 5.45 1.16 --

Standard deviation -- 2.67 1.02 --

Average LOEC HQ -- 0.9 0.2 --

Whitefish

FOD -- 10/10 -- --

Average result (mg/kg) a -- 2.07 -- --

Standard deviation -- 1.49 -- --

Average LOEC HQ -- 0.4

Averages of all detected values.
-- = not applicable; liver tissue samples were collected but not analyzed because liver tissues were

combined with kidney tissues for evaluation for this constituent.
FOD = frequency of detection (number detections/number analyses)
HQ = hazard quotient
LOEC = lowest observed effect concentration

Columbia River Component Risk Assessment

Volume I, Part 2: Screening-Level Ecological Risk Assessment

9-16June 2012
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Table 9-9. Average Fish Liver Copper Values Across Sub-Areas.

Statistic Upriver 100 Area 300 Area Lake Wallula
Sub-Area Sub-Area Sub-Area Sub-Area

Bass

FOD -- 9/9 10/10 --

Average result (mg/kg) a -- 8.27 6.85 --

Standard deviation -- 4.34 3.34 --

Average LOEC HQ -- 0.1 0.1 --

Carp

FOD 4/4 16/16 15/15 5/5

Average result (mg/kg) a 31.5 106 99.1 22.3

Standard deviation 0.92 85.98 74.4 1.82

Average LOEC HQ 0.3 1.1 1.0 0.2

Sturgeon

FOD 5/5 9/9 10/10 6/6

Average result (mg/kg) a 36.5 25.9 32.7 33.8

Standard deviation 19.21 6.88 8.66 14.1

Average LOEC HQ 0.4 0.3 0.3 0.4

Sucker

FOD -- 4/4 5/5 --

Average result (mg/kg) a -- 40.6 19.9 --

Standard deviation -- 23.12 19.31 --

Average LOEC HQ -- 0.4 0.2 --

Whitefish

FOD -- 10/10 -- --

Average result (mg/kg) a -- 12.9 -- --

Standard deviation -- 4.51 -- --

Average LOEC HQ -- 0.1 -- --

Averages of all detected values.
-- = not applicable; liver tissue samples were collected but not analyzed because liver tissues were

combined with kidney tissues for evaluation for this constituent.
FOD = frequency of detection (number detections/number analyses)
HQ = hazard quotient
LOEC = lowest observed effect concentration

Columbia River Component Risk Assessment

Volume I, Part 2: Screening-Level Ecological Risk Assessment

9-17June 2012
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Table 9-10. Average Fish Liver Selenium Values Across Sub-Areas.

Statistic Upriver 100 Area 300 Area Lake Wallula
Sub-Area Sub-Area Sub-Area Sub-Area

Bass

FOD -- 9/9 10/10 --

Average result (mg/kg) a -- 6.37 6.12 --

Standard deviation -- 1.53 1.39 --

Average LOEC HQ -- 0.7 0.7
Carp

FOD 4/4 16/16 15/15 5/5

Average result (mg/kg) a 1.56 4.32 3.87 1.41

Standard deviation 0.21 2.19 2.19 0.16

Average LOEC HQ 0.2 0.5 0.4 0.2

Sturgeon

FOD 5/5 9/9 10/10 6/6

Average result (mg/kg) a 2.3 2.61 2.23 3.3

Standard deviation 0.504 0.61 0.73 1.92

Average LOEC HQ 0.3 0.3 0.3 0.4

Sucker

FOD -- 4/4 5/5 --

Average result (mg/kg) a -- 4.86 3.62 --

Standard deviation -- 1.31 0.58 --

Average LOEC HQ -- 0.6 0.4

Whitefish

FOD -- 10/10 -- --

Average result (mg/kg) a -- 9.39 -- --

Standard deviation -- 3.66 -- --

Average LOEC HQ -- 1.1 --

Averages of all detected values.
-- = not applicable; liver tissue samples were collected but not analyzed because liver tissues were

combined with kidney tissues for evaluation for this constituent.
FOD = frequency of detection (number detections/number analyses)
HQ = hazard quotient
LOEC = lowest observed effect concentration

Columbia River Component Risk Assessment

Volume I, Part 2: Screening-Level Ecological Risk Assessment
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Table 9-11. Average Fish Liver Zinc Values Across Sub-Areas.

Statistic Upriver 100 Area 300 Area Lake Wallula
Sub-Area Sub-Area Sub-Area Sub-Area

Bass

FOD -- 9/9 10/10 --

Average result (mg/kg) a -- 76.3 69 --

Standard deviation -- 19.21 14.98 --

Average LOEC HQ -- 1.2 1.0 --

Carp

FOD 4/4 16/16 15/15 5/5

Average result (mg/kg) a 211 633 548 289

Standard deviation 58 431 392 108

Average LOEC HQ 3.2 9.5 8.3 4.4

Sturgeon

FOD 5/5 9/9 10/10 6/6

Average result (mg/kg) a 47 37.6 41.6 44.8

Standard deviation 13.72 5.41 6.07 11.68

Average LOEC HQ 0.7 0.6 0.6 0.7
Sucker

FOD T4/4 5/5--

Average result (mg/kg) __-- _ 109 146 --

Standard deviation 38 91 --

Average LOEC HQ -- _1.6 2.2 --

Whitefish

FOD -- 10/10 -- --

Average result (mg/kg) __-- _ 83.3 -- --

Standard deviation 14.1 -- --

Average LOEC HQ --_1.3_----

Averages of all detected values.
-- = not applicable; liver tissue samples were collected but not analyzed because liver tissues were

combined with kidney tissues for evaluation for this constituent.
FOD = frequency of detection (number detections/number analyses)
HQ = hazard quotient
LOEC = lowest observed effect concentration
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Table 9-12. Fish Kidney Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maxmum Number of Number of Maximum
Sub-Area Tissue COPEC Uitsof of FOD Detect Detect ofLimMaximum aem Reporting Reporting tiECmieExceedances (Reportings LOECis

(wet wt.) Samples Detections (wet wt.) (wet wt.) Maximum (RM) Maximum Limit Limitn LOEC (Detcted) Limit)g HQ

100 Area Kidney alpha-Chlordane mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No
100 Area Kidney Aluminum mg/kg 14 3 21.43 2.95 5.45 J19028 381.80 7/28/2009 3.16 4.9 NA 0 0 NA No
100 Area Kidney Antimony mg/kg 14 0 0 -- -- -- -- -- 0.38 0.588 NA -- 0 NA No
100 Area Kidney Arsenic mg/kg 14 8 57.14 0.201 1.56 J19286 379.46 7/30/2009 0.633 0.98 NA 0 0 NA No
100 Area Kidney Beryllium mg/kg 14 0 0 -- -- -- -- -- 0.127 0.196 NA -- 0 NA No
100 Area Kidney beta-1,2,3,4,5,6-Hexachlorocyclohexane mg/kg 12 11 91.67 0.0287 0.222 J192D6 376.51 8/4/2009 0.00791 0.00791 NA 0 0 NA No
100 Area Kidney Cadmium mg/kg 14 14 100 0.454 13.4 J196B8 377.69 12/8/2009 -- -- 10 1 -- 1 No

100 Area Kidney Chromium mg/kg 14 5 35.71 0.134 0.283 J19296 376.51 8/3/2009 0.127 0.196 NA 0 0 NA Yes
100 Area Kidney Copper mg/kg 14 14 100 0.875 9.28 J196B6 369.88 12/8/2009 -- -- 8.8 1 -- 1 No
100 Area Kidney Dicilorodiphenyldiciloroethylene mg/kg 14 14 100 0.0234 1.4 J196B8 377.69 12/8/2009 -- -- NA 0 -- NA No
100 Area Kidney Dieldrin mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No
100 Area Kidney Endosulfan I mg/kg 6 1 16.67 0.0326 0.0326 J196B9 381.13 12/7/2009 0.0064 0.0106 NA 0 0 NA No
100 Area Kidney Endrin mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No
100 Area Kidney Endrin aldehyde mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No
100 Area Kidney Endrin ketone mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No
100 Area Kidney gamma-BHC (lindane) mg/kg 6 1 16.67 0.0104 0.0104 J192F7 381.45 8/4/2009 0.0064 0.0106 NA 0 0 NA No
100 Area Kidney gamma-Chlordane mg/kg 6 1 16.67 0.00518 0.00518 J192F7 381.45 8/4/2009 0.0064 0.0106 NA 0 0 NA No
100 Area Kidney Heptachlor mg/kg 5 0 0 -- -- -- -- -- 0.0064 0.0106 NA -- 0 NA No
100 Area Kidney Iron mg/kg 14 14 100 36 178 J196B6 369.88 12/8/2009 -- -- NA 0 -- NA No
100 Area Kidney Lead mg/kg 14 0 0 -- -- -- -- -- 0.316 0.49 65.2 -- 0 NA Yes
100 Area Kidney Manganese mg/kg 14 14 100 0.697 1.35 J19028 381.80 7/28/2009 -- -- NA 0 -- NA No
100 Area Kidney Manganese mg/kg 14 14 100 0.697 1.35 J19275 379.46 7/29/2009 -- -- NA 0 -- NA No
100 Area Kidney Mercury mg/kg 14 14 100 0.022 0.375 J192Y9 376.51 8/5/2009 -- -- 26.9 0 -- 0.01 Yes
100 Area Kidney Methoxychlor mg/kg 5 1 20 0.00792 0.00792 J192B6 381.45 8/3/2009 0.0064 0.0106 NA 0 0 NA No
100 Area Kidney Selenium mg/kg 14 14 100 1.4 2.1 J192Y9 376.51 8/5/2009 -- -- 1.54 12 -- 1 No
100 Area Kidney Silver mg/kg 14 0 0 -- -- -- -- -- 0.127 0.196 NA -- 0 NA No
100 Area Kidney Thallium mg/kg 14 0 0 -- -- -- -- -- 0.316 0.49 NA -- 0 NA No
100 Area Kidney Thorium mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No
100 Area Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No
100 Area Kidney Uranium mg/kg 14 0 0 -- -- -- -- -- 12.7 19.6 NA -- 0 NA Yes
100 Area Kidney Zinc mg/kg 14 14 100 14.6 534 J196B7 374.52 12/8/2009 -- -- 36.9 5 -- 14 No
100 Area Kidney Carbon-14 pCi/g 14 1 7.14 5.96 5.96 J19286 379.46 7/30/2009 -1.2 9.74 NA 0 0 NA Yes
100 Area Kidney Strontium-90 pCi/g 14 0 0 -- -- -- -- -- -0.094 0.035 NA -- 0 NA Yes
100 Area Kidney Radionuclide Sum of Fractions > 1.0? NA
300 Area Kidney alpha-Chlordane nmg/kg 4 0 0 1 - -- -- -- -- 0.0061310.0192 NA -- 0 NA No
300 Area Kidney Aluminum mg/kg 15 0 0 -- -- -- -- -- 3.16 5 NA -- 0 NA No
300 Area Kidney Antimony mg/kg 15 0 0 -- -- -- -- -- 0.38 0.6 NA -- 0 NA No
300 Area Kidney Arsenic mg/kg 15 5 3333 0.241 0.817 J19481 347.39 9/3/2009 10.694 1 NA 0 0 NA No
300 Area Kidney Barium mg/kg 15 11 73.33 0.117 10.9 J19451 363.06 8/17/2009 0.352 0.5 NA 0 0 NA No
300 Area Kidney Cadmium mg/kg 15 15 100 0.103 15.4 J196H5 362.78 12/8/2009 -- -- 10 3 -- 2 No

300 Area Kidney Chromium mg/kg 15 5 33.33 0.176 0.881 J19441 363.06 8/12/2009 0.127 0.2 NA 0 0 NA Yes
300ArArea Kidndney Copper mg//kg 15 15 100 0.882 5.76 J196H5 362.78 12/8/200980 -- 8.8 N-- 0.7 No
300 Area Kidney delta-BHIC mg/kg 5 1 20 0.0174 0.0174 J193M9 362.67 8/11/2009 0.00613 0.0192 NA 0 0 NA No
300 Area Kidney Dieldrin mg/kg 4 0 0 --- - - -000613 00192 NA - 0 NA No
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Table 9-12. Fish Kidney Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maxmum Number of Number of Maximum
Sub-Area Tissue COPEC (wet wt.) of of FOD Detect Detect.) Maxum(m Maximum Reporting Reporting LOEC Exceedances (ReportingHQLOECis

Samples Detections (wet wt.) (wet wt.) maxum (RM) Limit Limit (Detected) Limit)g HQ

300 Area Kidney EndosulfanI mg/kg 7 3 42.86 0.0134 0.0616 J19441 363.06 8/12/2009 0.00613 0.0192 NA 0 0 NA No
300 Area Kidney Endosulfan II mg/kg 4 0 0 -- -- -- -- -- 0.00613 0.0192 NA -- 0 NA No
300 Area Kidney Endrin mg/kg 5 1 20 0.0144 0.0144 J193L7 357.55 8/10/2009 0.00613 0.0192 NA 0 0 NA No
300 Area Kidney Endrin ketone mg/kg 4 0 0 -- -- -- -- -- 0.00613 0.0192 NA -- 0 NA No
300 Area Kidney gamma-Chlordane mg/kg 4 1 25 0.0184 0.0184 J19451 363.06 8/17/2009 0.00904 0.0192 NA 0 0 NA No
300 Area Kidney Heptachlor epoxide mg/kg 6 1 16.67 0.0245 0.0245 J19451 363.06 8/17/2009 0.00904 0.0192 NA 0 0 NA No
300 Area Kidney Lead mg/kg 15 0 0 -- -- -- -- -- 0.316 0.5 65.2 -- 0 NA Yes
300 Area Kidney Manganese mg/kg 15 15 100 0.395 1.55 J19461 363.06 8/17/2009 -- -- NA 0 -- NA No
300 Area Kidney Mercury mg/kg 15 15 100 0.019 0.303 J193K7 362.66 8/6/2009 -- -- 26.9 0 -- 0.01 Yes
300 Area Kidney Methoxychlor mg/kg 4 0 0 -- -- -- -- -- 0.00613 0.0192 NA -- 0 NA No
300 Area Kidney Selenium mg/kg 15 15 100 1 2.8 J19441 363.06 8/12/2009 -- -- 1.54 10 -- 2 No
300 Area Kidney Silver mg/kg 15 0 0 -- -- -- -- -- 0.127 0.2 NA -- 0 NA No
300 Area Kidney Thorium mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No
300 Area Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No
300 Area Kidney Uranium mg/kg 15 0 0 -- -- -- -- -- 12.7 20 NA -- 0 NA Yes
300 Area Kidney Zinc mg/kg 15 15 100 13.5 587 J196H5 362.78 12/8/2009 -- -- 36.9 6 -- 16 No
300 Area Kidney Cesium-137 pCi/g 15 0 0 -- -- -- -- -- 0.03 0.147 NA -- 0 NA Yes
300 Area Kidney Technetium-99 pCi/g 15 0 0 -- -- -- -- -- -0.113 0.22 NA -- 0 NA Yes
300 Area Kidney Tritium pCi/g 15 2 13.33 9.54 15 J19481 347.39 9/3/2009 -4.98 7.75 NA 0 0 NA Yes
300 Area Kidney Radionuclide Sum of Fractions > 1.0? NA
Lake Wallula Kidney Arsenic mg/kg 11 3 27.27 0.261 0.437 J194B2 314.27 9/8/2009 0.625 0.943 NA 0 0 NA No
Lake Wallula Kidney Chromium mg/kg 11 1 9.09 0.165 0.165 J195P5 314.27 9/10/2009 0.125 0.189 NA 0 0 NA Yes
Lake Wallula Kidney delta-BHC mg/kg 0 0 0 -- -- -- -- -- -- NA -- -- NA No
Lake Wallula Kidney Dieldrin mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No
Lake Wallula Kidney Endosulfan I mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No
Lake Wallula Kidney Endosulfan II mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No
Lake Wallula Kidney Endrin mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No
Lake Wallula Kidney Endrin ketone mg/kg 1 1 100 0.0137 0.0137 J196X3 335.23 12/8/2009 -- -- NA 0 -- NA No
Lake Wallula Kidney Heptachlor epoxide mg/kg 2 0 0 -- -- -- -- -- 0.0133 0.0193 NA -- 0 NA No
Lake Wallula Kidney Mercury mg/kg 11 11 100 0.029 0.101 J196X2 335.23 12/8/2009 -- -- 26.9 0 -- 0.004 Yes
Lake Wallula Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No
Lake Wallula Kidney Carbon-14 pCi/g 11 0 0 -- -- -- -- -- -3.27 4.83 NA -- 0 NA Yes
Lake Wallula Kidney Radionuclide Sum of Fractions > 1.0? NA
-- = not applicable; no reporting limits; COPEC detected in all samples LOEC = lowest observed effect concentration
BHC = benzene hexachloride NA = not available
COPEC = contaminant of potential ecological concern PCB = polychlorinated biphenyl
FOD = frequency of detection RM = river mile
HQ = hazard quotient
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Table 9-13. 100 Area Sub-Area Fish Kidney Sample Lowest Observed Effect Concentration Hazard Quotients.

COPEC Units Sample Species Designation Sample River River Result LOEC LOEC
(wet wt.) Number Date Location Mile HQ

Cadmium mg/kg J196B8 Carp 100SA-CARP 4 12/8/2009 Right 377.69 13.4 10 1

Copper mg/kg J196B6 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 9.28 8.8 1

Selenium mg/kg J19028 Sturgeon STURGEON 1 7/28/2009 Right 381.80 1.73 1.54 1

Selenium mg/kg J192B6 Sturgeon STURGEON 5 8/3/2009 Right 381.45 1.66 1.54 1

Selenium mg/kg J192F7 Sturgeon STURGEON 7 8/4/2009 Right 381.45 1.72 1.54 1

Selenium mg/kg J19275 Sturgeon STURGEON 2 7/29/2009 Right 379.46 1.81 1.54 1

Selenium mg/kg J19286 Sturgeon STURGEON 3 7/30/2009 Right 379.46 2.04 1.54 1

Selenium mg/kg J196B8 Carp 100SA-CARP 4 12/8/2009 Right 377.69 2.05 1.54 1

Selenium mg/kg J19296 Sturgeon STURGEON 4 8/3/2009 Left 376.51 1.76 1.54 1

Selenium mg/kg J192Y9 Sturgeon STURGEON 8 8/5/2009 Left 376.51 2.1 1.54 1

Selenium mg/kg J192D6 Sturgeon STURGEON 6 8/4/2009 Left 376.51 1.49 1.54 1

Selenium mg/kg J196B7 Carp 100SA-CARP 3 12/8/2009 Left 374.52 1.86 1.54 1

Selenium mg/kg J196B6 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 2.08 1.54 1

Selenium mg/kg J196B5 Carp 100SA-CARP 1 12/8/2009 Right 369.66 1.94 1.54 1

Zinc mg/kg J196B9 Carp 100SA-CARP 5 12/7/2009 Right 381.13 424 36.9 11

Zinc mg/kg J196B8 Carp 100SA-CARP 4 12/8/2009 Right 377.69 449 36.9 12

Zinc mg/kg J196B7 Carp 100SA-CARP 3 12/8/2009 Left 374.52 534 36.9 14

Zinc mg/kg J196B6 Carp 100SA-CARP 2 12/8/2009 Slough 369.88 209 36.9 6

Zinc mg/kg J196B5 Carp 100SA-CARP 1 12/8/2009 Right 369.66 284 36.9 8



Table 9-14. 300 Area Sub-Area Fish Kidney Sample Lowest Observed Effect Concentration Hazard Quotients.

COPEC Units Sample Species Designation Sample River River Result LOEC LOEC
(wet wt.) Number Date Location Mile HQ

Cadmium mg/kg J196H5 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 15.4 10 2

Cadmium mg/kg J196H6 Carp 300SA-CARP 2 12/15/2009 Left 346.56 10.5 10 1

Cadmium mg/kg J196H9 Carp 300SA-CARP 5 12/7/2009 Island 340.42 9.62 10 1

Selenium mg/kg J19441 Sturgeon STURGEON 14 8/12/2009 Left 363.06 2.8 1.54 2

Selenium mg/kg J19451 Sturgeon STURGEON 15 8/17/2009 Left 363.06 1.97 1.54 1

Selenium mg/kg J19461 Sturgeon STURGEON 16 8/17/2009 Left 363.06 2.51 1.54 2

Selenium mg/kg J196H5 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 1.82 1.54 1

Selenium mg/kg J193K7 Sturgeon STURGEON 11 8/6/2009 Island 362.66 1.73 1.54 1

Selenium mg/kg J193L7 Sturgeon STURGEON 12 8/10/2009 Left 357.55 1.62 1.54 1

Selenium mg/kg J196H6 Carp 300SA-CARP 2 12/15/2009 Left 346.56 1.75 1.54 1

Selenium mg/kg J196H7 Carp 300SA-CARP 3 11/18/2009 Left 345.96 1.77 1.54 1

Selenium mg/kg J196H8 Carp 300SA-CARP 4 11/18/2009 Right 343.53 1.66 1.54 1

Selenium mg/kg J196H9 Carp 300SA-CARP 5 12/7/2009 Island 340.42 1.54 1.54 1

Zinc mg/kg J19451 Sturgeon STURGEON 15 8/17/2009 Left 363.06 43.2 36.9 1

Zinc mg/kg J196H5 Carp 300SA-CARP 1 12/8/2009 Slough 362.78 587 36.9 16

Zinc mg/kg J196H6 Carp 300SA-CARP 2 12/15/2009 Left 346.56 244 36.9 7

Zinc mg/kg J196H7 Carp 300SA-CARP 3 11/18/2009 Left 345.96 410 36.9 11

Zinc mg/kg J196H8 Carp 300SA-CARP 4 11/18/2009 Right 343.53 288 36.9 8

Zinc mg/kg J196H9 Carp 300SA-CARP 5 12/7/2009 Island 340.42 318 36.9 9

COPEC
HQ
LOEC

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration
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Table 9-15. Average Fish Kidney Cadmium Values
Across Sub-Areas.

Statistic Upriver 100 Area 300 Area Lake Wallula
Sub-Area Sub-Area Sub-Area Sub-Area

Carp

FOD 4/4 5/5 5/5 5/5

Average result (mg/kg) a 7.15 8.74 10.2 3.58

Standard deviation 4.4 2.86 3.3 1.04

Average LOEC HQ 0.7 0.9 1.0 0.4
Sturgeon

FOD 5/5 9/9 10/10 6/6

Average result (mg/kg) a 0.586 0.917 0.546 0.266
Standard deviation 0.96 0.47 0.46 0.12

Average LOEC HQ 0.1 0.1 0.1 0.0

NOTE: Values were nondetects in other species.

' Averages of all detected values.
FOD = frequency of detection (number detections/number analyses)
HQ = hazard quotient
LOEC = lowest observed effect concentration

Table 9-16. Average Fish Kidney Copper Values
Across Sub-Areas.

Statistic Upriver 100 Area 300 Area Lake Wallula
Sub-Area Sub-Area Sub-Area Sub-Area

Carp

FOD 4/4 5/5 5/5 5/5

Average result (mg/kg) a 4.86 6.51 3.09 5.75

Standard deviation 3.73 2.88 2.0 4.1

Average LOEC HQ 0.55 0.74 0.36 0.64

Sturgeon

FOD 5/5 9/9 10/10 6/6

Average result (mng/kg) a 1.11 1.32 1.28 1.16
Standard deviation 0.29 0.43 0.48 0.21

Average LOEC HQ 0.12 0.14 0.14 0.13

NOTE: Values were nondetects in other species.

' Averages of all detected values.
FOD = frequency of detection (number detections/number analyses)
HQ = hazard quotient
LOEC = lowest observed effect concentration
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Table 9-17. Average Fish Kidney Selenium Values
Across Sub-Areas.

Statistic Upriver 100 Area 300 Area Lake Wallula
Sub-Area Sub-Area Sub-Area Sub-Area

Carp

FOD 4/4 5/5 5/5 5/5

Average result (mg/kg) a 2.06 1.87 1.71 1.81
Standard deviation 0.21 0.26 0.11 0.21
Average LOEC HQ 1.3 1.2 1.1 1.2

Sturgeon

FOD 5/5 9/9 10/10 6/6

Average result (mg/kg) a 1.63 1.75 1.69 2.13

Standard deviation 0.66 0.23 0.58 0.65

Average LOEC HQ 1.1 1.1 1.1 1.4

NOTE: Values were nondetects in other species.

' Averages of all detected values.

FOD = frequency of detection (number detections/number analyses)
HQ = hazard quotient
LOEC = lowest observed effect concentration

Table 9-18. Average Fish Kidney Zinc Values
Across Sub-Areas.

Statistic Upriver 100 Area 300 Area Lake Wallula
Sub-Area Sub-Area Sub-Area Sub-Area

Carp

FOD 4/4 5/5 5/5 5/5

Average result (mg/kg) a 356 380 369 410

Standard deviation 133.83 131.22 136.01 114.59

Average LOEC HQ 9.6 10.3 10.0 11.1

Sturgeon

FOD 5/5 9/9 10/10 6/6

Average result (mg/kg) a 19.9 23.1 22.6 17.8

Standard deviation 5.18 5.12 8.96 3.38

Average LOEC HQ 0.5 0.6 0.6 0.5

NOTE: Values were nondetects in other species.

' Averages of all detected values.

FOD = frequency of detection (number detections/number analyses)
HQ = hazard quotient
LOEC = lowest observed effect concentration
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Table 9-19. Fish Liver/Kidney Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Number Number Minimum Maximum Sample Location of Date of Minimum Maximum Number of Number of Maximum
Sub-Area Tissue COPEC nis of of FOD Detect Detect Number of Maximum Reporting Reporting Ecological Exceedances Exceedances LOEC Inclusion

(wet wt.) Samples Detections (wet wt.) (wet wt.) Maximum (RM) Maximum Limit Limit LOE (Detected) (RLorting HQ List

100 Area Liver/Kidney alpha-Chlordane mg/kg 9 9 100 0.0108 0.0903 J19747 369.74 9/24/2009 -- -- NA 0 -- NA No

100 Area Liver/Kidney Aluminum mg/kg 21 6 28.57 3.22 8.6 J191N5 377.56 12/15/2009 3.29 18.2 NA 0 0 NA No
100 Area Liver/Kidney Antimony mg/kg 21 0 0 -- -- -- -- -- 0.395 0.909 NA -- 0 NA No

100 Area Liver/Kidney Arsenic mg/kg 21 5 23.81 0.217 0.308 J18K13 369.92 4/1/2009 0.658 0.98 47 0 0 0.007 No

100 Area Liver/Kidney Beryllium mg/kg 21 0 0 -- -- -- -- -- 0.127 0.196 NA -- 0 NA No

100 Area Liver/Kidney beta-1,2,3,4,5,6-Hexachlorocyclo- mg/kg 7 7 100 0.0308 0.154 J191N6 384.18 12/15/2009 -- -- NA 0 -- NA No
hexane

100 Area Liver/Kidney Cadmium mg/kg 21 21 100 0.118 2.25 J18K13 369.92 4/1/2009 -- -- 5.8 0 -- 0.4 No

100Area Liver/Kidney Chromium mg/kg 21 1 81 38.1 0.137 0.407 J18K11 367.14 4/1/200910.135 0.847 NA 0 0 NA Yes
100 Area Liver/Kidney Copper mg/kg 21 21 100 2.02 5.96 J191N6 384.18 12/15/2009 -- -- 8.8 0 -- 0.7 No

100 Area Liver/Kidney Dichlorodiphenyldichloroethylene mg/kg 21 21 100 0.0587 1.72 J18XB2 369.74 9/25/2009 -- -- NA 0 -- NA No
100 Area Liver/Kidney Dieldrin mg/kg 1 1 100 0.0243 0.0243 J18K12 367.62 4/1/2009 -- -- NA 0 -- NA No

100 Area Liver/Kidney Endosulfan I mg/kg 4 4 100 0.0213 0.109 J18XB4 369.65 9/24/2009 -- -- 3.1 0 -- 0.04 No

100 Area Liver/Kidney Endrin mg/kg 2 2 100 0.014 0.0335 J191N4 369.81 12/15/2009 -- -- 1 0 -- 0.03 No

100 Area Liver/Kidney Endrin aldehyde mg/kg 0 0 0 -- -- -- -- -- -- -- 1 -- -- NA No

100 Area Liver/Kidney Endrin ketone mg/kg 1 1 100 0.0191 0.0191 J191N8 379.77 12/15/2009 -- -- 1 0 -- 0.02 No

100 Area Liver/Kidney gamma-BHC (lindane) mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No

100 Area Liver/Kidney gamma-Chlordane mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No

100 Area Liver/Kidney Heptachlor mg/kg 1 1 100 0.0363 0.0363 J18XB4 369.65 9/24/2009 -- -- NA 0 -- NA No

100 Area Liver/Kidney Iron mg/kg 21 21 100 52.7 228 J191N5 377.56 12/15/2009 -- -- NA 0 -- NA No

100 Area Liver/Kidney Lead mg/kg 21 1 4.76 0.515 0.515 J18K11 367.14 4/1/2009 0.329 0.847 26.8 0 0 0.02 Yes
100 Area Liver/Kidney Manganese mg/kg 21 21 100 0.521 2.6 J191N5 377.56 12/15/2009 -- -- NA 0 -- NA No
100 Area Liver/Kidney Mercury mg/kg 21 21 100 0.024 0.322 J18XB2 369.74 9/25/2009 -- -- 24.4 0 -- 0.01 Yes

100 Area Liver/Kidney Methoxychlor mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No

100 Area Liver/Kidney Selenium mg/kg 21 21 100 0.851 4.12 J18K14 376.89 4/1/2009 -- -- 1.54 11 -- 3 No

100 Area Liver/Kidney Silver mg/kg 21 0 0 -- -- -- -- -- 0.132 0.909 NA -- 0 NA No

100 Area Liver/Kidney Thallium mg/kg 21 3 14.29 0.16 0.168 J18K12 367.62 4/1/2009 0.329 0.909 NA 0 0 NA No
100 Area Liver/Kidney Thorium mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No

100 Area Liver/Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No

100 Area Liver/Kidney Uranium mg/kg 21 0 0 -- -- -- -- -- 6.33 19.6 NA -- 0 NA Yes

100 Area Liver/Kidney Zinc mg/kg 21 16 76.19 17.3 30.3 J191N8 379.77 12/15/2009 20.6 24.4 36.9 0 0 0.8 No
100 Area Liver/Kidney Carbon-14 pCi/g 21 1 4.76 7.98 7.98 J191N7 381.58 12/15/2009 -2.16 2.78 NA 0 0 NA Yes

100 Area Liver/Kidney Strontium-90 pCi/g 21 1 4.76 0.392 0.392 J18K12 367.62 4/1/2009 -0.125 0.058 NA 0 0 NA Yes
100 Area Liver/Kidney Radionuclide Sum of Fractions > 1.0? NA
300 Area Liver/Kidney alpha-Chlordane mg/kg 8 8 100 0.0131 0.0516 J191V1 344.55 12/7/2009 -- -- NA 0 -- NA No

300 Area Liver/Kidney Aluminum mg/kg 20 5 25 2.82 7.65 J190J7 343.56 9/1/2009 3.12 17.2 NA 0 0 NA No
300 Area Liver/Kidney Antimony mg/kg 20 0 0 -- -- -- -- -- 0.375 0.926 NA -- 0 NA No

300 Area Liver/Kidney Arsenic mg/kg 20 4 20 0.28 0.388 J18K52 340.88 4/1/2009 0.625 0.98 47 0 0 0.008 No

300 Area Liver/Kidney Barium mg/kg 20 9 45 0.083 0.308 J190J7 343.56 9/1/2009 0.312 0.481 NA 0 0 NA No
300 Area Liver/Kidney Cadmium mg/kg 20 20 100 0.081 3.7 J191V1 344.55 12/7/2009 -- -- 5.8 0 -- 0.6 No

300 Area Liver/Kidney Chromium mg/kg 20 4 20 0.159 0.223 J18K52 340.88 4/1/2009 0.125 0.862 NA 0 0 NA Yes
300 Area Liver/Kidney Copper mg/kg 20 20 100 1.49 6.83 J191V4 361.56 12/7/2009 -- -- 8.8 0 -- 0.8 No

300 Area Liver/Kidney delta-BHC mg/kg 2 2 100 0.0153 0.0303 J18K52 340.88 4/1/2009 -- -- NA 0 -- NA No

300 Area Liver/Kidney Dieldrin mg/kg 1 1 100 0.0069 0.0069 J18K52 340.88 4/1/2009 -- -- NA 0 -- NA No
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Table 9-19. Fish Liver/Kidney Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Number Number Minimum Maximum Sample Location of Date of Minimum Maximum Number of Number of Maximum
Sub-Area Tissue COPEC nis of of FOD Detect Detect Number of Maximum Reporting Reporting Ecological Exceedances Exceedances LOEC Inclusion

(wet wt.) Samples Detections (wet wt.) (wet wt.) Maximum (RM) Maximum Limit Limit LOE (Detected) (Reporting HQ List
Limit)

300 Area Liver/Kidney ndosulfan I mng/kg 4 4 100 0.002 0321 J18XHO 351.83 9/25/2009 - -31 0 - 0.1 No

300 Area Liver/Kidney Endosulfan II mg/kg 4 4 100 0.00897 0.0437 J18K53 341.38 4/1/2009 -- -- 3.1 0 -- 0.01 No

300 Area Liver/Kidney Endrin mg/kg 1 1 100 0.0069 0.0069 J18K52 340.88 4/1/2009 -- -- 1 0 -- 0.007 No

300 Area Liver/Kidney Endrin ketone mg/kg 1 1 100 0.0223 0.0223 J18K56 362.15 4/1/2009 -- -- 1 0 -- 0.02 No

300 Area Liver/Kidney gamma-Chlordane mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No

300 Area Liver/Kidney Heptachlorepoxide mg/kg 3 3 100 0.0213 0.0375 J18XF7 362.99 9/24/2009 -- -- NA 0 -- NA No

300 Area Liver/Kidney Lead mg/kg 20 0 0 -- -- -- -- -- 0.312 0.926 26.8 -- 0 NA Yes

300 Area Liver/Kidney Manganese mg/kg 20 20 100 0.568 4.14 J191VO 348.16 12/7/2009 -- -- NA 0 -- NA No

300 Area Liver/Kidney Mercury mg/kg 20 20 100 0.014 0.169 J18XF9 361.41 9/25/2009 -- -- 24.4 0 -- 0.007 Yes

300 Area Liver/Kidney Methoxychlor mg/kg 1 1 100 0.0152 0.0152 J18K53 341.38 4/1/2009 -- -- NA 0 -- NA No

300 Area Liver/Kidney Selenium mg/kg 20 20 100 1.03 5.19 J18K53 341.38 4/1/2009 -- -- 1.54 13 -- 3 No

300 Area Liver/Kidney Silver mg/kg 20 0 0 -- -- -- -- -- 0.125 0.926 NA -- 0 NA No

300 Area Liver/Kidney Thorium mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No

300 Area Liver/Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No

300 Area Liver/Kidney Uranium mg/kg 20 0 0 -- -- -- -- -- 6.49 19.6 NA -- 0 NA Yes

300 Area Liver/Kidney Zinc mg/kg 20 15 75 15.4 31.1 J191V4 361.56 12/7/2009 22.9 26.2 36.9 0 0 0.8 No

300 Area Liver/Kidney Cesium-137 pCi/g 20 1 5 0.358 0.358 J18K55 349.76 4/1/2009 0.036 0.224 NA 0 0 NA Yes

300 Area Liver/Kidney Technetium-99 pCi/g 20 1 5 0.327 0.327 J190J9 349.50 9/1/2009 -0.036 0.299 NA 0 0 NA Yes

300 Area Liver/Kidney Tritium pCi/g 20 0 0 -- -- -- -- -- -5.58 3.53 NA -- 0 NA Yes

300 Area Liver/Kidney Radionuclide Sum of Fractions > 1.0? NA

Lake Wallula Liver/Kidney Arsenic mg/kg 20 5 25 0.239 0.361 J18KD7 338.72 4/1/2009 0.625 0.943 47 0 0 .008 No

Lake Wallula Liver/Kidney Chromium mg/kg 20 4 20 0.141 0.325 J18KD3 331.26 4/1/2009 0.125 0.685 NA 0 0 NA Yes
Lake Wallula Liver/Kidney delta-BHC j mg/kg 3 3 100 0.00617 j 0.019 J J18KD7 338.72 4/1/2009 -- -- NA 0 -- NA No
Lake Wallula Liver/Kidney Dieldrin mg/kg 1 1 100 0.0246 0.0246 J18KD4 331.91 4/1/2009 -- -- NA 0 -- NA No

Lake Wallula Liver/Kidney EndosulfanI mg/kg 1 1 100 0.0222 0.0222 J18KD5 334.19 4/1/2009 -- -- 3.1 0 -- 0.007 No

Lake Wallula Liver/Kidney Endosulfan II mg/kg 2 2 100 0.00741 0.0105 J18KD7 338.72 4/1/2009 -- -- 3.1 0 -- 0.003 No

Lake Wallula Liver/Kidney Endrin mg/kg 1 1 100 0.0214 0.0214 J190N4 338.17 9/1/2009 -- -- 1 0 -- 0.02 No

Lake Wallula Liver/Kidney Endrin ketone mg/kg 2 2 100 0.0194 0.0383 J191Y9 337.03 12/15/2009 -- -- 1 0 -- 0.04 No

Lake Wallula Liver/Kidney Heptachlorepoxide mg/kg 1 1 100 0.0177 0.0177 J190N2 336.68 9/1/2009 -- -- NA 0 -- NA No

Lake Wallula Liver/Kidney Mercury mg/kg 20 20 100 0.02 0.189 J18XL1 312.71 7/2/2010 -- -- 24.4 0 -- 0.008 Yes

Lake Wallula Liver/Kidney Total PCBs mg/kg 0 0 0 -- -- -- -- -- -- -- NA -- -- NA No

Lake Wallula Liver/Kidney Carbon-14 pCi/g 20 1 5 5.31 5.31 J18XL5 328.26 7/2/2010 -1.11 3.38 NA 0 0 NA Yes

Lake Wallula Liver/Kidney Radionuclide Sum of Fractions > 1.0? NA

-- = not applicable; no reporting limits; COPEC detected in all samples LOEC = lowest observed effect concentration
BHC = benzene hexachloride NA = not available
COPEC = contaminant of potential ecological concern PCB = polychlorinated biphenyl
FOD = frequency of detection RM = river mile
HQ = hazard quotient
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COPEC
HQ
LOEC

= contaminant of potential ecological concern
= hazard quotient
= lowest observed effect concentration

Table 9-20. 100 Area Sub-Area Combined Liver/Kidney Sample Lowest Observed
Effect Concentration Hazard Quotients.

COPEC Units Sample Species Designation Sample River River Result LOEC LOEC
(wet wt.) Number Date Location Mile HQ

Selenium mg/kg J190DO Bass 100SA-BASSI 9/1/2009 Right 384.09 2.36 1.54 2

Selenium mg/kg J190D1 Bass 100SA-BASS2 9/1/2009 Left 381.95 2.05 1.54 1

Selenium mg/kg J190D4 Bass 100SA-BASS5 9/1/2009 Right 379.47 1.99 1.54 1

Selenium mg/kg J18K15 Whitefish 100SA-WF5 4/1/2009 Left 379.40 2.47 1.54 2

Selenium mg/kg J18K14 Whitefish 100SA-WF4 4/1/2009 Island 376.89 4.12 1.54 3

Selenium mg/kg J18K13 Whitefish 100SA-WF3 4/1/2009 Right 369.92 2.76 1.54 2

Selenium mg/kg J18XB4 Walleye IOOSA Walleye-4 9/24/2009 Right 369.65 1.56 1.54 1

Selenium mg/kg J190D2 Bass 100SA-BASS3 9/1/2009 Left 369.40 2 1.54 1

Selenium mg/kg J18K12 Whitefish 100SA-WF2 4/1/2009 Right 367.62 2.91 1.54 2

Selenium mg/kg J18K11 Whitefish 100SA-WF1 4/1/2009 Right 367.14 3.35 1.54 2

Selenium mg/kg J190D3 Bass 100SA-BASS4 9/1/2009 Right 367.07 2.15 1.54 1

C0



Table 9-21. 300 Area Sub-Area Combined Liver/Kidney Sample Lowest Observed
Effect Concentration Hazard Quotients.

COPEC Units Sample Species Designation Sample Date River River Result LOEC LOEC
(wet wt.) Number _____ ________ ______Location Mile HQ

Selenium mg/kg J18XF6 Walleye 300SA Walleye-1 9/24/2009 Left 363.02 2.18 1.54 1

Selenium mg/kg J18XF7 Walleye 300SA Walleye-2 9/24/2009 Left 362.99 1.57 1.54 1

Selenium mg/kg J18XF8 Walleye 300SA Walleye-3 9/24/2009 Left 362.93 1.69 1.54 1

Selenium mg/kg J18K56 Whitefish 300SA-WF5 4/1/2009 Slough 362.15 5.02 1.54 3

Selenium mg/kg J18K55 Whitefish 300SA-WF4 4/1/2009 Right 349.76 4.22 1.54 3

Selenium mg/kg J190J9 Bass 300SA-BASS5 9/1/2009 Left 349.50 1.94 1.54 1

Selenium mg/kg J190J8 Bass 300SA-BASS4 9/1/2009 Right 343.73 2.09 1.54 1

Selenium mg/kg J190J7 Bass 300SA-BASS3 9/1/2009 Right 343.56 1.86 1.54 1

Selenium mg/kg J190J6 Bass 300SA-BASS2 9/1/2009 Right 343.23 1.98 1.54 1

Selenium mg/kg J18K54 Whitefish 300SA-WF3 4/1/2009 Right 341.55 3.46 1.54 2

Selenium mg/kg J190J5 Bass 300SA-BASS1 9/1/2009 Right 341.55 2.13 1.54 1

Selenium mg/kg J18K53 Whitefish 300SA-WF2 4/1/2009 Right 341.38 5.19 1.54 3

Selenium mg/kg J18K52 Whitefish 300SA-WF1 4/1/2009 Right 340.88 2.53 1.54 2

COPEC
HQ
LOEC

contaminant of potential ecological concern
hazard quotient
lowest observed effect concentration

0
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Table 9-22. Average Liver/Kidney Selenium Values
Across Sub-Areas.

Statistic Upriver 100 Area 300 Area Lake Wallula
Sub-Area Sub-Area Sub-Area Sub-Area

Bass

FOD 5/5 5/5 5/5 5/5

Average result (mg/kg) a 2.18 2.11 2 2.15

Standard deviation 0.08 0.15 0.11 0.16

Average LOEC HQ 1.4 1.4 1.3 1.4

Sucker

FOD 5/5 5/5 5/5 5/5

Average result (mg/kg) a 1.02 1.14 1.3 1.15

Standard deviation 0.24 0.21 0.15 0.11

Average LOEC HQ 0.7 0.7 0.8 0.7

Walleye

FOD 5/5 6/6 5/5 5/5

Average result (mg/kg) a 1.21 1.25 1.59 1.29

Standard deviation 0.11 0.23 0.39 0.11

Average LOEC HQ 0.8 0.8 1.0 0.8

Whitefish

FOD 4/5 5/5 5/5 5/5

Average result (mg/kg) a 4.49 3.12 4.08 3.24

Standard deviation 1.49 0.64 1.11 0.34

Average LOEC HQ 2.9 2.0 2.7 2.1

NOTE: Values were nondetects in other species.

' Averages of all detected values.
FOD = frequency of detection (number detections/number analyses)
HQ = hazard quotient
LOEC = lowest observed effect concentration
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Table 9-23. Fish Carcass Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of Maximum
Sub-Area Tissue COPEC Units of of FOD Detect Detect Number of Maximum Date of Reporting Reporting Ecological Exedances Exceedances LOEC Inclusion

Samples Detections (wet wt.) (wet wt.) Maximum (RM) Limit Limit (Detected) (Reorting HQ

100 Area Carcass Aluminum mg/kg 35 7 20 3.86 9.33 J196C3 377.69 10/21/2009 3.16 18.5 NA 0 0 NA No
100 Area Carcass Arsenic mg/kg 35 14 40 0.239 1.09 J192F5 381.45 8/4/2009 0.633 1 3.1 0 0 0.4 No
100 Area Carcass Barium mg/kg 35 35 100 0.336 5.02 J196C3 377.69 10/21/2009 -- -- NA 0 0 NA No
100 Area Carcass Chromium mg/kg 35 30 85.71 0.201 1.24 J190D9 379.47 9/2/2009 0.554 0.765 NA 0 0 NA Yes
100 Area Carcass delta-BHC mg/kg 30 8 26.67 0.00515 0.0333 J196C4 381.13 12/3/2009 0.00525 0.02 NA 0 0 NA No
100 Area Carcass Endrin mg/kg 30 1 3.33 0.0252 0.0252 J191N9 369.81 12/14/2009 0.00515 0.02 NA 0 0 NA No
100 Area Carcass gamma-BHC (lindane) mg/kg 30 3 10 0.0107 0.0355 J192B4 381.45 8/3/2009 0.00525 0.02 NA 0 0 NA No
100 Area Carcass Lead mg/kg 35 7 20 0.262 1.51 J196C2 374.52 10/21/2009 0.26 0.926 NA 0 0 NA Yes
100 Area Carcass Mercury mg/kg 33 33 100 0.024 0.45 J18XB7 369.74 9/25/2009 -- -- NA 0 0 NA Yes

100 Area Carcass Total PCBs mg/kg 35 35 100 0.161 2.64 J19750 369.74 9/24/2009 -- -- NA 0 0 NA No
100 Area Carcass Uranium mg/kg 35 3 8.57 1.82 2.36 J196C3 377.69 10/21/2009 6.41 20 NA 0 0 NA Yes
100 Area Carcass Carbon-14 pCi/g 35 1 2.86 8.19 8.19 J191P2 381.58 12/14/2009 -3.37 4.14 NA 0 0 NA Yes
100 Area Carcass Strontium-90 pCi/g 55 10 18.18 0.0108 1.49 B19L75 379.50 7/1/2004 -0.162 0.083 NA 0 0 NA Yes
100 Area Carcass Radionuclide Sum of Fractions > 1.0? NA
300 Area Carcass Aluminum mg/kg 35 12 34.29 3.14 505 J19489 347.39 9/8/2009 3.16 4.9 NA 0 0 NA No
300 Area Carcass Arsenic mg/kg 35 14 40 0.193 1.55 J19479 347.39 9/3/2009 0.633 1 3.1 0 0 0.5 No
300 Area Carcass Barium mg/kg 35 35 100 0.489 5.94 J19489 347.39 9/8/2009 -- -- NA 0 0 NA No
300 Area Carcass Chromium mg/kg 35 35 100 0.286 1.27 J190K1 343.23 9/2/2009 -- -- NA 0 0 NA Yes
300 Area Carcass delta-BHC mg/kg 30 5 16.67 0.00732 0.0359 J191V9 361.56 12/1/2009 0.00482 0.0191 NA 0 0 NA No
300 Area Carcass Lead mg/kg 35 10 28.57 0.221 2.48 J19449 363.06 8/17/2009 0.217 0.446 NA 0 0 NA Yes
300 Area Carcass Mercury mg/kg 38 38 100 0.018 0.266 J18XH4 361.41 9/25/2009 -- -- NA 0 0 NA Yes
300 Area Carcass Methoxychlor mg/kg 30 1 3.33 0.0334 0.0334 J196J1 346.56 12/15/2009 0.00482 0.0211 NA 0 0 NA No
300 Area Carcass Methyl mercury mg/kg 3 3 100 0.0355 0.121 J195V4 347.39 9/8/2009 -- -- NA 0 0 NA No
300 Area Carcass Total PCBs mg/kg 35 35 100 0.181 1.48 J18K69 341.38 4/20/2009 -- -- NA 0 0 NA No
300 Area Carcass Uranium mg/kg 35 1 2.86 2.37 2.37 J190K1 343.23 9/2/2009 12.7 20 NA 0 0 NA Yes
300 Area Carcass Carbon-14 pCi/g 35 2 5.71 4.92 6.18 J196J3 343.53 11/18/2009 -2.79 4.88 NA 0 0 NA Yes
300 Area Carcass Plutonium-239/240 pCi/g 35 1 2.86 0.031 0.031 J18K63 340.88 4/20/2009 -0.036 0.098 NA 0 0 NA Yes

300 Area Carcass Strontium-90 pCi/g 52 4 769 0.00655 .212 - B1J152 344.25 7/14/2006 -0.111 0.181 NA 0 0 NA Yes

300 Area Carcass Tritium pCi/g 35 1 2.86 6.63 6.63 J18K66 349.76 4/21/2009 -6.51 3.93 NA 0 0 NA Yes

300 Area Carcass Radionuclide Sum of Fractions > 1.0? NA

Lake Wallula Carcass Aluminum mg/kg 31 9 29.03 2.99 8.74 J196X8 335.23 10/21/2009 3.12 4.9 NA 0 0 NA No
Lake Wallula Carcass Arsenic mg/kg 31 6 19.35 0.204 1.22 J194B0 314.27 9/8/2009 0.625 0.98 3.1 0 0 0.4 No

Lake Wallula Carcass beta-1,2,3,4,5,6-Hexachlorocyclo- mg/kg 31 16 51.61 0.00862 0.696 J18XL9 328.27 7/1/2010 0.0048 0.0176 NA 0 0 NA Nohexane
Lake Wallula Carcass Chromium mg/kg 31 30 96.77 0.241 1.45 J190N7 336.68 8/25/2009 0.159 0.159 NA 0 0 NA Yes
Lake Wallula Carcass delta-BHC mg/kg 31 7 22.58 0.0048 0.0238 J18KD9 331.91 4/16/2009 0.00492 0.0178 NA 0 0 NA No
Lake Wallula Carcass gamma-BHC (lindane) mg/kg 31 3 9.68 0.0244 0.0337 J18XL8 328.25 7/1/2010 0.0048 0.0178 NA 0 0 NA No
Lake Wallula Carcass Lead mg/kg 31 6 19.35 0.275 0.542 J194C1 314.27 9/9/2009 0.312 1.17 NA 0 0 NA Yes
Lake Wallula Carcass Mercury mg/kg 32 32 100 0.025 0.285 J18XL6 312.71 7/1/2010 -- -- NA 0 0 NA Yes
Lake Wallula Carcass Methyl mercury mg/kg 1 1 100 0.033 0.033 J195V6 314.27 9/8/2009 -- -- NA 0 0 NA No
Lake Wallula Carcass Uranium mg/kg 31 4 12.9 1.38 2.1 J190N7 336.68 8/25/2009 12.5 19.6 NA 0 0 NA Yes
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Table 9-23. Fish Carcass Data Summary and Maximum Lowest Observed Effect Concentration Hazard Quotients. (2 Pages)

Units Number Number Minimum Maximum Sample Location of Minimum Maximum Number of Number of Maximum
Sub-Area Tissue COPEC of of FOD Detect Detect Number of Maximum Reporting Reporting Exceeda s E ancs LOEC

(wet wt. Samples Detections (wet wt.) (wet wt.) Maximum (RM) Limit Limit LOEC (Detected) (Rporting HQ List

Lake Wallula Carcass Carbon-14 pCi/g 31 1 3.23 141 141 J18KF2 338.72 4/20/2009 -2.47 3.71 NA 0 0 NA Yes
Lake Wallula Carcass Radionuclide Sum of Fractions 1.0? NA

Fish Risk Evaluation

not applicable; no reporting limits; COPEC detected in all samples
benzene hexachloride
contaminant of potential ecological concern
frequency of detection
hazard quotient

LOEC
NA
PCB
RM

lowest observed effect concentration
not available
polychlorinated biphenyl
river mile

Columbia River Component Risk Assessment
Volume L Part 2: Screening-Level Ecological Risk Assessment

BHC
COPEC
FOD
HQ

9-34June 2012



DOE/RL-2010-117

Rev. 0Fish Risk Evaluation

Table 9-24. Bass Laboratory Data. (3 Pages)

River Sub-Area Field Total Length Total Weight Liver Weight Kidney Weight
Identification (cm) (g) (g) (g)

Upriver UR Bass 1 23.0 160 1.33 0.37

Upriver UR Bass 2 30.5 420 4.53 1.03

Upriver UR Bass 3 30.0 380 8.54 1.22

Upriver UR Bass 4 28.0 296 3.51 0.87

Upriver UR Bass 5 23.0 164 2.29 0.33

Upriver UR Bass 6 31.0 400 8.16 1.54

Upriver UR Bass 7 29.0 320 3.15 1.38

Upriver UR Bass 18 22.5 154 2.2 0.64

Upriver UR Bass 19 25.0 218 1.54 0.41

Upriver UR Bass 20 26.0 244 3.36 0.63

Upriver UR Bass 13 21.5 140 1.09 0.57

Upriver UR Bass 14 35.0 560 3.25 1.28

Upriver UR Bass 15 28.5 340 3.89 0.76

Upriver UR Bass 16 27.0 320 2.85 1.28

Upriver UR Bass 17 27.0 340 4.34 1.74

Upriver UR Bass 8 36.5 740 17.95 5.27

Upriver UR Bass 9 23.0 180 1.48 0.67

Upriver UR Bass 10 33.0 520 9.1 5.36

Upriver UR Bass 11 35.0 580 16.3 4.57

Upriver UR Bass 12 28.0 360 5.01 2.42

Upriver UR Bass 21 23.0 120 1.58 0.63

Upriver UR Bass 22 34.0 560 11.71 4.57

Upriver UR Bass 23 26.0 240 2.71 0.92

Upriver UR Bass 24 26.5 300 4.98 1.51

Upriver UR Bass 25 31.0 380 3.6 2.42

Upriver Bass Averages: 28.12 337.44

Upriver Bass Standard Deviation: 4.4 159.51

100 Area 100A Bass 1 23.0 160 1.12 1.16
100 Area 100A Bass 2 25.0 260 2.78 1.55
100 Area 100A Bass 3 23.0 160 1.32 0.89
100 Area 100A Bass 13 23.0 180 1.3 1.19
100 Area 100A Bass 14 29.0 340 4.38 2.04

100 Area 100A Bass 4 26.0 240 2.72 1.88
100 Area 100A Bass 5 23.0 160 1.42 1.2
100 Area 100A Bass 6 26.0 240 2.87 2.32

100 Area 100A Bass 15 23.5 180 2.0 1.01
100 Area 100A Bass 16 24.5 220 1.83 2.19

100 Area 100A Bass 7 27.5 320 3.17 1.58

100 Area 100A Bass 8 23.5 220 2.18 1.23

100 Area 100A Bass 9 37.0 700 11.36 6.79
100 Area 100A Bass 10 25.5 240 1.2 0.63
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Table 9-24. Bass Laboratory Data. (3 Pages)

River Sub-Area Field Total Length Total Weight Liver Weight Kidney Weight
Identification (cm) (g) (g) (g)

100 Area 100A Bass 11 24.5 240 2.2 0.55
100 Area 100A Bass 12 24.0 220 2.04 1.62
100 Area 100A Bass 17 23.0 140 1.1 0.47
100 Area 100A Bass 18 24.0 180 1.47 1.14
100 Area 100A Bass 19 32.0 600 12.02 4.79
100 Area 100A Bass 20 27.0 340 4.85 2.72
100 Area 100A Bass 21 36.0 660 6.17 4.64
100 Area 100A Bass 22 23.0 100 0.95 0.9
100 Area 100A Bass 23 24.0 160 1.39 0.41
100 Area 100A Bass 24 28.0 300 2.67 2.67
100 Area 100A Bass 25 23.0 140 1.52 0.99

100 Area Bass Averages: 25.92 268.00

100 Area Bass Standard Deviation: 3.9 158.85

300 Area 300A Bass 4 33.0 440 6.88 4.51
300 Area 300A Bass 15 23.0 180 1.56 1.06
300 Area 300A Bass 23 26.0 280 2.54 2.14
300 Area 300A Bass 24 34.0 620 1.81 3.12
300 Area 300A Bass 25 27.0 320 4.13 2.8
300 Area 300A Bass 8 28.0 300 2.12 1.88
300 Area 300A Bass 9 29.0 320 2.35 1.18
300 Area 300A Bass 10 25.0 180 0.82 0.63
300 Area 300A Bass 2 26.0 240 2.96 2.11
300 Area 300A Bass 3 25.0 220 4.43 1.91
300 Area 300A Bass 16 24.0 220 2.16 0.88
300 Area 300A Bass 21 28.0 300 1.77 1.82
300 Area 300A Bass 22 23.0 160 1.81 0.63
300 Area 300A Bass 6 27.0 280 2.46 2.94
300 Area 300A Bass 7 28.0 280 2.77 2.78
300 Area 300A Bass 5 23.0 360 3.25 1.85
300 Area 300A Bass 1 26.0 700 2.91 1.22
300 Area 300A Bass 17 26.0 320 1.95 0.59
300 Area 300A Bass 19 28.0 170 4.1 1.53
300 Area 300A Bass 20 36.0 220 4.74 5.83
300 Area 300A Bass 11 28.0 320 4.96 3.38
300 Area 300A Bass 12 31.5 460 4.84 2.82

300 Area 300A Bass 13 28.0 320 4.83 2.79
300 Area 300A Bass 14 24.0 220 2.91 1.26
300 Area 300A Bass 18 32.0 500 6.32 4.73

300 Area Bass Averages: 27.54 317.20

300 Area Bass Standard Deviation: 3.5 135.63
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Table 9-24. Bass Laboratory Data. (3 Pages)

River Sub-Area Field Total Length Total Weight Liver Weight Kidney Weight
Identification (cm) (g) (g) (g)

Lake Wallula LW Bass 20 33.0 560 8.33 3.66

Lake Wallula LW Bass 22 25.0 220 2.74 1.68

Lake Wallula LW Bass 23 23.5 180 1.43 0.83

Lake Wallula LW Bass 24 25.0 220 2.5 1.08

Lake Wallula LW Bass 25 26.5 360 3.06 2.17

Lake Wallula LW Bass 1 28.0 400 7.87 5.29

Lake Wallula LW Bass 2 26.0 240 1.72 1.13

Lake Wallula LW Bass 3 23.0 180 1.78 1.12

Lake Wallula LW Bass 4 26.0 220 4.00 1.53

Lake Wallula LW Bass 5 26.0 260 3.32 1.47

Lake Wallula LW Bass 6 23.5 160 1.55 0.57

Lake Wallula LW Bass 7 26.0 280 4.23 1.85

Lake Wallula LW Bass 8 24.0 200 2.39 1.09

Lake Wallula LW Bass 9 26.5 280 4.35 1.59

Lake Wallula LW Bass 10 37.0 640 8.13 3.46

Lake Wallula LW Bass 11 25.5 240 3.0 1.5
Lake Wallula LW Bass 12 27.0 280 3.83 2.69

Lake Wallula LW Bass 13 25.0 200 2.64 1.51

Lake Wallula LW Bass 14 25.0 200 3.01 1.67

Lake Wallula LW Bass 15 24.0 200 3.49 1.69

Lake Wallula LW Bass 16 24.0 200 2.48 0.94

Lake Wallula LW Bass 17 24.5 200 3.02 1.65

Lake Wallula LW Bass 18 26.5 240 2.99 1.9

Lake Wallula LW Bass 19 24.0 180 1.41 0.65

Lake Wallula LW Bass 21 28.0 340 3.35 2.68

Lake Wallula Area Bass Averages: 26.10 267.20

Lake Wallula Area Bass Standard Deviation: 3.1 116.74
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Table 9-25. Average Condition Factors.

Field Average Length Average Weight Average
Identification (cm) (g) Condition Factor

Upriver Bass 28.12 337.44 0.014

100 Area Bass 25.92 268.00 0.014
300 Area Bass 27.54 317.20 0.015
Lake Wallula Bass 26.10 267.20 0.014

Upriver Carp 68.98 5,746.00 0.017

100 Area Carp 64.14 4,133.60 0.015

300 Area Carp 64.92 4,386.80 0.015

Lake Wallula Carp 66.56 4,256.80 0.014

Upriver Sturgeon 121.60 11,466.20 0.005

100 Area Sturgeon 127.89 10,611.11 0.006
300 Area Sturgeon 127.25 13,146.30 0.008

Lake Wallula Sturgeon 131.40 16,530.83 0.006

Upriver Sucker 52.02 1,451.60 0.010

100 Area Sucker 53.76 1,647.20 0.011
300 Area Sucker 53.72 1,696.00 0.011
Lake Wallula Sucker 52.46 1,672.00 0.011

Upriver Walleye 58.16 2,096.80 0.010

100 Area Walleye 59.02 2,386.15 0.010

300 Area Walleye 51.76 1,507.20 0.010
Lake Wallula Walleye 37.74 639.26 0.009

Upriver Whitefish 32.61 306.67 0.008

100 Area Whitefish 41.74 687.60 0.009

300 Area Whitefish 40.22 620.40 0.009
Lake Wallula Whitefish 42.06 706.80 0.009
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Table 9-26. Average Hepatosomatic Indices.

Upriver Sub-Area 100 Area Sub-Area 300 Area Sub-Area Lake Wallula Sub-Area
Fish Individual Individual Individual Individual Individual Individual Individual Individua

Species Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average
Value Value Value Value Value Value Value Value

Bass 0.0058 0.0281 0.0137 0.0050 0.0200 0.0102 0.0029 0.0241 0.0111 0.0072 0.0197 0.0127
Carp 0.0077 0.0256 0.0170 0.0093 0.0379 0.0175 0.0080 0.0313 0.0179 0.0062 0.0330 0.0163
Sturgeon 0.0098 0.0186 0.0139 0.0090 0.0232 0.0128 0.0086 0.0208 0.0126 0.0088 0.0152 0.0131
Sucker 0.0029 0.0163 0.0086 0.0059 0.0222 0.0110 0.0041 0.0193 0.0125 0.0064 0.0165 0.0112
Walleye 0.0052 0.0222 0.0117 0.0040 0.0151 0.0095 0.0046 0.0196 0.0088 0.0048 0.0250 0.0130

Whitefish 0.0051 0.0130 0.0073 0.0072 0.0125 0.0096 0.0052 0.0138 0.0087 0.0000 0.0173 0.0102
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Table 9-27. Carp Laboratory Data. (3 Pages)

River Field Identification Total Length Total Body Weight Liver Weight Kidney Weight
Sub-Area (cm) (g) (g) (g)

Upriver UR Carp 1 60 4,200 78.41 16.32

Upriver UR Carp 2 78 7,520 117.78 60.09

Upriver UR Carp 3 71 4,740 65.61 58.62

Upriver UR Carp 4 64 4,260 58.81 56.04

Upriver UR Carp 5 74 6,840 175.02 90.62

Upriver UR Carp 6 68 6,300 106.3 30.04

Upriver UR Carp 7 66 4,320 75.76 56.18

Upriver UR Carp 8 65 5,020 53.54 23.95

Upriver UR Carp 9 72 6,660 123.87 28.41

Upriver UR Carp 10 67 4,500 34.65 20.02

Upriver UR Carp 11 69 6,840 117.53 50.95

Upriver UR Carp 12 68 5,820 134.77 40.28

Upriver UR Carp 13 73.5 7,660 155.9 42.01

Upriver UR Carp 14 74 6,180 117.98 27.33

Upriver UR Carp 15 56 3,140 75.31 20.84

Upriver UR Carp 17 61.5 3,980 101.47 32.88

Upriver UR Carp 18 72.5 6,420 71.2 32.41

Upriver UR Carp 19 69 5,480 49.13 28.51

Upriver UR Carp 20 85 10,720 98.34 53.2

Upriver UR Carp 21 66 4,320 101.19 15.89

Upriver Carp Averages: 68.98 5,746

Upriver Carp Standard Deviation: 6.5 1,739.22

100 Area 100A Carp 1 58.0 2,760 37.93 10.14
100 Area 100A Carp 2 74.0 5,900 57.88 59.48

100 Area 100A Carp 3 54.0 2,460 28.67 13.87

100 Area 100A Carp 4 62.0 3,960 64.06 31.27

100 Area IOOA Carp 5 58.0 3,180 33.93 25.25

100 Area 100A Carp 6 68.5 4,460 60.01 30.57
100 Area IOOA Carp 7 58.5 3,100 77.02 18.37

100 Area 100A Carp 8 54.0 2,200 33.53 21.59

100 Area 100A Carp 9 68.0 5,080 97.99 21.71
100 Area 100A Carp 10 71.0 4,980 96.38 35.99

100 Area 100A Carp 11 62.0 4,040 62.16 22.09
100 Area 100A Carp 12 66.0 4,260 67.73 27.42

100 Area IOOA Carp 13 58.0 3,460 43.10 18.64

100 Area IOOA Carp 14 64.0 3,740 81.14 22.29

100 Area IOOA Carp 15 57.5 2,600 44.47 19.19

100 Area 100A Carp 16 63.0 3,740 56.85 26.00
100 Area 100A Carp 17 75.0 6,040 70.85 35.92
100 Area 100A Carp 18 71.0 5,200 77.77 24.79

100 Area 100A Carp 19 72.0 6,800 63.03 49.27
100 Area 100A Carp 20 70.0 4,320 83.82 22.83
100 Area 100A Carp 21 65.0 4,320 95.42 24.61

100 Area 100A Carp 22 60.0 3,220 122.11 24.52

100 Area 100A Carp 23 66.0 4,460 106.47 22.75

100 Area 100A Carp 24 65.0 4,740 90.52 22.97
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Table 9-27. Carp Laboratory Data. (3 Pages)

River Field Identification Total Length Total Body Weight Liver Weight Kidney Weight
Sub-Area (cm) (g) (g) (g)

100 Area 100A Carp 25 63.0 4,320 122.11 29.79

100 Area Carp Averages: 64.14 4,133.60

100 Area Carp Standard Deviation: 6.0 1,149.42

300 Area 300A Carp 1 65.0 3,680 49.83 13.79
300 Area 300A Carp 2 63.0 4,460 71.17 18.34

300 Area 300A Carp 3 53.0 1,740 16.11 6.99
300 Area 300A Carp 4 58.0 2,980 58.39 16.94

300 Area 300A Carp 5 63.0 4,540 96.11 30.62
300 Area 300A Carp 6 54.5 1,820 30.63 31.20
300 Area 300A Carp 7 66.0 4,660 64.12 52.85

300 Area 300A Carp 8 70.0 5,180 126.05 18.54
300 Area 300A Carp 9 72.0 5,300 64.88 33.96
300 Area 300A Carp 10 53.0 4,140 50.15 29.60
300 Area 300A Carp 11 54.0 1,950 24.81 15.87
300 Area 300A Carp 12 64.0 4,100 67.45 39.37
300 Area 300A Carp 13 61.0 3,400 27.23 29.41
300 Area 300A Carp 14 64.0 4,100 69.83 46.60

300 Area 300A Carp 15 66.0 5,240 60.86 31.10
300 Area 300A Carp 16 65.0 4,140 95.29 28.31
300 Area 300A Carp 17 68.0 4,600 98.67 17.13

300 Area 300A Carp 18 71.0 5,520 114.15 9.37
300 Area 300A Carp 19 63.0 3,120 59.65 14.87
300 Area 300A Carp 20 80.0 8,540 207.18 40.33
300 Area 300A Carp 21 80.5 8,320 146.08 17.85
300 Area 300A Carp 22 63.5 3,520 99.13 22.92

300 Area 300A Carp 23 70.0 4,700 75.03 47.67
300 Area 300A Carp 24 68.5 5,620 117.69 41.16
300 Area 300A Carp 25 67.0 4,300 134.48 33.49

300 Area Carp Averages: 64.92 4,386.80

300 Area Carp Standard Deviation: 7.2 1,627.84

Lake Wallula LW Carp 1 61.5 3,240 19.97 13.58

Lake Wallula LW Carp 2 66.0 3,540 40.44 26.97

Lake Wallula LW Carp 3 66.0 3,460 36.33 16.58

Lake Wallula LW Carp 4 66.0 3,760 46.26 25.04

Lake Wallula LW Carp 5 74.0 5,640 43.88 26.32

Lake Wallula LW Carp 6 67.0 4,160 55.62 18.77

Lake Wallula LW Carp 7 64.0 2,880 46.86 41.80

Lake Wallula LW Carp 8 63.0 3,240 58.62 24.43

Lake Wallula LW Carp 9 69.5 4,080 27.65 37.41

Lake Wallula LW Carp 10 69.5 4,260 76.59 40.68

Lake Wallula LW Carp 11 65.0 3,400 39.04 17.11
Lake Wallula LW Carp 12 64.0 3,600 77.86 51.94

Lake Wallula LW Carp 13 72.0 5,800 125.16 43.20

Lake Wallula LW Carp 14 66.5 3,540 45.08 48.52

Lake Wallula LW Carp 15 62.0 2,940 30.07 12.60

Lake Wallula LW Carp 16 62.0 3,660 91.80 39.88
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Table 9-27. Carp Laboratory Data. (3 Pages)

River Field Identification Total Length Total Body Weight Liver Weight Kidney Weight
Sub-Area (cm) (g) (g) (g)

Lake Wallula LW Carp 17 77.0 8,300 126.57 73.66

Lake Wallula LW Carp 18 66.0 3,960 113.57 27.90

Lake Wallula LW Carp 19 72.0 6,000 76.61 34.32

Lake Wallula LW Carp 20 63.5 3,520 116.21 30.30

Lake Wallula LW Carp 21 71.5 6,480 122.29 36.10

Lake Wallula LW Carp 22 63.0 4,160 72.71 30.18

Lake Wallula LW Carp 23 70.0 5,260 88.23 31.68

Lake Wallula LW Carp 24 61.0 4,400 67.95 24.46

Lake Wallula LW Carp 25 62.0 3,140 84.41 16.85

Lake Wallula Area Carp Averages: 66.56 4,256.80

Lake Wallula Carp Standard Deviation: 4.3 1,302.35

Table 9-28. Sturgeon Laboratory Data. (2 Pages)

River Sub-Area Field Total Length Total Body Weight Liver Weight Kidney Weight
Identification (cm) (g) (g) (g)

Upriver Sturgeon 26 123.5 10,020 103.41 32.1

Upriver Sturgeon 27 113.5 12,797 237.96 47.4

Upriver Sturgeon 28 117.5 9,634 94.29 30.25

Upriver Sturgeon 29 131 15,320 230.97 51.47

Upriver Sturgeon 30 122.5 9,560 148.19 35.84

Upriver Sturgeon Averages: 121.60 11,466.2

Upriver Sturgeon Standard Deviation: 6.6 2,535.00

100 Area Sturgeon 1 124 11,260 134.1 9.0
100 Area Sturgeon 2 126.5 12,440 126.93 23.43

100 Area Sturgeon 3 132.5 12,780 296 53.77

100 Area Sturgeon 4 125 8,710 112.38 28.03

100 Area Sturgeon 5 128 9,000 111.1 35.52

100 Area Sturgeon 6 130 9,340 104.18 36

100 Area Sturgeon 7 133 13,840 166.96 38.08

100 Area Sturgeon 8 124 8,610 107.98 22.19

100 Area Sturgeon 9 128 9,520 85.8 41.62

100 Area Sturgeon Averages: 127.89 10,611.11

100 Area Sturgeon Standard Deviation: 3.4 1,997.38

300 Area Sturgeon 10 123 11,980 103.4 37.48
300 Area Sturgeon 11 136 15,800 171.8 51.7

300 Area Sturgeon 12 135 20,340 211.84 99.92

300 Area Sturgeon 13 117.5 8,360 82.06 34.18

300 Area Sturgeon 14 128 12,400 240 53.9

300 Area Sturgeon 15 120 10,124 134.42 27.45

300 Area Sturgeon 16 130 13,099 138.95 54.09

300 Area Sturgeon 17 116 10,640 125.9 30.42

300 Area Sturgeon 18 128.5 12,320 255.82 47.73
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Table 9-28. Sturgeon Laboratory Data. (2 Pages)

River Sub-Area Field Total Length Total Body Weight Liver Weight Kidney Weight
Identification (cm) (g) (g) (g)

300 Area Sturgeon 19 138.5 16,400 164.34 66.1

300 Area Sturgeon Averages: 127.25 13,146.30

300 Area Sturgeon Standard Deviation: 7.9 3,500.87

Lake Wallula Sturgeon 20 NR 11,985 165.05 53.41

Lake Wallula Sturgeon 21 130.5 20,160 178.23 37.78

Lake Wallula Sturgeon 22 127 17,900 248.5 54.9

Lake Wallula Sturgeon 23 135 19,110 265.93 64.66

Lake Wallula Sturgeon 24 140 18,020 227.79 57.38

Lake Wallula Sturgeon 25 124.5 12,010 183.15 27.86

Lake Wallula Sturgeon Averages: 131.40 16,530.83

Lake Wallula Sturgeon Standard Deviation: 6.2 3,606.04

Table 9-29. Sucker Laboratory Data. (3 Pages)

River Field Total Length Total Body Weight Liver Weight Kidney Weight
Sub-Area Identification (cm) (g) (g) (g)

Upriver UR Sucker 1 Discarded and replaced with Upriver Sucker 26

Upriver UR Sucker 2 52 1,820 6.27 9.74

Upriver UR Sucker 3 47 1,260 9.9 18.33

Upriver UR Sucker 4 56 1,860 11.33 9.52

Upriver UR Sucker 5 54 1,660 12.81 16.73

Upriver UR Sucker 6 46 1,060 6.98 9.69

Upriver UR Sucker 7 56 1,740 12.34 18.57

Upriver UR Sucker 8 57.5 1,960 10.98 14.96

Upriver UR Sucker 9 50 1,340 10.31 20.12
Upriver UR Sucker 10 47 1,100 9.07 13.98

Upriver UR Sucker 11 43 900 4.36 9.96

Upriver UR Sucker 12 56 1,840 5.32 14.02

Upriver UR Sucker 13 56 1,200 6.08 14.08

Upriver UR Sucker 14 54 1,320 6.41 10.22

Upriver UR Sucker 15 51 1,440 16.35 16.21

Upriver UR Sucker 16 46 1,020 6.38 5.9

Upriver UR Sucker 17 54.5 1,640 21.48 14.1

Upriver UR Sucker 18 53 1,560 22.75 15.97

Upriver UR Sucker 19 50 1,110 9.13 10.15

Upriver UR Sucker 20 50 1,080 12.15 11.82
Upriver UR Sucker 21 55 1,680 18.18 31.48

Upriver UR Sucker 22 56 1,640 14.57 10.09

Upriver UR Sucker 23 53.5 1,680 27.13 16.86

Upriver UR Sucker 24 56 1,560 25.5 10.86

Upriver UR Sucker 25 46 1,260 10.34 23.12

Upriver UR Sucker 26 55 1,560 18.2 16.29

Upriver Sucker Averages: 52.02 1,451.60

Upriver Sucker Standard Deviation: 4.2 305.36
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Table 9-29. Sucker Laboratory Data. (3 Pages)

River Field Total Length Total Body Weight Liver Weight Kidney Weight
Sub-Area Identification (cm) (g) (g) (g)

100 Area IOOA Sucker 1 50 1,240 11.02 7.93
100 Area IOOA Sucker 2 54 1,600 11.38 13.88
100 Area 100A Sucker 3 Discarded and replaced with 100 A Sucker 26

100 Area IOOA Sucker 4 56 1,900 18.85 12.22

100 Area IOOA Sucker 5 53 1,700 10.09 16.15
100 Area IOOA Sucker 6 51 1,500 24.85 13.78

100 Area IOOA Sucker 7 53 1,640 14.34 19.75

100 Area 100A Sucker 8 59 2,360 32.06 22.06

100 Area IOOA Sucker 9 59.5 1,980 20.19 13.48

100 Area 100A Sucker 10 58 2,420 24.34 20.34

100 Area IOOA Sucker 11 49 1,220 27.11 14.72
100 Area IOOA Sucker 12 57.5 1,740 24.54 7.87

100 Area IOOA Sucker 13 58 2,020 22.33 18.94

100 Area IOOA Sucker 14 53.5 1,560 15.59 13.33

100 Area IOOA Sucker 15 52 1,660 17.39 15.06

100 Area IOOA Sucker 16 58 2,080 28.28 15.81

100 Area IOOA Sucker 17 58 1,840 25.24 14.91

100 Area 100A Sucker 18 54.5 1,600 16.45 9.35

100 Area IOOA Sucker 19 51 1,480 9.08 14.46
100 Area IOOA Sucker 20 49 1,100 10.24 11.2

100 Area IOOA Sucker 21 57.5 1,660 15.05 11.79
100 Area 100A Sucker 22 48 1,260 12.43 7.76

100 Area 100A Sucker 23 52.5 1,740 18.45 11.45
100 Area IOOA Sucker 24 55 1,520 19.15 15.65

100 Area IOOA Sucker 25 47 1,120 15.62 10.65
100 Area IOOA Sucker 26 50 1,240 9.52 11.1

100 Area Sucker Averages: 53.76 1,647.20

100 Area Sucker Standard Deviation: 3.8 352.56

300 Area 300A Sucker 1 48.5 1,260 5.16 8.44
300 Area 300A Sucker 2 61 2,300 36.15 27.55

300 Area 300A Sucker 3 54.5 2,220 27.75 20.14

300 Area 300A Sucker 4 54.5 1,940 34.33 7.52

300 Area 300A Sucker 5 50 1,320 13.03 12.42
300 Area 300A Sucker 6 50.5 1,440 19.09 12.72
300 Area 300A Sucker 7 53 1,460 20.3 14.49
300 Area 300A Sucker 8 54 1,620 21.97 18.04
300 Area 300A Sucker 9 51.5 1,220 19.89 8.21
300 Area 300A Sucker 10 58.5 2,220 21.07 12.44
300 Area 300A Sucker 11 56 1,540 20.64 16.81
300 Area 300A Sucker 12 46 1,040 20.09 13.41
300 Area 300A Sucker 13 55 1,720 23.84 15.82

300 Area 300A Sucker 14 62 2,480 31.96 16.44

300 Area 300A Sucker 15 57 1,640 11.57 15.05
300 Area 300A Sucker 16 54 1,820 18.58 17.32

300 Area 300A Sucker 17 51 1,680 18.11 28.62
300 Area 300A Sucker 18 48 1,620 23.63 9.72
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Table 9-29. Sucker Laboratory Data. (3 Pages)

River Field Total Length Total Body Weight Liver Weight Kidney Weight
Sub-Area Identification (cm) (g) (g) (g)

300 Area 300A Sucker 19 49 1,360 12.37 6.27

300 Area 300A Sucker 20 59.5 2,460 42.05 24.99
300 Area 300A Sucker 21 53 1,500 19.13 17.47

300 Area 300A Sucker 22 49.5 1,340 20.95 16.13
300 Area 300A Sucker 23 55 1,560 12.14 25.31
300 Area 300A Sucker 24 58 2,100 21.59 22.73

300 Area 300A Sucker 25 54 1,540 16.99 12.64

300 Area Sucker Averages: 53.72 1,696

300 Area Sucker Standard Deviation: 4.2 399.00

Lake Wallula LW Sucker 1 Discarded and replaced with LW Sucker 26

Lake Wallula LW Sucker 2 48 1,060 8.99 11.28

Lake Wallula LW Sucker 3 58.5 2,100 13.49 16.92

Lake Wallula LW Sucker 4 49.5 1,580 20.43 11.81

Lake Wallula LW Sucker 5 47 1,340 21.41 11

Lake Wallula LW Sucker 6 52 1,620 20.94 8.82

Lake Wallula LW Sucker 7 49 1,660 26.72 15.51

Lake Wallula LW Sucker 8 50.5 1,440 12.97 8.95

Lake Wallula LW Sucker 9 44 1,160 14.64 6.71

Lake Wallula LW Sucker 10 51 1,600 22.59 16.3

Lake Wallula LW Sucker 11 51 1,580 17.49 13.73

Lake Wallula LW Sucker 12 53 2,080 26.81 15.1

Lake Wallula LW Sucker 13 58 2,080 27.15 15.28

Lake Wallula LW Sucker 14 63 3,020 31.76 18.96

Lake Wallula LW Sucker 15 53 1,600 13.62 12.63

Lake Wallula LW Sucker 16 55.5 1,920 19.37 11.56

Lake Wallula LW Sucker 17 56 1,840 23.02 23.25

Lake Wallula LW Sucker 18 50 1,320 10.44 15.34

Lake Wallula LW Sucker 19 51 1,260 14.77 10.18

Lake Wallula LW Sucker 20 59 2,080 20.17 26.13

Lake Wallula LW Sucker 21 55 1,960 22.43 15.06

Lake Wallula LW Sucker 22 47.5 1,340 10.88 12.36

Lake Wallula LW Sucker 23 55 1,800 12.07 11.35
Lake Wallula LW Sucker 24 52 1,360 9.66 8.53

Lake Wallula LW Sucker 25 49.5 1,440 18.92 14.01

Lake Wallula LW Sucker 26 53.5 1,560 25.81 8.27

Lake Wallula Sucker Averages: 52.46 1,672

Lake Wallula Sucker Standard Deviation: 4.3 412.67
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Table 9-30. Walleye Laboratory Data. (3 Pages)

River Field Total Length Total Body Weight Liver Weight Kidney Weight
Sub-Area Identification (cm) (g) (g) (g)

Upriver UR Walleye 1 59.5 2,060 14.11 11.15
Upriver UR Walleye 2 69.5 2,880 23.16 10.01

Upriver UR Walleye 3 51 1,400 7.3 2.22

Upriver UR Walleye 4 59.5 2,000 20.98 12.2

Upriver UR Walleye 5 53.5 1,500 8.07 3.61

Upriver UR Walleye 6 51 1,200 6.68 2.06

Upriver UR Walleye 7 46 940 5.99 2.71

Upriver UR Walleye 8 56 1,500 10.9 3.72

Upriver UR Walleye 10 60 2,620 24.88 7.12

Upriver UR Walleye 11 55.5 2,040 18.69 5.35

Upriver UR Walleye 12 59 2,260 22.14 10.57

Upriver UR Walleye 13 56 1,940 19.51 7.94

Upriver UR Walleye 14 53 1,380 16.67 8.16

Upriver UR Walleye 15 52 1,480 15.45 12.04

Upriver UR Walleye 16 56 1,920 27.09 9.91

Upriver UR Walleye 17 57 1,740 27.35 11.73

Upriver UR Walleye 18 55 1,520 21.83 16.61

Upriver UR Walleye 19 55 1,880 41.71 12.23

Upriver UR Walleye 20 58 2,120 36.37 11.46

Upriver UR Walleye 21 57 1,980 25.34 16.53

Upriver UR Walleye 22 72.5 3,800 60.4 27.52

Upriver UR Walleye 23 80 4,600 57.39 28.11

Upriver UR Walleye 24 66.5 3,400 65.12 24.34

Upriver UR Walleye 25 49.5 1,180 18.78 11.83

Upriver UR Walleye 26 66 3,080 52.81 19.28

Upriver Walleye Averages: 58.16 2,096.80

Upriver Walleye Standard Deviation: 7.7 875.87

100 Area 100A Walleye 1 43 880 7.35 4.79

100 Area 100A Walleye 2 76.5 5,020 60.29 41.92

100 Area lOOA Walleye 3 71 3,160 21.36 12.04

100 Area 100A Walleye 4 74 4,560 44.73 4.32

100 Area 100A Walleye 5 69.5 2,580 23.13 18.72

100 Area 100A Walleye 6 73 4,220 16.94 47.27

100 Area 100A Walleye 7 47 920 5.81 2.87

100 Area 100A Walleye 8 57.5 2,260 22.55 14.27

100 Area 100A Walleye 9 48 1,100 7.94 1.0
100 Area 100A Walleye 10 53.5 1,940 21.67 9.87

100 Area IOOA Walleye 11 61 1,980 29.83 11.51
100 Area 100A Walleye 12 59.5 2,160 16.39 9.61

100 Area IOOA Walleye 13 52 1,520 10.62 8.19

100 Area 100A Walleye 14 73.5 4,800 45.99 32.9

100 Area 100A Walleye 15 57 2,040 18.59 19.23

100 Area IOOA Walleye 16 48 1,100 7.33 8.87

100 Area 100A Walleye 17 43 780 6.25 2.85

100 Area IOOA Walleye 18 47.5 1,100 12.35 5.21
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Table 9-30. Walleye Laboratory Data. (3 Pages)

River Field Total Length Total Body Weight Liver Weight Kidney Weight
Sub-Area Identification (cm) (g) (g) (g)

100 Area 100A Walleye 19 47 860 8.55 3.97

100 Area 100A Walleye 20 63 2,700 26.39 12.73

100 Area IOOA Walleye 21 57 2,190 27.31 10.76
100 Area I00A Walleye 22 56 2,150 27.27 17.22

100 Area IOOA Walleye 23 46 960 11.87 2.91

100 Area 100A Walleye 24 80 5,020 47.77 16.47

100 Area 100A Walleye 25 73 4,040 39.2 12.82

100 Area 100A Walleye 26 58 2,000 25.43 12.65

100 Area Walleye Averages: 59.02 2,386.15

100 Area Walleye Standard Deviation: 11.5 1,401.82

300 Area 300A Walleye 1 48 980 18.13 6.66

300 Area 300A Walleye 2 38 460 2.1 1.07
300 Area 300A Walleye 3 59 1,920 20.72 13.07
300 Area 300A Walleye 4 53 1,800 11.26 16.9
300 Area 300A Walleye 5 73 3,680 34.57 32.35

300 Area 300A Walleye 6 42 680 13.34 1.27

300 Area 300A Walleye 7 54 1,940 13.25 5.26

300 Area 300A Walleye 8 51 1,040 7.84 2.86
300 Area 300A Walleye 9 46 1,620 9.96 1.96
300 Area 300A Walleye 10 56.5 1,280 12.53 7.26
300 Area 300A Walleye 11 58.5 1,760 10.84 2.27
300 Area 300A Walleye 12 63 2,480 16.96 5.65

300 Area 300A Walleye 13 55 2,000 21.1 9.17
300 Area 300A Walleye 14 48 1,080 8.0 3.82
300 Area 300A Walleye 15 46 1,020 6.67 5.74
300 Area 300A Walleye 16 51.5 1,440 11.48 7.53
300 Area 300A Walleye 17 49 1,060 9.3 4.41
300 Area 300A Walleye 18 63 3,020 23.62 18.86

300 Area 300A Walleye 19 46 1,120 10.37 6.43
300 Area 300A Walleye 20 48 960 6.7 5.52
300 Area 300A Walleye 21 52.5 1,680 16.19 7.97

300 Area 300A Walleye 22 48.5 1,120 7.84 2.14

300 Area 300A Walleye 23 45.5 1,020 8.61 2.42
300 Area 300A Walleye 24 49 1,100 8.11 2.44
300 Area 300A Walleye 25 50 1,420 14.41 6.65

300 Area Walleye Averages: 51.76 1,507.2

300 Area Walleye Standard Deviation: 7.5 727.78

Lake Wallula Lake Wallula Walleye 1 35.0 400 7.31 4.02

Lake Wallula Lake Wallula Walleye 2 45.5 920 9.64 4.17

Lake Wallula Lake Wallula Walleye 3 43.0 760 9.45 4.39

Lake Wallula Lake Wallula Walleye 4 31.0 220 5.51 2.52

Lake Wallula Lake Wallula Walleye 5 31.0 280 3.12 2.47

Lake Wallula Lake Wallula Walleye 6 32.0 320 5.42 1.83

Lake Wallula Lake Wallula Walleye 7 34.0 360 4.71 3.11

Lake Wallula Lake Wallula Walleye 8 31.0 300 6.25 2.37

Lake Wallula Lake Wallula Walleye 9 30.0 260 3.97 2.63
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Table 9-30. Walleye Laboratory Data. (3 Pages)

River Field Total Length Total Body Weight Liver Weight Kidney Weight
Sub-Area Identification (cm) (g) (g) (g)

Lake Wallula Lake Wallula Walleye 10 31.0 280 6.47 2.55

Lake Wallula Lake Wallula Walleye 11 31.0 300 5.99 3.98

Lake Wallula Lake Wallula Walleye 12 79.0 5,160 47.08 27.64

Lake Wallula Lake Wallula Walleye 13 43.5 780 4.16 5.49

Lake Wallula Lake Wallula Walleye 14 43.5 800 10.58 6.89

Lake Wallula Lake Wallula Walleye 15 42.5 600 5.04 5.12

Lake Wallula Lake Wallula Walleye 16 29.0 260 2.93 1.02

Lake Wallula Lake Wallula Walleye 17 33.5 340 4.95 3.11

Lake Wallula Lake Wallula Walleye 18 35.5 360 3.50 2.82

Lake Wallula Lake Wallula Walleye 19 41.0 560 4.45 4.93

Lake Wallula Lake Wallula Walleye 20 30.0 300 4.72 2.77

Lake Wallula Lake Wallula Walleye 21 42.0 600 4.05 4.97

Lake Wallula Lake Wallula Walleye 22 40.0 580 4.08 4.88

Lake Wallula Lake Wallula Walleye 23 36.5 460 2.22 3.13

Lake Wallula Lake Wallula Walleye 24 36.5 420 3.00 3.33

Lake Wallula Lake Wallula Walleye 25 46.0 880 11.69 6.79

Lake Wallula Lake Wallula Walleye 26 33.0 380 4.78 3.71

Lake Wallula Lake Wallula Walleye 27 33.0 380 6.98 2.24

Lake Wallula Walleye Averages: 37.74 639.26

Lake Wallula Walleye Standard Deviation: 9.9 926.81

Table 9-31. Whitefish Laboratory Data. (3 Pages)

River Field Body Length Total Body Weight Liver Weight Kidney Weight
Sub-Area Identification (cm) (g) (g) (g)

Upriver UR Whitefish 2 37.5 500 4.63 3.18
Upriver UR Whitefish 3 35.0 380 2.37 1.86
Upriver UR Whitefish 13 45.5 800 10.43 8.59
Upriver UR Whitefish 22 38.0 500 3.50 4.61
Upriver UR Whitefish 23 42.5 620 5.06 4.09
Upriver UR Whitefish 1 34.0 320 2.60 2.75
Upriver UR Whitefish 16 36.5 420 3.32 2.47
Upriver UR Whitefish 20 35.5 400 2.67 2.59
Upriver UR Whitefish 25 34.0 300 2.04 1.49
Upriver UR Whitefish 26 34.0 320 3.18 3.14
Upriver UR Whitefish 4 29.0 200 1.73 1.21
Upriver UR Whitefish 7 32.0 240 1.37 1.17
Upriver UR Whitefish 8 30.5 240 1.25 1.89
Upriver UR Whitefish 24 32.0 280 1.8 2.28
Upriver UR Whitefish 27 32.5 280 2.25 1.66
Upriver UR Whitefish 9 29.0 220 1.12 1.33
Upriver UR Whitefish 10 30.0 200 1.62 1.49
Upriver UR Whitefish 11 30.0 200 1.35 1.90
Upriver UR Whitefish 12 30.5 240 1.44 2.14
Upriver UR Whitefish 18 29.0 200 1.20 1.34
Upriver UR Whitefish 5 27.5 160 0.99 0.93
Upriver UR Whitefish 6 29.5 240 1.44 1.54
Upriver UR Whitefish 14 26.5 120 0.72 0.45
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Table 9-31. Whitefish Laboratory Data. (3 Pages)

River Field Body Length Total Body Weight Liver Weight Kidney Weight
Sub-Area Identification (cm) (g) (g) (g)

Upriver UR Whitefish 15 30.0 240 1.60 1.11
Upriver UR Whitefish 17 31.0 220 1.59 1.77
Upriver UR Whitefish 19 29.0 220 1.35 1.30
Upriver UR Whitefish 21 30.0 220 1.99 1.62

Upriver Whitefish Averages: 32.61 306.67
Upriver Whitefish Standard Deviation: 4.5 151.81

100 Area 100A Whitefish 4 44.0 1,040 10.65 8.50
100 Area 100A Whitefish 5 44.5 820 8.47 4.97
100 Area 100A Whitefish 8 43.0 780 6.41 6.75
100 Area 100A Whitefish 9 44.0 770 9.33 3.86
100 Area 100A Whitefish 10 47.0 920 9.05 7.14
100 Area 100A Whitefish 1 40.0 620 5.72 4.02
100 Area 100A Whitefish 2 46.0 880 9.62 5.24
100 Area 100A Whitefish 3 42.0 620 4.86 3.37
100 Area 100A Whitefish 6 39.0 480 4.08 3.09
100 Area 100A Whitefish 7 44.0 860 8.19 6.09
100 Area 100A Whitefish 14 39.0 480 3.84 3.62
100 Area 100A Whitefish 15 40.5 580 6.55 5.34
100 Area 100A Whitefish 16 40.0 620 6.51 4.44
100 Area 100A Whitefish 19 46.0 1,000 11.53 8.08
100 Area 100A Whitefish 20 35.0 360 3.53 2.04
100 Area 100A Whitefish 11 45.5 780 6.14 4.08
100 Area 100A Whitefish 12 38.0 640 5.64 4.50
100 Area 100A Whitefish 13 38.0 480 3.90 3.32
100 Area 100A Whitefish 17 40.5 620 7.71 3.57
100 Area 100A Whitefish 18 44.5 840 6.07 5.26
100 Area 100A Whitefish 21 37.5 440 3.36 2.52
100 Area 100A Whitefish 22 46.0 840 10.53 6.21
100 Area 100A Whitefish 23 42.0 580 5.46 3.70
100 Area 100A Whitefish 24 38.5 500 4.23 3.19
100 Area 100A Whitefish 25 39.0 640 6.14 6.38

100 Area Whitefish Averages: 41.74 687.60
100 Area Whitefish Standard Deviation: 3.3 183.65

300 Area 300A Whitefish 13 39.0 580 4.45 2.25
300 Area 300A Whitefish 14 51.5 1,220 12.93 9.13
300 Area 300A Whitefish 10 40.0 560 7.74 5.86
300 Area 300A Whitefish 16 43.0 620 4.59 3.88
300 Area 300A Whitefish 17 38.5 500 4.50 2.75
300 Area 300A Whitefish 5 38.0 520 5.08 6.56
300 Area 300A Whitefish 9 42.5 720 5.87 6.53
300 Area 300A Whitefish 18 45.0 820 7.77 6.8
300 Area 300A Whitefish 19 38.5 560 4.73 4.06
300 Area 300A Whitefish 20 42.0 660 5.40 2.99
300 Area 300A Whitefish 1 38.5 550 3.2 2.2
300 Area 300A Whitefish 2 40.0 680 6.6 3.91
300 Area 300A Whitefish 3 45.5 920 6.4 4.18
300 Area 300A Whitefish 4 37.0 520 6.05 3.34
300 Area 300A Whitefish 11 41.0 680 6.29 3.38
300 Area 300A Whitefish 6 45.0 900 8.62 6.52
300 Area 300A Whitefish 7 42.0 640 5.62 4.34
300 Area 300A Whitefish 8 40.5 580 7.76 4.78
300 Area 300A Whitefish 26 45.5 740 7.67 5.47
300 Area 300A Whitefish 27 38.0 480 2.73 2.49
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Table 9-31. Whitefish Laboratory Data. (3 Pages)

River Field Body Length Total Body Weight Liver Weight Kidney Weight
Sub-Area Identification (cm) (g) (g) (g)

300 Area 300A Whitefish 21 38.5 620 5.09 3.52
300 Area 300A Whitefish 22 34.5 380 2.12 2.03
300 Area 300A Whitefish 23 36.0 380 1.98 2.42
300 Area 300A Whitefish 24 30.0 280 1.51 2.24
300 Area 300A Whitefish 25 35.5 400 3.61 2.67

300 Area Whitefish Averages: 40.22 620.4

300 Area Whitefish Standard Deviation: 4.4 199.01
Lake Wallula LW Whitefish 9 42.0 860 8.46 7.18
Lake Wallula LW Whitefish 10 46.5 860 12.79 7.53
Lake Wallula LW Whitefish 11 41.5 700 6.68 3.76
Lake Wallula LW Whitefish 15 40.0 640 5.63 4.24
Lake Wallula LW Whitefish 16 43.0 660 5.98 3.60
Lake Wallula LW Whitefish 8 38.5 600 6.37 3.23
Lake Wallula LW Whitefish 12 41.5 760 7.25 3.71
Lake Wallula LW Whitefish 13 43.5 840 11.22 5.50
Lake Wallula LW Whitefish 14 41.0 660 4.92 3.43
Lake Wallula LW Whitefish 17 42.5 760 8.31 3.95
Lake Wallula LW Whitefish 22 42.0 680 6.11 3.82
Lake Wallula LW Whitefish 23 39.5 600 5.84 2.53
Lake Wallula LW Whitefish 24 42.0 620 5.58 4.64
Lake Wallula LW Whitefish 25 42.5 660 5.85 3.00
Lake Wallula LW Whitefish 26 43.5 780 8.26 5.70
Lake Wallula LW Whitefish 3 38.0 520 4.05 5.65
Lake Wallula LW Whitefish 4 45.0 760 6.80 4.05
Lake Wallula LW Whitefish 7 41.5 760 5.63 4.87
Lake Wallula LW Whitefish 19 42.5 730 6.89 4.52
Lake Wallula LW Whitefish 20 41.5 660 6.10 3.38
Lake Wallula LW Whitefish 2 42.0 680 11.79 8.89
Lake Wallula LW Whitefish 5 42.0 660 10.31 4.29
Lake Wallula LW Whitefish 6 42.0 600 4.62 3.95
Lake Wallula LW Whitefish 18 41.5 660 5.15 4.10
Lake Wallula LW Whitefish 21 46.0 960 11.85 6.15

Lake Wallula Whitefish Averages: 42.06 706.80

Lake Wallula Whitefish Standard Deviation: 2.0 100.36
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Table 10-1. Summary of Potential Uncertainty. (7 Pages)

Description of Uncertainty Underestimate Overestimate Rationale

Overview of Risk Assessment Data Collection (Section 2.0)

Sampling locations may not have identified X Areas of elevated concentrations may
maximum concentrations. exist in unsampled areas.

Some sampling was conducted near source areas Intensive sampling in contaminated
and on the right (Hanford) side of the river, and X areas over-represents level of
other areas where contamination is expected to area-wide contamination when data is
be present. aggregated.

J-value data from below the method reporting Data results may over- or
limit were used in the risk assessment. These X X under-represent actual concentrations.
data are estimated values with a high level of
quantitative uncertainty.

Sample extraction techniques may overestimate X Laboratory extraction process does not
bioavailable fraction. mirror natural processes.

Fish tissue samples were composited, so Composite value may over- or
variations in individual specimens cannot be X X under-estimate actual concentrations.
determined.

Liver and kidney samples were combined for all Composite value may over- or
2008 to 2010 species except carp and sturgeon. X X under-estimate actual concentrations.
Actual concentrations in each tissue are
therefore unknown.

Tissue levels measured in Hanford Site fish are Wet-weight concentrations of
not reported on a comparable basis (with regard constituents in tissue are related to the
to percent moisture and lipids) with tissue effect percent moisture and, for many
levels. organics, to the percent lipids.

X X Apparent differences between study
fish concentrations and tissue effect
levels may reflect these characteristics,
rather that true concentration
differences.

Historical samples from 2000 and on were Historical data typically contained
combined with 2008 to 2010 data. higher concentrations of constituents

than more recent data. Because
historical discharges have largely been

X eliminated and as shorter lived
radionuclides will have undergone one
or more half-lives, current
concentrations of contaminants are
expected to be lower than historical
data indicate.

Samples older than 2000 were not included in These fish represent a small portion of
the risk assessment. While few fish (except NE NE the population. Sturgeon, which do
sturgeon) from those times are alive today, some represent historical conditions, were
constituents may have been missed. collected as individual specimens.

Some historical fish samples, such as juvenile Characteristics that may be unique to
salmon, and other species were not included in X these species were not assessed in the
the fish data set, which included only adult fish risk assessment.
of the same species collected in 2008 to 2010.
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Table 10-1. Summary of Potential Uncertainty. (7 Pages)

Description of Uncertainty Underestimate Overestimate Rationale

Porewater data collected over the years at each The Columbia River RI data were
OU were not used in the risk assessment. collected by consistent techniques and
Rather, the SLERA used the porewater data subject to analysis and quality control
collected during the Columbia River RI. by the same laboratories and were

comprehensive in both geographic
coverage and analytical array. The

X data obtained from these samples were
considered to be sufficiently
representative, and thus effects from
excluding data from multiple past
sampling programs is considered to be

low.

Selection of Contaminants of Potential Ecological Concern (Section 3.0)

Constituents that were not detected were not Constituents at very low concentrations
included in the risk assessment. These NE NE typically contribute little to risk, and
constituents may be present below the reporting most were not anticipated to be related
limit or the instrument detection limit. to Hanford Site operations.

For some analytes, particularly metals, Some constituents with very low
quantitation limits were higher than target limits. concentrations were not evaluated.
If no "J"-qualified data were present, these X However, effects are likely to be
samples were treated as NDs and not evaluated negligible.
in the risk assessment.

COPECs were selected based on a comparison Statistical evaluations are typically
to Reference data. based on aggregate data and

comparisons of means or medians.

X Data sets may be statistically equal
even though individual samples with
high concentrations exist within the
data set. Risks associated with these
results will not be assessed.

Some constituents with concentrations higher Because these constituents were
than reference were not designated as COPECs NE NE considered to exist at concentrations no
and were excluded from the SLERA. different than Reference

concentrations, little effect is expected.

PCBs were evaluated as total PCBs, not as NE NE Total PCB analyses may over- or
congeners. under-represent congener data.

Reference data included samples from An analysis of the effect of using
wasteways and irrigation returns, which may wasteway and irrigation return data
have anthropogenic influences. NE NE was conducted and is included as

Appendix I. No effect on the outcome
of the SLERA was found.

Exclusion List constituents were excluded from These constituents have been
the risk assessment. NE NE determined to present negligible risk.

Many are naturally occurring
constituents.

Gross beta and gross alpha analysis results were NE NE Alpha and beta emitters were evaluated
not included in the risk assessment. as individual radionuclides.

"Nitrogen in nitrite and nitrate" were not NE NE Nitrate and nitrite data were used for
included in the risk assessment. more accurate assessment.
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Table 10-1. Summary of Potential Uncertainty. (7 Pages)

Description of Uncertainty Underestimate Overestimate Rationale

Uranium gamma results were not used in the Plate results were available and were
risk assessment. NE NE used in place of gamma results, due to

overall lower MDAs.

The extent to which porewater reflects surface While conductivity data were used
water contributions was not quantified. during the groundwater upwelling
Porewater was assumed to represent study to locate samples in areas of
groundwater only, so was compared to known groundwater upwelling, the
groundwater for the Reference evaluation. X X potential exists that lateral surface
Some constituents may have been included as water flow may be partially influencing
COPEC because of surface water influences. sampling results. This could increase

or decrease detected concentrations of
some constituents, but effects are

expected to be small.

Problem Formulation (Section 5.0)

NOECs are specified as the primary measure of NOEC values are typically highly
effect for abiotic media. X conservative estimates derived from

studies at other sites. Actual exposures
and effects are usually less.

Inhalation of dust was not considered as an This is expected to be a negligible
exposure route. exposure route for species along the

X Columbia River, since no activities that
typically create dust such as
construction or traffic occur in the
River Corridor.

Dermal contact with water and sediment or soil This is typically a negligible exposure
by mammals was not evaluated. X route due to presence of feathers/fur

that inhibit uptake of contaminants.

Amphibians are evaluated by aquatic biota Amphibians are aquatic during the egg
NOECs. and tadpoles stage and so share

X X exposure pathways with other aquatic
organisms. Toxicity data for fully
aquatic organisms may over or under-
represent actual toxicity to amphibians.

Piscivores were not evaluated directly in the Piscivore exposure to COPECs may be
SLERA, since representative species are X X different than estimated based on
evaluated in the RCBRA. RCBRA data. Potential effects may

thus vary from RCBRA findings.

Screening-Level Effects and Exposure Evaluation (Section 6.0)

Bird and mammal soil screening levels are based Screening levels are highly
on maximum-exposure assumptions for X conservative; actual exposures are
bioavailability, feeding time, area use, and other likely to be less.
factors.

Use of maximum concentrations as exposure Most individuals feed over a wide
point concentrations likely misrepresents actual foraging area, so would encounter
exposures, since it assumes that species feed in X contaminated areas only a fraction of
contaminant "hot spots" or in areas with the the time.
most elevated concentrations of COPECs.

Some NOECs are obtained from study data by Actual NOECs are likely higher than
the use of generic uncertainty factors that have X estimated.
no real toxicological basis, but rather are
generally accepted conservative safety factors.
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Description of Uncertainty Underestimate Overestimate Rationale

NOECs are typically derived from a number of Site-specific conditions may render
studies with widely varying results. The extent X X contaminants more, or less, toxic than
to which these values accurately reflect site NOECs suggest.
conditions or responses is unknown.

NOECs are in part based on adverse effects to Actual resident species may be more or
test organisms that may not necessarily be X X less sensitive to COPECs.
present on site. Results may thus vary from the
actual toxicity experienced by site receptors.

Effects are observed in a low percentage of Like water quality criteria, values
samples at concentrations below NOECs that are chosen as NOECs are considered to be
derived from aggregated data/ X protective of most species. Effects

below NOECs are expected to be
minor.

NOECs are not available for antimony, Because all or most detected
diethylphthalate, lithium, titanium, vanadium, concentrations of these COPECs are
and sulfate. considered to reflect natural

NE NE concentrations or laboratory
contamination, effects of the lack of a
NOEC evaluation is expected to be
negligible.

NOECs are not available for TPH-diesel and Due the location and magnitude of
TPH-motor for some receptors. NOEC exceedances, effects of the lack

X of a NOEC on the risk assessment are
expected to be minor. Detected
concentrations are not likely related to
Hanford Site operations.

NOECs are not available for sediment Since hexavalent chromium is a known
hexavalent chromium X Hanford Site contaminant, the lack of a

sediment NOEC for this COPEC
underestimates actual risk potential.

The NOEC values reflect potential effects to a Acute or chronic effects on organisms
single organism and may not be a good X may not necessarily have an effect at
estimator of potential community or the community or population level.
system-wide effects.

Risk estimates in Section 7.0 are based on This significantly overestimates site
maximum concentrations only. X risk and is highly unlikely in the field,

since most organisms feed over a wide
area.

Risk is assessed by comparison to NOECs, Exceedance of this value may not
which, for non-aggregated data, are a level of no X signal a potential for adverse effects.
effect.

Screening-Level Risk Calculation (Section 7.0)

NOECs are inherently conservative values that NOECs are designed to eliminate
typically overestimate potential risk. See table X COPECs of negligible risk, so are not
entries for Section 6.0. representative of actual levels of effect.

NOECs are unavailable for several COPECs in Because COPECs are likely of natural
different media. origin or have many anthropogenic

X sources, the underestimation of
Hanford Site-related risk is expected to
be minor.
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Description of Uncertainty Underestimate Overestimate Rationale

NOECs are unavailable for hexavalent X Lack of a NOEC for this known site
chromium in sediment. COPEC underestimates risk.

Totals metals data (from nonfiltered surface Conservative approach because total
water samples) in surface water are used for concentrations of metals are typically
comparison to metals WQC, which are in terms X higher than dissolved. Consideration
of dissolved metals. of the dissolved fraction occurs in

Section 8.0.

Reporting limits for some COPECs are higher COPECs may be present at
than NOECs. concentrations higher than NOECs but

not detectable by the analytical
methods. However, J-qualified data,

X which show concentrations below the
RL, were included in the SLERA and
reduce the effect of elevated RLs. The
effect of RLs greater than NOECs is
thus considered to be minor.

Porewater evaluations used only dissolved forms Dissolved forms of metal COPECs are
for some metals. the forms most mobile in groundwater

and most bioavailable to aquatic
receptors. Most WQC are in terms of

X dissolved forms. Some older WQC,
such as aluminum, are in terms of total
metals. However, total concentrations
include normal silt-bound fractions, so
were not used in the evaluation.

Porewater hardness-dependent WQC were based Groundwater was assumed to have a
on an assumed groundwater hardness of X X higher hardness than surface water.
100 mg/L CaCO 3. Actual hardness may be more or less

than that assumed.

Single-chemical evaluation via NOECs does not Risks of mixtures may be greater than
take into account potential additive effects of of single chemicals alone. However,
mixtures. X the sum-of-fractions approach used for

radionuclides does take into account
the additivity of radiation sources.

Porewater data are more variable than other data Data accurately reflect changing
because concentrations are affected by river conditions within the sediment. At
stage, sediment stratigraphy, and other factors. X X different times, concentrations may be
Risk estimates will thus be variable as well. different that those measured.

However, varying exposure levels tend
to reduce risk.

Porewater is evaluated against surface water The depth of porewater collection is
NOECs. below the primary habitat of the

dominant Columbia River species
X (midges and caddisflies). However,

some Chinook salmon redds may be
deep enough to be in the porewater
zone.
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Effects of porewater on fish redds is not Some evidence suggests that salmon
discussed. do not tend to locate redds in areas of

X groundwater upwelling. However,
discharge zones may change with river
stage. Actual concentrations in redds
are unknown.

Refinement of Contaminants of Potential Ecological Concern (Section 8.0)

Evaluation used LOEC values as boundary The onset of toxicity is typically
condition for evaluation. Actual concentration X somewhere between the NOEC and
where the onset of toxicity occurs is unknown. LOEC.

LOEC values from literature used in assessment; Site species may be more or less
species-specific effect levels may differ. X X sensitive than species from which the

LOEC was derived.

LOECs were obtained from acute data by the use The relationship between acute effects
of uncertainty factors. and chronic LOECs is unknown for

X X many COPECs. The use of an
uncertainty factor of 5 may over- or
underestimate the actual value.

Historical exceedances were discounted in the More recent data not from same
analysis. X vicinity may miss exceedances in areas

characterized by historical samples.

No LOEC available for hexavalent chromium. This is a known site contaminant, and
X cannot be evaluated without sediment

NOECs and LOECs.

Median accumulation rates were used for lead This value will underestimate
accumulation to aquatic invertebrates, rather X exposures for some species.
than the 9 0 th percentile, for the shoreline
sediment bird LOEC calculation.
The RCBRA upland avian PRG of 156 mg/kg These concentrations may be greater or
was used to estimate risks to birds exposed to less than the bioaccumulation rates
lead in island soils and shoreline sediments. The X X occurring in island soil or shoreline
PRG was generated from upland soil food chain sediment invertebrates.
models based on concentrations in species- and
soil-specific upland invertebrates.
Terrestrial equation used to estimate The relationship between earthworm
bioaccumulation of selenium into aquatic and aquatic invertebrate accumulation
invertebrates. X X of lead is unknown, so terrestrial

bioaccumulation equation may result in
either an over- or underestimation of
risk.

Only a small percentage of dissolved data for Although most total chromium values
porewater hexavalent chromium were available, are considered to consist of hexavalent
so total chromium was compared to both total chromium, some uncertainty attends
and hexavalent chromium WQC in Section 8.0. X the interpretation of the chromium

porewater results due to the small
dissolved hexavalent chromium data
set.
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Samples with few exceedances were not carried Risk, although likely low, may be
forward for evaluation. X associated with these samples in

discrete areas of the Columbia River.

Fish Risk Evaluation (Section 9.0)

Fish tissue LOECs associated with effects are A number of factors affect tissue
highly uncertain. Values between studies vary concentrations, and tissues measured
widely, and study tissue concentrations often do X X may not be target tissue for COPEC.
not change much in relation to exposure. Conclusions based on LOEC HQs are

not recommended.

Fish tissue effect studies reflect either water or Studies with lowest LOEC value used,
diet exposures. Lowest values used as LOEC X X regardless of exposure route.
values, but may not reflect actual dose pathway. Relationship to actual effect levels is

uncertain.

Sturgeon histology study suggested that sturgeon Further studies with fish of the same
exposure was through diet. X X age from an uncontaminated site are

necessary to confirm.

Liver and kidney tissue were combined in many Combined data obscure actual
samples, and the combined liver/kidney data X X concentrations, and standard for one
were compared to lower of liver or kidney tissue tissue is not appropriate for the other.
effect levels.

Fillet tissue combined skin-on and skin-off Constituents in skin increase the total
specimens. X measured concentration, especially for

lipophilic constituents.

Tissue concentration associated with effect for Comparison of tissue chromium
chromium was based on studies with hexavalent X concentrations to hexavalent chromium
chromium, which is more toxic than other forms LOECs will overestimate effects.
of chromium.

Historical fish tissue included in average values. Concentrations in many historical fish
X tissues are higher than more recent

samples.

Fish are mobile and may move readily between Sub-area averages will vary in either
reaches, rendering sub-area distinctions tenuous. X X direction as fish roam throughout the

sub-areas.

HSI and condition factor vary in response to Influence of nonchemical factors may
many factors and may change in either direction X obscure or constituent chemical-related
in response to exposure to chemicals. effects.

Fish condition data are highly variable. X X Variability may obscure true effects.

COPEC = contaminant of potential ecological concern PCB = polychlorinated biphenyl
HQ = hazard quotient PRG = preliminary remediation goal
HSI = hepatosomatic index RCBRA = River Corridor Baseline Risk Assessment
LOEC = lowest observed effect concentration RI = remedial investigation
MDA = minimum detectable activity RL = reporting limit
ND = nondetect SLERA = screening-level ecological risk assessment
NE = no effect TPH = total petroleum hydrocarbons
NOEC = no observed effect concentration WQC = water quality criteria
OU = operable unit
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Table 10-2. Evaluation of Representative Constituents Not Selected as
Contaminants of Potential Ecological Concern. (2 Pages)

Maximum SLERA SLERA Detected
Sample Media Constituent Name Sub-Area Designation Result NOEC LOEC Ees COEC?

Item Mile (gk) (Measured) (gk) m/g Exceeds COPEC?
(mg/kg) (mg/kg) (mg/kg) NECNOEC?

- SD Heptachlor epoxide 100 Area 373 LI-1SD 0.0318 372.74 0.0025 0.016 Yes Yes

- SD Heptachlor 100 Area 373 LI-1SD 0.0104 372.74 0.01 NI Yes No
Reference maximum: 0.0028

- SD gamma-BHC (lindane) 100 Area 370 HT-6SD 0.0015 369.83 0.0009 NI Yes No
Reference maximum: 0.0010

- SD Manganese 100 Area 375 RDD-6SD 1,514.5 374.69 460 NI Yes No

Reference maximum: 1,234
- SD Molybdenum 100 Area 370 J100H43 3.799 369.74 250 NI No No

Reference maximum: 0.933

Carcass BI Dichlorodiphenyltri- 100 Area 380 lOOSA-SUCKER 5 0.0401 379.77 NI NI - No
chloroethane
Reference maximum: 0.0332

Carcass BI Dichlorodiphenyltri- 300 Area 363 STURGEON 15 0.0530 363.06 NI NI - No
chloroethane
Reference maximum: 0.0332

Carcass BI Lithium 100 Area 378 100SA-CARP 4 1.85 377.69 NI NI - No

Reference maximum: 1.38

Carcass BI Selenium 300 Area 363 STURGEON 14 1.92 363.06 NI NI No

Reference maximum: 1.38
Carcass BI Tin 100 Area 375 100SA-CARP 3 95.2 374.52 NI NI - No

Reference maximum: 16.4
Carcass BI Tin 300 Area 363 STURGEON 15 162 363.06 NI NI - No

Reference maximum: 16.4

Carcass BI Vanadium 300 Area 346 300SA-CARP 3 0.991 345.96 NI NI - No

Reference maximum: 0.572
Carcass BI Zinc 300 Area 363 300SA-CARP 1 143 362.78 NI NI - No

Reference maximum: 110

Fillet BI alpha-Chlordane 100 Area 370 100SA Walleye-4 0.0106 369.65 NI NI Yes

Reference maximum: No reference data

TC
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Table 10-2. Evaluation of Representative Constituents Not Selected as
Contaminants of Potential Ecological Concern. (2 Pages)

Maximum SLERA SLERA Detected

Sample Media Constituent Name Sub-Area Designation Result (NOEC LOEC Ees COEC?Item Mile (gk) (Measured) (gk) m/g Exceeds COPEC?
(mg/kg) (mg/kg) (mg/kg) NECNOEC?

Fillet BI Dichlorodiphenyldi- 300 Area 344 300SA-CARP 4 0.355 343.53 NI NI No
chloroethane

Reference maximum: 0.243

Fillet BI Lithium 100 Area 370 100SA Walleye-2 1.11 369.74 NI NI - No

Reference maximum: 0.869

Fillet BI Selenium 300 Area 363 STURGEON 14 2.67 363.06 NI NI - No

Reference maximum: 1.6

Fillet BI Strontium 100 Area 379 100SA-BASS5 18.8 379.47 NI NI - No

Reference maximum: 11.5

Fillet BI Vanadium 100 Area 367 100SA-BASS4 0.502 367.07 NI NI - No

Reference maximum: 0.399

Fillet BI Vanadium 100 Area 379 100SA-BASS5 0.52 379.47 NI NI - No

Reference maximum: 0.399

NOTE: Constituents not selected as SLERA COPECs were present at concentrations consistent with reference concentrations or were Inclusion List compounds.
COPECs and river mile ranges as specified by Ecology on April 2, 2012.

BHC = benzene hexachloride NI = not identified; value not used in SLERA.
BI = biota NOEC = no observed effect concentration
COPEC= contaminant of potential ecological concern SD = sediment
LOEC = lowest observed effect concentration SLERA= screening-level ecological risk assessment
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