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FOREWORD 

This document provides the U.S. Department of Energy 

5.51 1 
(DOE) responses to U.S. Environmental 

Protection Agency (EPA) and Ohio EPA (OEPA) comments on the February 1994 Draft Final Remedial 
Investigation @I) Report for Operable Unit 1 of the Fernald Environmental Management Project (FEMP). 
This document is organized as follows: 

- The Foreword: A users guide of the rationale used to develop this comment response 
document and an overview of the presentation of change pages to the revised RI Report. 

- Comment Responses 

- Change Pages: This section includes text pages, figures, and tables of the RI Report that 
have been revised as a result of the action specified in the comment responses. 

This submittal includes responses to all comments made by EPA and OEPA to date and incorporates 
commitments made by DOE during subsequent formal meetings and informal discussions with both 
agencies, including the following: 

- March 15, 1994; incorporation of Operable Unit 1 change pages submitted to EPA and 
OEPA. 

- March 17, 1994; final comments made by OEPA. 

- March 31, 1994; comment response meeting attended by EPA, OEPA, and DOE at the 
Region V office in Chicago. 

- April 3, 1994; final comments made by EPA concomitant with EPA’s letter of 
conditional approval. 

- April 22, 1994; responses to verbal comments made by OEPA. 

Comment Responses 

Responses to EPA comments are followed by those for OEPA. A total of 80 comments were received 
which include 49 from USEPA and 31 from OEPA. Each comment has been numbered according to 
the order they were received from each agency. 

Each response to a comment has three components: the agency comment, a narrative response, and an 
action statement that identifies the specific changes made to the corresponding text in the RI Report. 
Each action statement includes a reference to the text page, figure, or table number in the RI,’ in cases 
where the revision is made in locations other than that specified in the agency’s comment. 

0 FEWOUlRI COMMENT RESPONSEIBJH14/05/03/94 1:52pm 1 



Within most of the agency comments, previous agency comments are referenced. Those references are 
included in the comment number field. In such cases, DOE responded directly to the new comment by 
supporting or enhancing the referenced comment in this response document. No revisions have been 
made to the February 1994 Response to USEPA and OEPA Comments on the OU1 Draft RI Report. 

Change Pages 

Individual changed pages are provided in this section. Any text that has been changed or added in the 
RI document is identified by bold italic. The comment number is provided in the left margin. USEPA 
comments are identified by the comment number followed by "-US" in bold italic (Le., I-US). OEPA 
comments are identified by the comment number followed by a "-0" in bold italic (Le., 240). 
Clarifications made by DOE, outside of a response to a specific EPA comment, are identified by "DOE" 
in bold italic (i.e., DOE). Changes in the text sections that resulted from EPA comments on a Table are 
identified by "TBL" in bold italic (Le., TBL). Any text that has been deleted is identified by strikeout. 
All previous text identifiers used in the February 1994 RI Report (i.e., highlighted text and comment 
numbers) remain intact for this submittal. Revised tables and figures do not identify changes. In cases 
where revisions added more text than what was deleted, page numbers are supplemented with lowercase 
alpha characters (Le., 4-22a). This allows text on the subsequent "overflow" pages to remain the same 
as they were in the February 1994 Draft Final RI Report. 

SAMPLE OF CHANGED PAGE 

387 
41 -US 

. However, this NAAQS standard is not useful in determining the 
impact of lead on children under the age of seven and; therefore, was 
not used in the Operable Unit 1 baseline risk assessment. The NAAQS 
for lead is 1.5 pglm', averaged quarterly (EPA 1992b). The NAAQS 
is equivalent to 0.00043 mg/kg/day, assuming a body weight of 70 kg 
and an inhalation rate of 20 m'/day. 
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Section 3 

e USEPA Comments 



U.S. EPA TECHNICAL REVIEW COMMENTS 
OPERABLE UNIT 1 (OU1) 

DRAFT REMEDIAL INVESTIGATION (RI) REPORT, REVISION 1 
(Draft Responses Supplemented with Action Items 

Resulting from 3/31/94 DOE-EPA Meeting) 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 3.4.2.1 Page #: 3-24 Line#: 24 Code: 

Comment: 
Original Comment #: 1 (#66 - OSC #13) 

The original comment states that the characterization of the till should address secondary 
permeabilities. The U.S. Department of Energy (U.S. DOE) discusses horizontal and 
vertical hydraulic conductivities (K,, and K,) and uses a 1O:l ratio for K,, and K, for the 
fate and transport modeling. Based on slug test data, K,, ranges from 3.1 x to 2.5 
x 10" centimeters per second (cds) .  Using a ratio of 10: 1, these values for K,, would 
give K, values that range from 3.1 x lo4 to 2.5 x lo7 c d s .  However, in the fate and 
transport modeling, U.S. DOE uses a value that ranges from 4 x 10" to 6.6 x 106 
c d s .  U.S. DOE should explain this discrepancy. 
Comment acknowledged. The values quoted from Section 5.3.2.3, while seeming to 
represent a discrepancy, were derived from the larger data set specifically for the 
"unweathered till" in Layer 1 of the vadose zone modeling, and thus, represent a much 
narrower application of the data. Characterizing the vertical permeability of moderately 
stratified materials, a ratio of 10: 1 (horizontal to vertical) is considered appropriate. Text 
should be revised to explain how the vertical conductivity range may be estimated, to 
state that vertical conductivity would range from 2.5 x lo7 to 3.1 x 104 cdsec,  and to 
interpret the significance of this vertical conductivity. 

"To account for macroscopic aquifer properties which may not be measured in the 
laboratory core tests, the range in vertical permeability may be estimated by using a 
horizontal (1000-series wells' slug test data) to vertical conductivity factor of 10 to 1 
which is typical for moderately stratified materials. Using the range of horizontal 
conductivities presented below, vertical conductivity would range from 2.5 X lo7 to 3.1 
X 10" cdsec.  This range is at the high end of values from the laboratory core testing 
and reflects larger scale aquifer features measured by the slug tests (e.g. some wells slug 
tested were screened across clay and sand lithologies). I' 

Response: 

Action: Page-3-33, lines 4-7, have been revised as follows: 

a OURI/COMMENTS/USEPAH/O5/03/941: 1 lpm -1- 



Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 3.4.2.3 Page #: 3-26 to 3-28 Line #: NA Code: 
Original Comment #: 
Comment: 

2 (#69 - OSC #16) 
The original comment states that basic hydrogeologic information, including vertical and 
horizontal permeabilities, should be discussed. U.S. DOE does not fully discuss K,, and 
K, values for the Great Miami Aquifer (GMA). U.S. DOE cites literature values 
(Spieker 1968a) for the GMA (Type III aquifer); however, it should also discuss if K,, 
and K, values were determined from pump or slug tests performed on site wells installed 
in the GMA. 
Comment acknowledged. Actual values obtained from pump and slug tests were 
originally used in the modeling procedure, but when the model did not predict the 
conditions that were actually known, the values were modified. Therefore, the actual K, 
values used in the final model were modified where appropriate. 

Response: 

Action: None. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 3.0 Page #: 3-41 to 3 4 5  Line #: Figures 3-2 to 3-6 Code: 
Original Comment #: 
Comment: 

3 (#70 - OSC #17) 
The original comment states that waste pit cross-sections should indicate how media 
elevations were determined, specifically for the pit liners. U.S. DOE addressed this 
comment by stating that at least one boring in each waste pit extended to the clay liner 
below each pit. Figures 3-2 through 3-6 also illustrate this point. However, U.S. DOE’S 
response to Original Comment #74 (OC #58) states that all borings in the pits were 
stopped above the liner to avoid damage. U.S. DOE should resolve this discrepancy. 
This comment actually refers to both Original Comments #70 and #74. The response to 
Original Comment #74 was misstated. 
The following text has been inserted on page 3-2, line 5: “The boring logs show that at 
least one of the borings in Waste Pits 1 through 4 terminated in a clay which was 
interpreted to be the liner material. ‘I 

Response: 

Action: 

Figures 3 4  and 4-19 have been modified to indicate the Boring 1772 was terminated at 
the bottom of the native clay layer. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 3.0 Page #: 3-86 to 3-87 Line #: Figure 3 4 7  and 3 4 8  Code: 
Original Comment #: 
Comment: 

4 (#72 - OSC #19) 
The original comment states that groundwater flow directions indicated on perched water 
level maps may be inaccurate because wells may not be screened in the same geologic 
units. U.S. DOE partially addressed this comment by stating that coarse-grained (sand 
and gravel) lenses were correlated in cross-sections A-A’, B-B’, E-E’, and G-G’. The 
correlation of the lenses is not apparent in cross-sections A-A’ and B-B’. U.S. DOE 
should address this issue. 
Comment acknowledged. The cross-sections were intended to be viewed collectively. 
Collectively, they show the presence of the coarse-grained lens at the same elevation and 
stratigraphic position. No revision to the RI Report needed. 

Response: 

Action: None. 

OURI/COMMEN’IS/USEPA/E3JH/05/03/941: 1 lpm . -2- 
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Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.0 Page #: 4-12 Line#: 27 and28 Code: 

Comment: The original comment discusses thorium concentrations in the waste pits. U.S. DOE 
apparently references the incorrect pages. As described in the Action, page 4-19 is 
incorrectly referenced twice. Apparently, the first and second reference to page 4-19 
should actually reference page 4-15. U.S. DOE should resolve this discrepancy. 
Agree. The discrepancy can be resolved by changing reference to page 4-16. 
The following text has been inserted as line 1 on page 4-16: "All of the waste pits 
contained Th-230 concentrations that were above background levels. It The text on page 
4-16, line 4, has been modified as follows: 

Response: 
Action: 

"The highest average value for Th-230, 11,000 pCi/g, was reported for Waste Pit 2. I' 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.0.5 Page #: 4-14 Line#: 9 Code: 
Original Comment #: 6 (#99 - OSC #26) 
Comment: The original comment discussed the concentration of various metals in the waste pits, 

In the Response and Action section to this comment, U.S. DOE discusses "major" and 
"minor" inorganic contaminants. U.S. DOE should discuss which contaminants are 
considered "major" and "minor" and why. 

Subjective terms ba jor"  and "minor" should be removed from the text. 
Response: Comment acknowledged. 

The paragraph should be revised to discuss consistency of data sets using actual numeric 
correlation. Lesser correlation exists between trace analytical determinations than with 
predominant constituents. 
The following text has been modified on page 4-18, as follows: Action: 

a 
"Although the concentrations of all analytes determined were not consistent between both 
data sets, there did exist consistency among many of the metals. Generally, the results 
for calcium, magnesium, sodium, potassium, aluminum, and iron compared well between 
the two studies. This is most likely due to the high concentrations found of these 
analytes resulted in less error. Whereas, the results for antimony, beryllium, cadmium, 
cobalt, and nickel compared between data sets more poorly, probably due to the fact that 
these analytes were reported out at concentrations close to the detection limit resulting 
in a greater associated error. The remaining metals varied in their consistency, generally 
determined by the concentration reported. 

a OURI/COMMENTS/USEPA/IH/O5/03/94 1 :35pm -4- 000008 



Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.1.3 Page #: 4-18 Line #: 2, 3, and 4 Code: 
Original Comment #: 7 (#lo4 - OSC #31) 
Comment: The original comment discusses elevated electromagnetic (EM) readings indicated on 

Figure 4-10. U.S. DOE addressed this comment by revising Figure 4-10. U.S. DOE 
should indicate in the table included in Figure 4-10 that area C is an area of elevated EM 
readings. 
Agree. Designation for area C EM readings in legend of figure should be included. Response: 

All geophysical figures should include a legend pattern for each anomaly such as EM, 
magnetic, and GPR readings. 
Individual figures (Figures 4-10, 4-18, 4-20, 4-22, and 4-24) and geophysical text 
updates (in Sections 4.2.1.3, 4.2.2.3, 4.2.3.3 and 4.2.4.3) have been prepared for each 
"dry pit". The legend in Figure 4-10 has been revised to include area C with an elevated 
magnetic anomaly reading. 

Action: 

Action taken under comment #lo. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.1.3 Page #: 4-18 Line#: 5 a n d 6  Code: 
Original Comment #: 8 (#lo5 - OSC #32) 
Comment: The original comment states that a high density of buried objects is discussed in the text 

for area D, but this area is not indicated on Figure 4-10. U.S. DOE addressed this 
comment by revising Figure 4-10. However, the original comment also requested U.S. 
DOE to discuss in the text the apparent high density of buried objects indicated in area 
D in Figure 4-10. Because this revision was apparently not included, U.S. DOE should 
revise the text to include a discussion of area D. 
Disagree. Area D is discussed on page 4-23, lines 9, 12, and 25 through 27. As 
discussed in Comment #7 (above), all geophysical figures will be revised to identify 
anomalies such as EM, magnetic, and GPR readings. 
Individual figures (Figures 4-10, 4-18, 4-20, 4-22, and 4-24) and geophysical text 
updates (in Sections 4.2.1.3, 4.2.2.3, 4.2.3.3 and 4.2.4.3) have been prepared for each 
"dry pit. I' The legend in Figure 4-10 has been revised to include area C with an elevated 
magnetic anomaly reading. 

Response: 

Action: 

Action taken under comment #lo. 

OURI/COMMENTS/USEPA/H/OS/O3/941: 1 lpm -5- 
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Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.1.6 Page #: 4-24 Line #: 30 and 31 Code: 
Original Comment #: 
Comment: 

9 (#lo7 - OSC #34) 
The original comment states that a conflict exist in the text concerning what radiological 
contaminants are considered predominant in Waste Pit 1 .  U.S. DOE has not resolved 
this issue. A discrepancy still exists between which constituents are considered 
predominant and others which are detected above background (see Section 4.2.1.4, page 
4-24, paragraph 1,  and Section 4.2.1.6, page 4-32, paragraph 1). U.S. DOE should 
resolve this discrepancy. 
Agree. An editorial change is required for Radium-226 to be consistent with the previous 
discussion of predominant versus above-background concentrations. 
The text on page 4-32, line 4 has been modified as follows: "U-238, U-234, Th-230, 
and Ra-226 are the predominant radiological constituents found in Waste Pit 1 .  Th-228, 
Th-232, U-2351236 and Ra-228 were found at concentrations above background. 

Response: 

Action: 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.2.5 Page #: 4-33 Line #: 20 and 21 Code: 
Original Comment #: 10 (#117 - OSC #41) 
Comment: The original comment discusses inorganic constituents being a possible source of 

dissolved solids in Waste Pit 2. U.S. DOE addressed this comment by stating that 
increased EM readings taken from over 70 percent of Waste Pit 2 area probably due to 
the presence of highly conductive material. U.S. DOE should provide evidence to 
support this conclusion, such as material encountered in borings or detections of material 
from ground penetrating radar. 
Partially agree. EM data showing elevated readings is included in Figure 4-18, however 
the figure is not clear. The figure should be revised to identify anomalies such as 
increased EM readings, corresponding with the strategy in second half of Comment #7. 
No attempt was made to correlate the EM readings against the boring locations. The EM 
readings were used primarily to prevent boring through unknown and potentially 
dangerous materials such as drums. 
Individual figures (Figures 4-10, 4-18, 4-20, 4-22, and 4-24) and geophysical text 
updates (in Sections 4.2.1.3, 4.2.2.3, 4.2.3.3 and 4.2.4.3) have been prepared for each 
"dry pit". The legend in Figure 4-10 has been revised to include area C with an elevated 
magnetic anomaly reading. 

Response: 

Action: 

OURI/COMMENTs/USEPA/H/I?S~O3/94 1: 1 Ipm 
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Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.3.3 Page #: 4-38 Line #: 34 Code: 
Original Comment #: 11 (#121 - OSC #45) 
Comment: The original comment states that thorium and radium were not reported for the RI/FS 

leachate samples and that strontium-90 (Sr-90) is elevated in Waste Pit 3 leachate, but is 
not discussed in the text. U.S. DOE responded to this comment in part by stating that 
the uranium found in the leachate from Waste Pit 3 was, on average, natural uranium, 
and that this was consistent with the activities presented for the waste material. 
However, according to Table F.2.38.3 included in the "Response to USEPA and Ohio 
EPA Comments, OU1 Draft Remedial Investigation Report" (dated February 1994), 2 
of 5 (40 percent) of the RI/FS pit material samples from Waste Pit 3 indicates the 
presence of depleted uranium in the waste pit material. U.S. DOE should address this 
discrepancy. 
Disagree. Discrepancy exists only when comparing individual sample results to average 
sample results. When considering two of five samples, it would indicate the presence of 
depleted uranium. However, when the additional uranium samples are averaged into the 
distribution, analysis of all the uranium samples indicates that natural uranium is present 
based on the ratio of the various isotopes. 
Included in the radiological discussion of Waste Pit 3 is the following text on page 4-5 1, 
line 8: 

Response: 

Action: 

"Although 40 percent of the actual sample data points indicate depleted uranium present; 
when all samples are integrated into the analysis, the resulting ratios indicate the presence 
of natural uranium. Natural uranium means that the ratio of the activity concentration 
of U-234 to U-238 is one and the ratio of U-235 to U-238 is twenty." 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.4.6 Page #: 4-52 Line #: 3 a n d 4  Code: 
Original Comment #: 12 (#127 - OSC #51) 
Comment: The original comment discusses metals that were detected above background but were not 

discussed in the text. U.S. DOE addressed this comment by discussing the metals that 
were detected above background levels. However, in the original comment, it was noted 
that cobalt and zinc appeared to be elevated when compared to background levels. 
Because U S .  DOE did not address these constituents in its discussion, it should discuss 
these constituents. 
Agree. An editorial change should be made to include cobalt and zinc where results are 
above background. 
The text on page 4-52, lines 29-30 have been modified as follows: "Antimony, 
chromium, cobalt, mercury, silver and zinc were reported at concentrations exceeding 
those of the background soil. 

. 

Response: 

Action: 

OURI/COMMENTS/USEPA/BJH/OY03/941: 1 lpm -7- (380014 



Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.2.7.6 Page #: 4-68 Line#: 20 and 21 Code: 
Original Comment #: 13 (#140 - OSC #61) 
Comment: The original comment states that there are metals that exceed "normal abundance levels" 

that are not discussed in the text and that the term "normal abundance levels" should be 
defmed. U.S. DOE addressed this comment by revising the list of metals that exceeded 
normal abundance levels" to mean above background levels. However, in the revised 
list of metals, arsenic, lead, and magnesium are deleted. U.S. DOE should state why 
these constituents were deleted. 
Consistent with the previous submittal, the term "normal abundance levels" has been 
deleted. Agree that arsenic and lead should be included. An editorial change should be 
made to include arsenic and lead where appropriate, but not magnesium, which is less 
than background. 
The text on page 4-90, line 3, has been modified as follows: "Arsenic, barium, 

exceeded the background soil concentrations during both sampling programs. " 

Response: 

Action: 
! t beryllium, cadmium, copper, lead, and silver were the inorganic metal constituents which 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.3.1.1 Page #: 4-75 Line #: NA Code: 
Original Comment #: 14 (#146 - OSC #66) 
Comment: The original comment states that background field instrument for detection of low energy 

radiation (FIDLER) readings and locations should be provided. U.S. DOE'S response 
states that descriptions of the background FIDLER measurements are presented in Table 
4-25; however, Table 4-25 contains RI/FS groundwater data. U.S. DOE should 
reference the correct table. Also, according to Figure 3-7, there is a significant portion 
of time when background FIDLER locations 14 and 15 are downwind. This would 
appear to invalidate these locations as background locations. U.S. DOE should address 
this discrepancy. 

Response: Partially agree. The Comment Response document indicated the background 
measurements are presented in Table 4-25, which is incorrect. However, the text on 
page 4-99 presently refers to Figure 4-25 rather than Table 4-25. 

Disagree that locations 14 and 15 should be invalidated as background locations. Their 
concentrations fall within two SD of the mean. Removal of these two points will not 
impact the reported mean significantly. 

Action: None. 

a OURI/COMMENTS/USEPA/BJH/O5/0~/9~1: I Ipm -8- 



Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.3.2.1 Page #: 4-81 Line #: 22 and23 Code: 
Original Comment #: 15 (#154 - OSC #74) 
Comment: The original comment states that the amount of uranium detected in each zone is a result 

of the limited number of samples collected from the zones. U.S. DOE has not 
adequately addressed this comment. According to Figure 2-12A, there were nine borings 
drilled through the Upper Sand and Gravel Layer, three were drilled through the Lower 
Saturated Sand and Gravel Layer, and just one was drilled into the Deep Saturated Sand 
and Gravel Layer. If, as stated in the document, a soil sample from each borehole for 
each layer was submitted for radiological analysis, then there would be nine samples 
collected from the Upper Saturated Sand and Gravel Layer, three samples collected from 
the Lower Saturated Sand and Gravel Layer, and one collected from the Deep Saturated 
Sand and Gravel Layer. This would still seem to indicate that lesser amounts of 
radiological contaminants would be detected in the two lower layers due to the fewer 
samples analyzed. Also, the fact remains that only one sample from the Deep Saturated 
Sand and Gravel Layer was submitted for radiological analysis and this sample was 
collected from a location upgradient of OU1. Because this would affect the amount of 
uranium in this layer, U.S. DOE should address these issues. 
Comment acknowledged. It appears that the commentor believes that there is a negative 
bias due to the number of samples analyzed for radiological constituents within the lower 
sand and gravel layers. However, this limited number of samples is due to the fact that 
only positively screened samples were field screened by the SPA-3 prior to submission 
to the lab for full radiological analysis. The response to the original comment did not 
fully address this issue. Refer to response to Comment 155, which stated, "Agree. The 
detected U-238 and U-234 activity concentrations, as shown in Table 4-20, represent the 
highest concentrations in each boring. In addition, U-238 activity concentrations are 
shown on Figure 4-29. The subsurface soil samples collected at 5-fOOt intervals were 
first screened by a large volume scintillation detector (SPA-3), and the sample with the 
highest reading within each geologic horizon was selected for radiological laboratory 
analysis; so, the vertical extent of radiological contamination could be determined 
qualitatively by the sample collection scheme. " No further action required. 

Response: 

Action: None. 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.3.2.1 Page #: 4-81 Line #: 34, 35, and 36 Code : 
Original Comment #: 16 (#157 - OSC #77) 
Comment: The original comment states that contamination is detected at a depth of 35.0 feet in Zone 

2, but that 35.0 feet is indicated as Zone 1 in Table 4-20. U.S. DOE'S response to this 
comment states that the soil sample collected at boring 3004 at 35 feet below ground 
surface (bgs) is from the Upper Saturated Sand and Gravel Layer. According to Table 
4-20, this sample was collected from the Glacial Overburden. U S .  DOE should address 
this discrepancy. 
Agree. Discrepancy exists for subsurface Sample 007932 in Boring 3004 at 35 feet. Both 
the text and Table 4-20 should be revised to resolve this discrepancy. 
Text on page 4-107, lines 20-24 was correct as presented. Table 4-20 was updated to 
indicate that Boring 3004 was from the upper sand and gravel layer (Zone 2). 

Response: 

Action: 

OURI/COMMENTS/USEPAIBIHM)5/03/941: 1 lpm -9- 



Commenting Organization: U.S. EPA Commentor: Saric 

Original Comment #: 17 (#171 - OSC #89) 
Comment: 

Section #: 4.5 Page #: 4-108 Line #: 17and 18 Code: 

The original comment requests that U.S. DOE provide analytical evidence supporting 
U.S. DOE'S statement that contaminant loading from OU1 to Paddys Run has been 
reduced. U.S. DOE has not provided the data, although it may only be semi-quantitative 
according to Original Comment #172, to support the statement that the stormwater runoff 
control system, and subsequent contaminant loading to Paddys Run, is operating 
effectively. U.S. DOE should provide the data. 
Comment acknowledged. Data to support conclusions in Section 4.5, Surface Water and 
Sediment, are non-existent. Conclusions should be revised to be qualitative instead of 
quantitative. 
The text on page 4-141, lines 15-21, has been inserted as follows: "Although there does 
not exist any analytical data prior or subsequent to the completion of the Stormwater 
Run-off Removal Action, the loading of contaminant run-off into Paddys Run has been 
considered to have been reduced. If the stormwater run-off from the waste pit area has 
been diverted to the Clearwell, (with eventual removal to the biodenitrification surge 
lagoon), it should be apparent that the contaminant loading to Paddys Run has been 
diverted." 

Response: 

Action: 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.5.1.1 Page #: 4-109 Line #: 2 a n d 3  Code: 
Original Comment #: 18 (#173 - OSC #90) 
Comment: The original comment states that the surface water body from which samples shown in 

Table 4-33 were collected should be indicated and that a figure showing these locations 
should be provided. U.S. DOE addressed this comment by referencing Figures 2-5 and 
4-36 for surface water samples (DD-07 and DD-09) listed in Table 4-33. However, the 
location where sample DD-09 was collected is not shown in Figure 2-5 and the locations 
where samples DD-07 and DD-09 were collected are also not shown in Figure 4-36. The 
respective figures should indicate the locations where these samples were collected. 
Additionally, U.S. DOE should include a figure showing the location where samples DD- 
07 and DD-09 were collected on Paddys Run in relation to OU1, especially because they 
are contaminated. The location where a background sample was collected can then be 
shown on the figure. 
Agree. Figure 2-6 should be revised to identify the locations where water samples DD- 
07 and DD-09 were collected. Two reasons exist for using Figure 2-6 rather than the 
original Figure 2-5. First, Figure 2-6 shows a larger area, which alleviates changing the, 
perspective of Figure 2-5. Second, Figure 2-6 presently contains the locations of other 
surface water samples collected. There were no background surface water samples 
collected during the sampling program. 
Text on page 4-142, line 15, has been modified to refer to Figure 2-6 only, which now 
shows the location of DD-01, DD-07, and DD-09. 

Response: 

Action: 

a OURI/COMMENTS/USEPAH/OS/O3/94I: I Ipm -10- 



,. . .  1 :  

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.5.1.1 Page #: 4-109 Line #: 14 and 22 Code: 
Original Comment #: 19 (#176 - OSC #93) 
Comment: The original comment states that samples R08 and R06 show elevated uranium 

concentrations, but they are not included on Figure 4-35. U.S. DOE addressed this 
comment by revising Figure 4-36 (formerly Figure 4-35). However, the areas where 
samples R08 and R06 were collected were not shaded as areas of elevated uranium 
concentrations in Figure 4-36. U.S. DOE should address this issue. 
Agree. Areas surrounding sampling locations RO-6 and R-08 should be shaded to show 
the elevated uranium concentrations. 
Figure 4-36 has been modified to include area surrounding samples R-08 and R-06 as 
shaded to indicate elevated uranium concentrations. 

Response: 

Action: 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.5.1.1 Page #: 4-110 Line #: 21 Code: 
Original Comment #: 20 (#179 - OSC #96) 
Comment: The original comment states that samples ASIT-18, -19, and -22 should be indicated as 

areas of elevated uranium concentrations. U.S. DOE addressed this comment by 
indicating in Figure 4-36 (formerly Figure 4-35) where samples ASIT-18, -19, and -22 
were collected. However, it was requested that these sample locations be indicated as 
areas of elevated uranium concentrations. According to Table 4-35 in the revised RI 
report, samples ASIT-18, -19, -23, and -24 meet the criteria for elevated uranium 
concentrations. U.S. DOE should shade these areas in Figure 4-36 to indicate elevated 
uranium concentrations. Also, U.S. DOE should indicate which sample was used to 
establish background levels and its concentration and location. 
Agree. Shading should be added to Figure 4-36 to identify areas of elevated uranium 
concentrations at sampling locations ASIT-18, 19, 23, and 24. 
Figure 4-36 has been modified to include shaded areas around ASIT-18, -19, -23, and 
-24 to indicated areas of elevated uranium concentrations. 

Response: 

Action: 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.5.2.3 Page #: 4-112 Line #: 6 a n d 7  Code: 
Original Comment #: 21 (#187 - OSC #104) 
Comment: The original comment states that Cs-137, Np-237, and isotopic uranium results should 

be provided and that the reason for rejecting all radium results. U.S. DOE did not 
include the Cs-137 and isotopic plutonium results in Table 4-38. U.S. DOE should 
include these results because they are part of the original comment. 

Table 4-38 has been modified to include the additional radionuclides Cs-137, Np-237, 
and isotopic plutonium. 

Response: Comment acknowledged. 
Action: 

OURI/COMMEN'IS/USEPAH/O5/03/94I : 1 Ipm -1 1- 



55 x 1' 
Commenting Organization: U.S. EPA Commentor: Saric 

Original Comment #: 22 (#191 - OSC #108) 
Comment: 

. Section#: 4.5.3 Page #: 4-113 Line #: 27 Code: 

The original comment states that the incorrect figure is referenced. U.S. DOE partially 
addressed this comment by referencing Figure 4-37. However, Figure 4-37 only shows 
the Characterization Investigation Study (CIS) sediment results. Section 4.5.3, which 
references Figure 4-37, is a summary of surface water and sediment results. This 
summary would include the RIFS sediment sample results. U.S. DOE should revise 
Figure 4-37 and the text to include the RI/FS sediment sample results in the summary. 
Agree. A discrepancy exists. Figure 4-37 identifies CIS screening and should not have 
been referenced in the summary. Figure 4-36 is the correct figure for this reference. 
Figure 4-36 should be referenced in the text in Section 4.5.3 for both CIS and RI/FS 
surface water and sediment in the summary. 
The text on page 4-148, line 5 has been modified as follows: "Figure 4-36". Also the 
word "sediment" has been added to the figure title. 

Response: 

Action: 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.0 Page #: 4-165 and 4-166 Line #: Table 4-2 Code: 
Original Comment #: 23 (#193 - OSC #110) 
Comment: The original comment states that some background concentrations for groundwater are 

above maximum contaminant levels (MCL). U.S. DOE partially addressed this comment 
by stating that the background groundwater concentrations for some inorganic constituents 
exceeded MCLs. However, according to Table 4-2, antimony, beryllium, cadmium, and 
thallium also exceed their respective MCLs. U.S. DOE should review the data and 
revise the table. 
Comment acknowledged. All analytes exceeding their MCL in Table 4-2 should be 
footnoted. 
Table 4-2, which presents the 95th percentile values as background concentrations, has 
been footnoted to indicate the reported values exceeding the MCLs. 

Response: 

Action: 

a 
Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 4.0 Page #: 4-167 Line #: Table 4-2 Code: 
Original Comment #: 24 (#194 - OSC #111) 
Comment: The original comment discusses the occurrence and source of radionuclides Ru-106, Sr- 

90, and Tc-99 in soils at the site. U.S. DOE partially addressed this comment by stating 
that the background soil samples were collected in areas that would not be influenced by 
wind or other transport mechanisms. U.S. DOE should provide a map indicating where 
the background soil samples were collected. 
Comment acknowledged. A reference to the figure identifying background soil samples 
should be provided. 
The text has been inserted on page 4-4, line 8, as follows: "Sampling locations of the 
background soil samples are presented in Figure 2-11. These sample locations were 
chosen because of their physical similarity to the soils encountered within the FEMP site 
and their (unlikely) minimal Contamination from the FEMP via the wind or other 
transport mechanisms. I' 

Response: 

Action: 

a OURl/COMMENTS/USEPAlBlH/05/03/941: I Ipm -12- 



Commenting Organization: U S .  EPA - Region 5 ,  Radiation Section Commentor: Rad Section 
Section #: 4.2.2.4 Page #: 4-28 Line #: 37 Code: C 
Original Comment #: 
Comment: 

49 (#113 - OC #6) 
It is stated that the concentration value for Th-228 listed in Table 4-5 is considered to be 
an anomalous analytical result since Th-228 should be in secular equilibrium with Th-232 
and Ra-228 parents. Nonetheless, both the CIS and RI/FS radiological data indicates an 
excess average concentration of Th-228, with Th-228/Th-232 concentration ratios of 1.5 
(CIS) and 3 (RI IFS);  radium data is not available from the CIS, so a Th-228/Ra-228 ratio 
comparison is not possible. This is a consistent indication that within Waste Pit 2, Th- 
228 is present in higher concentrations than its Th-232 "parent" for whatever reason. 
While viewed as an anomaly, this data should still be accepted as true and usable, 
provided it's validated data. 

2nd Comment: U.S. DOE states in its response that the Th-228 results in fact are not 
anomalous, but their stated modifications to text were not made. The modifications for 
this comment involved deletion of the reference to the anomalous results, requiring most 
of the original paragraph to be deleted. 
Comment noted. Upon review of the data presented in Appendix A, it was determined 
that one of the CIS samples (-009) and two of the samples from the RI/FS program 
revealed results with high Th-228 results. Tables 4-4 and 4-5 present the data as 
statistical averages which makes it appear that all Th-228 is not in secular equilibrium. 
Considering that Waste Pit 2 has been closed for 30 years, it should be considered that 
minimally only about 10 years would be required for the disposed waste to be in secular 
equilibrium. Additionally, the Ra-228 data for the two RI/FS samples portrays a better 
correlation to the Th-232 results than does the Th-228, as indicated in the text on page 
4-37. Although a situation exists which reports data that are in question, the data have 
been validated and have been considered true and useable for both Fate and Transport 
Modeling and Risk Assessment. 
The following text has replaced the statement regarding anomalous results found on page 
4-37, lines 32-33: "Although the statistical mean of both the CIS and RI/FS data indicate 
that the Th-228 is not in secular equilibrium with Th-232, the individual results indicate 
the activity concentrations are within secular equilibrium and the other three sample 
results portray high results for the Th-228 isotope." 

Response: 

Action: 

OURIICOMMENTSIUSEPAIBJHlO5lO3l94l: I lpm -13- 
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Commenting Organization: U.S. EPA Commentor: Saric 
Section #: 6.0 Page #: 6-26, 6-28, 6-30, 6-32 Line #: NA Code: 
Original Comment #: 25 (#263 - OSC #6) 
Comment: The original comment requested that total risks for the visitor be changed in Table 6-1. 

The response stated that risks were recalculated using linked spreadsheets. The 
incremental lifetime cancer risks presented in Tables 6-3, 6-5, 6-7, and 6-9 appear to be 
correct. However, the risks are presented with two significant digits. For example, in 
Table 6-3 the radiocarcinogenic risk for the groundskeeper via exposure to the air is 
reported as 5.9E-06. U.S. Environmental Protection Agency (U.S. EPA) guidance 
recommends that carcinogenic risks be reported only with one significant digit. 
Agree. ILCRs in summary tables in Section 6, 7, E.5 and E.7 were presented to one 
significant figure. The ILCR tables in Attachment E.IV were presented to two significant 
figures to benefit those who want to duplicate the calculations. 
ILCR values in the summary tables were changed to one significant figure. 

Response: 

Action: 

e OURI/COMMENTS/USEPAH/OS/O3/94I: 1 Ipm -15- 000069 
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Commenting Organization: U.S. EPA Commentor: Saric 

Original Comment #: 26 (#313 - OSC #18) 
Comment: 

Section #: E.2.2.1 Page #: E-2-6, E-2-7 Line #: 2740, 1-9 Code: 

The original comment stated that tentatively identified compounds (TIC) should be 
reviewed and evaluated if a significant number of TICs are present. The response states 
that TICs were generally qualified as "R" (unusable) or "NJ" (tentatively identified 
estimated). Therefore, TICs could not be positively identified and were not carried 
through the risk assessment. This response is not acceptable. Even if TICs Cannot be 
positively identified, it would be possible to provide a qualitative estimate of the 
percentage of total chemical contamination represented by TICs. The risk assessment 
should be revised to provide such a qualitative estimate and to discuss the effects of the 
fact that TICs were not evaluated and their bearing on the characterization and 
interpretation of the risks for OU1 based only on compounds that were identified. For 
example, if TICs appear to represent about 50 percent of the total chemical contamination 
and are assumed to be at least as toxic as identified chemicals, then risks based only on 
chemicals that could be identified may under represent the total OU1 risks by about 50 

Agree that tentatively identified compounds (TICs) can make a significant impact on risks 
posed by organic contaminants and can contribute to the uncertainty of a risk assessment. 
However, as stated in RAGs Volume 1, Part A, the identity and concentration of TICs 
are uncertain, making quantitative assessment of chemical contamination or risk difficult. 

. percent. 
Response: 

RAGs, Volume 1, Part A, Section 5.6 describes how TICs can be addressed. The 
method involves comparing the relative number of TICs to TCL/TAL chemicals. This 
evaluation was performed from a review of CRUl data. The review indicated there were 
few TICs compared to TCL and the TAL chemicals, supporting exclusion of TICs from 
the quantitative assessment. 
A qualitative discussion of the impact of TICs to risk consistent with RAGs guidance was 
included as Section E.6.3.2. This analysis included an assessment of frequency and a 
qualitative toxicological analysis based upon compound class. 

Action: 

e 
A discussion of the impact of TICs to the RI/FS was added to Tables E.6.3, 6-1 1 and 7- 
7. 

e OURl/COMMENTS/USEPA/BJH/05/03/941: 1 Ipm -17- 



Commenting Organization: U.S. EPA Commentor: Saric 
Section #: E.2.3.1.2 Page #: E-2- 15 Line #: 7-11 Code: 
Original Comment #: 27 (#326 - OSC #25) 
Comment: The original comment requested that the U.S. EPA Region 111 guidance document 

referred to in the text be identified and the values in the guidance document that were 
compared to OU1 concentrations be identified. The response identified the U.S. EPA 
guidance document and added a table in Section E.II that lists one set of U.S. EPA 
Region 111 screening criteria. However, the text on page E-2-15 states that "Solid 
samples were compared to residential surface soil samples and liquid samples were 
compared to tap water." The table added to Section E.11 (Table E.11-13) contains only 
one column labeled "Region 111 Residential Value. " Apparently this column contains 
U.S. EPA Region 111 residential surface soil values; however, this is certainly not clear. 
The risk assessment should be revised to more clearly label Table E.II-13 and to include 
another column in the table that presents U.S. EPA Region I11 tap water values. 

Response: . Comment acknowledged. The screening values for water were overlooked. Due to a 
change in procedures, in response to USEPA Comment #43, Region I11 screening criteria 
will no longer be used. This screening criteria was replaced with risk-based screening 
criteria calculated from the U.S. EPA Risk Assessment Guidance Supplement, Part B 
guidance for both soil and surface water. 
The ninth bullet in Section E.2.3.12 was removed and replaced with the following: Action: 

0 Chemicals with representative . concentrations lower than 
screening values calculated from USEPA RAGS Part B, based on 
a HQ of 0.1 and a risk level of lo-', were removed from the 
CPC list and assigned the deletion symbol "F" in Attachment 
E.11. [Note: This section underwent further changes per request 
from USEPA and OEPA.] 

The tables in Section E.11 were changed to reflect this toxicological screening criteria. 
Table E.11-13 was revised to include risk-based screening criteria based on USEPA RAGS 

' Part B for soils and surface water. 

OURl/COMMENTS/USEPAH/O5/03/941: 1 lpm -18- 
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Commenting Organization: U.S. EPA Commentor: Saric 

Original Comment #: 28 (#338 - OSC #61) 
Comment: 

0 Section #: E.3 Page #: E-3-99 Line #: Table E.3-18 Code: 

The original comment stated that this table (formerly Table E.3-17) presented input 
parameters for incidental ingestion of and dermal contact with soil and sediment together. 
This comment was possibly misinterpreted because of the wording of the original 
comment. The original comment was intended to point out that the input parameters for 
ingestion of soil and sediment (reported in the table as soil/sediment) and for dermal 
contact with soil and sediment were apparently combined. For example, the ingestion 
rate (IR) of soil/sediment for the trespassing youth is reported as 0.1 gram per day. It 
is not clear if the risk assessment assumes that the trespassing youth ingests a total of 0.1 
gram of soil and sediment per day or if the trespassing youth ingests 0.1 gram of soil per 
day and 0.1 gram of sediment per day. Table E.3-18 should be revised to indicate 
whether the input parameters presented for ingestion of soil/sediment and dermal contact 
with soil/sediment represent totals for both media or if the parameters represent the 
values that were used for each medium. If the parameter values represent sums, a 
footnote should be added explaining how the values were divided between the two media. 
Agree that the table was unclear. The same ingestion rate was used for incidental 
ingestion of both soil and sediment. The contribution from the two media was adjusted 
by the fraction ingested term (FI), to reflect the amount of time the receptors are exposed 
to that particular media out of a 16 hour day. For dermal contact for soil/sediment, 
parameters represent the values used for each medium. The table should be corrected 
with a footnote to clarify the use of these parameters. 
Footnote "t" in Table E-3-18 was changed to read: "FI for soil and sediment are based 
on the number of hours exposed out of 16 waking hours per day (DOE 1993e)." 
Footnote "u" was added to Table E-3-18 stating, "Parameters represent values used for 
exposure to both media, sediment, and soil which apply to that receptor." 

Response: 

Action: 

0 OURI/COMMENTS/USEPA/BJH/05/03/941: 1 lpm -19- 



Commenting Organization: U S .  EPA Commentor: Saric 
Section #: E.3.5.7.4 Page #: E-3-65, E-3-98 Line#: 15-16 Code: 
Original Comment #: 29 (#378 - OSC #53) 
Comment: The original comment stated that an inhalation rate of about 2.0 cubic meters per hour 

(m3/hour) would be acceptable for the construction worker. The response states that the 
standard default value of 2.5 m3/hour was used. However, Section E.3.5.7.4 states that 
"an inhalation rate of 2.0 m3/h is used..." On the other hand, the inhalation rate for the 
"On-property home building Age 19+" is reported as "0.83 m3/hr" in Table E.3-18. 
The risk assessment should be revised to resolve these inconsistencies. An inhalation rate 
of either 2.0 m3/hour or 2.5 m3/hour is acceptable for the construction worker. 
Agree. This was a typographical error. The correct inhalation rate of 2.5 m3/hour was 
used for calculation. 
The inhalation rate for the homebuilder described in the text of section E.3.5.7.4 was 
changed to 2.5 m3/hr for the homebuilder. 

Response: 

Action: 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: E.3.5.7.5 Page #: E-3-66 Line #: 4-6 Code: 
Original Comment #: 30 (#379 - OSC #54) 
Comment: The original comment requested that a citation be added for the U.S. Soil Conservation 

Service Field Office Technical Guide. The response added a citation for this document 
in the reference section. However, this document is still not referenced in the text. 
Section E.3.5.7.5 should be revised to added a reference to the appropriate guidance. 
Comment acknowledged. This discussion was deleted in response to USEPA Comment 
40. 

Response: 

Action: None. 

OURI/COMMENTS/USEPA/BJH/O5/03/94I: 1 lpm -20- 



Commenting Organization: U.S. EPA Commentor: Saric 

Original Comment #: 31 (#407 - OSC #87) 
Comment: 

Section #: E.5.3 Page #: E-5-9 Line #: 26-31 Code: 

The original comment requested that the location of all significant groundwater risks be 
identified. The response moved two figures from Section E.IV to Section E.5. These 
two figures are now included in the risk assessment as Figures E 5 1  and E.5-2. 
However, these figures are not referred to in the text at a point where such a reference 
would be most helpful; that is at the point where the locations of the greatest off-property 
and on-property risks are discussed. Therefore, Section E.5.3 should be revised to 
include references to Figures E.5-1 and E 5 2  to supplement the existing discussion. 

The text "(Figures E-5-1 and E-5-2)'' was inserted in the third paragraph of Section 
E.5.3, after the text reading "...east of the fenceline" and 'I.. .just down-gradient of Waste 
Pit 4. " 

Response: Agree. References should be added as requested. 
Action: 

Commenting Organization: U.S. EPA Commentor: Saric 
Section #: E.III.3.9 Page #: E. 111-27 Line #: 37 and 38 Code: 
Original Comment #: 32 (#435 - OSC #114) 
Comment: The original comment stated that this section presented two equations for calculating the 

absorbed dose per event (D&& because t,, is always less than t* , the second 
equation should be removed. The response suggests a change in the narrative. The 
change was made in the section discussing volatilization, but was not made in the section 
discussing dermal contact. In any case, the response is insufficient. As stated in the 
original comment, the second equation (line 38) is superfluous because tV, is always less 
than t* and should, therefore, be removed. Section E.III.3.9 should be revised to include 
the narrative change reported in the responses in the section discussing dermal contact 
and to remove the second equation (line 38). 
Agree that, for this particular scenario (dermal contact while showering), &, is always 
less than t'. However, this was intended as an example of the dermal contact with water 
pathway that would apply to both showering and swimming, where t,, is greater than 
t* for many constituents. This should be clarified in the text. 
The first paragraph under the heading Dermal Contact in section E.III.3.9, was replaced 
with the following text: "The following sample calculation shows the method used to 
quantify exposure via dermal contact with water (Le., from swimming, showering, 
bathing, etc.) (EPA 1989a, 1992b, 1992~). In the example given below, dermal contact 
with household water containing vinyl chloride is calculated. It 

Response: 

Action: 

OURI/COMMENTS/USEPA/JH/OS/O3/94 1: 1 Ipm -21- 000025 



Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 33 (#160 - NEW) 
Comment: I was surprised to see DOE again include the Upper Threshold Limits (UTL) approach. 

We have discussed this approach several times and commented that the UTL value might 
be very unstable, and even exceed the maximum background level, as the UTL 
calculation is sensitive to even a single elevated sample. I do not recall EPA ever 
agreeing to the use of the UTL approach. For radionuclides, the use of the UTL is a 
moot point. If the comparison of the radionuclide concentration including background 
with the background concentration is the basis of the assessment, then no prior 
elimination of radionuclides based on a comparison with any background concentration 
level, either means or the UTL, is acceptable. 
Agree that UTLs were included in some of the tables in Section 4. UTLs were not used 
in risk assessment calculations. The risk assessment used the 95% UCL, as discussed 
during the March 31, 1994 meeting between DOE and EPA. DOE indicated that UTL 
was designated in Section 4 for the purpose of assisting delineating nature and extent 
issues. 
Figure E.2-1 was added to Appendix E.2 describing CPC procedure. 

Response: 

Action: 

The following text was added at the end of the first paragraph of Section E.2.3: "A flow 
diagram describing the CPC selection procedure is presented in Figure E.2-1. I' 

All use of and references to UTLs were removed. 

OURI/COMMENTS/USEPA/BJH/OS/O3/94 1 : 1 lpm -22- 



Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 
Comment: 

34 (#261 - OC1) 
My comment on the issue of the proper approach for radionuclides (subtract natural 
background levels and calculate the risk for the residual) is consistent with my comment 
#22 in the Response to Comments - Risk Assessment Work Plan Addendum, February 
1992 referred to in the response. DOE continues to prefer to do two sets of risks 
calculations for radionuclides--one which includes the background component and a 
second for the background levels only. What is missing in the assessment is the risk 
above background; the latter is used in the risk management step. 

DOE should probably rethink their approach, as it will make it more difficult for them 
to apply the evolving cleanup standards when they are available. The DOE approach also 
means that exclusion of radionuclides as CPCs using a comparison with background is 
not valid, and this step should be removed from the screening process outlined on pages 

Comment acknowledged. During a meeting between DOE and EPA on March 31, 1994, 
it was determined that the method used for background comparison to risk of 
radionuclides at the FEMP had been consistently applied and would not result in deleting 
or removing radionuclides that could contribute significant risks. The concentration of 
background radionuclides is on the order of lpCi/g and therefore in comparison to 
contamination and cleanup levels, it would not be prudent to attempt to subtract 
background. This is also consistent with proposed EPA cleanup criteria based on a 104 
risk standard. 

E-2-14 and E-2-15. 
Response: 

Action: None. 

0 OURl/COMMENTS/USEPA/BJH/05/03/941: 1 lpm -23- 
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Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 35 (#309 - OC4) 
Comment: The May 1993 DRAFT "Superfund's Standard Maximum Exposure Factors for the 

Central Tendency and Reasonable Maximum Exposure", while draft, represents Regional 
consensus as well as "best professional judgement" at present. As such, it is a relevant 
document. It is fine to include it in the reference section, but this should not be done 
unless it was used in the report. I did not see any reference to this document in the text. 
Please explain how it fits into the report. 
Comment acknowledged. This reference was used in Table E.3-18, Exposure Input 
Parameters, Future Source Term Receptors' (EPA 1993h) to arrive at the FI term used 
for ingestion of fruits, vegetables and meat for the CT farmer. The remainder of the 
guidance was difficult to implement because of limited applicability to this site. For 
instance, exposure durations from the draft guidance for the CT and RME residents did 
not seem applicable to this site because guidance values were for residential exposure and 
not a resident farmer. 

Response: 

This topic was discussed between DOE and EPA on March 31, 1994. It was agreed that 
if the values in this guidance could not be applied completely, the guidance should not 
be referenced. It was noted by USEPA that this guidance should be used for future risk 
assessments. 
Exposure values for CT and RME residents will remain as they are. Action: 

Reference "r" was deleted from table E.3-18. 

Reference to the guidance, (EPA, 1993h) has been removed from the reference section 
of this document. 

Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 
Comment: Action is incomplete. Please add to the text: "Some contaminant exposures (childhood 

exposure to lead, dermal exposure to PAHs, etc.) might be better addressed using a 
qualitative approach. I' 

The text above was added to Section E.1.3.2 after the last bullet. 

36 (#310 - OC5) 

Response: Agree. The text should be added as requested. 
Action: 

OURI/COMMENTS/USEPAH/O5/03/~I: 1 Ipm -24- 



Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 37 (#327 - OC12) Table E.2-3 
Comment: The reporting is still unconventional-soil metals are usually reported in mdkg. I am 

now further confused as some metals previously reported have been eliminated (an 
example is arsenic), although the previously listed concentration in soil was toxic even 
if one assumes that the value should have been mg/kg instead of g/kg. Please explain 
the removal of these contaminants. 
a) Agree. Units should be converted to mg/kg for the tables in E.2. , 

b) Agree, some metals retained in the original risk calculation (i.e., arsenic, zinc) were 
removed from the CPC list after an improperly implemented comparison with 
background. (See OEPA Comments 28-32.) 
a) Units and values of concentrations in Tables E.2-2 - E.2-12 were converted to mg/kg. 
b) Tables were verified to make certain that all constituents were handled appropriately. 

Response: 

Action: 

Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code : 
Original Comment #: 
Comment: 

38 (#374 - OC18) 
The response is incomplete. I/the reader does not have any idea why the exposure is 
limited to a 30-year period if the resident lives in the area for 70 years? Please provide 
an explanation of your assumptions for this scenario. 
Agree. There are no areas designated for swimming on the Great Miami River; 
therefore, we assumed that it was not used for recreational purposes. However, young 
adults have recently been observed swimming and fishing in the Great Miami River. 
Accordingly, we have assumed that a youngster of 12 years of age would use the Great 
Miami River for swimming, fishing and diving, probably through age 42. For 
recreational use of the river, this receptor would use the river seven times per year, 2.6 
hours per event, 30 years of a 70-year lifespan. 
The following text was added to replace the second sentence of paragraph 4 in section 
E.3.5.7.1: "Although there are no areas designated for swimming in the GMR, it is 
assumed that a youth, 12 years of age, would use the GMR for swimming, fishing and 
diving, through age 42. This age range was selected because the GMR current makes 
the river unsafe for very young children to swim in and because there are no designated 
swimming areas to attract visitors. It is very unlike that anyone would use the river for 
recreational purposes over an entire lifetime. Therefore, the exposure duration assumed 
for this scenario is 30 years." 

Response: 

Action: 

a OURllCOMMENTS/USEPAJH/O5/03/941: 1 Ipm -25- 
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Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 39 (#375 - OC19) 
Comment: The new explanation is interesting; however, I believe that the NRC value represents an 

average (read CT) exposure, not an RME exposure as required by RAGS. In any 
assessments, which is more on the order of 175 eight-hour days. It might be longer if 
the contractorhuilder puts up the barns, garage, etc. in addition to the house. I am 
concerned that the risk to this receptor is seriously underestimated. 

An additional problem is raised by the use of 10 hour workdays, as the soil Incidental 
Ingestion and Dermal Absorption pathways use 8 hour days in the calculation. (Actually, 
the gamma radiation exposure is the only exposure for which the total hours input will 
work.) A further confounder in the constructionhuilder scenario is the use of 365 days 
as the averaging time for non-carcinogens. The time frames must be consistent; the risk 
stops when the exposure stops. 
Agree. An exposure duration of 175 eight-hour days should be used for the RME home 
builder. Agree - Averaging time for non-carcinogens was not applied appropriately. 
Parameters for this receptor were changed in Table E.3-18 The fourth paragraph in 
Section E.3.5.7.2. was replaced with the text: "The homebuilder is evaluated to assess 
the health impacts of exposures incurring while building a home on property. For this 
activity, it is assumed that a worker spends approximately 175 eight-hour days 
constructing a home. " 

Response: 

Action: 

Risks were recalculated for the homebuilder and presented in Section E.5. 
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Commenting Organization: U.S. EPA Commentor: Van Leeuwen 0 Section #: E Page #: Line #: Code: 
Original Comment #: 
Comment: 

40 (#370 - OSC52; #377 - OC20) 
Some additional explanation is still needed in the scenario description of the ,on-site. 
farmer. It is not readily apparent that the gamma radiation exposure is based on the total 
time spent outdoors (total hours/year), while the Incidental Ingestion of soil pathway uses 
the number of days exposed (in the explanation, either 100 or 48 days) at the elevated 
ingestion rate. 

Response: 

The second question, whether the US Conservation Services data represents an average 
(read CT) exposure or an RME exposure, was not addressed. What if the farmer 
chooses to plant more that 10% of his land in hay/spent more time in the field--is he at 
greater risk? What is a realistic upper bound (RME) exposure value? Maybe this is a 
moot point, as even the average exposure presents an unacceptable risk for any on-site 
farming activities at this OU. However, it would be nice to be able to use a consistent 
site-wide exposure scenario, as it might make a difference in another on-site location, and 
it will be difficult to explain the modification of the farmer's activities, based on location. 
By the way, 4.2 hrs x 275 days = 1155 hrs. 
In Table E3-18, the time of gamma radiation exposure of the on-site farmer is based on 
5.7 hours outdoor and 18.3 hours indoor exposure, for a total of 24 hours for the RME 
receptor. The on-site farmer CT receptor receives 4.2 hours indoor and 19.8 hours 
outdoor exposure, for a total of 24 hours total. 

Agree the text is confusing. The USDA values were chosen because there is only a small 
amount of data on the agricultural receptor. As pointed out in the comment, this lack of 
information makes sensitivity analysis difficult. The value for ET of 100 - 8 hour days, 
800 hours per year, for the farmer was consistent with the approach used for the OU4 
RI, OU4 FS and OU4 CRARE. The justification presented in E.3.5.7.5 was a summary 
of the logic initially used to calculate the average soil ingestion rate of 0.18 g/day for the 
RME farmer. 
The first two sentences in the third paragraph of Section E.3.5.7.3 were removed and 
replaced with: "It is assumed that the CT resident adult farmer is exposed outdoors 
approximately 4.2 hours/day for 275 days/yr, which is equivalent to 1155 hours of 
outdoor exposure in a year. 

Action: 

Section E.3.5.7.5: The text beginning with "The soil ingestion rate of the ME.. . . . . "  
to "...Work Plan Addendum (DOE, 1992a)," was replaced with: "A soil ingestion rate 
of 0.18 grams per day (DOE, 19930 was used to approximate lifetime exposure to the 
RME farmer. This value is based on ingestion rates for activities performed throughout 
the receptors lifetime including childhood, youth and adult lifestages over a 70 year 
period. For the sake of this risk assessment, it is assumed that all soil ingested is from 
OU1." 

(DOE, 19930 was added to the reference section to reference the OU4 RI Report, Final 
Edition. 
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Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 41 (#386 - OC23) Lead Profile 
Comment: There still appear to be a number of problems with statements in this profile. 

Page E 4 4 5 ,  lines 19-24: The NAAQS for lead is useful in assessing the adverse health 
impacts on the general public from inhalation of lead; however, the NAAQS is not useful 
in determining the impact of lead on children under the age of seven, the population of 
concern. The text revision states that the NAAQS was not used, but gives the impression 
that it could be used for children, as the previous sentence discusses these health impacts. 

Page E-4-46, lines 20-24: The limitations on the use of the UBK Model for Lead are the 
FEMP data, not the UBK Model. Versions 0.5 and 0.6 of the Model have been widely 
applied at CERCLA sites in both this Region and other Regions. The use of interim 
versions of the Model represent the best science at present. 

Page 4-47, lines 1-2: The Science Advisory Board review took place more than a year 
ago. Version 0.99D of the IEUBK Model and the guidance manual have been completed 
and are in the process of being distributed. 
a) Agree. The lead profile should be changed to implicitly state that the NAAQS standard 
is not acceptable for children. 
b) Agree. Statements regarding the adequacy of the lead model has been removed. 
c) Agree. This passage discussing SAB review has been updated. 
a) In the second paragraph of Section E.4.2.47.2, the text "which could be used in lieu 
of an .... However,. . . . baseline risk assessment" was deleted and replaced with the text: 
"However, this NAAQS standard is not useful in determining the impact of lead on 
children under the age of seven and therefore was not used in the OU1 baseline risk 
assessment. I' 
b) The sixth paragraph in Section E.4.2.47.2 was deleted. 
c) The eight paragraph in Section E.4.2.47.2 was deleted and this text was added to the 
end of the sixth paragraph in this section: "Version 0.99 of the IEUBK model has 
undergone Science Advisory Board review and is currently being distributed. 

Response: 

Action: 
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Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 
Comment: 

42 (#394 - OC24) 
I did not see the updates/dermal discussion for PAHs used in the OU4 reports included 
in this update, although other OU4 guidance was incorporated. EPA has revised the 
guidance for PAHs to allow the use of Relative Potency Factors (RPFs) in the risk 
calculation. Please comment. 
Comment noted. The approach for assessing dermal risk from exposure to carcinogenic 
PAHs was first provided by EPA in a comment to the FEMP on the OU4 Feasibility 
Study Report made in December, 1993, with additional comment provided on February 
1 , 1994. Final resolution on this comment was obtained after the response to comments 
by DOE to EPA on February 7 ,  1994. However, the OU1 baseline risk assessment was 
finalized on January 28, 1994 and did not allow a revision of the Remedial Investigation 
Report for the February 8, 1994 submittal date. There was not sufficient time for DOE 
to incorporate this guidance prior to the submittal of the OU1 baseline risk assessment. 

Response: 

Since that time, the agreed-upon approach was implemented and changed pages were 
submitted to USEPA on March 18, 1994. 
The pages revised on March 18, 1994, have been included. The RPFs used for PAHs 
in Table E.4-5 have been changed to those recommended in EPA's "Provisional Guidance 
for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons" (EPA/600/R- 
93/089). 

Action: 

Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 
Comment: 

43 (#466 - DERR 158) 
I was surprised to see that I had suggested the use of Roy Smith's tables for choosing 
CPCs in a 6/28/93 teleconference. (1) My calendar shows that I was engaged on another 
site on 6/28/93; I do have notation of a 6/8/93 teleconference with FERMCO. (2) I am 
not a big advocate of Roy Smith's tables, except as a quick screening device. I prefer 
the of EPA guidance--Le., do the calculations in RAGS, Part B. (3) Roy's table should 
only be used for preliminary (pre-RI) screening of a site; they should never be used as 
part of the process to select CPCs. The tables have not been approved by Headquarters; 
therefore, they remain Region I11 guidance. 
DOE considered the procedures based on both RAGs Part B and EPA Region I11 (Roy 
Smith's tables) in the development of toxicity screening criteria for OU1. Both EPA 
Region I11 and RAGs Part B use similar procedures and ECAO values, however, the- 
assumptions made are slightly different. A comparison of criteria generated by RAGS 
Part B and EPA Region I11 values assuming a risk level of lo7 and hazard quotient of 
0.1 , showed that EPA Region 111 values used by Roy Smith were lower for toxicants, and 
consequently, more conservative. Therefore, DOE decided to use the more conservative 
values from EPA Region I11 as screening criteria for determining constituents of potential 
concern. DOE will establish the RAGS Part B as the primary screening method as 
recommended by EPA. 
Criteria calculated from RAGS Part B, assuming a risk level of and a hazard quotient 
of 0.1. was used as the screening methodology in place of the EPA Region I11 values. 
References to EPA Region I11 table [E 11-13] were deleted and replaced with EPA RAGS 
Part B. 

Response: 

Action: 
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Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 
Comment: 

44 (#NEW 01) Page E-2-14, bullets. 
This section has been revised to include some points which were eliminated in previous 
review comments. 

Bullet 4: I have previously commented that the use of a 5 %  frequency of detection limit 
to eliminate contaminants as CPCs is an example in RAGS, not a rule. When a large 
number of samples are collected, detection in 5 %  of the samples might result in a large 
number of detects which cannot be dismissed so frivolously. A frequency of detection 
rule should not be used unless the limit value has been specifically agreed upon by the 
project manager, toxicologist and health physicist for the site. 

Bullet 5 :  The first sentence seems to be incomplete-include "at concentrations found" 
where? 

Bullet 7: Why? The decomposition products of some contaminants, such as chlorinated 
hydrocarbons and PAHs, are the more toxic entities, and these products are toxic at 
concentrations in the parts per billion range! 

'Bullet 8: Why? VOCs with vapor pressures less than 10 mm Hg would still be a 
problem under certain exposure scenarios. Please explain. 

Bullet 9: Roy Smith's/Region 111 Tables may never be used to eliminate contaminants 
as CPCs; this is a screening guidance. See above comments. 

Bullet 10: Add "These chemicals were discussed qualitatively or semi-qualitatively . 

Bullet 12: All radionuclides might be present at levels that do not "significantly" exceed 
background levels, given the high natural background for some radionuclides, and still 
present an unacceptable risk above background. This is not a valid comparison given the 
methodology employed in this assessment. See above comments. 
Bullet 4. Agree. The screening criterion based on frequency of detection (bullet 4), was 
not used in the OU1 baseline risk assessment because, in general, there was inadequate 
data to allow a frequency screening. However, this screening criterion would only be 
applied on a constituent by constituent basis after considering the chemicals relative 
toxicity and concentration detected in a particular medium. Such evaluations would only 
be made by the Project Manager in conference with the site Toxicologist and Health 
Physicist. 

Response: 

' 

Bullet 5 .  Agree. The bullet will be deleted. 

Bullet 7.  Agree. This screening criterion (bullet 7 )  was not used to screen CPCs in the 
OU1 baseline risk assessment and was removed from this list. 

Bullet 8. Agree. This screening criterion (bullet 8) was used to screen out one 
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constituent in the OU1 baseline risk assessment. The constituent, Butanoic acid methyl 
esther, was concluded to be either a laboratory artifact produced during chemical analysis 
or possibly a fatty acid ester product of plant life. Accordingly this bullet will be 
removed from the list. 

Bullet 9. Comment noted. 
guidance. 

DOE has calculated values using Part B of the RAGS 

Bullet 10. Agree. The text will be changed to read, "These chemicals were discussed 
qualitatively or semi-qualitatively . I' 

Bullet 12. Agree clarification is needed. Radionuclides in the OU1 baseline risk 
assessment were screened based on a comparison to background using the procedures 
outlined in Section E.2.3.1.1. This method is consistent with the method used in the 
baseline risk assessment for Operable Unit 4, and approved by EPA. Bullet will be 
changed to clarify procedures used in the OU1 baseline risk assessment. The statement 
will read, methodology has established the 95th percentile background value as a decision 
making point in the procedure described in Section E.2.3.1.1; point values for 
radionuclides exceeding this value are considered CPCs while radionuclides at less than 
that value are deleted. 
Bullets 4, 5 ,  7, and 8 were deleted. Action: 

Bullet 9 was replaced with the text: "Chemicals that present a HQ less than 0.1 or ILCR 
lower than lo7 when evaluated against screening criteria calculated from EPA RAGS Part 
B (EPA 19910 were removed from the CPC list and assigned the deletion symbol "F" 
in Attachment E.11." 

Removed (EPA 1993b) and (EPA 1993c) from the reference section. 

The text, "These chemicals were discussed qualitatively or semi-qualitatively, " was added 
to bullet 10. 

Bullet 12 was changed to read: "Methodology has established the 95th percentile 
background value as a decision making point; radionuclides exceeding this value are 
considered CPCs while radionuclides at less then that value are deleted." 

The corresponding letters in the E.11 legend were deleted. 
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Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 45 (#NEW 02) 
Comment: In Table E.3-18, there are two columns listed for the Expanded Trespasser, Age 7-18. 

The two lists of parameter values contain different values. What was used in this 
scenario? 
Agree. Table E.3-18 has a typographical error in the second column identified. 
The heading in the second column has been changed to state "Age 19 to 50". 

Response: 
Action: 

Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 
Comment: 

46 (#NEW 03) 
Table E.3-18. If the on-property Home Builder is only on site for 3 months, the AT- 
noncancer value should be 90 days (or 175 days, as suggested), not 365 days. The risk 
stops when the exposure stops. 
Agree. Averaging time for toxicants (AT-Noncancer) for the home builder in Table E.3- 
18 should be changed to equal the exposure frequency of 175 days. 
The AT-noncancer was changed to equal the exposure frequency. 

Response: 

Action: 

Commenting Organization: U.S. EPA Commentor: Van Leeuwen 
Section #: E Page #: Line #: Code: 
Original Comment #: 47 (#NEW 04) 
Comment: The Table headers in Section E.3 have not been revised to be consistent with the new 

scenario labels. The reader does not know which parameter values were used in which 
scenarios. 

Response: Agree clarification is needed. 

Tables in Section E.3 present exposure parameters and exposure point concentrations for 
CPCs applicable for receptors under current and future land use, current and future 
source term. The distinguishing factor for the exposure point concentration is the current 
and future source term. Therefore, exposure point concentrations in Tables 3-4 to 3-6, 
and 3-10 to 3-16 are provided by source term. 

The exposure parameters were broken out in Table E.3-1. The distinguishing factor 
for exposure parameters (Tables E.3-17 and E.3-18) should be land use, which would be 
consistent with the new scenario labels. Therefore, Tables E.3-17 and E.3-18 will be 
revised to state "Current Land Use" (Table E.3-17) and "Future Land Use" (Table E.3- 
18). 
Tables E.3-17 and E.3-18 were revised to reflect land use. Action: 
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Commenting Organization: U.S. EPA Commentor: Van Leeuwen 0 Section #: E Page #: Line #: Code: 
Original Comment #: 
Comment: 

48 (#NEW 05) 
Page E-6-6: Under uncertainties associated with the calculation of the exposure point 
concentration, I did not see any discussion of the underestimation of the risk due to the 
use of surface soil data from 0-24 inches. For ingestion and dermal absorption pathways 
for soil, surface soil is usually considered to be six inches. This greater dilution of the 
surface soil contaminant concentrations will likewise reduce the risk. A discussion of this 
point should be included in Section E.6.2.2.2.1. 
Agree. Risk could be underestimated by the limited use of surface soil data from 0 to 
24 inches. This was done out of necessity. Original queries to our site-wide database 
were done between depth of 0 to 6 inches revealing no radiological data. It was later 
discovered that all radiological surface soil data was entered with a depth range of 0 to 
24 inches. 
A bullet was added to Section E.6.2.2.2.1 to read: "Concentration terms for surface soil 
were derived from results recorded from 0 to 24 inches in depth. Since surface soil 
contamination levels are usually greater in the first 6 inches of soil, this approximation 
may underestimate risks from exposure to surface soil." 

Response: 

Action: 

0 OURI/COMMENTS/USEPA/BJH/05/03/94 1 : 1 lpm -33- 
000037 



General 

OEPA Comments 

000038 



OHIO EF’A COMMENTS 
DRAFl’ FINAL OU1 REMEDIAL INVESTIGATION REPORT 

March 14, 1994 
(Draft Responses Supplemented with Action Items 

from DOE-EPA 313 1 /94 Meeting) 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: General Page #: Line #: Code: C 
Original Comment #: 1 
Comment: In general Ohio EPA has found DOE’S use of the redline version to be of substantial help 

in reviewing the document. An essential part of Ohio EPA’s use of this methodology is 
the assumption that all changes to the document have been highlighted. At least one 
change to the document that was not highlighted was noted by Ohio EPA. DOE must 
ensure that all text changes are highlighted so that we can make full use of the benefits 
of the redline version. In the future if substantial portions of a section are changed, it 
may be easier to just note in the cover letter that the section changed and not worry with 
highlighting. 

The revised pages for the comment responses continue to provide the redline information 
from the February submittal in addition to bold italics for the changes made April 1994. 
Also strikeouts have been used to show removals made during this round of comment 
responses. 

Response: Comment noted. 
Action: 
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Commenting Organization: Ohio EPA Commentor: DERR 

Original Comment #: 3 (009) 
Section #: 1 Page #: Line #: Code: 

Comment: 

Response: 

Action: 

DOE'S response and action fails to adequately address the issue of the decant lines. If 
DOE is going to make assumptions then the assumption should reflect the worst case 
scenario. 
Comment acknowledged. Additional text, as provided in the response to Original 
Comment #009, should be added to Section 1.2.1.1 of the RI Report. 
The following text has been inserted on page 1-16, line 2 after (NLO 1985): 

"Since the actual date of installation of the decant lines is unknown, the disposition of the 
waste in these lines is undeterminable. If the lines were installed while Waste Pit 1 was 
actively used, then the rare overflows went to the stormwater drainage system (the 
Clearwell was not in operation during the lifetime of Waste Pit 1). If the lines were 
installed after the closure of Waste Pit 1,  then the lines discharged into the Clearwell. " 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: 1 Page #: Line #: Code: 
Original Comment #: 4 (011) 
Comment: 

Response: 

DOE reference to the as built drawings should be included as reference material in the 
document. 
Agree. Representative drawings which include data from as-built drawings should be 
added to Appendix F. 

Action: Text has been added to page 1-14, line 27 as follows: 

"Historical configuration drawings which include as-built information for Waste Pits 1 
a 

through 6, the Clearwell, and the Burn Pit are provided in Appendix F.6.12." 
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Commenting Organization: Ohio EPA Commentor: DERR 
Section #: 1 Page #: Line #: Code: 
Original Comment #: 5 (016) 
Comment: The reference to the word "approximate" can be applied to the narrative section on page 

1-18 lines 7-18. In addition, some doubt exists as to the liner maintaining its 1 foot 
thickness, uniformly, throughout the bottom of the pit. DOE should provide all evidence 
of the liner's construction engineering diagrams along with any compaction, density, or 
conductivity data that may exist. If the existence of the liner cannot be documented then 
DOE should note the lack of certainty in the liner's integrity. Groundwater monitoring 
results around pit 3 indicate that the liner is leaking. 
Agree. Revisions should be included in the discussion of uncertainties associated with 
the liner's thickness. Refer to Appendix F for historical configuration drawings including 
as-buil t information. 
Revision to the text on page 1-18, lines 9 and 10 have been modified as follows: "This 
waste pit is approximately 42 feet deep, which includes a maximum of 14 feet of cover 
material, 27 feet of wastes and an estimated 1 foot of native clay (Parsons 1993)." 

Response: 

Action: 

On page 1-18, lines 11-12 have been modified as follows: "A natural layer of low 
permeability clay forms the bottom of this waste pit, so the placement of additional clay 
was not deemed necessary (NLCO 1977). No documentation exists to determine the 
actual thickness or uniformity of distribution of this native clay across the bottom of the 
pit." 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: 1 Page #: Line #: Code: 
Original Comment #: 6 (022) 
Comment: The referenced section numbers do not match. 
Response: Agree. The comment response should have read "As noted in Section 1.2.1.7 ..." The 

location in text is correct. 
Action: None. 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: 1 Page #: Line #: Code: 
Original Comment #: 7 (029) 
Comment: Without absolute proof of the existence of the liner DOE should not lay claims to its 

presence. Evidence that a nominal layer does exist does not justify a complete, 
impervious liner. 
Agree. Text, as provided below, should be added to Section 1.2.1.3. 
The following text has been inserted on page 1-18, line 13, immediately following the 
insert from Comment #5 above. 

Response: 
Action: 

"Although there is no actual evidence that Waste Pit 3 has not penetrated into the sand 
and gravel aquifer, the combination of recent boring logs and as-built drawings (reference 
Appendix F) from pit construction provides indication there is some minimal clay layer 
between the materials in the waste pit and the sand and gravel layer. However, the 
presence of clay does not imply a complete impervious layer." 
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Commenting Organization: Ohio EPA Commentor: DERR 

Original Comment #: 2 (080) 
Comment: 

0 Section#: 3 Page #: Line #: Code: 

The referenced figures (3-2 through 3-6 and 4-9, 4-17, 4-19, 4-21 and 4-23) are not 
fence diagrams. At the time of the June 1993 OU1 RI meeting, USEPA and Ohio EPA 
described in detail exactly what was expected of DOE in regard to the fence diagrams 
for OUI. The figures in the OU1 are not even close. The DOE has simply used basic 
special effects to give cross sections the vague appearance of fence diagrams. These 
diagrams should be discarded and proper fence diagrams included. A draft fence 
diagram can be found in the IT report for FERMCO dated March 1, 1993: Transmittal 
of the Glacial Overburden Study Project #409195, Figure 6.0a. 
Agree that the referenced figures are not fence diagrams. They were provided to convey 
a pictorial illustration of heterogeneity and to depict the strata of process waste 
distribution based on process knowledge. 

Response: 

The fence diagrams referenced in the comment were produced as part of Volume 13, 
Appendix Q, of the FMPC Groundwater Report (FMPC-0004-2) of December, 1990. 
These diagrams were based on data that would now be considered incomplete and not 
current, in light of the sampling programs that have been completed since the data was 
gathered for the Groundwater Report. However, DOE agrees that there is utility in 
including a fence diagram for Operable Unit 1 in the OU1 RI Report. Thus, a fence 
diagram that is based on more current data will be provided. This diagram is being 
produced in concert with Operable Unit 5 as part of OU5’s characterization of the 
subsurface area beneath OUI. This approach has been agreed to in discussions between 
DOE and OEPA. 

The referenced figures are not intended to take the place of a fence diagram. A fence 
diagram would illustrate stratification of horizons over the entire operable unit; however, 
the conceptual drawings provided in Section 3 and Section 4 are merely intended to 
illustrate the contents of the waste pits, based on process knowledge as verified by 
analytical data and boring log information. It should be understood that these drawings 
are conceptual illustrations to depict a reasonable profile of waste pit contents in the 
absence of additional suitable scientific data. 

Action: A fence diagram depicting the OU1 subsurface of the operable unit will be provided in 
the Final Remedial Investigation Report for Operable Unit 1, tentatively scheduled for 
publication in July 1994. 

Insert the following text on page 3-2, line 3: 

“A fence diagram depicting the Operable Unit 1 subsurface is provided as Figure 3-la.“ 
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Commenting Organization: Ohio EPA Commentor: DERR 0 Section #: 6 Page #: Line #: Code: C 
Original Comment #i 8 (129) 
Comment: DOE'S response to Ohio EPA's comment suggests 70% revegetation and that revegetation 

will continue. If revegetation has not occurred by now, it is unlikely to in the near 
future. There are obviously reasons vegetation has not grown on these portions of the 
pits (i.e., conditions are not suitable for growth). 
Disagree. Waste Pits 1,  2, and 3 are covered with fill. They currently support 70% 
vegetative cover. This fraction was obtained through recent aerial photographs taken 
during the summer. 
Line 15 on page 6-5 was changed to read: "The current source term configuration ... 
as it exists today; Waste Pits 1, 2 and 3 are covered with fill and have 70 percent 
vegetative covering. Waste Pit 4 is covered by a polyethylene cover with compacted 
clay. Pits 5 and 6 are water covered (refer to Table E. 1-l)." 

Response: 

Action: 

The phrase "70 percent vegetative cover" was added to the physical descriptions listed 
for Waste Pits 1, 2, and 3 in Table E.1-1. 
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Commenting Organization: Ohio EPA Commentor: DERR 

Original Comment #: 9 
Comment: 
Response: 

Section #: E.2.3.1.1 Page #: E-2-13 Line #: 17-27 Code: C 

DOE must provide a reference to support the use of this proposed method. 
When a distribution can not be determined a method of determining a 95th percentile 
must be used that does not rely on the underlying distribution. These methods are known 
as non-parametric procedures. Since the underlying distribution is unknown, it is likely 
that any parametric estimation of the 95th percentile would be biased. Additionally, it 
would not be known if the parametric estimate is biased high or low. As the median is 
a better estimate of central tendency then the average for skewed distributions (as most 
concentration data are), non-parametric estimates of the 95th percentile will also yield 
more reliable results. A non-parametric percentile estimate of an unknown distribution 
(based on order statistics) is the point at which 95% of the data are less than this value. 
The median is defined as the 50th percentile and is the point in a distribution where 50% 
of the data exceed and 50% are below. The sample dataset is our best representation of 
the true underlying distribution. For this reason the non-parametric estimate of the 95th 
percentile, based on the sample dataset is our best estimate of the true 95th percentile. 
Often the percentile value would be interpolated between the two ordered data values that 
bound the 0.95*n rank. To add more certainty that we are not underestimating the 95th 
percentile we always select the greater of the two bounding concentration values (i.e the 
smallest concentration value whose rank exceeds the calculated rank.) This approach has 
been used in U.S. EPA documents including "Statistical Support Documentation for the 
40 CFR, Part 503 - Final Standards for the Use and Disposal of Sewage Sludge" (Final 
Report, November 1 1, 1992). Background theory can been obtained from "Distribution- 
Free Statistical Methods" by J.S. Maritz (Chapman and Hall, 1981). 
The reference, "Distribution-Free Statistical Methods" by J.S. Maritz (Chapman and 
Hall, 1981), was added to the reference section on page E-R-I1 and cited at the end of 
the sentence on page E-2-13, line 19. 

Action: 
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Commenting Organization: Ohio EPA Commentor: DERR 
Section #: E.2.3.1.2 Page #: E-2- 14 Line #: Code: C 
Original Comment #: 10 
Comment: The whole section has been revised and thus should have been highlighted. In order for 

Ohio EPA to effectively use the redlined version of the document, all text changes should 
.be highlighted. 

Response: Comment noted. 
Action: Section E.2.3.1.2 was highlighted to reflect changes made in February, 1994; in addition, 

the text in bold italics in this section indicate changes made in response to EPA Comment 
#27. 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: E.2.3.1.2 Page #: E-2- 15 Line #: 1-6 Code: C 
Original Comment #: 11 
Comment: DOE has failed to provide sufficient justification to support screening criteria "H" or "I". 

DOE neither referenced a guidance document to support these criteria nor provided an 
example contaminant, as requested in Ohio EPA's comment on the previous version of 
this document. DOE should eliminate these two screening criteria. 
Agree. These screening criteria were not used in the risk assessment and should be 
removed. 
Screening criteria "H" and "I" were deleted. 

Response: 

Action: 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: E.2-2 . Page #: E-2- 19 Line #: Code: C 
Original Comment #: 12 
Comment: The representative concentrations for Pu-238 and Pu-239/240 are not correct. The 

correct concentrations should be 0.7 and 0.6 respectively. DOE must correct the table 
and all subsequent calculations. 
Disagree. The Pu-238 and Pu-239/240 values displayed in the table are correct. 
They represent the non-parametric 95th percentile concentration. In agreement with U.S. 
EPA Region V, the non-parametric 95th percentile was used as a conservative surrogate 
for the concentration term. 

Response: 

Action: None. 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Tables E.2-2 thru E.2-13 Page #: Line #: Code: C 
Original Comment #: 13 
Comment: 
Response: ' Agree. 
Action: 

The tables should be revised based on Ohio EPA comments on Section E.11. 

Tables E.2-2 through E.2-13 were revised to reflect changes in corresponding Attachment 
E.11 tables. 
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Commenting Organization: Ohio EPA Commentor: DERR 

Original Comment #: 14 
Comment: 

Response: Agree. 
Action: 

@ Section #: Table E.2-5 Page #: E-2-24 Line #: Code: C 

The representative concentration for thallium is not correct. The correct concentration 
is 12000. DOE must correct the table and all subsequent calculations. 

The representative concentration given in Table E.2-5 for Thallium (4100 ugKg) was 
corrected to 12000 ugKg. Subsequent calculations were redone. Please note units were 
changed from ugKg to mgKg per request from USEPA, resulting in a representative 
concentration of 12 mgKg. 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.2-9 Page #: E-2-3 1 Line #: Code: C 
Original Comment #: 15 
Comment: The representative concentration for U-2351236 is not correct. The correct concentration 

is 1750. DOE must correct the table and all subsequent calculations. 
Response: Agree. 
Action: In Table E.2-9, the representative concentration for U-235/236 was changed to 1750 

pCi/g. Subsequent calculations were redone. 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.2-12 Page #: E-2-35 Line #: Code: C 
Original Comment #: 16 
Comment: 

Response: Agree. 
Action: 

The representative concentration for lead is not correct. The correct concentration is 
417504. DOE must correct the table and all subsequent calculations. 

The lead value in Table E.2-12 was verified. Please note units were changed from ug/Kg 
to mg/Kg per request from USEPA, resulting in a concentration of 417.1 mg/Kg. 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.34 Page #: E-3-78 Line #: Code: C 
Original Comment #: 17 
Comment: The exposure point concentrations for Pu-238 and Pu-239/240 are not correct. The 

correct concentrations are 7.OOE-01 and 6.00E-01 respectively. DOE must correct the 
table and all subsequent calculations. 
Comment acknowledged. As stated in response to Comment #12, the Pu-238 and Pu- 
239/240 values displayed in the table are correct. They represent the non-parametric 
95th percentile concentration. In agreement with U.S. EPA Region V, the non- 
parametric 95th percentile is used as a conservative surrogate for the concentration term. 

Response: 

Action: None. 
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Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.3-5 Page #: E-3-79 Line #: Code: C 
Original Comment #: 18 
Comment: a) The assumption under footnote "b" is unacceptable. When the assumption is made 

that since the contaminant is not a CPC the concentration is zero, the exposure point 
concentration is biased low. Additionally, if a contaminant was not sampled for in all 
four areas, assuming the concentration is zero when in fact it was not sampled for is 
unacceptable. DOE should consider the following: 1) If a contaminant was sampled for 
and detected the representative concentration should be used whether its a CPC or not; 
2) If the contaminant was not sampled for in an area leave that area out of the calculation 
of the weighted average; 3) If the contaminant was not detected in an area then use the 
112 the sample quantitation limit. For example, based upon these assumptions the 
weighted average for silver is 1.28 + E01. It appears this was the methodology used in 
the previous version of the document, see Table E.3-4. 
b) What is the basis for substantially decreasing the surface area of Pit 3 used in the 
calculations from what was used in the previous version (6,720 current vs. 2.24 + EM)? 
a) Agree. The method used to calculate weighted average concentration for this table 
may underestimate source concentrations. This topic was discussed March 31 with 
USEPA and OEPA. This procedure describes inorganic chemicals and radionuclides 
differently than organic constituents. The averaging technique used for inorganics and 
radionuclides is described separately from the technique used for organics below and is 
summarized in the table below. 

Response: 

L 

SITUATION INORGANICS & RAD. ORGANIC 

Left out of weighted average Not sampled for Left out of weighted average 

Sampled, not detected '15 of Sample Reporting Limit 0 

CPC for any source Representative concentration Representative concentration 

For inorganics or radionuclides, 1) if the chemical was sampled but not detected, half the 
Sample Reporting Limit would be used for the representative concentration. 2) If the 
chemical was detected and was a CPC for any of the sources being averaged, it will be 
considered at it's representative concentration. 3) If the inorganic or radionuclide was 
not sampled for, that source will be left out of the weighted average. Organic chemicals 
are treated differently from inorganics and radionuclides. 4) If the organic chemical was 
sampled for but not detected, a representative concentration of "0" will be used. 5) If 
an organic chemical was not analyzed for, that source will be left out of the weighted 
average. 
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Commenting Organization: Ohio EPA Commentor: DERR 

Original Comment #: 19 
Comment: No comment provided. 
Response: 
Action: 

Section#: Page #: Line #: Code: 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #:Table E .34  Page #: E-3-81 Line #: Code: C 
Original Comment #: 20 
Comment: 

Response: 

The reference to this table in the text was not found. It is unclear what the basis is for 
only considering radionuclides in the future source term for Pit 4. 
a) Agree. This table should be referenced in text. 
b) Only radionuclides were considered because the only exposure to the contents of 
Waste Pit 4 was from penetrating radiation. 
The following sentence was added on page E-3-41: "The future exposure point 
concentrations for Waste Pit 4 are listed in Table E.3-6." 

Action: 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.5-7 Page #: E-5-3 Line #: Code: C 
Original Comment #: 21 
Comment: It appears the total risk and the chemical subtotal risk for the on-property RME farmer 

using perched groundwater are not correct. The correct subtotal chemical carcinogenic 
risk should be 1.0 (Le., .13 + .89 > 1.0). The table should be revised. 
Disagree. Cancer risks for this receptor were calculated with the 1 hit model. The totals 
were also calculated using the one hit model. This model is not linear. Therefore, the 
total risks would not exceed 1.0. 
Footnote "a" in Table E.5-7 was modified to state, "Risk calculations ... from higher doses 
and therefore total risks will not exceed 1.0 for this receptor." 

Response: 

Action: 
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Commenting Organization: Ohio EPA Commentor: DERR 
Section #: E.6.3.1 Page #: E.6-17 Line #: Code: C 
Original Comment #: 22 
Comment: DOE should discuss within the section the basis for not just including the additional data 

within the baseline risk assessment. Obviously substantial effort was required to 
complete the sensitivity analysis and substantial changes were already being made to the 
date base. Questions will remain with regard to whether the appropriate exposure 
receptor and pathways were used for the sensitivity analysis. In the future if additional 
data is obtained between revisions of the RI, Ohio EPA believes DOE's efforts should 
be aimed at incorporation of the data rather than developing reasons for not incorporating 
the data. 

Response: Comment noted. The time required to select CPCs, perform fate and transport 
modeling, enter data into the database, calculate risks and to write the text of the baseline 
risk assessment required that the database must be frozen prior to the document submittal. 
The new 1993 data was analyzed and included in the uncertainty section. Analysis 
indicated this data would not, quantitatively or qualitatively, impact the list of CPCs or 
the overall risk levels. 
The following paragraph was added to page E-6-17, after the first paragraph in Section 
E.6.3.1: 
"Due to the time required to select CPCs, perform fate and transport modeling, enter data 
into the database, calculate risks and to write the text of the baseline risk assessment, it 
was required that the database be frozen at a date substantially prior to the document 
submittal. Therefore, data from the 1993 sampling event was not included in the baseline 
risk assessment. However, the 1993 data was quantitatively evaluated and included in 
this section. A sensitivity analysis of the 1993 data to the total database was performed." 

Action: 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: E.6.3.1 Page #: E.6-20 Line #: Code: C 
Original Comment #: 23 
Comment: DOE should have considered the potential impact of new data on decision making with 

regard to which exposure pathway to analyze. The previous version of the risk 
assessment showed that remediation was necessary to protect an on-property resident thus 
that decision was unlikely to change. The risk to the off-property receptor would seem 
to be more appropriate due to the potential impacts on decision making as well as the 
likely public interest in off-property receptors. As stated previously, it would seem a 
better use of resources on DOE's part to work toward data inclusion rather than 
justifications for exclusion. 

Response: Agree. Off-property receptors are important for the decision making process. DOE 
analyzed the 1993 data for potential impact to health hazard sources. That analysis was 
presented in Section E.6.3.1. 
If a similar situation occurs in the future, DOE commits to perform a much broader 
sensitivity analysis, evaluating a range of receptors, including both on- and off-property 
receptors. 

Action: 
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Commenting Organization: Ohio EPA Commentor: DERR 

Original Comment #: 24 
Comment: 

0 Section #: E.6.3.1 Page #: E-6-20 Line #: 19-20 Code:C 

The statement that only two chemicals were detected in 1993 but not in the RI would 
seem to be in error. Table 6-1 suggests several selects that were not detected in the 
previous data bases. 

The sentence "In addition, .... but not in the RI", which begins on page E-6-20, line 19, 
was deleted. 

Response: Agree. Statement was in error and should be corrected. 
Action: 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.7-7 Page #: E-7- 12 Line #: Code:C 
Original Comment #: 25 
Comment: The risks for the on-property farmer using perched ground water appear to be incorrect. 

Table E.11-25 suggests the radionuclide risk should be 5.8-EO1 and the chemical risk is 
1.0. The table should be revised to agree with Table EX-25. 
Disagree. Cancer risks for individual chemicals and the total risk are calculated using 
the one-hit model. This model is not linear, as per RAGS guidance. See response to 
Comment #2 1. 
Footnote "b" in Table E.7-7 was modified to state, "Risk calculations.. .from higher 
doses, therefore, total risks will not exceed 1.0." 

Response: 

Action: 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.I-4 Page #: Line #: Code: C 
Original Comment #: 26 
Comment: 0 DOE should define within the document which of the upper 95% confidence limits were 

used in making the "A" determination in Attachment E.11. The text should state what 
concentration from Table E.14 was used to complete the "95th Percentile Test" defined 
in Section E.2.3.1.1 which determined the "A" screening criteria, 

Response: Agree. The 95th percentile background concentration is the comparison value. This 
statistic was not provided in the supplied background tables. 

Action: Table E.I-4 was revised to reflect current procedure and includes a column for the 95th 
percentile background concentration. The screening criteria listed in determination "A" 
in the Attachment E.11 Legend was changed from "higher than background concentration" 
to "higher than 95th percentile background concentration. I' 

The upper 95th percentile background concentration for each inorganic chemical and 
radionuclide was added to the CPC screening tables in Attachment E.11. 
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Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table EX-1 Page #: Line #: Code: C 
Original Comment #: 27 
Comment: a) The following contaminants were screened out based on the "A" criteria within this 

document but were retained as CPCs within the previous version of the RI: arsenic, 
cobalt, manganese, mercury, nickel, thallium, vanadium, zinc, Tc-99. All of these 
contaminants fail the 95% UCL test and should be included as CPCs. b) A designation 
of "G" is given to Pu-239/240 in this table but not in Table E.11-2. DOE should revise 
the table to be consistent. c) 1,4 Dioxane was shown as detected twice within Table 
EX-1 of the previous submittal of the RI, yet it is not included here. DOE should 
include 1,4 Dioxane and review tables from the previous RI submittal to ensure that no 
additional contaminants have been inadvertently deleted. 
a) Agree. The comparison of site data with the 95th percentile background concentration 
was not properly implemented in this report. This should be rectified, all appropriate 
tables updated, and subsequent risk assessment calculations redone. 

Response: 

Since the comparison should have been with the background 95th percentile and not the 
background 95% UCL on the mean, some of the analytes listed in the comments will still 
pass the 95th percentile test. Most will not, though (i.e., they will be COPCs). For 
example, the comment on Table E.11-1 (comment 27a) lists nine analytes that fail the 95th 
UCL test (sic). Of these nine, seven would fail the 95th percentile test. 
b) Agree. 
c) Agree. 1,4dioxane was inadvertently eliminated from the CPC tables. 
a) Tables in Section E.11 were revised to reflect a comparison of site data, with the 
background 95th percentile concentration. 
b) Parameter "G" was removed from Table E.11-1. 
c) 1,4dioxane was included in Table E.11-1 

Action: 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.11-3 Page #: Line #: Code: C 
Original Comment #: 28 
Comment: Sr-90 was screened out based upon the "A" criteria but was retained in the original RI. 

The contaminant should be retained as a CPC since the concentration exceeds the 
background 95% UCL. 
Agree. The comparison of site data with the 95th percentile background concentration 
was not properly implemented in this report. This should be rectified, all appropriate 
tables updated, and subsequent risk assessment calculations redone. 
Tables in Section E.11 were revised to include a comparison of site data with the 95th 
percentile background concentration. All subsequent risk calculations were redone. 

Response: 

Action: 

-17- (088055 



Commenting Organization: Ohio EPA Commentor: DERR 

Original Comment #: 29 
Comment: 

Section #: Table E.II-4 Page #: Line #: Code: C 

The following contaminants were screened out based on the "A" criteria within this 
document but were retained as CPCs within the previous version of the RI: arsenic, 
cobalt, nickel, vanadium, and zinc. All of these contaminants fail the 95% UCL test and 
should be retained as CPCs. 
Agree. The comparison of site data with the 95th percentile background concentration 
was not properly implemented in this report. This should be rectified, all appropriate 
tables will be updated, and subsequent risk assessment calculations redone. 
Tables in Section E.II were revised to include a comparison of site data with the 95th 
percentile background concentration. All subsequent risk calculations were redone. 

Response: 

Action: 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.II-6 Page #: Line #: Code: C 
Original Comment #: 30 
Comment: The following contaminant was screened out based on the "A" criteria within this 

document but were retained as CPCs within the previous version of the RI: The-232. 
This contaminant fails the 95% UCL test and should be retained as a CPC. 
Agree. The comparison of site data with the 95th percentile background concentration 
was not properly implemented in this report. This should be rectified, all appropriate 
tables updated, and subsequent risk assessment calculations redone. 
Tables in Section E.11 were revised to include a comparison of site data with the 95th 
percentile background concentration. All subsequent risk calculations were redone. 

Response: 

Action: 

Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.11-7 Page #: Line #: Code: C - 

Original Comment #: 31 
Comment: The following contaminants were screened out based on the "A" criteria within this 

document but were retained as CPCs within the previous version of the RI: arsenic, 
barium, chromium, cobalt, lead, manganese, vanadium, Ra-226, Ra-228, Tc-99, The- 
228, and The-232. All of these contaminants fail the 95% UCL test and should be 
retained as CPCs. 
Agree. The comparison of site data with the 95th percentile background concentration 
was not properly implemented in this report. This should be rectified, all appropriate 
tables updated, and subsequent risk assessment calculations redone. 
Tables in Section E.11 were revised to include a comparison of site data with the 95th 
percentile background concentration. All subsequent risk calculations were redone. 

Response: 

Action: 
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Commenting Organization: Ohio EPA Commentor: DERR 
Section #: Table E.11-8 Page #: Line #: Code: C 
Original Comment #: 32 
Comment: The following contaminants were screened out based on the "A" criteria within this 

document but were retained as CPCs within the previous version of the RI: boron and 
manganese. All of these contaminants fail the 95% UCL test and should be retained as 
CPCS. 
Agree. The comparison of site data with the 95th percentile background concentration 
was not properly implemented in this report. This should be rectified, all appropriate 
tables updated, and subsequent risk assessment calculations redone. 
Tables in Section E.11 were revised to include a comparison of site data with the 95th 
percentile background concentration. All subsequent risk calculations were redone. 

Response: 

Action: 
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Materials Company of Ohio (WMCO), a wholly owned subsidiary of Westinghouse Electric 

Corporation, then assumed management responsibilities for the site operations and facilities. 

In 1991, Westinghouse renamed this subsidiary the Westinghouse Environmental Management 

Company of Ohio (WEMCO). During that same year, DOE renamed the site the Fernald 

Environmental Management Project to reflect the site's revised mission. On December 1 ,  

1992, Fernald Environmental Restoration Management Company (FERMCO) assumed 

responsibility for the site as the first Environmental Restoration Management Contractor for 

DOE. 

The FEMP began operations in 1952 upon completion of the Pilot Plant, the site's first 

operational facility. Plant 6 began operations in 1952. Plant 1,  Plant 2/3, Plant 4,  Plant 5, 

and Plant 8 began operations in 1953. Plant 7 (where UF6 was processed) and Plant 9 

became operational in 1954. 

Production peaked in 1960 at approximately 12,000 MTU per year. A product decline began 

in 1964 and reached a low in 1975 of about 1230 MTU. During the 1970s, consideration was 

given to closing the FEMP. Thus, capital improvements and staffing were minimized. The 

staffing level, which peaked at 2891 personnel in 1956, slowly declined to 538 personnel in 

1979. In 1981, the FEMP began planning to accommodate increased production 

requirements. Production levels significantly increased and there was a rapid staff buildup for 

several years. The renewed need for uranium metal resulted in the implementation of a major 

facilities restoration program. Production ceased in July 1989, and plant resources were 

focused on environmental cleanup activities. In June 1991, the site was officially closed as a 

federal production facility. 
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1.2 DESCRIPTION AND HISTORY OF OPERABLE UNIT 1 23 

This section provides a brief physical description of each of the waste units included in 

Operable Unit 1 and a summary of the operational history pertinent to these facilities. 

operational history focuses primarily on the operational activities conducted prior to the 

initiation of the site-wide RI/FS in 1986. Historical configuration drawings which include 

as-built infonnation for Waste Pits 1 through 6, the Clearwell, and the Bum Pit are 

24 
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29 provided in Appendix F. 6.12. 
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1.2.1 Description of ODerable Unit 1 I 

Operable Unit 1 contains six waste pits, the Bum Pit, and the Clearwell (Figure 1-4). It is 

located west of the former production area and covers approximately 37.7 acres. 

2 

The area is 3 
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Since the actual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

date of installation of the decant lines is unknown, the disposition of the waste in these 

lines is undeterminable. If the lines were installed while Waste Pit 1 was actively used, then 

the rare overjlows went to the stormwater drainage system (the Clearwell was not in 

operation during the lifetime of Waste Pit 1). If the lines were installed after the closure of 

Waste Pit 1, then the lines discharged into the Clearwell. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Rainwater from the pipe trench in the K-65 area was pumped into the south end of Waste Pit 
1 g%&yf@@J$gJ.} 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

In 1954, the dumping pad on the east side of the waste pit was enlarged, and a curb was 

constructed of reinforced concrete was added 

pad included a 6-inch asphalt macadam base and a 2-inch surface treatment 

In 1957, additional storage space was created when excavated material fro 

of Waste Pit 2 was used to increase the berm height by 5 feet on the west side of the waste 

pit . . . . . . . . . . . . . . . . . . . . . Because of this increase in height, the slope of the dike near the top edge is 

approximately 1.5: 1 (Figure 1-1 1). 

. Materials used in constructing the 

In 1959, a channel at least 5 feet wide was excavated between the residues and the outer berm 

to facilitate the proper flow of rainwater to the sump 
. . . . . . . . . 

Waste Pit 1 was closed and covered with clean fill soil in mid-1959 . A portion 

of this cover was removed in 1972 as a source of cover material for Waste Pit 3. Also, a 

gravel roadway is constructed on top of the existing cover in the southern portion of the waste 

pit. The roadway leads to the Clearwell pumphouse. 

The waste pit is classified as a solid waste management unit (SWMU) under the RCRA. 

The results of material volume calculations are presented in Table 1-2. 

* :  < ; : I , $ ! .  
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1.2.1.2 Waste Pit 2 
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I 

In 1957, Waste Pit 2 waS constructed northeast of Waste Pit 1 

spring-fed pond (water level elevation 574+1 feet) existed on what became the southern 

constructed by draining the pond and excavating into the existing native clay. Trees, stumps, 

. An existing 2 

010 portion of the waste pit. '} The waste pit was 4 

3 

5 

6 and roots had to be removed from the north end. The bottom and side slopes were then lined 
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Waste Pit 2 is classified as a SWMU under RCRA. a i 

The results of material volume calculations are presented in Table 1-3. 2 

1.2.1.3 Waste Pit 3 

Waste Pit 3, constructed by excavating into the underlying naturally occurring clay lens 014 

was placed in service in December 1958 . To construct Waste Pit 

and the Clearwell, a small creek that ran along the west embankment of Waste Pit 2 was 

relocated north of the Bum Pit and parallel to the railroad tracks .} The surface 

area boundary of Waste Pit 3 is oval-shaped and has dimensions of approximately 450 feet 

wide by 720 feet long. This waste pit is approximately 42 feet deep, 5-0 

015, g w h i c h  includes a maximum of 

14 feet of cover material, 27 feet of wastes and an estimated I foot of native clay 

4 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

A natural layer of low permeability clay forms the bottom of this waste pit, so the placement 13 

5-0 of additional clay material was not deemed necessary . } No documentation 14 

15 

16 

exists to determine the actual thickness or uniformity of distribution of this native clay 

7-0 across the bottom of the pit. Although there is no actual evidence that Waste Pit 3 has not 

a 
penetrated into the sand and gravel aquifer, the combination of recent boring logs and as- 

built drawings (reference Appendix F) from pit construction provides indication there is 

some minimal clay layer between the materials in the waste pit and the sand and gravel 

layer. However, the presence of clay does not imply a complete impervious layer. The 

bottom of Waste Pit 3 has an elevation of approximately 548 feet. 

The sides of Waste Pit 3 were constructed with a 1.5: 1 slope and lined with 12 inches of 

compacted clay . Its west berm was constructed approximately 20 

feet above the 1958 ground level. Some of the soil excavated from the waste pit itself was 

used to form the west wall (NLCO 1977). No berm was constructed on the north side of 

Waste Pit 3. 

The east side of Waste Pit 3 was formed from the west sides of Waste Pits 1 and 2. An 

effluent line from the general sump.was constructed through the north dike of Waste Pit 3. a 
21 

28 
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Spoil areas used during.the construction of Waste Pit 3 were located due north and west of 

the-Waste pit. 1 ?he spoil area due north of the waste pit was subsequently graded to an 

elevation of approximately 575 feet. Top soil was placed further north of the waste pit. 

Figure 1-14 presents a physical description of Waste Pit 3. 

I 
. _  4 

2 

3 

4 

A 4-fOOt wide walkway of crushed stone was constructed on top of the berm between Waste 5 

6 

7 

Pit 3 and the Clearwell. In the middle of the berm, a 20-foot-long by 19-foot-wide reinforced 

concrete weir was constructed. The weir allowed water to decant from Waste Pit 3 to the 

Clearwell. The height of the weir was adjusted using 10-foot-long two-by-fours and two-by- 8 
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3-us  

a 074 

059 

a 

is based on available geotechnical data. See Figure 3-1 for waste pit cross-section locations. 

An interpretation of the waste contents in Waste Pits 1 through 4 and the Bum Pit are shown 

on Figures 3-2 through 3-6. A fence diagram depicting the Operable Unit 1 subsu~ace is 

provided as Figure 3-la. Geotechnical data on the waste material is summarized in Table 

3-1. The boring logs show that at least one of the borings in Waste pits 1 through 4 

terminated in a clay which was interpreted to be the liner material. 

3.1.1 Waste Pit 1 

Historical records indicate that Waste Pit 1 received radioactive wastes consisting primarily of 

depleted magnesium fluoride slag and depleted residues, with smaller amounts of trailer cake, 

UAP filtrate, graphitekeramics, and general sump sludge. The volume of waste material in 

Waste Pit 1 for the measurements shown is approximately 37,100 cubic meters (48,500 cubic 

yards). 

A review of the boring logs indicates that the maximum depth of the waste material in this pit 

is 18 feet. The @&&} . . . . . . . . . . . . . material encountered is very dark gray in color and predominantly of 

silt- and clay-size consistency. This coloration is consistent with that expected based on the 

process knowledge of the contents. The color of the material occasionally changed, in two 

borings, from dark gray to green. Moisture content of geotechnical samples averaged 21 

. . . . . . . . . . . . . 

3.1.2 Waste Pit 2 

Historical records indicate that Waste Pit 2 received wastes consisting primarily of trailer cake 

and general sump sludge with smaller amounts of UAP filtrate, raffinate (including cold metal 

oxides), depleted residues, and graphitekeramics. The volume of the waste is approximately 

18,500 cubic meters (24,200 cubic yards). 

Based on boring data, the maximum depth of the waste material in Waste Pit 2 is 15 feet. 

The upper portion of the waste, approximately.4 feet thick, is brown in color. Pieces of 
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concrete were encountered in some of the borings. The material in Waste Pit 2 also includes 

a yellowish brown, olive brown, very pale brown, and white heterogeneous mixture of what 
I 

2 
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066 the clay-rich tills have very low hydraulic permeabilities. 

1-us 

To account for macroscopic aquifer properties 

which may not be measured in the laboratory core tests, the range in vertical permeability 

may be estimuted by using a horizontal (1000-series wells' slug test data) to vertical 

conductivity factor of 10 to 1 which is typical for  moderately stratijied materials. Using the 

range of horizontal conductivities presented below, vertical conductivity would range from 

2.5 X lo' to 3.1 X la4 cmhec. This range is at the high end of values from the laboratory 
core testing and reflects larger scale aquifer features measured by the slug tests (e.g. some 

wells slug tested were screened across clay and sand lithologies). 

0 
069 

3.4.2.2 Groundwater Hydrology of the Great Miami Aauifer 

Figure 3-35 shows the lateral extent of the sand and gravel of the Great Miami Aquifer. Also 

shown in Figure 3-35 are generalized groundwater flow directions and approximate horizontal 

groundwater flow velocities in the Great Miami Aquifer. In the northeast, groundwater 

moves southwest from the Ross area into the portion of the New Haven Trough now occupied 

by the Great Miami River. In the northwest, groundwater moves southeast from the Shandon 

area, which is a tributary to the New Haven Trough. The majority of the groundwater from 
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the Shandon Tributary flows under the waste storage area and the former production area and 

leaves the eastern boundary of the FEMP to flow east to the Great Miami River. 

and Shandon flows eventually leave the FEMP area via the Great Miami River Valley. 

discharge is referred to as the New Baltimore outlet. The third source of groundwater is from 

Recharge of groundwater at the Dry Fork of the Whitewater River, located 

I 

The Ross 2 

This 3 

4 

the west. 5 

approximately 2 miles west of the FEMP, causes groundwater to move east toward the 6 

F E W .  This flow turns southward under the southern part of the FEMP and flows to the 7 
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groundwater were considered to be waste-related regardless of their concentration. The full 

range of statistical tests applied to identify CPCs is presented in Section 6. 

33-US Table 4-2 presents the VRa 95th percentile for background concentrations of radiological 

and inorganic constituents in surface soil, subsurface soil, perched groundwater, and Great 

Miami Aquifer groundwater. The values presented for surface and subsurface soil correspond 

to the statistics presented for the 0- to 6-inch sample set and the 48- to 54-inch sample set, 

respectively, in the CERCLA/RCRA Background Soil Study (US DOE 1993d). Sampling 

locations of the background soil samples are presented in Figure 2-11. These sample 

locations were chosen because of their physical similarity to the soils encountered within the 

FEMP site and their (unlikely) minimal contamination from the FEMP via the wind or 

24-US 
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11 

180 12 

13 

} All data are as-reported in the background studies, with the 14 

exception of the following: 15 

0 The background studies did not obtain adequate frequencies of detection for Ac-227 
and Pr-231 to generate summary statistics. 

16 

17 Because the background studies sampled 
uncontaminated soil and groundwater in which isotopes are assumed to be in secular 

activity of the progeny, Ac-227 and Pa-231. 

ia  

m 
equilibrium, the activity of the analyzed parent, U-2351236, is substituted as the 19 

198 0 

0 Four unnaturally occurring radionuclides were examined during the background soil 
study; Cs-137, Ru-106, Sr-90, and Tc-99. These isotopes are fission products and 
their presence in the background soil study area could only be due to fallout from 
atmospheric releases of radiation such as weapons testing. They would only be 
expected to be present at detectable levels in surface soils. In accordance with 
expectations, Cs-137 was detected only in the surface soil set. Sr-90 was detected 
only once in the 81 soil samples collected. Ru-106 and Tc-99 were not detected in 
any background soil study samples. Summary statistics are presented for Cs-137 in 
surface soil. In all other cases, the surface soil background concentrations of the 
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fission products are below levels of detection used in the study (lower than FWFS levels 
of detection) and are assumed to have concentrations of zero. 

I 

2 

3 

4.1.1 Radioactive Decav Process 4 
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&S Waste Pits 3 and 5 showed higher Th-230 activity concentrations, confirming that these pits 

received raffinate from the FEMP Refinery (Plant 2/3). 

5-us 

prior to the 

opening of Waste Pit 3. 094 

:} Waste Pit 2 also was used as a test pit for above-grade storage of 

raffinate filter cake in 1975, and these rafinate pathways could contribute to the cause of 

elevated Th-230 levels. 

The waste pits also contain elevated concentrations of radionuclides in the thorium decay 

series (Th-232, Ra-228, and Th-228). Detected thorium-228 levels are greatest in Waste Pits 

2 and 4 (Th-232 at 220 to 235 pCi/g), but are closely followed by Waste Pits 1 and 3 (Th-232 

at 170 to 185 pCi/gj. The estimated amount of thorium that was disposed of in the waste pits 

was obtained from Table 1-12. When compared to the total thorium quantities derived from 

the analytical results presented in table 4-1, the analytical values were much higher. 

0 
096, 097, 

095 

of fission by-products could not be estimated, so comparison to the analytical results could not 

be made. 

4.2.0.5 Chemical Characterization 

Waste material and pit leachate in Waste Pits 1 through 4 and the Burn Pit were sampled for 

inorganic and organic chemical parameters under the CIS and the 1991 RI/FS waste pit 

sampling program. i Waste material and surface water in Waste Pits 5 and 6 and the Clearwell 
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202 were sampled under the CIS and the 1992 RI/FS treatability study. 

} Therefore, the data were not considered for the evaluation of . . . . . . . . . . . . . . . . . . . . . . . . . 

nature and extent of contamination; The CIS inorganic parameter results are presented in 

Table 4-6 and Figure 4-6. The inorganic parameter results from the 1991 and 1992 RI/FS 

sampling events are combined and presented in Table 4-7 and Figure 4-7. 

High detection limits were noted when the CIS organic chemical were compared results to the 

RI/FS results. High detection limits for CIS VOCs resulted because VOCs were extracted 

from the pit materials with methanol prior to purge-and-trap sampling and analysis. As a 

result of these higher detection limits, VOCs of lower concentration than the 

elevated detection limits may have been undetected. 098 

weight concentrations led to elevated detection limits. When a constituent was never detected 

in a particular pit as a result of elevated detection limits, a value of "U" was entered into the 

summary table (Table 4-9). If even one detection was made, the statistical average calculated 

may have reflected a high bias to the result by averaging detected values that were much 

lower that the highest nondetect values with one-half the detection limit of each of the 

nondetect values. 
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Although the concentrations of all analytes determined were 

not consistent between both data sets, there did exist consistency among many of the metals. 

Generally, the results for calcium, magnesium, sodium, potassium, aluminum, and iron 

compared well between the two studies. This is most likely due to the high concentrations 

found of these analytes resulted in less error. Whereas, the results for antimony, beryllium, 

cadmium, cobalt, and nickel compared between data sets more poorly, probably due to the 

fact that these analytes were reported out at concentrations close to the detection limit 

resulting in a greater associated error. The remaining metals vaned in their consistency, 

generally detennined by the concentration reported. 

} For both data sets, arsenic, barium, chromium, cobalt, copper, lead, 
magnesium, and vanadium are the prominent species. Waste Pits 1 and 6 and the Bum Pit 

contain the lowest levels of inorganics. Waste Pits 3, 4, 5 ,  and the Clearwell contain the 

highest concentrations of inorganics. All of the pits contained high levels of magnesium, 

consistent with the disposal of large quantities of magnesium fluoride slag. 

128 

w 

Waste Pit 1 was characterized by reduced levels of cadmium, chromium, and magnesium 

from the other pits. Waste Pit 2 was characterized by significant levels of arsenic, cobalt, 

copper, lead, manganese and nickel. Waste Pit 3 had the highest levels of arsenic and 

manganese, but the CIS values were much lower than the RI/FS 1991 values. Waste Pit 4 

was characterized by significant levels of manganese and barium. Waste Pit 5 was 

characterized by high levels of arsenic, barium, copper, manganese, nickel, selenium, 

thallium, and vanadium. Waste Pit 6 was relatively free of metals contamination. The Bum 

Pit was also of lower metals contamination than the other pits but had significant levels of 

barium, copper, lead and silver. The Clearwell contained significant amounts of barium, 
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copper, manganese, and vanadium. This mirrored the concentrations in Waste Pit 5 ,  

consistent with the Clearwell’s use as a collection pit for supernatant liquid from Waste Pit 5 .  

The CIS organic results are presented in 

parameter results are combined and pres } and Figure 4-9. PAHs (from 

coal tars, flyash, ash or kerosene) were concentrated in Waste Pit 2. PCBs were generally 

distributed throughout the pits but were present in only small amounts in Waste Pit 6 and the 

Clearwell. Tributyl phosphate exhibited significant concentrations in Waste Pits 1, 2, and 4. 

CDDs and CDFs are problematic even at low concentration and have been reported in Waste 

and Figure 4-8. The RI/FS organic 
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disposed in the pit. It is apparent from the boring logs that localized stratification has 

occurred within Waste Pit 1 .  The observance of varying strata suggests a scattered 

distribution of process and production wastes. Wide distributions in the data obtained from 

the analysis of the pit material from Waste Pit 1 would, therefore, be expected. 

4.2.1.3 Geophysical Characterization of Waste Pit 1 

The anomaly map resulting from the integration of Waste Pit 1 geophysical data is represented 

in Figure 4-10. Magnetic anomalies were indicated across 60 percent of the pit, denoted as 

areas A, B, C, and D. Sharp magnetic highs and lows in the southeastern quarter (area A) 

indicate a substantial volume of buried ferrous metal or other magnetically susceptible debris 

at relatively shallow depths. Magnetic anomalies in the northern and western edge (B, C, and 

D) indicate smaller volumes of buried ferrous debris at greater depths. EM data were 

extremely elevated in the southern quadrant (A area E) of the pit (within area A) indicating 

the presence of electrically conductive materials such as metal, graphite, or ash. The northern 

section (B-md-€ area F )  yielded less elevated EM results indicating lesser amounts, but still 

considerable, conductive material. GPR data indicates that Waste Pit 1 contains the largest 

concentration of buried objects within the Waste Storage Area. Both southern and northern 

sections (areas G, H, I and J) contain a high density of buried objects. 

IO-US 

0 
Concurrent signatures by magnetic, EM, and GPR in the southern section (A, G and E) 

indicate a large volume of buried objects, consisting predominantly of ferrous metal debris. 

Anomalyies B, F, and H give gives a strong indication of EM and GPR, but the magnetic 

anomaly is weak. A e i d y B  These anornolies probably consists of a large quantity of 

conductive materials that are less ferromagnetic than those materials in anomaly A (such as 

graphite or nonferrous metal). Anomalies &&-E3 C, 0, G and H display weak to moderate 

signatures for all three techniques indicating fewer buried objects in these areas, with the 

presence of some buried ferrous material having been indicated. 

4.2.1.4 Radiolonical Characterization of Waste Pit 1 

Waste Material 

Radionuclide analytical results from the CIS and RI/FS sampling efforts are summarized in 

Tables 4-4 and 4-5, respectively. The data are presented graphically in Figures 4-11 and 0 
. i  : - ~. ~ ,. . . 1.. . .,. . .  : . 
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4-12. Complete analytical results are provided in Appendix A. The summary information for 

pit contents is provided in Table 4-1.1 .A. 
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Predominant radiological constituents include U-238, U-234, Th-230, and Ra-226, all of 

which come from the uranium decay series. Other radionuclides with elevated activity 

concentrations include Th-232, Ra-228, and Th-228, from the thorium decay series, and 
0' 

107, 

9-us 

Results of both the CIS and 

RI/FS reveal that the enrichment level of uranium in Waste Pit 1 is, on average, consistent 

with depleted uranium. 

All Waste Pit 1 waste material samples were within RCRA established limits for corrosivity, 

reactivity, ignitability, and EP toxicity. All inorganic analytes were detected at above 

background levels in at least one sample. In general, the RI/FS inorganic results were 

108 different than those measured under the CIS. 

The Waste Pit 1 materials contained polychlorinated dioxins and dibenzofurans, PAHs, 207 

phthalates, phenols, chlorinated solvents, benzene, toluene, ethyl benzene, and total @&ne$} ..,.... ..:.:.>:. ................. 

(BTEX) compounds. These findings are consistent with known or suspected plant activities, 

and the visual classification of the pit materials. Combustion by-products were disposed of in 

the pits, as evidenced by the appearance of ash in some of the borings. CDD/CDFs, PAHs, 

and phenols all are linked by their common occurrence in ash from municipaMndustria1 

incinerators. The use of PCBs at the FEMP is well known and the presence of PCBs in 

Waste Pit 1 is consistent with plant activities. PCBs could have entered the waste stream by 

leakage from equipment, direct disposal, or disposal of PCB-contaminated combustion by- 

products. The presence of polychlorinated dioxins and dibenzofurans is possibly the result of 

the disposal of PCBs, the by-products of combustion of PCBs or ash. Miscellaneous solvents 

and volatile organic constituents of the pit may have origins in plant maintenance activities, 

including the use of hydrocarbon mixtures as fuels and solvents, paints, degreasers, glues, and 

other light industrial activities. Some chlorinated VOCs were detected in Waste Pit 1 pit 
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&@} .:.>:.:.:.: _..,... In CIS boring 02-02, lime green material, which may be associated with green salt, 
was field measured at 30,000 cpm. The appearance of localized green strata may be an 

indication that green salt (uranium tetrafluoride) was disposed of in Waste Pit 2 on a batch 

basis. The pit materials exhibiting the highest levels of uranium contained green or greenish 

strata. 

The deposition of flyash from on-property coal-fired boilers has only been documented for 

Waste Pit 3. It is most likely that any ash that was disposed of in Waste Pit 2 originated from 

incinerators that were used to reduce waste volume prior to uranium recovery. 

It is apparent from the boring logs that localized stratification has occurred within, Waste Pit 

2. The observance of varying strata suggests a scatter& distribution of process and 

production wastes. Wide distributions in the data obtained from the analysis of the pit 

material from Waste Pit 2 would, therefore, be expected. 

4.2.2.3 GeoDhvsical Characterization of Waste Pit 2 

An anomaly map resulting from the integration of Waste Pit 2 geophysical data is presented in 

Figure 4-18. Magnetic anomalies were noted across 35 percent of the pit, denoted as ureas 

A, B, and C, indicating the possible presence of buried ferrous metal in these areas. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. .. . 

were elevated over more than 70 percent of the pit. The high apparent conductivity values 

can result from the presence of highly conductive material disposed in the pit or high 

concentrations of dissolved solids in the pit leachate. 

} Metal debris, graphite, and flyash all represent highly conductive material 

disposed in Waste Pit 2. 

GPR data indicate that Pit 2 has the lowest density of buried objects of Waste Pits 1 through 4 

and the Bum Pit. A small area, within Area A as designated on the map, directly west of the 

pit center was interpreted as containing low to moderate densities of buried objects. The 
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remaining area within Waste Pit 2 produced little evidence of buried objects on the GPR 

profiles. . 

The concurrent occurrence of magnetic, EM, and GPR anomalies within Area A, just west of 

the pit center, (consisting of portions of areas A, E, and F) indicates a high probability for 

the presence of buried metal such as metal debris or drums. The absence of GPR anomalies 

coincident with the magnetic data throughout the remainder of the pit could be caused by 

deeper burial of ferrous or other magnetically susceptible material. Elevated EM levels 

throughout most of Waste Pit 2 are likely due to the presence of highly conductive materials, 

such as graphite or ash, that were disposed of in the pit. High concentrations of dissolved 

solids within the pit leachate may also contribute to elevated EM levels. 

10-US 

4.2.2.4 Radiological Characterization of Waste Pit 2 

Nine borings were completed in Waste Pit 2 as part of the CIS and RI/FS programs; five 

during the CIS and four during the RI/FS. 

Waste Material 

Radionuclide analytical results from the CIS and RI/FS sampling efforts are summarized in 

Tables 4-4 and 4-5, respectively. The data are presented graphically in Figures 4-1 1 and 

4-12. Complete analytical results are provided in Appendix A. The radiological profile of 

Waste Pit 2 is presented in Table 4-1.2.A. 

Predominant radiological constituents in terms of activity concentrations include U-238, 

U-234, Th-230, and Ra-226, all of which come from the uranium decay series. Other 

radionuclides with elevated activity concentrations include Th-232, Ra-228, and Th-228, from 

the thorium decay series, and U-235. This is consistent with process knowledge that material 

deposited in Waste Pit 2 contained primarily U-238 and its decay products. The RI/FS 

average activity concentrations reported for Ra-226 and Ra-228 in Waste Pit 2 were the 

highest reported for any waste area reported (437 and 177 pCi/g, respectively). 
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The average activity concentrations reported for U-234 (3,867 pCi/g) and U-235 (1,793 

pCi/g) were the highest averages reported for CIS pit data. 

A wide variation exists with respect to the Thorium-230 concentrations within Waste Pit 2. 

The RI/FS boring 1768 in the 7- to 14-foot segment reported the highest activity concentration 

within the Operable Unit 1 Waste Storage Area (18,400 pCi/g). This is a six-fold elevation 

of concentration compared to the 14- to 17.5-foot segment of the same boring (2630 pCi/g). 

The activity concentration from the lower segment compares well with the concentrations of 

CIS borings 2 (3,980 pCi/g) and 3 (2,040 pCi/g), which are located within the same general 

vicinity of the waste pit. The average RI/FS concentration for total thorium is 2,600 pg/g, 

which is the highest Th-total concentration within the Waste Storage Area. These three 

boreholes located in the east central section of Waste Pit 2 surpass the Th-230 concentrations 

of the remaining boreholes for the waste pit by more than an order of magnitude. :Ripisis . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . 

} The raffinate which is very high in Th-230, was thought 
to have originated from mixed oxide raffinate. This cold raffmate is most probably the source 

of the elevated radium reported for Waste Pit 2 from the RI/FS program. . 

Waste Pit 2 also contains elevated concentrations of radionuclides in the thorium decay series 

(Th-232, Ra-228, and Th-228). 
. . . . . . . . . 
@iif&&W.} :.:.: ..._, .............................................. Th-228, however, is present in concentrations approximately three times that of 
Ra-228. This is not possible, since the Th-228 had passed through at least 10 half-lives since 

being placed in the pit and, consequently, would have achieved secular equilibrium with 

Ra-228 and Th-232. 1 
Although the statistical average of both the CIS and RUFS 

data indicate that the Th-228 is not in secular equilibrium with Th-232, the individual ~ - 

090095 
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results indicate the activity concentrations are within secular equilibrium and the other three 

sample results portray high results for the Th-228 isotope. 
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4.2.3.2 Sample Physical Description of Waste Pit 3 

A conceptual cross section of Waste Pit 3, based on the RIFS boring logs, is presented in 

Figure 4-19. The cross section extends from points C to C', that are shown in Figure 4-8. 

The material encountered was predominantly brown in color, although the material exhibited 

many large regions of variation. Consistent with the historical use of the pit, the pit materials 

in Waste Pit 3 were characterized in the boring logs by thick strata of varying colors, 

including yellowish brown, pale brown, white, olive brown, lime green. Layers of coarse 

black material were identified as flyash by the field investigators, and probably were 

composed of the coal flyash that was used to @M$&?} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . the pit. The presence of thick layers 

of black sand-sized material (with occasional black gravel) was possibly related to the 

deposition of flyash or slag leach residue in Waste Pit 3. Magnesium fluoride slag was milled 

prior to extraction and a sandy consistency was described. Dark grey or black colors were 

described for magnesium fluoride slag and were coincident with its disposal. Layers of 

yellow-green or lime-green material, consistent with the occasional batch disposal of green 

salt (uranium tetrafluoride), were observed in CIS boring 03-07. Very thick regions of 

reddish brown clay-like material may be related to the disposal of neutralized raffinate. In . 

addition, the appearance of thick layers of wood in boring 1772 gave evidence that wooden 

pallets were disposed of in Waste Pit 3, as discussed in Sections 1.2.2.3 and 4.2.3.1. Acidic 

fluids from the general sump were neutralized by the addition of excess lime to form slurries 

. . . . . . . . . . . . . . . . . . . 209 

119, 125, 

210, 

10-us 

which, when pumped to Waste Pit 3, may have formed the white or pale yellow strata in the 

pit. It is apparent from the boring logs that the strata described in the Waste Pit 3 boring logs 

are much thicker than the strata described for other pits. The occurrence of these thick strata 

were an indication of the bulk disposal of miscellaneous wastes such as coal flyash, broken 

concrete and wood, that were described in Section 1.2.2.3. The heterogeneity of the 

appearance of the pit materials is consistent with the pit history and partially accounts for 

wide distributions in the analytical results. 

4.2.3.3 Geophysical Characterization of Waste Pit 3 

The anomaly map resulting from the integration of Waste Pit 3 geophysical data is presented 
in FF.>:.: . . 

..... ...... ..... .+ &g@4-20,} Magnetic anomalies were indicated across more than 40 percent of the pit 

eleven areas), denoted as A, B&B2, C, D, E, F, G, H, I, J and J K, consisting of relatively 

broad and weak magnetic highs. The weak magnetic highs might indicate ferrous or other 

magnetically susceptible material buried at a considerable depth. EM conductivity anomalies, 

. . . . . . . . . , , , . . ........ ........... ..... _..... 
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Predominant radiological constituents in terms of activity concentrations include U-238, 

U-234, and Th-230, all of which come from the uranium decay series. The mean Th-230 

activity reported from the CIS program was the highest Th-230 average activities (4,636 

pCi/g) reported for the CIS program. This is high relative to the U-238 average activity 

concentration (442 pCi/g), which is the second lowest average activity concentration reported 

for the Waste Storage Area. This is consistent with process knowledge in that the material 

deposited into Waste Pit 3 included refinery raffinates that contained elevated levels of Th-230 

and reduced levels of uranium. Although 40 percent of the actual sample data points 

indicate depleted uranium present; when all samples are integrated into the analysis, the 

resulting ratios indicate the presence of natural uranium. Natural uranium means that the 

ratio of the activity concentration of U-234 to U-238 is one and the ratio of U-235 to U-238 

is twenty. 

11-US 

All six samples generated from the three RI/FS boreholes reported average activity concentra- 

tions of Ra-226 (172 pCi/g) and Ra-228 (123 pCi/g) that were second highest 

overall next to Waste Pit 2 activity concentration average. 
. . . . . . . . 

089 

a 

Waste Pit 3 also contains concentrations of radionuclides in the thorium decay series (Th-232, 

Ra-228, and Th-228) that are, within the limits of uncertainty, in secular equilibrium. 

Leachate 

121 

L . : : L  , ; ' , I .  
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was reported for each of three leachate samples and the average activity concentration was the 

highest for all pit leachate samples determined. The U-238/U-234 activity ratio is 

approximately 1 and the U-238/U-235 activity ratio is approximately 20, indicating that the 

uranium found in the leachate from Waste Pit 3 is, on average, natural uranium. This is 

consistent with the activities presented for the waste material. The data are presented in Table 

4-6. 

4.2.3.5 Chemical Characterization of Waste Pit 3 

Waste Material 

Composite samples were analyzed from seven borings installed in Waste Pit 3 as part of the 

CIS programand from six samples (three borings) installed in the pit under the RI/FS 

program. The samples were analyzed for the Inorganic HSL. The CIS boring samples were 

within RCRA established limits for corrosivity (pH), reactivity, ignitability, and EP toxicity. 

Results of the CIS data are summarized in Table 4-7 and Figure 4-13. The 
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Results of the RI/FS data set are summarized in Table 4-8 and Figure 4-14. Results of the 32 

RI/FS program indicate that concentration averages for arsenic (9042 mg/kg), cadmium (13.3 

mg/kg), tin (69 mg/kg), and manganese (9434 mg/kg) were reported at the highest average 
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There is no direct record of the disposal of organic materials in Waste Pit 4, but several 

possible routes of entry of organic materials have been identified. Miscellaneous wastes were 

placed into the pit to fill it prior to capping. Construction rubble was disposed in Waste Pit 4 

and may have contained roofing products such as coal tar. Miscellaneous organic 

constituents, including PAHs, CDDKDFs, PCBs, phenols, or other organic material may 

have been present in ash which was not radionuclide-contaminated and was disposed in Waste 

Pit 4. 

No direct dumping of waste oils into Waste Pit 4 has been documented. PCBs may have been 

introduced into Waste Pit 4 by leakage from the heavy equipment which was used to handle 

the waste in the vicinity of the pit. Ash from solid waste incinerators or the oil burner may 

have contained PCB residues. 

4.2.4.2 Sample Phvsical Description of Waste Pit 4 

The conceptual cross sectional drawing for Waste Pit 4 is presented in Figure 4-21. The 

material encountered was predominantly gray in color, although the material in some borings 

contained little gray material. The presence of gray clayey or silty material may indicate the 

disposal of magnesium fluoride slag. There was no consistent color of material at any depth 

exhibited by the samples from the borings of Waste Pit 4, although localized stratification was 

evident. Visual descriptions of the borings cited strata of varying colors and grain sizes, 

including brown and red tinted gray, pale brown, dark brown and other colors. Frequently, 

the field investigators encountered trash in the samples, including paper, sheets of clear 

plastic, stringy material like mop yam and other varied debris. A large amount of the pit 

material was reported as fluid in consistency, sometimes flowing like jello or old motor oil. 

Some borings contained material which was so liquid that sample recovery was not possible. 

Thin layers of yellow-green material may indicate occasional dumping of green salt. The 

boring logs verify that a variety of materials have been disposed in Waste Pit 4, leading to 

thick, localized stratification of the pit material. Wide variation in the sample results from 

different borings would be expected as a result of the heterogeneous nature of the pit 

materials. 

4.2.4.3 GeoDhvsical Characterization of Waste Pit 4 

The anomaly map resulting from the integration of Waste Pit 4 geophysical data is presented 
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.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
@p .._. ... ... , ..... , , ..::::::::::::::::: . . . . . . 4.22;) . . . . . . . . . . . . Magnetic anomalies were noted across more than 50 percent of the pit, denoted 

as areas A and B along the southern boundary of the pit and area C in the northwest section 

which strongly indicate the presence of buried ferrous material. Additionally, during the 

magnetic survey, it was noted that an extensive amount of metal strapping, wire, cans, rebar, 

and other scrap were present over much of the pit's surface. EM anomalies (area 0) are 

located throughout the southern half of the pit area. One anomaly is located within section B, 

as indicated in the figure. This anomaly indicates the presence of buried conductive debris 

such as metal, graphite, or flyash of either greater quantities or buried at a shallower depth 

than the anomaly in the southwest comer (Seetien area A). The gradual increase of EM 

conductivity in the southwest comer might be indicative of the presence of dissolved solids in 

water near the surface of the pit. 

US 

GPR data were limited to the northern half of the pit due to accessibility problems preventing 

data acquisition. Anomalous areas consistent with the northem section of the magnetic 

anomaly A and anomaly C were detected. These anomalies indicated several areas of 

moderate to high buried object densities at shallow depths relative to the pit depth. 

Anomaly A was characterized by concurrent high magnetic intensities, EM, and moderate to 

high GPR signatures indicating buried ferrous material at least in the northern section. The 

EM signature indicates the existence of nonferrous and possibly nonmetallic wastes are also 

present. Anomaly B is characterized by magnetic and EM highs. High volumes of ferrous 

metal debris is supported by the magnetic data and nonferrous/nonmetallic material supported 

by the EM. High conductivity readings to the north of this anomaly may be indicative of 

either flyash or high dissolved solids in water at shallow depths. A large volume of buried 

ferrous metal debris is supported by the concurrence of magnetic and GPR data in anomaly C. 

Anomalies D and E have been characterized by GPR data only, indicating buried nonmetallic 

waste as the source of the anomaly. 

4.2.4.4 Radiological Characterization of Waste Pit 4 

Four boreholes were sampled as part of the CIS program (Figure 44)  and three boreholes 

were sampled as part of the RI/FS program (Figure 4-5). The three RI/FS samples were 

subsampled which resulted in six composite samples, two from each of the original RI/FS 

boreholes which were composited according to depth. 
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a Sampling for chemical characterization was accomplished under both the CIS and RI/FS i 

programs. The CIS samples were found to be within RCRA limits for corrosivity, reactivity, 2 

140, ignitability, and EP toxicity. Arsenic, 3 

134s 4 

5 

6 

Organic analyses were also performed under both sampling programs. Compounds to be 

polynuclear aromatic compounds, and low levels of polychlorinated dibenzo-p-dioxins and 

dibenzofurans. 10 

7 

noted which were found in one or both of these studies include PCBs, pentachlorophenol, a 

9 

11 

Some common organic compounds found in the Bum Pit include acetone, 2-butanone, 12 

methylene chloride, di-n-butyl phthalate, di-n-octyl phthalate, and bis-(Zethylhexyl) phthalate. 

The presence of the common solvents is consistent with their use at the site. The presence of 

13 

14 

phthalates is consistent with their wide variety of applications as plasticizers and their link to 15 

combustion by-products. 16 

Volatile chlorinated organics included small amounts of 1 , 1-dichloroethane, 1, l-dichlorethene, 

1 ,Zdichloroethane, 1 , 1 , l-trichloroethane, chloroform, trichloroethene, chlorobenzene, and 

vinyl chloride. Most of these were used as solvents or degreasers at the site, and others may 

be present as progeny from a parent contaminant. Volatile aromatic compounds in the pit 

included ethyl benzene, xylenes, and toluene. These are indicators of gasoline or solvent 

contamination. 

Leachate samples were collected'from the Bum Pit. The inorganic analyses showed calcium, 

magnesium and sodium in excess concentrations. Organic constituents included acrolein and 

acrylonitrile which were not found in the pit materials, and indicates their aqueous solubility. 

Benzene, toluene, ethylbenzene, and xylenes were also detected in the leachate. They are 

common constituents in combustibles such as gasoline. Also found in the leachate were PAHs 

which are common constituents of oils. In summary, the organic compounds found in the 

leachate are consistent with compounds commonly disposed of in the Bum Pit. 

19 

20 

21 

z? 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

FEWOUlRlNDWSEC 4/05/02/94 12:00prn 4-90 

000103 



. . f'. ' I . .  . .  . . .  

Rev. 2 - May 4, 1994 

170 

169, 171, 

172, 

I7-US 

One removal action, the Waste Pit Area Storm Water Runoff Control Removal Action, has 

been completed to address Operable Unit 1 impacts on surface water and sediment in Paddys 

Run. An Engineering EvaluationKost Analysis (EEKA) was performed to support this 

removal action (ASIAT 1990). The EEKA provides summary and analysis of surface water 

impacts resulting from surface contaminants in the Operable Unit 1 area. The removal action 

redirects surface runoff from the waste pit area away from Paddys Run to a catchment basin. 

This allows treatment prior to release via the FEMP main effluent line. 

The implementation of the removal action in June 1992 reduced contaminant loading from 

Operable Unit 1 runoff to Paddys Run. 

} Although there does not exist any 

analytical &a prior or subsequent to the completion of the Stormwater Run-off Removal 

Action, the loading of contaminant run-off into Paddys Run has been considered to have 

been reduced. If the stormwater run-off from the waste pit area has been diverted to the 

Clearwell (with eventual removal to the biodenitification surge lagoon), it should be 

apparent that the contaminant loading to Paddys Run has been diverted. For these reasons, 

historical data on Paddys Run do not represent current conditions. Nonetheless, impacts have 

been demonstrated and documented in the EE/CA and must be addressed by the remedial 

action, through incorporation of the ongoing removal action activities or through other 

engineering controls. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

M 

31 

32 

. . . .  ' . . , I  

FEWOUIRIIVDWSEC 4lO5lO2194 6:41pm 4-141 



FEMP-OUOI-S D W  FINAL 
J 551% R C v . 2 - M p y 4 , l W  

4.5.1 Surface Water 

Characterization for surface water in Waste Pits 4, 5, 6 and the Clearwell has been discussed 

in Section 4.2, along with the Waste Material in the pits. Hence this section addresses 

surface water runoff from the waste units of Operable Unit 1. 

The sampling locations under the different studies are shown in Figures 2 4 ,  2-5, and 2-6. 

Samples were collected from Paddys Run and various drainage ditches across the waste pit 

area. The summary discussion on significant findings from the major sampling programs 
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focuses on uranium since it represents the predominant and consistently sampled contaminant 

on the site. 

4.5.1.1 ODerable Unit 1 Runoff 

DOE has conducted three storm water runoff sampling studies in the waste storage area. 

These are the 1) Best Management Practices Plan, 2) the 1984 Groundwater Study, and 3) the 

FEMP RI/FS. 

Best Management Practices Plan 

As stated in Section 2.5, surface water samples were collected as part of the BMP plan in 

order to evaluate the condition of liquid discharges from the FEMP. Samples were analyzed 

for selected radiological and chemical constituents as listed in Table 4-33. Only two samples 

were within Operable Unit 1 boundaries. Results for the two surface water samples collected 

are summarized in Table 4-33. As shown in the table, the sample collected from location 

173, 174, DD07 2-6) contains the highest uranium-238 concentration of 740 

18-US pCi/L. This sampling site is located on the west side of Waste Pit 3 close to Paddys Run. 

The source of this uranium is likely to be surface runoff from Waste Pit 3 and 5. Also Total 

Dissolved Solids (TDS) in this sample appear to be relatively high. 

1984 Groundwater Study 

The objective of the 1984 Groundwater Study, was to identify the source of groundwater 

contamination in three off-site wells. 175 

} Collected samples of surface water 
runoff from drainage ditches in the waste pit area that fall within Operable Unit 1 boundaries 

were analyzed for total uranium. The results show total uranium concentrations ranging from 

0.007 to 34 mg/L (Table 4-34).** The highest concentration was from location R08, south 

of Waste Pit 2 and east of Waste Pit 1. Two other locations, R04 and R05, located between 

Waste Pits 4 and 5 showed elevated concentrations of 24 and 28 mg/L, respectively. At the 

time of sampling both Waste Pits 4 and 5 were open. It is possible that surface runoff from 

disposal operations conducted at these pits is the source of contamination at these locations. 

In addition to the water samples from the drainage ditches, two seep samples from within 
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would affect flow from the area, the settling of contaminated suspend solids and the existence 

of a contaminant source upgradient of the sampling location. 

The highest concentration of contaminants in surface water were detected at drainageways 

which received surface runoff from Waste Pits 3, 4, 5 and 6 (Figure 4-36). The predominant 

contaminant is uranium. The two drainageways running east-west between Waste Pits 3, 4, 

and 5 are contaminated along their total lengths. Uranium contamination in the surface water 

is as high as 8,148 pCi/L. Another drainageway running southeast and turning southwest 

between Waste Pits 4 and 6 contained water with elevated uranium concentrations. The 

drainageways in the north part of Operable Unit 1 are contaminated the least. 

2 2 4 s  

Most of the sampling activities took place before the surface runoff was controlled. At that 

time surface runoff from the waste pit area discharged into Paddys Run. With the implemen- 

tation of the Waste Pit Area Runoff Control Removal Action, potentially contaminated surface 

water runoff now flows into a catchment basin for treatment before being discharged into the 

Great Miami River. 

Sediment were sampled along drainageways which were considered downstream of potential 

releases within Operable Unit 1. The highest contaminants were detected at locations 

downgradient from Waste Pit 4. The predominant contaminant was depleted uranium. 

Uranium-238 activity was detected at concentrations as high as 761 pCi/g. 

... .. . 

uranium along its entire length. Another drainageway between Waste Pits 4 and 5 showed 

elevated uranium concentrations. 

191 

}, the drainageway located south of Waste Pit 4 and 6 revealed elevated levels of 

4.6 AIR AND DIRECT RADIATION 

4.6.1 Airborne Radon 

Airborne radon measurements are routinely collected both on and off the FEMP property as 

part of the ongoing FEMP Environmental Monitoring Program. In addition to the Monitoring 

Program, a radon flux survey was conducted on the Waste Pits 1, 2, 3, and 4 to determine 

the average radon emissions from the waste pits and to verify that the average radon emission 

from each waste pit was below the NESHAP limit of 20 pCi/m2/s. A summary of the results 

from the Chem-Nuclear Geotech (1992) radon-flux survey, and the Environmental Monitoring 
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TABLE 4-33 

SURFACE WATER ANALYTICAL RESULTS 

Analyte Units DD-01 DD-07 DD-09 

Aluminum 
Barium 

TOC 
TOX 
TDS 
TSS 
Chloride 

Fluoride 

Nitrate 

Gross Alpha 

Gross Beta 
Thorium-228 

Thori~m-230 

Thorh1-232 

Uranium-234 

Urani~m-235 

Uranium-238 

Radium-226 

Radium-228 

chromium 
Sulfate 

869 

217 

14.4 

41 

692 

266 

11.3 

0.24 

1.0 u 
8 * 5  

13*3 

NR 
NR 
NR 

0.6 O S  

0.3 f 0.2 

2.4 f 0.5 

NR 
NR 

10.0 u 
3 17 

456 

3 20 

118 

260 

1190 

20 

28.1 

1.2 

0.2 u 
850 f 50 

560 f 20 

NR 
NR 
NR 

160 f 30 

5 f  10 

740 f 60 

NR 
NR 

10.0 u 
38.3 

964 

209 

7.6 

37 

4 14 

148 

39.3 

1.3 

2.6 

420 f 30 

380* 10 

0.1 * 0.3 

1.4 f 0.5 

0.1 0.2 

57 f 30 

1.0 8.6 

310k40 

NR 
NR 

10.0 u 
89.9 
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FIGURE 4-10. GEOPHYSICAL ANOMALY MAP OF WASTE PIT 1 
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were examined. One such land use, the government reserve, postulates that ownership of the 

site is retained by the government, but that site maintenance and strict access controls are 

relaxed. Six receptors were evaluated under this scenario. They are the off-property farmer, 

the off-property child, the groundskeeper, the extended trespasser, the off-property user of 

meat and milk, and the Great Miami River user. 

If the government were to relinquish all control over the site, unrestricted use of the site could 

permit exposure routes associated with development of residences, such as a home and farm, 

within the boundaries of Operable Unit 1. Access controls are assumed to be absent and no 

additional remedial actions are assumed to have been taken. Hypothetical receptors under this 

scenario are a RME resident farmer, a central tendency (CT) resident farmer, a resident child, 

and an on-property home builder. 

Two source term configurations are an integral part of these five land-use scenarios: the 

current source term and the future source term. The current source-term configuration 

8-0 considers the Waste Storage Area as it exists today; Waste Pits I ,  2, and 3 arz covered with 

jZ l  and have 70 percent vegetative covering. Waste pit 4 & covered by a polyethylene cover 

with compacted clay. pits 5 and 6 are water covered (refer to Table E.1-I). The future 

source-term assumes that all maintenance activities within Operable Unit 1 have been 

discontinued. The cap on the unstable portion of Waste Pit 3 is assumed to have failed, 

exposing 30% of the waste pits contents. Caps and covers on Waste Pits 1, 2, and 4 and the 

Burn Pit are assumed to have remained intact. Water in Waste Pits 5 and 6 is assumed to 

have evaporated, exposing waste pit contents over half of the surface area of each waste pit. 

The Clearwell is assumed to have remained filled with water. The surface-water-runoff- 

control system is assumed to  have become nonfunctional under the future source-term scenario 

as maintenance ceases. 

The future source-term configuration was developed as described for a number of reasons. 

Since the currently submerged surface of Waste Pits 5 and 6 is uneven and higher at one level 

than the other, a decrease in the water level could result in a significant amount of exposed pit 

material. For that reason, half of the total surface area is assumed to have become exposed in 

the future scenario. Sediments on the bottom of the Clearwell are assumed to have remained 

covered with water. The sides of the Clearwell are steep, and removal of part of the water 

would not result in exposure of this material. 
000324 
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257 

The pit material in Waste Pit 3 is semi-solid and, consequently, unstable. This instability may 

affect the integrity of the cover material, resulting in failure. Therefore, it was assumed that 

part of the cover over this pit will subside, exposing waste materials. The covers of Waste 

Pits 1,  2, and 4 and the Bum Pit are assumed to have remained intact in the future scenario. 

This assumption is made because the materials deposited within these waste pits consisted of 

solid (dry) wastes. Solid wastes are assumed more stable and less likely to settle and result in 

failure of the cover. Waste Pit 4 is covered with a RCRA cap (a @foot-thick clay cover and 

a polyethylene liner) that is assumed to significantly reduce the potential for failure. Waste 

Pits 1 and 2 and the Burn Pit are covered with soil and are assumed to have become covered 

with vegetation, which would increase pit stability. 

Of all the pits, Waste Pit 4 is considered to be the most stable. In addition, the groundwater 

beneath ,this pit is the most contaminated, thus future installation of a well at this location was 

chosen as the most conservative assumption. A home also was assumed to have been 

constructed over this pit. The presence of the RCRA cap over Waste Pit 4, however, would 

preclude grass growth, so topsoil was assumed to have been placed over the cap after its 

construction. 

Finally, since the resident farmer is also being evaluated, the only area that would be left for 

growing crops is the area of Waste Pits 1 and 2, the soil cover of which makes this location 

suitable for agriculture. It is assumed that the soil covers will have remained intact, otherwise 

crop growth would be unlikely to occur. 

Exposure pathways quantified in the risk assessment for each scenario are shown in Appendix 

E of this report, Figures E.3-2 and E.3-3, and are discussed in greater detail in Section E.3.0 

of Appendix E. That section includes a description of the calculation methods for quantifying 

receptor exposures and a tabulation of the numerical parameter values (Tables E.3-17 and 

E.3-18) employed in exposure calculations. The conceptual model depicted in Figures E.3-2 

and E.3-3 indicates which exposure routes are quantitatively evaluated in the risk assessment 

for each receptor and land-use scenario, and the basis for excluding other exposure routes. 

Estimated receptor point concentrations used in exposure calculations are tabulated in Tables 

E.3-2 through E.3-16. Exposure point concentrations for soil, surface water, on-site 

groundwater, and waste pit material are based on analytical results of the CIS and the RI/FS 
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data. Exposure point concentrations in air, surface water in Paddys Run and the Great Miami 

River, sediment, and groundwater are based on environmental transport modeling from source 

terms within Operable Unit 1. Exposures to the Rh4E resident farmer due to consumption of 

groundwater considers two scenarios-water obtained from the Great Miami Aquifer and 

water obtained from the perched aquifer beneath Operable Unit 1. Section 5 and Appendix D 

Appendix E.3.0 contains the assumptions regarding source terms and potential release 

I 

2 

3 

a 
1 

5 

6 of this RI report address these modeling results in detail. The conceptual model described in 

1 

mechanisms on which the transport modeling is based. a 

9 

6.4 TOXICITY ASSESSMENT 10 

Two primary human health hazards are addressed in the toxicity assessment for Operable Unit 

cancer induction and chemical toxicity. Cancer is a genotoxic effect and may be induced 

11 

1: 12 

by exposure to a chemical carcinogen or from ionizing radiation from a radionuclide. 

Chemical noncarcinogenic toxicity refers to general toxicity that does not affect the genetic 

13 

14 

1s material and includes organ tissue effects. These effects are numerous and range from 

irritation. For both cancer induction and chemical toxicity, dose-response data from human 

systemic effects such as kidney or liver damage to localized effects such as skin or eye 16 

17 

and animal studies are used to determine the reference doses of each constituent. 18 
a 

19 

For cancer induction, it is assumed that no dose threshold exists, so for any dose of a 

carcinogen, there exists a possibility, however small, of developing cancer. 

a0 

Incremental 21 

lifetime cancer risks (ILCR) are expressed in terms of the probability that a given receptor 

(person) will develop cancer due to estimated exposures. For example, if the receptor has an 

additional 1 chance in 10,000 of contracting cancer due to these exposures, the probability is 

expressed as a lo4 (1/10,000) risk. Chemical intakes calculated in the exposure assessment 

are used in conjunction with the cancer slope factor (CSF) to determine the ILCR. 

separately in the Operable Unit 1 risk assessment. 

P 

23 

24 

25 

Cancer 26 

risks from exposure to chemical carcinogens and exposure to ionizing radiation are considered n 

28 

29 

30 

In the evaluation of potential exposures for the noncarcinogenic assessment, it is assumed that 

a dose threshold exists below which no toxic effect will occur. 

31 

This threshold is used to 32 

33 develop an acceptable intake level (the reference doselreference concentration [RfDEfC]). 

To determine if Operable Unit 1 constituents may cause toxic effects, the estimated intake 34 
a 

aoua2~ 
FER/OUlRI/NMG/SEC 605/02/W 6 4 2 p  6-7 



I I i i  

2. . *' 55 1 1'1 FEMP-OUOl-5 DRAFT FINAL - 
Rev. 2 - May 4, 1994 

(calculated from the exposure assessment) is divided by the acceptable intake. This ratio is 

called the hazard quotient (HQ). When HQs for multiple CPCs are summed for a particular 

pathway, the resultant value is the hazard index (HI). If the ratio of estimated intake to the 

acceptable intake is greater than 1, the site-related intake may increase the risk of adverse 

health effects. 

Quantitative toxicity factors (Le., cancer slope factors [CSFs] and reference doses [RfDs]) are 

presented in Appendix E, Tables E.4-1 and E.4-2 for radionuclides and chemical constituents, 

respectively. 

For risk assessment purposes, mixtures of CDDs and CDFs are evaluated using EPA's 

toxicity equivalency method. This approach uses derived toxic equivalent factors (TEFs) to 

convert the concentration of CDD or CDF congeners into an equivalent concentration of 

2,3,7,8 TCDD. Table E.4-3 presents the TEFs for a variety of CDD and CDF congeners. 

Carcinogenic risks associated with PAHs are also evaluated using a TEF approach. This 

approach considers the relative potency of the individual PAHs and allows site-specific 

relative concentrations to be expressed in the risk assessment. The relative potency factors 

for PAHs are presented in Table E.44. Results were also presented under the assumption 

that all carcinogenic PAHs were as potent as benzo(a)pyrene. 

6.5 RISK CHARACTERIZATION RESULTS 

Risk estimates are derived by combining the results of the exposure assessment and the 

toxicity information to quantitatively estimate the degree of hazard associated with exposure to 

258 Cpcs. The results were i$Bk:$&&&$ based on ranges of acceptable risk under . . . . . . . . . . . . . ....... . . . . . . . . . . . . . . . 
......................_I... . . .. ................................ 

CERCLA, an ILCR of lo" to 10" or an HI equal to or less than 1 @PA 1992d). 

Tables 6-3 through 6-10 present summary results of the baseline risk assessment by land use. 

This information was derived by combining the results of the exposure assessment and the 

toxicity information to qualitatively estimate the degree of hazard associated with exposure to 

CPCs. These results may be compared to the ranges of generally acceptable risk under 

CERCLA, which are an incremental lifetime cancer risk of lod to lo" or a Hazard Index 

equal to or greater than unity (1). 
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6.5.1 Current Land Use 

Currently, the operable unit is used to store waste. Three of the receptors listed in Tables 6-3 

and 6-4 - the groundskeeper, the off-property farmer, and the off-property young child - were 

evaluated under the assumption that this use continues, and that both active maintenance and 

access controls will continue at the site. The maximally exposed individual in this case is 

determined to be the groundskeeper, with ILCR approaching 104 (Tabk&Q (Table 6-3). 

These risks are dominated by radiation exposures from isotopes of uranium, thorium, and 

radium in pit contents and surface soil. The hazard index of systemic toxic effects for the 

groundskeeper is less than unity (1). Calculated risks to the off-property farmer are just over 

DOE lo“, while ede&A+k . ILCR to the off property seskle& young child are well below 10-6. 

DOE 

The HI for both the farmer and child are less than unity (1). 

If access controls are relaxed, two additional receptors are assumed to become plausible - the 

trespassing youth, and the off-property user of meat and milk. The greatest health effects 

could then be expected to occur in the off-property users of meat and milk products. Most 

of the total calculated risks to this receptor (about lo3) are from the uptake of PCBs by 

grazing cattle. Radionuclides contribute risks on the order of 104. The HI for this receptor 

exceeds 1.0 (2.4), due primarily to antimony, cadmium, and uranium uptake by cattle. 

Impacts on the hypothetical trespassing youth are much lower (ILCR = 10’ and HI = 0.5). 

Risks to the groundskeeper, the off-property farmer, and the off-property child are 

unchanged. 

If access controls are relaxed and maintenance of engineering controls ceases, waste may be 

exposed due to erosion and subsidence of pit covers. To reflect these conditions, the 

groundskeeper was deleted from the list of receptors and a person using water from the Great 

Miami River was added. Tables 6-5 and 6-6 present the ILCRs and HIS for the trespassing 

youth and the Great Miami River user. Tables 6-9 and 6-10 present the same information 

for the off-property user of meat and milk products and the off-property farmer and child. 

Risk calculations indicate the MEI’s under these conditions are the off-property farmer and 

the off-property user of meat and milk products (ILCR = lo3). Total pcb’s and arsenic in 

on-property soil, and uranium in groundwater are the most important contributors to these 

risks. The off-property child has the highest potential for systemic toxic effects (HI = go), 

and uranium is the only constituent producing an HI exceeding unity (1). The trespassing 
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youth (ILCR = lW, and HI = 2) is also a receptor of concern under these conditions, but 

impacts to the Great Miami River User are minimal. 

3 

6.5.2 Future Land Use 

Continued government ownership of the site is one plausible future land use. If the 

government maintains the site as a federal preserve, general access to the site could be 

restricted. It is also possible that the operable unit’s engineering controls would not be 

maintained. As part of the effort to assess the potential for these conditions to impact human 

health, two hypothetical receptors were created to evaluate on-property exposures - the 

groundskeeper and the expanded trespasser (Tables 6-7 and 6-8). In addition to these 

receptors, the calculated risks to several off-property receptors were examined: the off- 

property farmer and child, the off-property user of meat and milk products, and the Great 

Miami River user (Tables 6-5, 6-6, 6-9, and 6-10)., The groundskeeper, the off-property 

adult, and the off-property user of meat and milk are projected to incur risks in the order of 

lo”. The off-property child would experience the highest HI (HI = 90) because of his lower 

body weight. Uranium is the single most important contributor to all of these exposures. 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

While it is unlikely, complete unrestricted access to the site is a possible future land use. To 

explore this possibility, calculated risks to a number of various receptors on Tables 6-5, 6-6, 

6-10 and 6-1 1 were examined: the off-property farmer and child, the off-property user of 

meat and milk products, the Great Miami River User, the on-property farmer and child, and 

the homebuilder. All receptors, with the exception of the Great Miami River user, were 

calculated to incur risks of la* or greater. The greatest calculated risks are incurred by the 

hypothetical on-property farmer (ILCR = 10’). If domestic use of perched groundwater is 

included in the analysis, the risks approach unity (1). Uranium and arsenic in groundwater 

dominate risks to this receptor. Similarly, predicted exposures to all receptors except the 

Great Miami River user produce HI’S exceeding 1. The highest HI, 6100, is produced when 

the on-property farmer uses perched water. If this potential source is discounted, the highest 

HI is incurred by the resident child using groundwater from beneath the operable unit (1600). 
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6.5.3 Background Risks 

All site-related risks in the risk assessment are calculated without accounting for the contribu- 

tion from natural background. In many cases, the concentrations of CPCs in the soil at the 

Operable Unit 1 waste pits are only slightly above natural background concentrations, but the 

ILCRs or HIS for these site-related concentrations are often greater than 104 and 1, respec- 

tively. Background contributions provide a useful point of comparison for site-related risk 

estimates. 

Risks and hazard quotients are calculated for background concentrations of CPCs in soil. 

These results are presented in E-7.9 and E-7.10. Exposure assumptions 

and models used for these background calculations are the same as those used for evaluating 

site-related risks to the RME on-property resident farmer. Soil concentrations used for 

background risk calculations are the UCL values determined for the site-specific background 

soil sample analytical results. 

Background risks from radionuclides and their short-lived progeny (RMe-Gj Table E-7.9 

are 7 x lo4. The exposure pathway that contributes nearly all of this risk is external radiation 

exposure from Ra-226, Th-228, and Ra-228 (and their short-lived progeny) in surface soil. 

The health risk attributable to the naturally occurring radioactive isotope of potassium, K-40, 

is slightly larger (within the same order of magnitude) than all other radioisotopes combined. 

The risk from K-40 was not included in the total risk because K-40 was not selected as a CPC 

for this operable unit. Including it in the total risk from background could bias decisions, if 

the total background risk were compared directly with the total site-related risks calculated in 

this report. It is included here because it is a ubiquitous component of background. It is 

important to note that, using CERCLA methodology, the overall lifetime risk from natural 

background radiation sources (such as cosmic radiation, primordial radionuclides in surface 

soil, and radon) is approximately 1 x lo-*. Background risks from arsenic and beryllium in 

soil at background concentrations also exceed 1 x 104. 

Background hazard quotients were calculated for natural background concentrations of 

inorganic chemicals in soil. Results of these calculations for the RME on-property resident 

adult are given in Table 44 E-7.10. Again, the soil concentrations used are the site-specific 

background soil sample analytical result UCLs. The HI for background concentrations of 

inorganics is 8. The HQs estimated using the background UCLs and the method described in 
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HAZARD INDEX SUMMARY 
CURRENT LAND USE, CURRENT SOURCE TERM 

Off-property 

Media Groundskeeper Farmer Young Child Youth Milk Products 
Off -property Off -property Trespassing User of Meat and 

Air 0.OE +00 2.E-04 1.3E -03 0.OE + 00 NA 

Surface Soil 3.OE-01 NA NA 4.9E -01 2.7E+OO 

On -property 
Surface Water NA NA NA NA 2.3E-01 

Sum All Media 3.OE -01 2.7E-04 1.3E-03 4.9E-01 2.9E +00 

NA - Not applicable. Exposure route not evaluated for receptor. 
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TABLE 6-5 

INCREMENTAL LIFETIME CANCER RISK SUMMARY 
CURRENT LAND USE, FUTURE SOURCE TERM 

Trespassing Great Miami 
Medium Youth River User 
Air 

Radiocarcinogenic Risk 8E-05 NA 
Chemical Carcinogenic Risk 4E-05 NA 
Totala: 1E-04 NA 

Surface Soil 
Radiocarcinogenic Risk 1E-04 NA 
Chemical Carcinogenic Risk 7E-05 NA 
Totala: 2E-04 NA 

Buried Pit Material 
Radiocarcinogenic Risk 7E-06 NA 
Chemical Carcinogenic Risk NA NA 
Totala: 7E-06 NA 

Paddys Run Surface Water 
Radiocarcinogenic Risk 7E-08 NA 
Chemical Carcinogenic Risk 6E-08 NA 
Totala: 1E-07 NA 

Paddys Run Sediment 
Radiocarcinogenic Risk 4E-06 NA 
Chemical Carcinogenic Risk 9E-06 NA 
Totala: 1E-05 NA 

Great Miami River 
Surface Water 

Radiocarcinogenic Risk NA 3E-07 
Chemical Carcinogenic Risk NA 3E-08 
Totala: NA ' 3E-07 

All Media 
Radiocarcinogenic Risk 2E-04 
Chemical Carcinogenic Risk 1E-04 
Totala: 3E-04 

3E-07 
3E-08 
3E-07 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
a Radiocarcinogenic risk and chemocarcinogenic risk are not truly additive. 

A total is provided for reference only. 

. .  
I ; / . / .  . _ :  
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HAZARD INDEX SUMMARY 

CURRENT LAND USE, FUTURE SOURCE TERM 
~ 

Trespassing Great Miami 
Medium Youth River User 

Air 25E-01 NA 

Surface Soil 15E+00 NA 

Paddys Run Surface Water 3.9E-02 NA 

Paddys Run Sediment l.lE-01 NA 

Great Miami River 
Surface Water NA 4.2E-03 

All Media 1.9E+00 4.2E-03 
~~ 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
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TABLE 6-7 

INCREMENTAL LIFETIME CANCER RISK SUMMARY 
FUTURE LAND USE (GOVERNMENT RESERVE) 

FUTURE SOURCE TERM 

On-property Expanded 
Medium Groundskeeper Trespasser 

Air 
Radiocarcinogenic Risk 7E-04 1E-04 
Chemical Carcinogenic Risk 2E-04 6E-05 
Totala: 9E-04 2E-04 

Surface SoiUExposed Pit Material 

Radiocarcinogenic Risk 4E-04 3E-04 
Chemical Carcinogenic Risk 2E-04 2E-04 
Totala: 7E-04 5E-04 

Buried Pit Material 
Radiocarcinogenic Risk 5E-05 3E-05 
Chemical Carcinogenic Risk NA NA 
Totala: 5E-05 3E-05 

Paddys Run Surface Water 

Radiocarcinogenic Risk NA 7E-08 
Chemical Carcinogenic Risk NA 6E-08 
Totala: NA 1E-07 

Paddys Run Sediment 
Radiocarcinogenic Risk NA 4E-06 
Chemical Carcinogenic Risk NA 9E-06 
Totala: NA 1E-05 

All Media 

Radiocarcinogenic Risk 1E-03 4E-04 
Chemical Carcinogenic Risk 4E-04 3E-04 
Totala: 2E-03 7E-04 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
a Radiocarcinogeoic risk and chernocarcinogenic risk are not truly additive. 

A total is provided for reference only. 

~ . ~ a 
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TABLE 6-8 

HAZARD INDEX SUMMARY 
FUTURE LAND USE (GOVERNMENT RESERVE) 

FUTURE SOURCE TERM 

5511Q 

Medium Groundskeeper 
Expanded 
Trespasser 

Air 62E-01 

Surface SoiVExposed Pit Material 1.6E+00 

Paddys Run Surface Water NA 

Paddys Run Sediment NA 

All Media 2.2E+00 

2.9E- 0 1 

35E+00 

3.9E- 02 

l.lE-01 

4.OE+00 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
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As a basis for comparison, calculations of the risk associated with the natural background 

concentration of radionuclides and inorganic metals in soil were performed using the same 

assumptions as used in the resident farmer scenario. The radiocarcinogenic risk associated with 

background concentrations of radionuclides under these conditions was calculated as 7 x 104 for the 

soil pathways. A calculation for the risk from natural cosmic radiation yielded a risk of 2 x 10”. A 

hazard index of approximately 8 was calculated for background metals concentrations in soil. 

Of the scenarios presented, the current land use with access controls most closely approximates 

current conditions at the FEMP. However, conservative assumptions were made, consistent with 

those made for other scenarios, to ensure that the calculated baseline risk represents an upper bound. 

Risk estimates are derived by combining the results of the exposure assessment and the toxicity 

information to quantitatively estimate the degree of hazard associated with exposure to CPCs. The 

ranges of generally acceptable risk under CERCLA are an ILCR less than 104 (1 in 10,000) and an 

hazard quotient of less than 1. 

0 7.5.3.1 Current Land Use With Access Controls - Current Source Term 

Risks for various receptors from all transfer media are presented for the current source term scenario 

in Table 7-5. The maximally exposed individual in this scenario is the groundskeeper. This person, 

through routine exposure over a period of 25 years, could incur a risk of 

10,000) from radiocarcinogens. The majority of the risk is due to exposure to penetrating radiation 

from buried waste pit materials (under extremely conservative assumptions) and external exposure 

from surface soil. 

TBL I x 1@ (1 in 

The total chemical carcinogenic risk for this receptor was estimated at 1 x lo5 and is due solely to 

dermal contact with soil. Beryllium and PCBs are the major contributors to the total chemical risk. 

The total hazard index for this receptor was estimated at 0.3, due to dermal contact with soil. 

7.5.3.2 Current Land Use Without Access Controls - Current Source Term 

Under this scenario, the maximally exposed individual is assumed to be the off-property user of meat 

and milk products. This receptor is exposed only to those contaminants which result from cattle 0 
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TBL 

TBL 

TBL 

TBL 

grazing on the FEMP property. Because the current source term is considered, only those 

contaminants identified in the surface soil and surface water were evaluated. 

The total radiocarcinogenic risk for this receptor was 4+-402 7 x. I@ due primarily to milk 

consumption. Uranium-238, U-234, Sr-90, and Cs-137 were the major contributors to this risk. 

The total chemical carcinogenic risk for the off-property user of meat and milk was &i-HX 9 x I@. 
This risk was due primarily through root uptake. PCBs and BAPs were the primary chemical 

carcinogens in this assessment. 

The hazard index for this receptor was estimated at 3 2.9, due primarily to cadmium, uranium, and 

antimony uptake via milk. 

The trespassing W youth could also experience significant risk. The total radiocarcinogenic risk 

was estimated at %dQ2 5 x los (5 in lOO,OOO), which is comprised of several components roughly 

similar in magnitude of risk. Penetrating radiation exposures from buried waste pit materials, 

external exposure from surface soil, and inhalation of dust and radon make up 100 percent of the total 

risk. The most significant contributors to the risk, in descending order, are U-238, Th-230, U-234, 

and h - 2 2 2  for air exposures, and Ra-226 and Th-228 for the external exposures. The hazard index 

for this receptor was 0.5. 

7.5.3.3 Current Land Use - Future Source Term 

Table 7-6 is a summary of risk to various receptors based on the future source term scenario for the 

current land use (industrial) and future land use (agricultural). The receptor subject to the greatest 

ILCR for the current land uselfuture source term configuration is the off-property resident farmer. 

This receptor is only exposed to those media and contaminants subject to transport from the site. 

Since the source term is varied to account for erosion of caps, etc., this receptor would experience 

additional risks over those of the current source term scenario. For example, exposure to 

contaminants migrating in the Great Miami aquifer are considered for the future source term. 

While the risks are presented as a total for both air and groundwater exposures, it should be noted 

that the points of maximum risk for these two media do not coincide temporally. Risk sums did 

assume these two occur during the same time frame. 
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TBL 

The total carcinogenic risk from exposure to radionuclides is projected at &x-KL? 2 X lo*, and the 

total chemical carcinogenic risk is &X-I~L! 2 X lo3. Uranium and thorium isotopes and radon are the 

primary CPCs in the radiologic risk via inhalation, and U-238 and other radionuclides control the 

groundwater risks from all pathways. Arsenic and nickel are the primary chemical carcinogens, and 

affect the receptor only via inhalation of fugitive dust emissions from the site. 

TBL The total hazard index for this receptor is 38 32, with ingestion of drinking water, h i t s  and 

vegetables presenting the majority of the risk. An off-property child would experience a hazard index 

of 90. 

7.5.3.4 Future Land Use - Future Source Term 

Table 7-6 also summarizes the risk to various receptors based on the future source term scenario and 

future land use. The RME receptor for this configuration is obviously the on-property RME resident. 

This receptor, as discussed in the exposure assessment, is assumed to live in a home in the vicinity of 

Waste Pit 4, use water from the Great Miami aquifer for all potable and agricultural purposes, and 

grow food in the area of Waste Pits 1 and 2. The soil caps over Waste Pit 3 is assumed to have 

eroded, and waste material in Waste Pits 5 and 6 is exposed after the waste pits partially dry up. 0 
Risks associated with ingestion of groundwater from the perched aquifer was not included in the total 

risk estimates, The aquifer is discontinuous, and is unlikely to yield enough water for anything other 

than ingestion alone. Therefore, while risks were calculated, they are not summed with the other 

pathway risks. 

The total radiocarcinogenic risk for this receptor is estimated at 5 x lo-’; these are primarily risks 

associated with the inhalation of dust and radon and external exposure to soil and exposed waste pit 

material. As with the other scenarios discussed above, uranium and thorium isotopes and radon drive 

the inhalation risks, and uranium, thorium, and radium isotopes drive the external exposure risks. 

The chemical carcinogenic risks for this hypothetical receptor are 5 x lo2, and are due primarily to 

ingestion of drinking water from the Great Miami aquifer and ingestion of fruits and vegetables 

irrigated with groundwater or affected by particulate emissions from the waste pits. Arsenic is the 

primary contributor to. the chemical carcinogenic risk, although other carcinogenic compounds such as 
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average exposure scenario is known as the central tendency (CT) scenario 
throughout this report. 

Justification: Specific guidance on the implementation and use of the CT scenario 
is not yet available from EPA’s Office of Emergency and Remedial 
Response, so interim guidance from EPA Region V has been used in 
constructing this scenario and in presenting the risks to a 
hypothetical receptor resulting from the calculated average 
exposures. 

The methods used to calculate exposures from direct exposures to 
radiation, dermal contact, and inhalation while showering have been 
changed to reflect EPA guidance that became available after the Risk 
Assessment Work Plan Addendum was published. These are presented in 
more detail in the section on the exposure assessment (Section E.3.0). 

Justification: DOE and EPA have agreed that the Baseline Risk Assessment will 
use the most recently recommended and approved methods, models, 
and parameters. 

The removal processes considered to predict concentrations in food 
include the effects of leaching in addition to the radioactive and chemical 
decay presented in the Risk Assessment Work Plan Addendum. This is 
presented in more detail in the section on the exposure assessment 
(Section E.3.0 of this appendix). 

Justification: During irrigation and aerial deposition, contaminants are added to 
the soil. Simultaneously, radioactive decay, chemical degradation, 
and soil leaching deplete these contaminants. The methodology set 
forth in the Risk Assessment Work Plan Addendum effectively 
calculates radioactive decay and chemical degradation, but 
approximates the effect of leaching by calculating plant 
concentrations after 70 years of depositiodirrigation. This approach 
is appropriate for most chemical and radionuclides at the site. 
However, this approach overestimates the concentrations of very 
mobile contaminants such as Tc-99. An updated methodology, 
based on work published in National Council on Radiation 
Protection (NCRP) Report No. 76 (NCRP 1984) and Commentary 
No. 3 (NCRP 1989) has been adopted to more accurately represent 
the physical processes at the site. 
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Risks and hazard quotients (HQs) are not quantified for chemicals for 

Some contaminant exposures (childhood exposures to lead, dermal exposure to 
PAH, etc.) mght be better addressed using a qualitative approach. 
Justification: 

3 10 which toxicity data are not available 4 
3 6 4 s  

It is not possible to perform a quantitative risk assessment for 
chemicals for which toxicity data are not available. The large 
number of chemicals that are quantitatively assessed is adequate to 
provide estimates of risk for this operable unit. 

Since publication of the Risk Assessment Work Plan Addendum, EPA has provided additional 

technical guidance concerning methods, models, and parameters that has been incorporated 

into this Baseline Risk Assessment to the fullest extent possible. Additional guidance 

documents are referenced where applicable. 
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E. 1.4 

Conceptual site models facilitate consistent and comprehensive evaluation of the risks to 

human health by creating a framework for identifying the paths by which human health may 

be impacted by contaminants found at Operable Unit 1. The conceptual models depict the 

relationships between five elements necessary to construct a complete exposure pathway: 

OVERVIEW OF OPERABLE UNIT 1 CONCEPTUAL MODEL 

0 Sources of potential constituents of concern 
0 Releasemechanisms 

Transport pathways 
0 Exposure mechanisms and exposure routes 
0 Receptors 

Two conceptual site models were developed for Operable Unit 1 to provide the basis for 

identifying the potential risks to human health. One conceptual site model considers the 

potential risks to human health from the current configuration of Operable Unit 1 source 

terms and receptors (current conditions) and the second model considers potential risks from a 

hypothetical future configuration of Operable Unit 1 source terms and receptors (future 

conditions). Three land use configurations are also considered: (1) current land use with 

access controls; (2) current land use without access controls, and (3) future land use without 

access controls. The conceptual site models do not consider existing contamination in 

groundwater or any off-site media, which will be addressed in the Operable Unit 5 risk 

assessment. Only soil, surface water, and waste pit material from within the boundaries of 

Operable Unit 1 are considered, as are future groundwater, surface water, and sediment 

contamination that has as its source the media within the Operable Unit 1 boundaries. 
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X I  5 x2 5 ... 5 xi 

' j ,  ( j = 1  to i 
= sample concentrations 

i = the number of background samples 

'(95) = ' k  

. . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

k 2 i x 0.95 (i = number of samples) 

$ @ g ~  . . . . . . . . . . . . . . 

.......................... 

C(.%) = 95th Percentile Concentration 

k = The Identijication Number of the Sample Selected 

5 5 1 1  

1 

@%gj . . . . . . . . . . . . . . . 2 

E.2.2.2.2 Determination of Final Concentration Term 

The final concentration term is determined by selecting the larger of the UCL/Max values 

from the two data sets. The final concentration term was used for modeling, risk assessment, 

and CPC screening. 

E.2.3 IDENTIFICATION OF CONSTITUENTS OF POTENTIAL CONCERN (CPCS) 

CPCs are selected based on the likelihood that they are anthropogenic, site-related, and their 

ability to produce carcinogenic or toxic effects. This section presents the systematic selection 

process used to compare constituent concentrations to background levels, and to assess the 

3 3 4 s  effectiveness of the constituent in inducing adverse health effects. A flow diagram describing 

the CPC selection procedure is presented in Figure E.2-I. 

E.2.3.1 Methodolonv 
CPCs are determined using a two step procedure. The first is comparison to background 

levels (applicable to inorganic and radionuclide constituents only). Then, toxicological 

screening is performed. These steps are described separately below. 
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E.2.3.1.2 Toxicological Screening 
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Chemicals with representative concentrations lower than screening values 1 

calculated from USEPA RAGS Part B, based on a HQ of 0.1 and a risk level 
of lo', were removed from the CPC list and assigned the deletion symbol %'I 

in Attachment E.II. 4 

2 

3 
a 27-us 
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11-0 

318, 319 
320, 321 
323, 324 
325, 326 

27-US, 444s 

0 

&-US These chemicals were discussed qualitatively 
or semi-qualitatively. 

&-US 

lished 
the 95th percentile background value as a decision making point; 
radionuclides exceeding this value are considered CPCs while 
radionuclides at less than that value are deleted. 

E.2.3.2 Results of Selecting CPCs 

E.2.3.2.1 Surface Soil 

Table E.2-2 lists the CPCs for surface soil. This table contains only those constituents which 

have been selected for quantitative evaluation in this assessment. A complete list of analytes 

and the rationale for their exclusion is presented in Attachment E.11 of this Appendix. 

E.2.3.2.2 Waste Pit 1 

Table E.2-3 lists the CPCs and representative concentrations for waste pit material in Waste 

Pit 1 .  Only those constituents that have been selected for quantitative evaluation in this 

assessment are included. A complete list of analytes and the rationale for their exclusion is 

presented in Attachment E.11 of this Appendix. 
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E.2.3.2.3 Waste Pit 2 

Table E.24 lists the CPCs and representative concentrations for waste pit material in Waste 

Pit 2. These tables contain only those constituents that are evaluated quantitatively in the risk 
a 
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an area-weighted average concentration was developed using the full area of Waste Pit 3 and 

other soils, and one-half the area of Waste Pits 5 and 6 (assuming half the waste pit material 

is exposed). 
a 

E.3.4.3 Waste Pit 4 Material 

The future land use scenario considers the possibility that a home could be constructed on 

Pit 4, which is physically the most stable area of Operable Unit 1.  It is assumed that once 

construction is complete, that topsoil would be emplaced for lawns. The pit is currently 

covered with a RCRA cap and synthetic cover, which are unsuitable for vegetative growth. 

The future exposure point concentrations for Pit 4 are listed in Table E.3-6. 20-0 

E.3.4.3.1 Radioactive Contaminants 

Fourteen radionuclides were detected in the contents of Pit 4. As discussed in 

Section E.3.4.1.1, several of these are naturally occurring radionuclides. As with the other 

future scenarios, only nuclides with half-lives greater than 25 years are evaluated. 

E.3.4.3.2 Chemical Contaminants 

The chemicals selected as CPCs for quantitative evaluation include 12 metals and 44 organics. 

The organics include numerous PAHs, dioxins, furans, PCBs,semivolatiles and volatiles. 

E.3.4.4 Buried Pit Materials 

Several of the defined exposure scenarios require the evaluation of penetrating radiation risks 

from buried waste pit contents. The buried contents of the waste pits produce radiation which 

can expose humans on the ground surface. To assess the magnitudes of these exposures, a 

computer code called Microshield (Grove Engineering, 1987) is used, as required by the 

WPA (DOE 1992a). 

Microshield is capable of calculating the radiation dose rate for a variety of source and shield 

geometries, source materials, shield materials, and shield thicknesses. A limited amount of 

input information is required. Required input for Microshield includes information on the 

source, the types and concentrations of radionuclides present in the source being modeled, the 

shape and physical dimensions of the source and its cover (if any), and the density and 

physical makeup of the source and cover, and the distance form the source to the receptor. 
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pathways are cumulative. Thus, all the receptors evaluated are subject to more than one 

exposure pathway and have been evaluated accordingly. 

E.3.5.7 Scenario-Suecific AssumDtions and Exuosure Parameters 

Exposure parameters are dependent on receptor-specific behavior patterns, and vary from 

receptor scenario to receptor scenario. The following sections begin with a brief description 

of each set of parameters used to evaluate exposures to hypothetical receptors during this 

assessment. This synopsis is followed by descriptions of any site-specific parameter values 

and their derivation. Tables E.3-16 and E.3-17 contain a summary of these parameters. 

E.3.5.7.1 Exposure Duration (ED) 

The exposure duration is the period of time a receptor is exposed in a lifetime. Tables E.3-16 

and E.3-17 list the values and sources of the exposure durations used to calculate exposures to 

the hypothetical receptors evaluated in this assessment. 

Because of the agricultural history of the area, the RME adult may be exposed over an entire 

70-year lifetime. Therefore, the exposure duration selected for this receptor is 70 years. This 

value is over twice as long as the standard 30-year exposure presented in EPA 1991b. The 

70-year value was determined in consultation with EPA Region V and applies to the off- 

property RME resident adult farmer, the on-property RME resident adult farmer, the Great 

Miami River user, and the off-property user of beef and dairy products. 

The M E  child and the CT adult are assumed to receive exposures over 6 years and 9 years, 

respectively, as suggested by supplemental guidance (EPA 1991b). The trespassing youth is 

assumed to receive exposures while roaming randomly about the property between the ages of 

337,372 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

373 }. The home builder is evaluated to assess the health impacts of 

exposures incurred while building a home on the property. This activity is assumed to be 

completed within one year of groundbreaking (NRC 1984), so the exposure duration for the 

home builder is set at one year. 

The Great Miami River user is also assumed to swim in the river. It is assumed that this 

receptor only swims during a 30-year period of the individual's life. Therefore, the exposure 

duration for this scenario is 30 years. Although there are no areas designated for swimming 

in the Great Miam' River, it is assumed that a youth, 12 years of age, would use the Great 

Miami River for swimming, fishing and diving, through age 42. This age range was 

38-US 
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selected because the Great Mhmi River current makes the river unsafe for very young 

children to swim in and because there are no designated swimming areas to attract visitors. 
It is very unlike that anyone would use the river for recreational purposes over an entire 

lifetime. Therefore, the exposure duration assumed for this scenario is 30 years. 
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375 39-us 

The extended trespasser is assumed to visit the site for 12 years as a youth (ages 6 to 18) and 

for 32 years as an adult (until age 50). The combined exposure duration for this receptor is 

44 years. 

E.3.5.7.2 ExDosure Freauencv 

The exposure frequency is the number of days a receptor is exposed each year. Tables E.3- 

16 and E.3-17 list the values and sources of the exposure frequencies used to calculate 

exposures to the hypothetical receptors evaluated in this assessment. 

The exposure frequency selected for scenarios involving a RME adult farmer or a RME child 

is the standard RME value of 350 days per year listed in EPA 1989a. The 350 days per year 

value applies to the off-property RME resident adult, the on-property RME resident adult, the 

on-property RME resident child, the off-property user of beef and dairy products, and the 

Great Miami River user. The Great Miami River user is also assumed to swim in the river. 

The exposure frequency selected for this activity is five days per year as suggested by 

guidance (EPA 1989a). 

The exposure frequency selected for scenarios involving a CT adult farmer is 275 days per 

year, as suggested by supplemental guidance (EPA 1991b). EPA Region V suggests the 

exposure frequency of the trespassing child to be set at 52 days per year (DOE 1992). The 

extended trespasser is assumed to spend 110 days per year on site. 

The home builder is evaluated to assess the health impacts of exposures incurred while 

building a home on the property. For this activity, it is assumed that a worker spends 

approximutely 175 eight-hour days constructing a home. 
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E.3.5.7.3 ExDosure Time I 

The exposure time is the amount of time a receptor is exposed each day. Tables E.3-16 and 

E.3-17 list the values and sources of the exposure times used to calculate exposures to the 

hypothetical receptors evaluated in this assessment. 
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The RME adult farmer scenarios constructed for this assessment assume the receptor works 

outside of the residence for 2000 hours per year. Spreading this time over the 350 days per 

year of on-site exposure yields an average outdoor exposure time of 5.7 hours per day. This 

leaves an indoor exposure time of 18.3 hours per day for this receptor. Thus, about 25 

percent of the receptor’s time on-site is spent outside of the residence. These values apply to 

the off-property RME resident adult farmer and the on-property RME resident adult farmer. 

The on-property RME resident child is assumed to spend only 2 hours per day outdoors, for a 

total of 700 hours per year. 

376 

40- US It is assumed that the CT resident adult farmer is exposed outdoors 

approximately 4.2 hours per day for 275 days per year, which is equivalent to 1155 hours of 

outdoor exposure in a year. This leaves an indoor exposure time of 19.8 hours per day for 

this receptor. Thus, about 20 percent of the receptor’s time on-site is spent outside of the 

residence. These values apply only to the CT receptor. 

The trespassing youth and the extended trespasser are assumed to spend time on the site. 

Current trespassing activities are minimal because Operable Unit 1 is currently surrounded by 

two fences and patrolled on a regular basis by a security force. If these patrols are relaxed, 

trespassing may occur, but the time spent on the property is unknown. EPA Region V 

suggests that the exposure time of the trespassing youth to be set at 4 hours per day if site- 

specific information is not available (DOE 1993d). The extended trespasser is assumed to 

spend 2 hours per day outdoors on the site. 

The home builder is evaluated to assess the health impacts of exposures incurring while 

building a home on the property. This activity is assumed to be completed after 500 hours 

(NRC 1984). Assuming a worker constructs a house in 50 days, the total exposure time for 

the home builder is 10 hours per day. This time is divided equally into 5 hours per day 

outside of the structure and 5 hours per day inside of the structure. 

The RME adult farmer and child receptors are assumed to receive skin exposures via bathing 

or showering once a day. Since no site-specific information on this activity is available, the 

adult exposure time selected for this activity is 0.25 hours per day, as suggested by guidance 
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(EPA 1989a). The exposure time selected for the RME child performing this activity is 0.25 

hour per day, as suggested by guidance (EPA 1992e). 
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The Great Miami River user is assumed to use the river for recreational swimming. Since no 

site-specific information on this activity is available, the exposure time selected for this 

activity is 0.2 hour per day, 5 days per year, as suggested by guidance (EPA 1992e). 

E.3.5.7.4 Inhalation Rates 

The inhalation rate is the volume of air inhaled daily by a receptor. Tables E.3-17 and 

E.3-18 list the values and sources of the inhalation rates used to calculate exposures to the 

hypothetical receptors evaluated in this assessment. 

EPA suggests using a value of 20 cubic meters per day (0.83 m3/h) as the inhalation rate for 

an RME adult (EPA 1989b). Due to a lack of information, this inhalation rate is used for the 

trespassing youth and all adult exposures, except those involving inhalation of volatiles and 

radon within the home and the visitor exposures. Inhalation of volatiles from water and radon 

in the home is evaluated using 15 cubic meters per day for the 18.3 h/d the receptor is inside 

the home (0.82 m3/h) (EPA 1991f). The home builder is assumed to be more active than the 

average adult, so an inhalation rate of 2.5 m3/h is used for the time this receptor is on site. 

The inhalation rate for the on-property RME child was set at 0.5 m3/h, given the child's 

smaller lung capacity and time spent at rest. 

29-US 

E.3.5.7.5 Soil Ingestion Rates 

The soil ingestion rate is the mass of soil ingested daily by a receptor. Tables E.3-17 and 

E.3-18 list the values and sources of the soil ingestion rates used to calculate exposures to the 

hypothetical receptors evaluated in this assessment. 

40-US 
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0 

a 

40-US A soil ingestion rate of 0.18 grams per day (DOE, 1993f) was used to approximate lifetime 

exposure to the RME farmer. This value is based on ingestion rates for  activities performed 

throughout the receptor’s lifetime including childhood, youth and adult lifestages over a 70 

year period. For the sake of this risk assessment, it is assumed that all soil ingested is from 

OUl. 

The soil ingestion rates for the trespassing youth and extended trespasser (0. lg/day) and the 

on-property resident child (0.2gIday) are specified by EPA 1991j. It was assumed that all on- 

property receptors received 100 percent of their soil intake from the site. This includes the 

on-property RME child and adult, the on-property CT adult, and the home builder. The 

trespassing child was assumed to only receive 25 percent of his daily soil intake from the site, 

as only 4 of 16 waking hours are spent on property. 0 
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E.3.5.7.6 Water Ingestion Rates 1 

The water ingestion rate is the volume of water drunk daily by a receptor. Generally this 

intake is from drinking water, but may be from incidental ingestion during swimming. 

E.3-17 and E.3-18 list the values and sources of the water ingestion rates used to calculate 

exposures to the hypothetical receptors evaluated in this assessment. 
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TABLE E.3-4 

EXPOSURE POINT CONCENTRATIONS 
FOR SURFACE SOIL AND PIT COVERS 

CURRENT SOURCE TERMa 

Radionuclides  (pCi/g) 
Cesium- 137 
Neptunium- 237 
Plutonium-238 
Plutonium-239/240 
Radium - 226 
Radium - 228 
Strontium-90 
Technetium- 99 
Thorium - 228 
Thorium-230 
Thorium-232 
Uranium-234 
Uranium- 2332236 
Uranium-238 

8.00E- 01 
S.OOE-01 
1.00E-01 
2.00E - 0 1 
1.40E+00 
2.20E+ 00 
1.50E+ 00 
S.60E +00 
7.80E+00 
1 .SOE+02 
5 .SOE+00 
1.20E+02 
1.90E+01 
7.90E+02 

Inorganics (m-7) 
Antimony 2.79E+01 

Beryllium 7.71E-01 

Thallium 7.00E-01 

Arsenic 8.20E + 00 

Cadmium 5.86E+OO 

Thorium-Total S.80E+00 
Uranium- Total 4.13E+02 

Organics  (mg/KE) 
PCBs 1.40E+00 
Benzo(A)Anthracene 9.80E-02 
Benzo(A)Pyrene 4.20E - 02 
Benzo(B)Fluoranthene S.90E- 02 
Benzo(K)Fluoranthene 4.6OE-02 
Chrysene 8.80E-02 

Notes: 
a Concentration is the larger of the UCL/Max value calculated from 

CIS and RIFS (or WMC) databases. 
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TABLE E.3-5 . 5 5 1 v  
EXPOSURE POINT CONCENTRATIONS FOR 

EXPOSED PIT MATERIAL AND SURFACE SOIL 
FUTURE SOURCE  TERM^,^ 

Weighted 
Surface Soils Pit 3a Pit 5 Pit 6 Average 

Area: 129,000 6,720 7300 1300 144,720 

Radionuclides (pCi/g) 
Cesium- 137 8.00E - 01 5 .WE- 01 1.06E+02 3.10E+01 655E+00 
Neptunium-237 
Plutonium-238 
Plutonium-2391240 
Radium- 226 
Ruthenium- 106 
Strontium-90 
Technetium- 99 
Thorium-230 
~horium-23P 
Uranium - 234 
Uranium-235/236 
Uranium-238 

5.00E- 01 
1.00E-01 
2.00E -01 
1.40E+00 

150E+00 
5.60E+00 
150E+00 
5.50E+00 

1.90E+01 
7.90E + 02 

5.00E+00 e 

1.20E + 02 

2.10E+00 
1.00E+00 
1.40E+01 
45 1E + 02 

520E+00 
l.llE+03 
l.l4E+O4 
550E+02 
9.9 1 E + 02 
8.92E+01 

420E+00 

1.74E+03 

830E+01 
4.40E+00 
130E +01 
1.60E + 02 
1.60E+00 
3.10E+01 
2.99E+03 

550E+01 
1.25E+03 
7.90E + 0 1 
1.47E+ 03 

8.48E+0.3 

3.60E+ 00 
. 1.40E+00 

150E+01 
434E+00 

5.10E +00 

452E+01 
1.9 1 E +02 

1.75E+03 
2.27E+04 

5.00E+00 e 

1.64E+02 

5 33E +03 

4.88E+00 
3.78E- 01 
1.66E+00 
3.05E+01 
4.79E+00 

2.13E+02 
9.69E+02 
353E+01 
2.73E + 02 
4.33E + 0 1 
1.10E+03 

3.24E+00 

Inorganics (mg/Kg) 
Antimony 2.79E+01 635E+01 8.81E+Ol 3.00E-01 e 323E+01 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Thorium-Total 
Uranium- Total 
Fluoride 

Copper 

5.60E+00 
6.61E+01 
7.71E-01 
5.86E+00 
157E+O 1 

1.81E+01 
1.61E+01 
6.12E+02 
2.00E-02 e 
4.50E+00 
3 .O 1E + 0 1 
6.00E-01 
9.00E+00 
6.00E - 0 1 
2.14E+01 
5.80E+00 
4.14E+ 02 

1.09E+01 

NA 

3.72E+04 
1.44E +04 
2.40E+01 
3.86E+01 
234E+02 
5.07E+01 
233E+03 
837E + 02 
2.02E+04 
5.10E+ 00 
2.84E+02 
5.04E +02 
9.00E + 0 1 
4.18E+01 
120E +O 1 
5.76E+03 
357E +03 
5.94E - 03 
235E+03 

2.80E+03 
3.69E+04 
1.80E + 0 1 
1.70E+01 
2.23E+02 

1.82E+04 
236E+02 
4.74E +03 
1.80E+00 
1-35E+03 
2.47E+02 
1.80E+01 
2.22E+01 
5 20E + 0 1 
538E +03 
9.20E+O 1 
2.75E+03 

4.40E +O 1 

NA 

653E+01 

5.70E+00 
5.70E+00 
3 .OOE +01 
2.60E+01 
222E+02 
9.04E+01 
259E+02 
2.00E-02 e 
1.00E+01 e 
5.10E +O 1 
2.00E-01 e 
158E+02 
1.08E+02 
1 .OOE + 02 

2.77E+04 

950E+01 

NA 

NA 

1.88E+03 
2.64E + 03 
2.79E + 00 
7.96E+00 

1.46E+01 
1.07E+03 
6.64E +O 1 
1.73E +OB 
3.48E- 01 
8.73E+01 
636E+01 
5.65E+00 
1.28E+O 1 
4.91E+00 
5.66E + 02 
1.78E+02 
7.98E+02 

3.67E +O 1 

235E+03 
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TABLE E.3-5 

(Continued) 

55 x B 
Weighted 

Surface Soilsa Pit 3 Pit 5 Pit 6 Av&age 
Area: 129,000 6,720 7500 1500 144,720 

Organics ( m a g )  
PCBS 
Acenaphthyiene 
Benzo(A)Anthracene 
Benzo(A)Pyrene 
BenzoQ3)Huoranthene 
Benzo(G,H,I)Perylene 
Benm(K)Huoranthene 
Chrysene 
Indeno(l,2,3 - Cd)Pyrene 
N - Nitroso - D i - N - Propylamine 
Pentachlorophenol 
Phenanthrene 
2-Hexanone 
Tetrachlorodibenzofurand 
Hexachlorodibenzo-p-diolrind 
Hexachlorodibenzofurand 
Heptachlorodibenzo -p- dioxind 
Heptachlorodibenzofurand 
Odachlorodibenzo-p- dioxin 
Octachlorodibenzofuran 
Tetrachloroet hene 

1.40E+00 
ND 

9.80E-02 
42OE-02 
5.90E - 02 
ND 

4.60E - 02 
8.80E- 02 
ND 
ND 
ND 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
ND 

82OE+00 
9.60E- 02 
3.60E -01 
2.80E -0 1 
5.60E-01 
1.60E-01 

ND 
3.70E-01 
130E-01 
4.60E- 0 1 
130E+00 
5.80E- 0 1 
1.70E-02 
2.00E-04 
4.80E-05 
350E - 04 
1.70E-03 
2.10E-04 
1.94E- 02 
l.lOE-03 
2.20E-02 

130E+00 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

8.10E-02 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2.90E+01 

1.70E+00 
4.46E-03 
1.04E- 0 1 
5.04E-02 
7.868-02 
7.43E- 03 
4.10E-02 
9568-02 
6.04E- 03 
2.14E- 02 
6.04E-02 
2.69E - 02 
7.89E-04 
855E-05 
2.05E-05 
1 50E -04 
7.27E - 04 
8.98E-05 
8.29E-03 
4.70E - 04 
3.02E-01 

~~ _ _ _ _ _ ~ ~  

Notes: 
a Concentration is the larger of the UCLNaxvalue calculated from CIS and RIFS (or W C )  databases. 

'Exposure concentration for Thorium 232 in surface soil is based on the current concentration. 

e Value reported is half the Sampling Reporting Limit. 
NA = Constituent not analyzed for this source area. The area was removed from the averaging. 
ND = Constituent was analyzed for, but not detected. 

A blank infers that the chemical is not a CPC for this area. Concentration is assumed to be zero. 

Exposure concentration for dioxins and furans include all detected 2,3,7,8 congeners. 
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TABLE E.3-17 
- 

EXPOSURE INPUT PARAMETERS 
CURRENT LAND USE RECEPTORS 

55111 

Pathway Trespassing Off-Property Off-Property User of On-Property 
Parameters Youth RME RME Meat & Milk Groundskeeper 
(units) Age 7-18 Resident Adult Resident Child Grown Within 

Farmer Ages 0-6 Operable Unit 1 
Age 1-70 Age 1-70 

All Pathwavs 

EF (day/yr) 52' 350b 350b 350b 35' 

ED &r) 12' 70b ab 70" 2Sd 

&TjhlWICef 
438ob 25550b 21w 25550b 912Sb 

AT-Cancer (day) 2555oh 25550b 2555oh 25550b 25550b 

BW Or& 43b 70b 1 9  70b 70b 

Inhalation of dust, volatiles, and radon 

IR (m3hr) 0.83b 0.83b 0.5t' NAC 2Sd 

IR indoor (m3/d) NA 15" 15" NA NA 

NA 18.3' 22.0' NA NA 

4' 5.7' 2 .Of NA 8.0d 
fii%$y 

Incidental ingestion of soil 

IR W d a Y )  0.1b NA NA NA 0. lb 

FI (unitless) 0.259 NA NA NA 1 .o 
Dermal contact with soil 

SA (m2) 0.42h NA NA NA .579  

AF (mg/cmz) 1 .Oh NA NA NA 1 .oh 

ABS (unitless) csv NA NA NA csvi 

External radiation exposure 

DR (mremhr) csvi NA NA NA csvi 

NA NA NA NA NA 

4' NA NA NA 8.0" 

NA NA NA NA NA 

g%a$yrs 
fii:13:;yrs 
f f i i $ v  

oh NA NA NA Ob 
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TABLE E.3-17 

(Continued) 

Pathway Trespassing Off-Property Off-Property User of On-Property 
Parameters Youth RME RME Meat & Milk Groundskeeper 
(units) Age 7-18 Resident Adult Resident Child Grown Within 

Farmer Ages 0-6 Operable Unit 1 
Age 1-70 Age 1-70 

Ingestion of vegetables, fruit, milk products, meat and fish 

Rgmbk w a y )  NA 200b.C . looi NA NA 

nVgBbk (unitless) NA 0.40' 0.40' NA NA 

kifs @/day) NA 140b*' 2w NA NA 

Gifs (unitless) NA 0.30' 0.30' NA NA 

w 4 u t  @/day) NA l O l b  3 9b l O l b  NA 

FI- (unitless) NA 0.75' 0.75' 0.75' NA 

NA 0.4b 0.9b 0.4b NA 

NA 0.75' 0.75' 0.75' NA 

nt,., NA NA NA NA NA 

Ingestion of drinking water 

IR &/day) NA 2.0b 1 .Ob NA NA 

FI (unitless) NA 1 .o 1 .o NA NA 

a DOE 1993d Comment Resuonses - Site Wide Characterization Reuort, Assumes a youth trespasses on site 3 dayslweek for 
the months of June, July and August (36 days while the youth is not in school) plus 1 daylweek for the months of April, May, 
September and October (16 days) for a total of 52 days, 4 hrs/day. 

DOE 1992a 
EPA 1990d 
EPA 1991j Standard Default Exposure Factors (OSWER Directive 9285.6-03). 
Assumes a groundskeeper spends 1 day/week, 35 weeks/yr on the grounds of OU2. 
' Assumes the RME farmer works outdoors 2000 hourslyear, and a resident child spends 700 hrs/yr outdoors. 
g DOE 1993e, Response to Comment 265 of the OU4 RI, Adjusted based on 4 out of 16 (or 25%) waking hours spent on 
property. 

EPA 1992e 
csv - Chemical Specific Value. 

j USDA 1986 NFCS, CSF II Report No. 85-1 
' EPA 1993c 
' EPA 1988c Derived from an algorithm relating respiratory route to body weight, corrected by a factor of 2.11. 

EPA 1991f 
NA - Not applicable. 
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TABLE E.3-18 

EXPOSURE INPUT PARAMETERS 
FUTURE LAND USE RECEPTORS 

Pathway Trespassing Off-Property Off-Property User of Meat User of Great On-Property On-Property RME On-Property Expanded Expanded On-Property On-Property 
Parameters Youth RME Resident RME Resident & Milk Miami River CT RME Trespasser Resident Adult 
(units) Age 7-18 Adult Farmer Child Age 0-6 Grown Within Water Resident Aggzg$w ... .................. Building Age 7-18 Resident Child Farmer 

Age 1-70 ou1 Age 1-70 Adult Farmer Age 1-70 Age 0-6 Age 19+ 

Trespasser Groundskeeper Home 
.................... ................... 

Age 1-70 Age 1-70 

AU pathways except where noted 
gsd ....... EF (daY/YO 52" 350b 350b NA 350b 275' 350b 350b 110" 40" 35p ............. 

1 ED 6 4  12' 70b 6b NA 70b 9 70b 6b 12" 32" 2Y Id 

BW 0%) 43b 70b 15b NA 70b 70b 70b 15b 43b 70b 70b 70b 
AT-Noncancer (day) 4380b 25550b 219oh NA 25550b 3285b 25550b 21Wb 438oh 1 168ob 9125b 179 
AT-Cancer (day) 25550b 2555ob 2555ob NA 2555ob 2555ob 2555ob 25550b 2555ob 2555ob 25550b 25550b 
Inhalation of dusts, volatiles, and radon 

IR (m3/hr) 0.83b 0.83b OS'*' NA NA 0.83b 0.83b 0.5' 0.83b 0.83b 2.5' 0.83b 

a 
! 

IR indoor (m3/d) NA 15' 15' NA NA 15' 15' 15' NA NA NA NA 
ET outdoors (hr/day) 4' 5.7h 2' NA NA 4.2' 5.7h 2' 2.0" 1 .om 8.0" 

NA 2.Ob 1 .Ob NA 2.0b 1.4 2b . I .@ NA NA NA NA 
FI &/day) NA 1 .Ob 1 .Ob NA 1 .Ob 1 .Ob 1 .Ob 1 .ob NA NA NA NA 
Dermal contact while bathing 

SA (m3 NA 2.3' 0.8' NA 2.3' 2.0' 2.3' 0.8' NA NA NA NA 
DA, (mg/cm,event) NA csv' csv' NA csv csv csv csv NA NA NA NA 
ET (hr/day) NA 0.25' 0.25' NA 0.25' 0.17' 0.25' 0.25' NA NA NA NA 
Incidental ingestion of surface water while swimming or wading 

IR ( L w  0.0358 NA NA NA 0.05' NA NA NA 0.0358 j NA NA NA 
ET (hrlday) 1 .P NA NA NA 2.6' NA NA NA 1.0 ' NA NA NA 
~ L d m g  (daY/Yr) 52' NA NA NA NA NA NA NA 52' NA NA NA 
EF swm (daY/Y r) NA NA NA NA 7' NA NA NA M NA NA NA 
ED (yrs) 12' NA NA NA 30 NA NA NA 12' NA NA NA 

I 

a 
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Expanded On-Property On-Property Pathway Trespassing Off-Property Off-Property User of Meat User of Great On-Property On-Property RME On-Property Expanded 
Parameters youth RME Resident RME Resident & Milk Miami River CT Trespasser Groundskeeper Home Trespasser RME Resident Adult .................... 

Building 
Age 19+ 

As _ , ,  (units) Age 7-18 Adult Farmer Child Age 0-6 Grown Within Water Farmer Resident Child Age 7-18 &CJ+rn . .  ............... .................. Resident 
Age 1-70 ou1 Age 1-70 Age 1-70 Age 0-6 Adult Farmer 

Age 1-70 

..................... 

Age 1-70 

Dermal contact with surface water while swimminp or wading 

SA (m2) 51309 NA NA NA 2.3' NA NA NA 51309 NA NA NA 
DA, (mg/cm2event) csv' NA NA NA csv' NA NA NA csv' NA NA NA 
ET (hrlday) 1 .o NA NA NA 2.6' NA NA NA 1 .o NA NA NA 
EFswim (daY/Yr) NA NA NA NA 7' NA NA NA NA NA NA NA 
EF wding (daY/Yr) 52' NA NA NA NA NA NA NA 52' NA NA NA 
ED (yrs) 12' NA NA NA 30 NA NA NA 12' NA NA NA 
Incidental ingestion of soiUsediment 

IR @/day) O . l b  NA NA NA NA 0.122' 0.18' 0.2b O.lb 0. lb  0. lb  0.48' 
&. (unitless) 0.06' NA NA NA NA NA NA NA 0.1' NA NA NA 
FI, (unitless) 0.19' NA NA NA NA 1 .Ob 1 .Ob 1 .Ob 0.1' .OP 1 .Ob 1 .Od 

~~~ 

Dermal contact with soihediment 

SA (m2) 0.42' NA NA NA NA 0.5' 0.575' 0.2' .42' .575' S75' 0.575' 
AF (mg/cm2) 1 .oo' NA NA NA NA 0.2' 1 .o' 1 .O' 1 .O' 1 .O' 1 .O' 1 .o' 
ABS (unitless) csv NA NA NA NA csv csv csv csv csv' csv csv 

DR (me&) csv NA NA NA NA csv csv csv csv csv csv csv 
ET indoors (hr/day) NA NA NA NA NA 19.8' 18.3h 22' NA NA NA 44 

(hr/daY) 

External radiation exposure 

ET outdoor- 1' NA NA NA NA NA NA NA NA NA NA NA 

ET outdoorb (hdday) 3' NA NA NA NA 4.2' 5.7h 2J 2.0" 1 .om 8.0' 0 :.:: 

SH outdoors (unitless) Ob NA NA NA NA ob ob ob ob ob Ob ob 
SH indoors (unitless) NA NA NA NA NA O S b  O S b  O S b  NA NA NA O S b  

I I 
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TABLE E.3-18 
(Continued) 

Pathway 
Parameters 
(Units)  

Trespassing Off-Property Off-Property User of Meat User of Great On-Property On-Property RME On-Property Expanded Expanded On-Property On-Property 
Youth RME Resident RME Resident & Milk Miami River CT Resident Adult RME Trespasser Trespasser Groundskeeper Home .................... 

AgQitEg+so ......................... Building 
Age 1-70 o u 1  Age 1-70 - Adult Farmer Age 1-70 Age 0-6 Age 19+ 

Resident Child Age 7-18 Age 7-18 Adult Farmer Child Age 0-6 Grown Within Water Resident Farmer .............................. 

Age 1-70 Age 1-70 

Ingestion of vegetables, fruit, meat, milk products and fEh 
NA 140b*" 2040qb NA 1 40b 140Rb 140% 2 0 4 " ~ ~  NA NA NA NA 

FI (unitless) NA 0.3Rb 0 . 3 " ~ ~  NA 0.3hb 0.2 0 .3"~~  0.3nb NA NA NA NA 
K g u a b k s  &/day) NA 200b." 1000ab NA 2Wb*" 2mb 200n*b 100°.b NA NA NA NA 
FI (unitless) NA 0.4hb 0.4nb NA 0.4"*b 0.25 0.4"qb 0.4nb NA NA NA NA 
L & / d a Y )  NA 100b 39°*b 100b 100b 100b 100b 3g0qb NA NA NA NA 
FI (unitless) NA .7Sb 0.75b .7Sb 0.7Sb 0.44 0.75b 0.7Sb NA NA NA NA 
Kin &/day) NA 0.4b O.gb 0.4b 0.4b 0.16 0.3b O.gb NA NA NA NA 
FI (unitless) NA .7Sb 0.7Sb 0.7Sb 0.75b 0.75b 0.7Sb 0.7Sb NA NA NA NA 
IR(fish) NA NA NA NA 54b NA NA NA NA NA NA NA 

a DOE 1993d, Comment Responses - Site Wide Characterization Report. Assumes a youth trespasses on site 3 days/wk from June through August, plus 1 daylwk in April, May, September, and October, for a total of 52 days/yr. 4hr/day (of which 
one hour is spent playing in Paddys Run). 

DOE 1992a 
EPA 1993c 

e EPA 1988c,Derived from an algorithym relating respiratory rate to body rate, corrected by a factor of 2.11 
EPA, 1991f 

Assumes the RME farmer spends 2000 hours outdoors during the 350 days of exposure a year (5.7 h/d = 2000 h/y / 350 d/y). Indoor duration is the remaining time in a day. 
EPA 1992j Assumes the CT farmer spends the equivalent of 48 days during a 275 day exposure period outdoors each year. (4.2 h/d = 24 h/d x 48 dl275 d/y). Indoor duration is the remaining time in a day. 

0 Assumes a youth swallows 0.035 L/hr while wading. Also assumes approximately 30% body surface area exposure for a wading scenario. 

J Assumes a resident small child spends 700 hours/year outdoors. 
' EPA 1992e. EPA/600/8-91/011b. 
I csv - Chemical Specific Value. 

Assumes the expanded trespasser visits the site 110 days/yr (2 hr/day) as a youth, and 40 dayslyr (lhrlday) as an adult for a total of 44 years. Only the youth plays in Paddys Run. 
a EPA 1990d, EPA/600/8-89/043 
O USDA 1986, NFCS, CSFII Report No. 85-1. 
P Assumes the groundskeeper works in the on the grounds of OU1, 35 days/yr. 
q NA - Not applicable. 

EPA 1991j 
DOE 1993e Response to Comment 265 of the OU4 RI on the number of hours exposed out of 16 waking hours). 

" Parameters represent values used for exposure to both media, sediment, and soil which apply to that receptor. 
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bone, and several excretory pathways. In humans, lead concentrations in bone increase with 

age (Tsuchiya, 1986). About 90 percent of the body burden of lead is located in the skeleton. 

Neonatal blood concentrations are about 85 percent of maternal concentrations (EPA 1990~). 

Excretion of absorbed lead is principally through the urine, although GI secretion, biliary 

excretion, and loss through hair, nails, and sweat are also significant. 

0 

E.4.2.47.2 Noncancer Toxicity 

The noncancer toxicity of lead to humans has been well characterized through decades of 

medical observation and scientific research (EPA 1993a). The principal effects of acute oral 

exposure are colic with diffuse paroxysmal abdominal pain (probably due to vagal irritation), 

anemia, and, in severe cases, acute encephalopathy, particularly in children (Tsuchiya 1986). 

The primary effects of long-term exposure are neurological and hematological. Limited 

occupational data indicate that long-term exposure to lead may induce kidney damage. The 

principal target organs of lead toxicity are the erythrocyte and the nervous system. Some of 

the effects on the blood, particularly changes in levels of certain blood enzymes, and subtle 

neurobehavioral changes in children, appear to occur at levels so low as to be considered 

nonthreshold effects. 

@ 386 

387 

41-US 

. However, this NAAQS standard is not useful in determining the 

impact of lead on children under the age of seven and; therefore, was not used in the 

Operable Unit I baseline risk assessment. The NAAQS for lead is 1.5 pg/m3, averaged 

quarterly (EPA 1992b). The NAAQS is equivalent to 0.00043 mglkglday, assuming a body 

weight of 70 kg and an inhalation rate of 20 m3/day. 

The EPA (1990c, 1993a) determined that it is inappropriate to.derive an RfD for oral 

exposure to lead for several reasons. First, the use of an IUD assumes that a threshold for 

toxicity exists, below which adverse effects are not expected to occur; however, the most 

sensitive effects of lead exposure, impaired neurobehavioral development in children and 

altered blood enzyme levels associated with anemia, may occur at blood lead concentrations 

so low as to be considered practically nonthreshold in nature. Second, RfD values are 

specific for the route of exposure for which they are derived. Lead, however, is ubiquitous, 
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exposure. Finally, the dose-response relationships common to many toxicants, and upon 

which derivation of an RfD is based, do not hold true for lead. This is because the fate of 

lead within the body depends, in part, on the amount and rate of previous exposures, the age 

of the recipient, and the rate of exposure. There is, however, a reasonably good correlation 

between blood lead concentration and effect. Therefore, blood lead concentration is the 

appropriate parameter on which to base the regulation of lead. 

The EPA UBK lead model is an iterated set of equations that estimate blood lead 

concentration in children aged 0 to 7 years (EPA 199Oc; 1991~). The biokinetic part of the 

model describes the movement of lead between the plasma and several body compartments 

and estimates the resultant blood lead concentration. The rate of the movement of lead 

between the plasma and each compartment is a function of the transition or residence time 

(i.e., the mean time for lead to leave the plasma and enter a given compartment, or the mean 

residence time for lead in that compartment). Compartments modeled include the 

erythrocytes, liver, kidneys, all the other soft tissue of the body, cortical bone, and trabecular 

bone. Excretory pathways and their rates are also modeled. These include the mean time for 

excretion from the plasma to the urine, from the liver to the bile, and from the other soft 

tissues to the hair, skin, sweat, etc. The model permits the user to adjust the transition and 

residence times. 

41-US & 

EPA guidance (EPA, 1989k) establishes an interim soil cleanup level for lead of 500 to 1000 

parts per million (ppm) to be applied at Superfund sites. This range is considered by EPA to 

be protective for direct contact with lead-contaminated soils in residential settings. The 

guidance adopts recommendations of the Centers for Disease Control and is to be followed 

4 1 4 s  when current or predicted land use is residential. Version 0.99 of the lUBK model has 

undergone Science Advisory Board review and is currently being distributed. 
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TABLE E.4-5 

TOXICITY EQUIVALENCY FACTORS (TEFs)g 
AND CORRESPONDING ORAL AND INHALATION SLOPE FACTORS 

FOR THE GROUP B2 PAHs 

Oral Slope Factor Inhalation Slope Factor 
PAH Relative Potency (mg/kgday)-' (mgh-day)-' 

Benzo( a)pyrene 1 .o 7 6 

Benzo( a)anthracene 0.1 0.7 0.6 

Benzo(b)fluoranthene 0.1 0.7 0.6 

Benzo(k)fluoranthene 0.01 0.07 0.06 

Chrysene 0.01 0.07 0.06 

Dibenzo(a, h)anthracene 1 .o 7 6 

Indeno( 1,2,3-cd)pyrene 0.1 0.7 0.6 

'EPA, 1993f 
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control, and source term configuration are based on the predicted air concentrations at that 

point, for whatever time frame is specified for a particular scenario/receptor. 

E.5.2.2 Risks to the GroundskeeDer 

The hypothetical groundskeeper is an adult who is expected to be occupationally exposed on a 

routine basis over a period of 25 years. This receptor is assumed to receive exposures from 

incidental ingestion of soil, dermal contact with soil, inhalation of fugitive dust, and from 

external gamma radiation from both buried waste pit material and surface soil. The exposure 

input parameters used in evaluating this receptor were presented in Table E.3-17. Detailed 

chemical-specific risk estimates and hazard quotients are presented in Tables E.IV-1 and 

E.IV-2, and are also summarized in Tables E 5 1  and E.5-2. Note that cancer risks for 

chemicals in Table E 5 1  are presented two ways. The first method was based on the toxicity 

equivalency factor (TEF) approach for assessing risk to potentially carcinogenic polynuclear 

aromatic hydrocarbons (PAHs). The second method was based on the assumption that all 

carcinogenic PAHs have the same cancer slope factor as benzo(a)pyrene. Both approaches 

are presented to allow a comparison of results. 

Radionuclides 

Inhalation of fugitive dust, and penetrating radiation from both soil and buried waste pit - 
materials are the primary exposure routes of concern for this receptor. Uranium and thorium 

isotopes are the primary contributors to the inhalation risk; and uranium, thorium, and radium 

isotopes produce the most significant external gamma exposures. The total risk from 

TBL radionuclides for this receptor are I x la'. 

Chemical Carcinogens 

Dermal contact exposures under the defined exposure scenario produce calculated risks of 1 x 

lo5. This risk is due to the presence of beryllium and PCBs at concentrations W?4 0.8 

mg/Kg and 1.4 mg/kg in on-property surface soils. 

Chemical Toxicants 

Most of the metals found in the soil are not toxic via inhalation. Direct contact exposures 

produce a He&b Hazard Index of 0.3 for this receptor; therefore, the potential for systemic 
effects are low. Dermal absorption of uranium (4444 423.5 mg/Kg) in surface soil is the 

primary driver of the Hazard Index. The estimated Hazard Index for soil ingestion is 0.03. 
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These Hazard Indices are well below unity, and therefore the onset of toxic effects is unlikely 

for this receptor. 

E.5.2.3 Risks to the Off-ProDertv Resident Farmer 

At the current time, no homes are located at the point of maximum risk via the air exposure 

pathways. However, a hypothetical receptor was developed based on the assumption that he 

would be subject to indirect (air) exposures from the property for a period of 70 years. A 

more detailed description of this receptor and the parameter values used in calculating risks 

are presented in Section E.3.5 of this report. For the current scenarios, this receptor’s risks 

are also summarized on Tables E 5 1  and E.5-2. Detailed, chemical-specific risks and hazard 

quotients are presented in Tables E.IV-3 and E.IV-4. 

Radionuclides 

The hypothetical off-property resident exposed to the predicted concentrations of radionuclides 

in air incurs a total calculated risk of 3 x 106, as shown in Table E.5-1. Table E N - 3  

indicates that these risks are primarily associated with inhalation of thorium and uranium 

isotopes. Risks from inhalation constitute almost 100 percent of the total air pathway risks. 

Chemical Carcinogens 

Exposure of the off-property resident adult is also considered for the predicted air 

concentrations of chemicals originating in the surface soil at the FEMP. Multiple exposure 

routes are considered, such as inhalation of dust and ingestion of foodstuffs affected by dust. 

The risk from any one of the food pathways exceed the risk incurred via inhalation. A 

hypothetical receptor is expected to experience a total chemical carcinogenic risk of 

2 x lQ7, which is more than an order of magnitude below the risks attributable to the 

radionuclides. 

There are two major contributors to the total chemical carcinogenic risk. The first is total 

PCBs, which present the primary component of the food pathways risk. The metals cadmium 

and beryllium produce the highest risk via inhalation of fugitive dust. 
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Chemical Toxicants 1 

A number of metals were found in the surface soils, and are subject to off-property transport 2 

via fugitive dust emissions. While many of these metals are not toxic via inhalation, aerial 3 
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. .  * . ;  5511 
deposition on foodstuffs can contribute to the total Hazard Index. As shown in Table E.5-2, 

the total Hazard Index for this receptor is WW2 0.00027. TBL 

E.5.2.4 Risks to the Off-ProDem Resident Child 

A hypothetical child receptor was developed to compliment the off-property resident adult and 

permit evaluation of health risks to a critical potential subpopulation. This receptor is based 

on the assumption that the individual would be subject to indirect (air) exposures from the 

property for a period of 6 years. A more detailed description of this receptor and the 

parameter values used in calculating risks are presented in Section E.3.5 of this report. For 

the current scenarios, this receptor’s risks are also summarized on Tables E.5-1 and E.5-2. 

Detailed, chemical-specific risks and hazard quotients are presented in Tables E.IV-5 and 

E.IV4. 

Radionuclides 

The hypothetical off-property child who is exposed to the predicted concentrations of 

radionuclides from air incurs a total calculated risk of 2 x lo’, as shown in Table E.5-1. 

Table EJV-5 indicates that these risks are primarily associated with the presence of thorium 

and uranium isotopes. Risks from inhalation constitute almost 100 percent of the total air 

pathway risks. 

Chemical Carcinogens 

Exposure of the off-property resident child is also considered for the predicted air 

concentrations of chemicals originating in the surface soil at the FEMP. Risks from any one 

food pathway exceed the risks incurred via inhalation. This hypothetical receptor is expected 

to experience total chemical carcinogenic risks of W 8 x la8 TBL 

There are two major contributors to the total chemical carcinogenic risks. The first is total 

PCBs, which present the primary component of the food pathways risks. The metals 

cadmium and beryllium produce the highest risks via inhalation of fugitive dust. 

Chemical Toxicants 

A number of metals were found in the surface soils, and are subject to off-property transport 

via fugitive dust emissions. While many of these metals are not toxic via inhalation, the 
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fallout on foodstuffs can contribute to the total Hazard Index. As shown in Table E.5-2, the 

total Hazard Index for this receptor is WWl4 0.0013. 

E.5.3 CURRENT LAND USE WITHOUT ACCESS CONTROLS 

This scenario assumes industrial use of the site continues and that access controls and 

engineering controls on the property are relaxed or discontinued. Over time, uncontrolled 

erosion and subsidence could expose waste. Therefore, both the current and future source 

term configurations were considered when evaluating this land use scenario. 

Air modeling was used to identify the points of maximum on-property and off-property risk 

for both source term configurations. Once the transport criteria were fixed and the source 

(soil) concentrations were input, the resulting air concentrations were combined with the 

composite radiological and chemical intake and dose-response factors to determine the grid 

location of maximum risk (Figure E.34). In the case of on-site exposures, this point was the 

0,O coordinate, which is located in the center of the Burn Pit. The point of maximum off- 

property risk is identified as a point at the fenceline approximately 450 meters west and 150 

meters south of the center of the Burn Pit. All risks discussed for the on-site and off-site air 

concentrations for these land uses, access control and source term configurations are based on 

the predicted air concentrations at that point, for whatever time frame is specified for a 

particular scenarioheceptor. 

The groundwater modeling exercise for the future source term determined the location of the 

maximum carcinogenic risk in much the same manner as that described for the air modeling. 

A grid was established, and once the contaminant plume migration was predicted for each 

grid node, the composite intakes and risks were applied to the predicted concentrations of 

each modeled constituent at each node. Once the point of maximum risk was determined, the 

concentrations of all contaminants at that point were evaluated. The point of maximum 

off-property risk via groundwater exposure is located east of the fenceline (Figures E.5-1 and 

E.5-2). Modeled constituents are estimated to reach a maximum total risk at that location in 

approximately 680 years. The point of maximum on-property risk is located just 

down-gradient of Waste Pit 4, (Figures E.5-1 and E.5-2) and the maximum concentrations 

leaching from the waste pits is expected in 630 years. These receptor locations were shown 

in Figure E.3-4. 
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E.5.3.1 Current Source Term Configuration 

Risks to five hypothetical receptors and one composite receptor were assessed under this 

current land use scenario using the current source term: 

2 

3 

0 A groundskeeper 

4 

5 

0 An off-property resident farmer 6 

0 An off-property resident child 7 

A person ingesting meat and milk products from animals grazed and watered 
on the operable unit 10 

A composite off-property receptor combining some of the behaviors of the 
trespassing youth, off-property resident farmer, and the off-property user of 

0 A trespassing youth a 

0 9 

0 11 

12 

meat and milk products 13 

14 

Risks to the groundskeeper, the off-property resident farmer, and the off-property resident 

child are the same as those presented under current land use with access controls (Section 

15 

16 

17 5.2.1). Risks to the trespassing youth and the off-property user of meat and milk products 

are presented below. 

E.5.3.1.1 Risks to the Trespassing Youth P 

The hypothetical trespassing youth is postulated to receive exposures while wandering 

of potential concern. This receptor is assumed to be an older child, aged 6 to 18 years old. 

A more detailed description of this receptor and the parameter values used in calculating risks 

are presented in Section E.3.5 of this report. Chemical-specific risk estimates and hazard 

quotients are presented in Tables E.IV-7 and E.IV-8, and are summarized by pathway and 

21 

randomly through the study area, and is evaluated to explore potential risks to a subpopulation P 

23 

24 

25 

26 

media in Tables E.5-1 and E.5-2. n 

28 

Radionuclides 29 

The measured and modeled concentrations of radionuclides in surface soil and air produce a 

buried waste pit material, and external gamma exposure to uranium isotopes in surface soil 

contribute over 95% of the total risk. Uranium and thorium isotopes (in equilibrium with 

almost 100 percent of the risk from inhalation. 

30 

TBL total calculated risk of 3+4& 5 x le’, as shown in Table E.5-1. Penetrating radiation from 31 

3-2 

33 

%. 

their short-lived daughters) are the primary radionuclides of concern in the air and account for 

35 
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Chemical Carcinogens 

If exposed to the concentrations of contaminants currently found in surface soil or modeled to 

exist in air, the trespassing child would incur total calculated risks of 4 + 4 € f  9 x lab. These 

total risks include risks of about 9 x lo6 from dermal contact and incidental ingestion of soil 

containing total PCBs and beryllium. Dermal contact with soil produces over 95 percent of 

the total incremental cancer risks from chemicals. 

TBL 

Chemical Toxicants 

Dermal contact with current measured concentrations of noncarcinogenic chemicals found in 

the surface soil produce over 97% of the calculated Hazard Index of about 0.5 from all 

pathways (Table E.5-2). Uranium, cadmium, and antimony are the primary contributors to 

the total Hazard Index for this receptor. The results indicate exposures to noncarcinogenic 

compounds by a trespassing child would be unlikely to result in any adverse (toxic) health 

effects. 

E.5.3.1.2 Risks to the Off-ProDertv User of Meat and Milk Products 

The final receptor considered under the current land usekurrent source configuration is an 

off-property adult who routinely (over a period of 70 years) ingests meat and milk products 

from cows grazed and watered in the Operable Unit 1 area. This scenario is based on the 

current surface soil and surface water concentrations, and uses the exposure input parameters 

presented in Table E.3-17. This receptor could only be exposed should land use controls be 

discontinued. The risks are summarized in Tables E 5 1  (carcinogenic risks) and E.5-2 

(Hazard Indices). Tables E.IV-9 and E.IV-10 present the detailed risks and hazard quotients 

for each chemical, exposure route, and medium. 

Radionuclides 

The total incremental lifetime cancer risk incurred by the off-property user of meat and milk 

products produced on site is A,ln-4 7 x la' for the radionuclides. Ingestion of milk 

products is the route that produces the maximum risks. This exposure scenario's risks are 

driven by the uranium isotopes, Tc-99, Sr-90, and (3-137. With the exception of the 

uranium isotopes, which were found at high activities, Tc-99, Sr-90, and (3-137 are highly 

mobile in the environment and readily transfer from soil to the food chain. 
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Chemical Carcinogens - 

For this scenario and receptor, biotransfer from soil to plant material and hence to meat or 

milk controls the total carcinogenic risks from chemicals. Total risks to the off-property 

resident exposed in this manner are about 8+44E 9 x la', and is almost solely attributable to 

soil biotransfer of PCBs and benzo(a)pyrene to meat and milk. 

Chemical Toxicants 

This off-property receptor adult incurs a Hazard Index of 3 2.9 via all routes of exposure. 

Ingestion of meat from cows grazed on the property produces a Hazard Index greater than 

1.0. Antimony, cadmium, and uranium are the primary contributors to the Hazard Index for 

food pathways originating in soil, while silver is most significant for the water pathways. 

These Hazard Indices are summarized in Table E.5-2. 

E.5.3.1.3 Risks to a Composite Off-Propertv Receptor 

It is conceivable that a local resident could not only live downwind of the waste pits, but 

could also ingest locally produced meat or milk products and have trespassed on the site as a 

child. In this unlikely case, the total risks incurred by this receptor would be the total risks 

for three of the receptors presented above. When exposures overlap, the more conservative 

value is considered. For example, both the off-property resident adult and the off-property 

user of meat and milk products consume animal products at the same rate, only the activity 

giving the higher exposure (consumption of meat and milk products grown on-site) is counted 

toward the total exposure to the composite off-property resident. 

The total radiological risk would be about %+l-&? 6 x la'. This accounts for direct radiation 

exposures and soil ingestionldermal contact as a trespassing ekiIB youth (W 5 x I@'), 
inhalation of dust and ingestion of vegetables and fruits affected by aerial deposition 

(3 x lod), and ingestion of meat and milk products produced on property (4+4X 5 x 203. 
The total chemical carcinogenic risk for this composite receptor would be &+l42 5 x lo-' for 

the same routes of exposure. Of the radionuclides, Sr-90 and uranium in the soil are most 

significant, and total PCBs are the most significant risk drivers for the chemical carcinogens. 

The composite HI for this receptor is 2 3 for all pathways. Again, it is the biotransfer from 

soil to vegetation and into the food chain that drives this risk. Cadmium, antimony, and 

uranium are the primary noncarcinogenic analytes in this exposure scenario. 

000229 
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E.5.3.2 Future Source Term Confirmration 1 

Risks to five hypothetical receptors and one composite receptor were assessed for the future 2 

source term under this land use scenario: 3 

a 
a An off-property resident farmer 

a An off-property resident child 

a A trespassing youth 
a A person using meat and milk products from animals grazed and water on the 8 

operable unit 9 

a A person using the Great Miami River for domestic, agricultural, and 
recreational use 

10 

11 

0 A composite off-property receptor combining some of the behaviors of the 12 

trespassing youth, off-property resident farmer, and the off-property user of 13 

meat and milk products 14 

I5 

Risks to the off-property resident farmer, and the off-property resident child are the same as 
those presented under current land use with access controls (Section 5.2.2.1). 

off-property user of meat and milk products are the same as those under future land use 

without access controls presented in Section 5.5 below. 

16 

Risks to the 17 

18 

Risks to the trespassing youth, the 19 

Great Miami River User, and composite receptors are presented below. 20 

a 
E.5.3.2.1 Risks to the TresDassing Youth 

Under the current land use, future source term configuration, it is possible that an older child 

could trespass on the property over a period of 12 years. This receptor could be exposed to 

site-related contaminants via inhalation of fugitive dust and radon, via penetrating gamma 

radiation from buried waste pit material, and via direct contact with surface soil, exposed 

waste pit material, surface water, and sediment in Paddys Run that originated as soil within 

the Operable Unit 1 boundaries. ILCRs and hazard quotients for this receptor are 

summarized in Table E.5-3 and E.5-4, and the detailed calculations are contained in Tables 

E.IV-11 and E.IV-12. 

Radionuclides 

Exposures to fugitive dust emissions and external exposure from exposed waste pit material 

and surface soil result in roughly equal risks (8 x lo' and 1 x lo">, and account for almost 

100 percent of the total radiocarcinogenic risk (2 x 10-4) for this receptor. The primary 

21 

P 

n 

% 

25 

24 

n 

28 

29 

30 

31 

32 

33 

34 

35 

000225 
FER/OU 1 RINDWAPP ES/OS/03IW 12:OSpm E-5- 13 



5511 FEMP-OUOl-5 DRAFT FINAL 
Rev. 2 - May 4, 1994 

contributors to this risk are Th-230 and Ra-226 found in the exposed waste pit materials from 

Waste Pits 3,5, and 6. Other routes of exposure such as sediment or soil ingestion and 

external exposure to sediment result in risks one or more orders of magnitude lower. 

Chemical Carcinopens 

The total chemical carcinogenic risk for the trespassing youth is 1 x 1W. Inhalation of 

fugitive dust, incidental ingestion of soil, and dermal contact with soil result in the greatest 

individual pathway risks (4 x lo5, 4 x lo’, and 4 x lo5, respectively) for this receptor. 

These risks are driven by the presence of arsenic and beryllium in the soil. Organic 

compounds such as PCBs and dioxins result in risks one or more orders of magnitude lower 

than the metals. For example, total risks for all PCBs via soil ingestion and dermal contact 

are 3 x lod and all chlorinated dioxins and furans result in total soil pathway risks of 5 x lo8. 

Chemical Toxicants 

Inhalation of resuspended soil produces a Hazard Quotient of 1.9 for this receptor. No one 

constituent produces a Hazard Index exceeding 1. Dermal contact with soil containing 

uranium and ingestion of soil containing arsenic contribute almost 60 percent of the Hazard 

Index for this receptor. 

E.5.3.2.2 Great Miami River User 

This hypothetical adult receptor is assumed to live adjacent to the Great Miami River and use 

untreated river water for all domestic uses, as well as for swimming and as a source of fish, 

over a period of 70 years. The Great Miami River user is evaluated to explore the risks to an 

off-property subpopulation of concern. A more detailed description of this receptor and the 

input parameters used to calculate risks is contained in Section E.3. Risks and HIS for this 

receptor are contained in Tables E.IV-13 and E.IV-14, and are summarized in Tables E.5-3 

and E.5-4. 

Radionuclides 

The total incremental cancer risk from radionuclides incurred by this hypothetical receptor is 

TBL 3 x le’, which is within the range generally considered to be acceptable (EPA 

199Oe). Of all the pathways evaluated, routine ingestion of the river water as a potable water 

source produces over 70 percent of the risk. U-238, which is predicted to reach the river at a 
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concentration of &HI3 0.1 pCi/L, contributes about 80 percent of the risks from drinking 

water. U-234 and Sr-90 make up essentially all of the remaining risk from radionuclides. a 
Chemical Carcinogens 

The total incremental cancer risk from chemical carcinogens in river water is about 3 x 10'. 

Ingestion of fish dominates this pathway, contributing 60% of to the total. Total PCB's in 

TBL fish are calculated to produce risks of 4.5 x l4L 8 2 x 1 0 8 .  

Chemical Toxicants 

The Hazard Quotient for this receptor is 0.004. The predicted level of uranium in the river 

water is the major contributor to this HI. 

E.5.3.2.3 Risks to a Composite Off-ProDertv ReceDtor 

A composite off-property receptor is also considered in this risk assessment. It is considered 

possible that a local resident could trespass on the site, live downwind or down-gradient of the 

site as an adult, and regularly ingest meat or milk products grown on property. 

a Radionuclides 

The total radiological risks associated with these multiple exposures are 1 x 10'. Uranium 

and thorium isotopes (for the direct contact and inhalation scenarios) and U-238 (for the food 

ingestion pathways) are the most significant contributors to the risk. 

Chemical Carcinogens 

Arsenic, beryllium, and benzo(a)anthracene found in the soil drive the carcinogenic risks for 

this hypothetical composite receptor. The food pathways (ingestion of fruits and vegetables 

affected by dust from the site, ingestion of meat and milk products from cows grazed on the 

site) and dermal contact cause the major portion of the risk. The total pathway risk for this 

receptor from carcinogenic chemicals is about 1 x lo3.  

Chemical Toxicants 

There are several metals that contribute to the Hazard Index of 20 for the composite off- 

property receptor. Uranium in groundwater contributes over half of this Hazard Index. 

a 
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E.5.4 FUTURE LAND USE WITH ACCESS CONTROLS (GOVERNMENT RESERVE) 

This scenario postulates the government retains ownership of the operable .unit and continues 

to restrict access to the site, but does not maintain the engineering controls of the pits, 

allowing erosion and subsidence to expose waste. The receptors associated with this scenario 

include: 
0 

0 A groundskeeper 

0 An off-property resident farmer 

0 An off-property resident child 
0 

An adult trespasser who also trespassed as a youth (an "expanded trespasser") 

A person using meat and milk products from animals grazed and water on the 
operable unit 

0 A person using the Great Miami River for domestic, agricultural, and 
recreational use 

A composite off-property receptor combining some of the behaviors of the 
adult trespasser, the off-property resident farmer, and the off-property user of 
meat and milk products 

0 

Risks to the off-property resident farmer, off-property resident child, and off-property user of 

meat and milk products are the same as those presented under future land use with the future 

source term. The Great Miami River user is the same as those listed under current land use 

with the future source term (Section 5.3). Risks to the remaining receptors are presented 

below. 

E.5.4.1 ExDanded TresDasser 

The hypothetical trespassing adult is assumed to receive exposures while wandering randomly 

through the study area, and is evaluated to explore potential risks to a subpopulation of 

potential concern. A more detailed description of this receptor and the parameter values used 

in calculating risks are presented in Section E.3.5 of this report. Chemical-specific risk 

estimates and hazard quotients are presented in Tables E.IV-15 and E.IV-16, and are 

summarized by pathway and media in Tables E.5-5 and E.5-6. 

Radionuclides 

The measured and modeled concentrations of radionuclides in surface soil and air produce a 
total calculated risk of 4 x lo4, as shown in Table E.5-5. Air (inhalation exposures only), 

penetrating radiation from buried waste pit material, and external gamma exposure to 
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radionuclides in surface soil contribute most of the total radiological risks from the air. 

Uranium and thorium isotopes (in equilibrium with their short-lived daughters) are the 

primary radionuclides of concern in the air and account for almost 100 percent of the total 

radiological risks from the air. Uranium, thorium, and radium isotopes are the primary 

components of the external exposure risk. 

a 

Chemical Carcinogens 

If exposed to the concentrations of contaminants currently found in surface soil or predicted to 

exist in air, the expanded trespasser would incur a total risk of 3 x 10-4. This total risk 

includes 6 x lo' from the inhalation of fugitive dust containing arsenic and chromium VI, and 

a risk of about h-l&! 2 x la' from dermal contact with total PCBs, arsenic, and beryllium. TBL 

Chemical Toxicants 

The current measured concentrations of noncarcinogenic chemicals found in the surface soil 

and predicted concentrations of these contaminants in air produce calculated Hazard Indices of 

about 0.3 from inhalation of fugitive dust, 0.5 from incidental ingestion, and 3 from dermal 

contact with soil, for a total Hazard Index of 4 from all pathways. Hazard Indices are 

summarized in Table E.5-6. Dermal contact with soil containing uranium is the primary 

contributor to the total Hazard Index for this receptor (Hazard Index = 2). The results 

indicate that exposure to uranium in soil by the expanded trespasser suggests that adverse 

health (toxic) effects are possible under the proposed conditions. 

a 

E.5.4.2 GroundskeeDer 

The proposed groundskeeper scenario evaluates exposures and health impacts of an adult who 

receives occupational exposures during landscaping and routine maintenance activities within 

the operable unit boundaries. As stated in Section E.3, this receptor is expected to come into 

direct contact with the soil, and be exposed via inhalation of fugitive dust and external gamma 

radiation from both buried waste pit material and surface soil. The exposure input parameters 

used in evaluating this receptor were presented in Table E.3-17. Detailed chemical-specific 

risk estimates and hazard quotients are presented in Tables E.IV-17 and E.IV-18, and are also 

summarized in Tables E 5 5  and E.5-6. 
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Radionuclides 

Inhalation of fugitive dust, and external exposure to radionuclides in soil, are the primary 

exposure routes of concern for this receptor. Uranium and thorium isotopes are the primary 

contributors to the inhalation risk, while thorium and radium isotopes produce the most 

significant external gamma exposures. The total risks from radionuclides for this receptor are 

3 

4 

5 

2 la 

TBL 1 x 103. 

Chemical Carcinogens 

The total incidental risk from chemical carcinogens for the groundskeeper is 4 x lw. The 

inhalation risk under the defined exposure scenario is 2 x lW, while incidental ingestion of 

soil contributes an additional 40% of the total risks. These risks are due primarily to the 

presence of arsenic and beryllium in surface soil and resuspended dust. 

Chemical Toxicants 

As with the expanded trespasser, cobalt (Hazard Quotient = 0.2), barium (Hazard Quotient = 

0.2), and manganese (Hazard Quotient = 0.2) in fugitive dust are the primary drivers of the 

Hazard Index for inhalation. Arsenic in ingested soil (Hazard Quotient = 0.9) and dermal 

absorption of uranium from soil (Hazard Quotient = 0.4) contribute most of the remaining 

Hazard Index. The estimated HI is 2 2.2 for all routes of exposure. TBL 

E.5.5 FUTURE LAND USE WITHOUT ACCESS CONTROLS 

This scenario assume the government relinquishes ownership of the site. Access controls are 

discontinued, allowing neighboring land uses to encroach on the site. Maintenance of 

engineering controls cease, allowing erosion and subsidence to expose waste. Since maximum 

exposures to the remaining receptors occur in the future when waste pit material is exposed 

and runoff control does not exist, the probability of adverse human health effects is greater 

than with the current source term configuration. Risks to five hypothetical on-site and four 

hypothetical off-site receptors were evaluated for the future source term under this land use 

scenario: 

0 An on-property RME farmer 

0 An on-property child 

0 An on-property CT farmer 

0 An on-property farmer using water from pockets of perched water 

6 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

zp 

25 

26 

n 

28 

29 

30 

31 

32 

FEWOUIRINDWAPP E-5105103194 12:OSpm E-5- 18 



FEMP-OUOl-5 DRAFT FINAL 5 5 1 1  
Rev. 2 - May 4, 1994 

0 A person building a home 1 

0 An off-property resident farmer 2 

0 An off-property resident child 3 

A person using meat and milk products from animals grazed and water on the 
operable unit 5 

0 4 

0 A person using the Great Miami River for domestic, agricultural, and 
recreational use 

Risks to the Great Miami River User are the same as those discussed under current land use 

with the future source term (Section 5.3). Risks to these remaining receptors are presented 

below. 

E.5.5.1 On-ProDertv RME Farmer 

This receptor is defined as an on-property resident farmer who spends his entire lifetime 

living and working on the Operable Unit 1 area. He receives direct exposures from a number 

of media by virtue of spending his life on property. The point of maximum exposure for this 

individual is considered to be in the vicinity of Waste Pit 4 and the Burn Pit (Figure E.34). 

The total risks for this receptor are summarized in Table E57 (carcinogenic risks) and E58 
(Hazard Indices), and chemical-specific risks and hazard quotients are contained in Tables 

E.IV-19 and E.IV-20. 

Radionuclides 

External exposure to radionuclides in surface soil and waste pit materials contribute about 60 
percent to the total risk of 5 x 10”. Uranium, radium and thorium isotopes in the soil/waste 

pit material are the major contributors to the risk (45%). Ingestion of groundwater and crops 

irrigated with groundwater at the predicted time of maximum risk (after 500 years) would 

result in calculated risks of 2 x lo2 and 5 x lo”, respectively. Isotopes of uranium and 

thorium are the major contributors to the ingestion risk. Inhalation of fugitive dust 

contributes another 5 x lo3. 
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Chemical Carcinogens 

The total risk associated with exposure to chemical carcinogens (5 x 102) is due primarily to 

various exposures to groundwater containing carcinogenic metals such as arsenic, and the 

incidental ingestion soil. Soil pathway risks are driven by the presence of arsenic in the soil. 

Chemical Toxicants 

The total Hazard Index for the on-property RME resident is 540. While the numbers should 

not be interpreted as a probability, it can be said that groundwater represents the most 

significant portion of this total (Hazard Index = 360). Ingestion of crops irrigated with 

groundwater (HI = 120), and incidental ingestion of soil (HI = 17) are also likely to result in 

adverse (toxic) health effects. Uranium, antimony, and arsenic contribute over 90 percent to 

the total Hazard Index for groundwater exposures. 

E.5.5.2 On-ProDertv Child 

This hypothetical child receptor is assumed to reside within the Operable Unit 1 study area for 

a period of 6 years. A more detailed description of this receptor and the parameter values 

used in calculating risks are presented in Section E.3.5 of this report. This receptor is 

evaluated to assess the impacts of chemicals on the critical subpopulation of children assumed 

to reside within the operable unit. 

The carcinogenic risks for this receptor are summarized in Table E.5-7, and the Hazard 

Indices are summarized in Table E.5-8. Detailed results are contained in Tables E.IV-21 and 

E.IV-22. 

Radionuclides 

The total radiocarcinogenic risk for the RME child receptor is estimated at 3 x which is 

an order of magnitude less than that predicted for the RME resident adult receptor. External 

exposure to exposed waste pit material and ingestion of contaminated groundwater together 

present almost 80 percent of the total risk. Uranium, thorium, and radium isotopes are the 

primary constituents of this risk. 

Chemical Carcinogens 

Table E.5-7 indicates that the total chemical carcinogenic risks from all evaluated pathways is 

2 x 1W. Ingestion of drinking water from the Great Miami aquifer and ingestion of fruits 
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and vegetables irrigated with groundwater contribute about half of the total risk. Metals are a the primary carcinogenic constituents. 

Another 25 percent of the total risk is caused by direct exposures to surface soil and exposed 

waste pit material. Arsenic, beryllium, and total PCBs contribute most of the total risk. 

Chemical Toxicants 

The total Hazard Index for the RME child is 1600, as shown on Table E.5-8. The results of 

the risk assessment indicate that ingestion of groundwater contributes over 50 percent of the 

total Hazard Index. Food pathways also play a major role in the risk, both via air pathways 

and groundwater pathways. Uranium in soil and exposed waste pit material and groundwater 

is one of the major toxicants acting on potential child receptors at this facility. 

Concentrations of lead in soil at Operable Unit 1 were compared to interim soil cleanup levels 

of 500 to lo00 ppm, which is recommended for use at Superfund sites where current or 

predicted land use is residential (EPA 1989k). The area-weighted average lead concentration 

of 52 ppm for Operable Unit 1 soils is well below this recommended range, indicating that 

lead levels are not expected to pose a significant health hazard to sensitive receptors, 

including children. 

a 
E.5.5.3 On-Propertv CT Farmer 

This hypothetical receptor is defined as residing on the Operable Unit 1 study area for a 

period of 9 years, with all exposure routes considered using the parameters presented in Table 

E.3-18. Although this receptor is similar to the RME resident adult discussed in the 

preceding section, parameter values have been selected to evaluate risks that are closer to the 

expected average values. 

As suggested by EPA guidance (EPA 1992d), the resident CT adult is included in this 

assessment because calculated risks to this receptor provide a useful perspective on the 

uncertainty involved with exposure parameters used in calculating risks to the RME adult. 

415 

.} For example, the CT adult 

scenario in this analysis uses the upper 95 percent confidence interval on the mean as the - 
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exposure concentration. Thus the results presented for this receptor are not true average or 

median risks. 

The risks for this receptor are also presented in Tables E 5 7  and E.5-8. Chemical-specific 

information on risks and individual pathways is contained in Tables E N - 2 3  and E.IV-24. 

Radionuclides 

The overall risk from radionuclides for the CT receptor (4 x lo-’) is about 10 percent of that 

calculated for the RME receptor (5 x 102). The primary sources of risk (i.e., pathways, 

media, and contaminants) follow approximately the same distribution. 

Chemical Carcinogens 

Calculated incremental lifetime cancer risks from chemical exposure for the CT resident adult 

total 4 x lo3, without consideration of ingestion of water from the perched aquifer. Again, 

the carcinogenic metals like arsenic drive the risks, especially via ingestion of drinking water 

and ingestion of fruits and vegetables. Ingestion of surface soil while working outdoors is 

also a notable component of the total risk. 

Chemical Toxicants 

The toxic effects due to on-property exposures via food ingestion pathways followed closely 

by groundwater ingestion dominate the total Hazard Index (290) for this receptor. Ingestion 

of drinking water and ingestion of food crops affected by aerial deposition are the primary 

components of this HI. Again, the toxic metals drive this risk, particularly arsenic and 

uranium. 

E.5.5.4 On-ProDertv RME Farmer Using Perched Water for Domestic Pumoses 

This receptor is defined as an on-property resident farmer who spends his entire lifetime 

living and working on the Operable Unit 1 area. The single distinguishing difference between 

this receptor and the resident farmer discussed in Section E.5.5.1 is the source of the 

individual’s domestic water. This receptor uses water from the pockets of perched water 

within the operable unit. Because the perched water is unlikely to provide a consistent water 

supply for routine agricultural uses, only ingestion and domestic water use are considered for 

this medium. As in the previous case, this resident farmer also receives direct exposures 

from a number of media by virtue of spending his life on property. The point of maximum 
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exposure for this individual is considered to be in the vicinity of Waste Pit 4 and the Bum Pit. 

The total risks for this receptor are summarized in Table E.5-7 (carcinogenic risks) and E.5-8 

(Hazard Indices), and chemical-specific risks and hazard quotients are contained in Tables 

E.IV-25 and E.IV-26. 

Radionuclides 

The total radionuclide risk for this receptor is calculated to be 6 x lo', using the one-hit risk 

model. Calculated risks from ingestion of perched groundwater containing 429,000 Pc iL of 

uranium (4+&L! 6 x la', using the one hit risk model) dominate the risks from all other 

pathways combined. 

Chemical Carcinogens 

The total risk associated with exposure to chemical carcinogens (9 x l@', using the one hit 

model). Risks associated with bathing in water from the perched aquifer are calculated to be 

about 80 percent of the risk. This risk is mainly attributable to the presence of total PCBs 

and total tetrachlorodibenzofuran. Other dioxins and furans also contribute significant 

additions to the risks from dermal contact exposures. Ingestion of groundwater contributes 

most of the remaining risks. 

Chemical Toxicants 

The total Hazard Index for the on-property RME resident is 6100. While the numbers should 

not be interpreted as a probability, it can be said that ingestion of uranium, molybdenum, and 

thallium in water contribute over 90 percent of the total Hazard Index. 

E.5.5.5 Off-ProDertv Resident Adult Farmer 

This receptor has the same characteristics as the off-property resident evaluated under the 

current source term. The only difference is that this person could now experience additional 

exposures related to changes in the site configuration, such as erosion of soil caps over the 

waste pit material and increased leaching. The cancer risks and hazard quotients for this 

receptor are summarized in Tables E 5 7  and E.5-8, and the detailed chemical-specific 

information is contained in Tables E.IV-27 and E.IV-28. Total carcinogenic risks for all 

groundwater routes of exposure are shown in Figures E.5-1. 

. .  
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Radionuclides 

The total radiocarcinogenic risks calculated for this hypothetical receptor are 2 x 10'. The 

most significant routes of exposure for the off-property resident are the inhalation of fugitive 

dust (2 x lv), ingestion of fruits and vegetables irrigated with groundwater (4 x 104) and 

ingestion of drinking water (1 x lo')). The risks associated with uranium and thorium 

isotopes is about 98 percent of the total risk from inhalation. U-238 contributes more than 80 

percent of the drinking water ingestion risks and about 85% of the total radiological risks for 

all groundwater pathways (including food ingestion). 

Chemical Carcinogens 

None of the modeled groundwater chemical constituents reaching the fenceline are 

carcinogenic via ingestion and therefore carcinogenic risks via the groundwater pathway are 

zero. Arsenic and nickel are carcinogenic via inhalation but metals do not volatilize during 

showering. The total chemical carcinogenic risk for the off-property RME resident is 3 x 

lo4, ingestion of fruit and vegetables contaminated by air transport accounts for over 50 

percent of the total. Predicted levels of arsenic in fugitive dust emissions contribute over 

95% percent of the total calculated risk for all pathways. 

Chemical Toxicants 

As shown in Table E.5-8, the total Hazard Index for all exposure routes for the off-property 

RME resident is 32. Uranium is the only constituent producing a calculated Hazard Index 

greater than 1 (HI = 30) Ingestion of uranium in groundwater produces about 70 percent of 

the total Hazard Index. Uranium in vegetables irrigated with ground water contributes 

another 20 percent to the total. 

E.5.5.6 Off-DroDertv Resident Child 

This receptor has the same characteristics as the off-property resident adult farmer evaluated 

under the future source term (Section E.5.5.7). This child (ages 0 to 6) could now experience 

additional exposures related to changes in the site configuration, such as erosion of soil caps 

over the waste pit material and increased leaching. The cancer risks and hazard quotients for 

this receptor are summarized in Tables E.5-7 and E.5-8, and the detailed chemical-specific 

information is contained in Tables EN-29  and E.IV-30. 
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5511 
Radionuclides 

The total radiocarcinogenic risk calculated for this hypothetical receptor is 4-A-4E I x 20' .  

The most significant routes of exposure for the off-property child are ingestion of 

groundwater (2-~4Q2 6 x ZtT'), and ingestion of fruits and vegetables irrigated with 

groundwater (+x-l@ 3 x la'). U-238 contributes more than 80 percent of the drinking 

water ingestion risk and about 85% of the total radiological risk for all groundwater 

pathways. 

Chemical Carcinogens 

None of the modeled groundwater chemical constituents reaching the fenceline are 

carcinogenic via ingestion and therefore carcinogenic risks via the groundwater pathway are 

zero. Arsenic and nickel are carcinogenic via inhalation but metals do not volatilize during 

showering. The total chemical carcinogenic risk for the off-property RME resident child is 

7 x lW, ingestion of fruit and vegetables contaminated by aerial deposition accounts for over 

70 percent of the total. Predicted levels of arsenic in fugitive dust emissions contribute over 

95% percent of the total calculated risk for all pathways. 

Chemical Toxicants 

As shown in Table E.5-8, the total Hazard Index for all exposure routes for the off-property 

RME resident child is 90. Uranium is the only constituent producing a calculated Hazard 

Index greater than 1 (HI = 87) Ingestion of uranium in groundwater produces about 70 

percent of the total Hazard Index. Uranium in vegetables irrigated with ground water 

contributes another 20 percent to the total. 

E.5.5.7 Home Builder 

The home builder spends 58 275 days in one year on the property while building a house. A 

more detailed description of this receptor and the parameter values used in calculating risks 

are presented in Section 3.3 of this report. This receptor is evaluated to assess the impacts of 

chemicals on anyone building a home within the operable unit. Health impacts from this 

activity may be considered by themselves or in combination with other RME receptor 

activities such as the on- or off-property RME adult or the trespassing child. However, given 

the fact that these total risks are one or more orders of magnitude lower than the risks 
presented for the future residents, they would have little impact on the overall risk. 
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This receptor is assumed to be exposed to surface soils and exposed waste pit materials. 

Ingestion and dermal contact with the soil, inhalation of fugitive dust, and external radiation 

exposures were considered for this receptor. The risks are summarized in Tables E.5-7 and 

E.5-8, and details are presented in Tables E.IV-31 and E.IV-32. 

Radionuclide 

The total radiocarcinogenic risks experienced by this hypothetical receptor is 4k-W 2 x Z@. 

This risk is largely due to inhalation of Th-230 and U-238 in dust. A second significant 

exposure is attributable to external radiation from Ra-226 and Th-232 in soils. These two 

exposures routes provide about 94 percent of the total radiological risk to the homebuilder. 

Chemical Carcinogens 

Chemical carcinogenic risks (hc44E 2 x 20') for this receptor are comparable to the 

radiocarcinogenic risk. Inhalation of fugitive dust and incidental ingestion of soil containing 

arsenic contributes about 95 percent of the total risks. 

Chemical Toxicants 

The Hazard Index resulting from ingestion of soil while building a home (6) is primarily 

caused by the presence of arsenic in surface soil. The total Hazard Index from all pathways 

for this receptor is 8 60. 

E.5.5.8 Off-ProDertv User of Meat and Milk Products 

This receptor was described in detail in Sections E.5.2.2.2 and E.3 of this report. The total 

carcinogenic risks and Hazard Indices experienced by this receptor are contained in Tables 

E 5 7  and E.5-8, and chemical-specific risks for each pathwaylmedium combination are 

contained in Tables E.IV-33 and E.IV-34. 

Radionuclides 

The total incremental lifetime cancer risk from radionuclides associated with the production of 

food on the Operable Unit 1 area approaches h-HE 8 x lo'. Ingestion of dairy products 

over a period of 70 years by this hypothetical off-property receptor contributes over 80% of 

the risks, due primarily to U-238, Cs-137, and Tc-99 in water; and to U-238 and Sr-90 in 

surface soil. 
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Chemical Carcinogens 1 

As with the current land use/source term configuration, it is the ingestion of food products 

from cows grazed on property (versus livestock watering on property) that drive the risks. 

Ingestion of meat results in a total risk of 1,1rr3 2 x la3, and ingestion of milk has an 

associated risk of 6 x 104. Total PCBs and arsenic are the major components of the total risk 

2 

3 

4 

5 

for these pathways. Total risks associated with cows drinking surface water from the pits are 6 

lower (6 x 106) than from the soil pathways (8 x 104) or air pathways (8 x 1W) and are the 

result of the presence of arsenic in the on-site water-filled waste pits at weighted average 

concentration of 0.002 mg/L. 9 

7 

8 

10 

Chemical Toxicants 

The total Hazard Index from the food pathways originating in soil, surface water, and air 

deposition on soil is 4 4.9. 

- l.2). Grazing of cows in areas containing arsenic, antimony, cadmium, 

silver, or uranium can result in an unacceptable Hazard Index to the defined receptor. 

E.5.6 SUMMARY OF HEALTH RISK CHARACTERIZATION 

The selection of CPCs for evaluation in this baseline risk assessment was a key step in the 

risk assessment process. Contaminants were selected on the basis of the history of site 

operations and an evaluation of characterization data with respect to the distribution and 

concentration of contaminants in the various media at the site and the potential contribution of 

individual contaminants to overall health effects. Confidence is high that the significant 

contaminants were identified because considerable information is available from the site 

characterization effort and few contaminants were eliminated as CPCs. The CPCs include 15 

long-lived radionuclides and numerous chemicals consisting of metals and organic compounds 

such as PAHs, PCBs, and dioxins and furans. Most of the radionuclides have short-lived 

daughters that are evaluated concurrently with the parent radionuclides, unless specifically 

included. Low levels of radionuclides are spread throughout the soils of Operable Unit 1. 

Eight waste pits contain'large inventories of waste with high concentrations of a number of 

chemicals and radionuclides. 

Cancer induction is the only health effect considered for the radionuclides detected in 

Operable Unit 1 with the exception of total uranium. Many of the chemicals are classified as 
carcinogenic and were evaluated are potential carcinogens. This assessment indicates that 
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metals (particularly arsenic) and radionuclides (particularly U-238, 

lived progeny) are the contaminants contributing most significantly 

Toxic effects other than carcinogenesis are considered for many of 
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Th-232, and their short- 

to risks. 

the metals and chemicals 

detected in Operable Unit 1. Several of the metals evaluated are present in concentrations 

which exceed the levels thought to produce toxic effects. Uranium, arsenic, and antimony are 

most notable. 

Health effects associated with exposures to lead could not be quantitatively assessed because 

of the unavailability of toxicity values. However, when the UCL concentration of lead in the 

soil is compared to the EPA’s recommended values, the results indicated that lead in soil is 

not a major concern for the identified exposure routes and site configurations. 

Receptors and exposure pathways were identified in this baseline risk assessment on the basis 

of site-specific considerations of current land use and reasonable projections of future land use 

that considered the time frame of this analysis. Confidence is high that the main exposure 

pathways and potential receptors have been identified and evaluated. Although additional 

receptors and activities could be identified, exposures would be similar to or less than those 

estimated for the specific receptors and pathways considered in this analysis. Standard 

(conservative) intake parameters were used for the assessment of the inhalation and ingestion 

pathways, and, although some uncertainty exists with respect to these values, this uncertainty 

is not expected to significantly affect the analysis. 

The potential for health effects from exposure to site-related contaminants was estimated for 

on-property receptors and in adjacent off-property areas impacted by site releases. The on- 

property exposure points evaluated in this baseline risk assessment were operable unit soil, 

outdoor air and the waste pits. To focus the discussion, the magnitude of the total estimated 

carcinogenic risks and HIS are discussed relative to remedial action goals for an NPL site, as 

defined by the EPA (1989a, 19We). These goals are an ILCR of 106 to 104 and an HI not to 

exceed 1 for toxic effects other than cancer. 

E.5.6.1 Summary of Health Effects Under Current Land Use 

This section summarizes the calculated health risks for the current land use scenarios. Only 
the maximally exposed individuals (MEI) are addressed. 
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Under continuing access controls, a groundskeeper and an off-property farm family are 

evaluated. The ME1 under this land use is the groundskeeper (Tables 5-9 and E.5-10). The 

total calculated risks to this receptor approach 1 x IW, while the total HI for this receptor is 

less than unity. External radiation from surface soil and buried pit materials dominates 

exposures to this receptor (9 x 10'). Uranium in surface soils and uranium and radium in 
buried pit materials contribute the largest portion of this radiation exposure. Absorption of 

beryllium from direct contact with surface soil contributes the largest portion of the chemical 

risk (about 10 percent of the total risks from both chemical and radiological constituents). In 

general, the risk assessment has shown that organic chemicals are not a major concern at this 

site under current land uselsource term conditions. For example, the largest single source of 

carcinogenic risk from an organic chemical to the MEI is dermal contact with PCBs in soil, 

which produce a calculated risk of about 2 x 106. 

When access controls are discontinued, it is assumed that maintenance of site engineering 

controls will also cease. This may eventually expose buried pit material through erosion and 

subsidence. Therefore, this land use was evaluated using both the current and a potential 

future source term to explore the impacts of a weathered source term potential receptors. 

Five receptors were evaluated under this land use. They are the off-property farmer, the off- 

property child, the Great Miami River User, the off-property user of meat and milk products, 

and the groundskeeper. The individual exhibiting the highest risks under this land use if the 

source remains in it current configuration is the off-property user of meat and milk products 

(Table E.5-11). The risks under the current source term are about 1 x lo3 and are dominated 

by PCBs taken up by grazing cows. In the future, the off-property farmer is the individual 

receiving the highest calculated risks (2 x lo3). Uranium in drinking water contributes more 

than 50 percent of this risk, and uranium uptake by crops irrigated with uranium add an 

additional 15 percent. Arsenic on resuspended particulates increases in importance, in future, 

producing just over 13 percent of the total calculated future risk. Table E.5-12 presents the 

hazard indices for the maximally exposed individuals. Under the current source term, the 

ME1 for toxic effects is the off-property user of meat and milk products (the same as the ME1 

for risks). The HI for this individual is just over 2, and is dominated by the uptake of 

uranium, antimony and cadmium by grazing cows. In the future, the ME1 becomes the off- 

property child, whose HI of about 90 is dominated by uranium in drinking water (70%). 
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E.5.6.2 Summarv of Health Effects Under Future Land Use 

This section summarizes the calculated health effects for the future land use scenarios 

evaluated'by chemical, by pathway, and by media. Emphasis is given to the constituents 

which clearly dominate the assessment, and the discussion focuses on the maximally exposed 

individuals. 

If government use of the site changes or ceases, additional use of the land are possible. To 

investigate the human health impacts of this possibility, a variety of scenarios were examined. 

One such land use, government reserve, postulates that ownership of the site is retained by 

the government, but that site maintenance and strict access controls are relaxed. Six receptors 

were evaluated under this scenario. They are the off-property farmer, the off-property child, 

the groundskeeper, the extended trespasser, the off-property user of meat and milk, and the 

Great Miami River user. The off-property farmer is the individual receiving the highest 
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calculated risks under the government reserve scenario (Table 5-13). The risks to this 14 

receptor (2 x 10 -3) are dominated by uranium in groundwater (75 percent), followed by 15 

arsenic in air (13 percent). The off-property child receives the highest HI (90, on Table E.5- 16 

14). Uranium in drinking water contributes 90 percent of this value. 17 

Unrestricted use of the site was examined by removing the groundskeeper from the list of 19 

receptors evaluated for the government reserve, adding a home builder, and placing a farm 

family within the operable unit boundaries. In this case, the on-property farmer (Table E.5- 

13) receives the highest calculated risks (1 x 10' using the one hit model). Over a third of 

these risks are attributable to arsenic in groundwater beneath the pits, and over 25 percent of 

the total risks are from ingestion of arsenic in drinking water. Another twenty percent of the 

risks are attributable to uranium in groundwater. External radiation from surface soil 

contributes an additional 20 percent of the risks (2 x 10'). The on-property child would be 

assigned the highest HI. The results presented in Table E.5-14 indicate that 70 percent of the 

HI for this receptor (HI = 1600) is attributable to uranium in groundwater (70 percent). 

Another 12 percent is due to arsenic in groundwater. In addition, several of the metals 

produce exposures that generate HIS exceeding 1 (Table E.IV-22). 
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3E- 06 6E- 09 6E- 09 

2E- 08 3E- 08 3E- 08 

3E- 10 5E- 08 5E- 08 

3E- 09 6E- 08 7E- 08 
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2E-07 1E- 09 1E-OS 

2E- 09 9E- 09 9E- OS 

1E- 11 8E- 09 8E- OS 

6E- 10 6E- 08 6E- 08 

TABLE EJ-1 

NA NA NA 

NA NA ’ NA 

TOTAL CARCINOGENIC RISKS 
CURRENT LAND USE, CURRENT SOURCE TERM 

NA NA NA 

NA NA NA 

RECEPTORS WITH ACCESS CONTROLS A D D I T I O N A L  RECEPTORS WITHOUT ACCESS CONTROLS 
Off - property User of 

On-property Groundskeeper Off-property Farmer Off-property Young Child Trespassing Youth Me81 8nd Milk Products 
Source Exposure Chemicala Chemical Chemical 

NA NA NA 

NA NA NA 

3E- 06 2E- 07 2E-07 

3E- 06 3E- 06 

4edium Route 

9ir 

Inhalation 

Ingestion of Fruits 
and Vegetables 

Ingestion of 
Meat 

Ingestion of 
Milk Products 

Surface Soil 

Incidental Ingestion 

Dermal Contact 

External Exposure 

Ingestion of 
Meat 

Ingestion of 
Milk Products 

Buried Pit Material 

External Exposure 

NA NA NA 

NA NA NA 

2E- 07 8E- 08 SE- oa 

2E- 07 2E- 07 

Dn-property Surface Water 

Ingestion of 
Meat 

Ingestion of 
Milk Products 

Eubtota I: 

rota1 Carcinogenic Risk 

:adiological (TEF for PAHs) [BaP for PA&’ 

6E- 06 1E- 08 1E- 08 

NA NA NA 

NA NA NA 

NA NA NA 

2E-06 1E- 06 1E- 06 

NA 1E-OS 1E-05 

7E- 05 NA N A  

NA NA NA 

NA NA NA 

5E- 05 NA NA 

NA NA NA 

NA NA NA 

1E- 04 1E- 05 1E- 05 

1E- 04 1E-04 

Radiological (TEF for PAHs) (BIPfor PAW Radiological (TEF for P A W )  (BaP for P A C  
I 

NA NA NA 

NA NA NA 

NA NA NA 

MA NA NA 

NA NA NA 

NA NA NA 

Chemic81 
(TEF for PAHs) (BaP for PAHs Radiological 

7E- 07 2E- 09 2E- 09 

NA NA NA 

NA NA NA 

NA NA NA 

JE- 07 l E -  07 4E- 07 

NA 9E- 06 9E- 06 

3E- 05 NA NA 

NA NA NA 

NA NA NA 
I 

2E- 05 NA NA 

NA NA NA 

NA NA NA 

5E- 05 9E- 06 9E-06 

5E- 05 5E- 05 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
a Seperate carcinogenic risk values were calculated assuming the toxicity equivalency factors (TEF approach) for PAHs and assuming all PAHs as carcinogenic ps benzo(a)pyrene (BaP approach). 

Chemicrl 
(TEF for PA&) (BaP for PAW) Radiological 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

7E- 05 4E-04 SE- 04 

4E- 04 5E- 04 5E-04 

NA NA NA 

5E- 06 SE- 06 SE- 05 

2E- 04 6E-07 6E-07 

7E- 04 9E- 04 1E-03 

2E- 03 ?E- 03 
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Youth , MilkProducts 

TABLE E.5-2 

TOTAL HAZARD INDICES 
CURRENTLAND USE, CURRENT SOURCETERM 

0.OE +00 

NA 

NA 

NA 

2.1E-02 

4.7E-01 

NA 

NA 

NA 

NA 

NA 

5 5 1 1  

- 

Source Exposure 
Medium Route 

4ir 

Inhalation 

Ingestion of Fruits 
and Vegetables 

Ingestion of 
Meat 

Ingestion of 
Milk Products 

Surface Soil 
Incidental Ingestion 

. Dermal Contact 

External Exposure 

Ingestion of 
Meat 

Ingestion of 
Milk Products 

3n-property Surface Water 

Ingestion of 
Meat 

Ingestion of 
Milk Products 

rota1 Hazard Index: 

ADDITIONAL RECEPTORS 
WITHOUT ACCESS CONTROLS 

Off -property 
WITH ACCESS CONTROLS 

iroundskeeper 

0.OE +00 

NA 

NA 

NA 

3.4E -02 

2.7E-01 

NA 

NA 

NA 

NA 

NA 

Farmer 

O.OE +00 

1.X-04 

5.7E -05 

4.9E -05 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3.OE-01 I 2.7E-04 

O.OE+OO 

6.8E-04 

1.OE-04 

5.2E-04 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.3E-03 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.3E+OO 

1.4E+OO 

8.4E -02 

1.92-01 
~~ 

4.9E-01 1 2.9E+OO 

NA - Not Applicable. Exposure route not evaluated for this receptor. 

E-5-3 1 



TABLEE.5-3 

TOTAL CARCINOGENIC RISKS 
CURRENT LAND USE, FUTURE SOURCE TERM 

2 , ' c  

4 -  - , 1 .  ? 

Trespassing Youth 

(TEF for PAHs) (BaP for PAHs 

Great Miami River User 
Exposure Chemicala 

Ladidogical tedium Route 

A i r  

Inhalation 

Surface Soil 

Incidental Ingestion 

Dermal Contact 

External Exposure 

Buried Pit Material 

External Exposure 

Paddys Run Surface Water 

Incidental Ingestion 

Dermal Contact 

Paddys Run Sediment 

Incidental Ingestion 

Dermal Contact 

External Exposure 

Great Miami River 
Surface Water 

Ingestion 

Ingestion of Fruits 
and Vegetables 

Ingestion of 
Meat 

Ingestion of 
Milk Products 

Inhalation of VOCs 

Dermal Contact 
while Bathing 

Dermal Contact 
while Swimming 

Incidental Ingestion 
while Swimming 
Ingestion of Fish 

Subtotal: 

rotal Carcinogenic Risk 

8E-05 4E-05 4E-05 

1E-06 4E-05 4E-05 

NA 4E-05 4E-05 

1E-04 NA NA 

7E-06 NA NA 

7E-08 4E-09 4E-09 

NA 5E-08 5E-08 

4E-08 8E-08 8E-08 

NA 9E-06 9E-06 

3E-06 NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA . NA 

NA NA NA 

2E-04 1E-04 1E-04 

3E-04 3E-04 

Chemical 
(TEF for PAHs)(BaP for PAHs) Radidogical 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

2E-07 5E-09 5E-09 

5E-08 2E-09 2E-09 

2E-09 3E- 10 3E- 10 

1E-08 1E- 10 1E- 10 

NA OE+OO OE+OO 

NA 3E-09 . 3E-09 

NA 2E- 10 2E- 10 

1E-10 3E- 12 3E- 12 
7E-09 2E-08 2E-08 

3E-07 3E-08 3E-08 

3E-07 3E-07 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
a Seperate carcinogenic risk values were calculated assuming the toxicity equivalency factors (TEF approach) for PAHs and 

and assuming all PAHs as carcinogenic as benzo(a)pyrtne (BaP approach). 
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u . 1  

.AI I , . .L 
TOTAL HAZARD INDEX 

CURRENT hND USE, FUTURE SOURCE TERM 

S o U r C e  Exposum 
Medium Route 

Air 
Inhalation 

Surface Soil 

Incidental Ingestion 

Dermal Contact 

Paddys Run Surface Water 

Incidental Ingestion 

Dermal Contact 

Paddys Run Sediment 

Incidental Ingestion 

Dermal Contact 

Great Miami River 
Surface Water 

Ingestion 

Ingestion of Fruits 
and Vegetables 

Ingestion of 
Meat 

Ingestion of 
Milk Products 

Inhalation of VOCs 

Dermal Contact 
while Bathing 

Dermal Contact 
while Swimming 

Incidental Ingestion 
while Swimming 

Ingestion of Fish 

rota1 Hazard Index: 

Trespassing 
Youth 

Great Miami 
River User 

2.5E-01 

4.4E-01 

l.lE+W 

1 .OE-02 

2.9E-02 

2.3E-03 

l.lE-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.9E+W 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2.9E-03 

9.OE-04 

1.4E - 05 

9.9E - 05 

O.OE+OO 

1.6E-04 

3.5E - 05 

1.6E - 06 

5.7E-05 

4.2E-03 

NA - Not Applicable. Exposure route not evaluated for this receptor. 0 
I - '  
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TABLE E.5-6 

Air 

Inhalation 
Surface Soil and 
Exposed Waste Pit Contents 

Incidental Ingestion 
Dermal Contact 

Paddys Run Surface Water 
Incidental Ingestion 
Dermal Contact 

Paddys Run Sediment 
Incidental Ingestion 
Dermal Contact 

TOTAL HAZARD INDEX 
FUTURE LAND USE (GOVERNMENT RESERVE) 

FUTURE SOURCE TERM 

62E-01 2.9E-01 

9SE-01 5.4E- 0 1 

6.1E-01 3.OE+00 

NA 1 .OE- 02 
NA 2.9E-02 

NA 23E- 03 

NA l.lE-01 

Total Hazard Index 2.2E+00 4.OE + 00 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
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E.6.0 UNCERTAINTIES 55 II I 
The types and magnitudes of uncertainties associated with each stage of the process are of 

major importance for evaluating and interpreting risk assessments at the FEMP. Uncertainties 

associated with calculations that occur in the risk assessment may be magnified in the final 

results. While it is not possible to eliminate all uncertainties from the analysis, they must be 

identified and discussed to determine their significance when making risk management 

decisions. This section presents an analysis of the major uncertainties contributing to the final 

results of the Operable Unit 1 baseline risk assessment. 

E.6.1 TERMINOLOGY 

This section introduces the evaluation of uncertainties inherent in the risk assessment process. 

Uncertainty is a measure of inaccuracy that must be considered in each step of the CPC 

selection process, exposure and toxicity assessments and risk characterization presented in the 

preceding sections. Each portion of the analysis contributes to the uncertainty of the final risk 

assessment. Uncertainty in CPC selection is primarily associated with the analytical data and 

procedures used to include or exclude constituents as CPCs. Uncertainty associated with the 

exposure assessment includes variations in sample analytical results, the values used for 

variables as input to a given intake route, the methods used and assumptions made to 

determine exposure point concentrations, the accuracy with which a particular fate and 

transport model represents actual environmental processes, and the manner in which the 

exposure scenario is developed. Uncertainty associated with the toxicity assessment includes 

the quality of the existing data to support a dose-response assessment, the high-to-low dose 

and interspecies extrapolations for dose-response relationships, and the weight of evidence 

used for determining the carcinogenicity of CPCs. Uncertainty associated with risk 

characterization includes that associated with exposure to multiple chemicals (Le., additivity 

of dose, synergisms and antagonisms among chemicals, and the particular mode of action for 

each chemical), and the cumulative uncertainty from combining conservative assumptions 

made in the data, exposure assessment, and toxicity assessment. Each of these categories of 

potential uncertainty is discussed in this section. 

Generally, risk assessments carry two types of uncertainty, measurement and informational 

uncertainty; each merits consideration. Measurement uncertainty refers to the usual variance 

that accompanies scientific measurements (e.g., instrument uncertainty associated with 
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5 5 1 1  
contaminant concentrations). This type of uncertainty is generally associated with the 

analytical' data, which impacts CPC selection and calculation of exposure point concentrations. 

The risk assessment results reflect the accumulated variances of the individual measured 

values used. A different kind of uncertainty stems from inadequate availability of information 

needed to complete the toxicity and exposure assessments. Often this informational gap is 

significant, such as the absence of information on the effects of human exposure to low doses 

of a chemical or on the biological mechanism of action of an agent (EPA 1992d). 

. .  

Once the risk assessment is complete, the results must be reviewed and evaluated to identify 

the type and magnitude of uncertainty involved. Reliance on results from a risk assessment 

without consideration of uncertainties, limitations, and assumptions inherent in the risk 

assessment process can often be misleading. For example, to account for uncertainties in the 

development of exposure assumptions, conservative estimates. must be made to ensure that the 

particular assumptions made are protective of all sensitive subpopulations, or maximum 

exposed individuals. If a number of conservative assumptions are combined in an exposure 

model, the resulting calculations can propagate the uncertainties associated with those 

assumptions, producing a much larger uncertainty for the final results. Thus, both the risk 

assessment's results and the uncertainties associated with those results should be considered 

when making risk management decisions. 

This interpretation is especially relevant when resulting risk numbers exceed the point-of- 

departure for defining acceptable risk. For example, when a calculated risk incorporating a 

high degree of uncertainty falls below an acceptable risk level (e.g., below an incremental 

lifetime cancer risk VLCR] of l p ) ,  the interpretation is straight forward. However, when 

calculated risks, incorporating a high degree of uncertainty, fall above an acceptable risk level 

(e.g., @%?id . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . an ILCR of lo4),} decision making can be difficult unless all of the 

uncertainties inherent in the calculations are carefully considered. 

422 

The actual risk may be one, two, or even three orders of magnitude smaller than the one 

calculated, which could lead risk managers to make a decision which is unnecessarily 

protective. This situation may occur in a Superfund risk assessment when the estimated risks 

are based on limited information. Calculations, exposure parameters, conservative 

assumptions on lifestyles and land-use scenarios, and maximum or near-maximum values for 

many of the modeling and exposure variables must be carefully assessed to ensure that the 
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risks are not underestimated. The combination of conservative assumptions over a number of 

areas often results in high risk values as a result of high uncertainty. Characterization of risk 

based on overly conservative model parameters, scenarios, and assumptions does not convey 

realistic information and is often misleading if reviewed out of context. A risk estimate for 

an RME individual in a Superfund risk assessment has been frequently and mistakenly viewed 

as an average risk to the receptor population being evaluated (EPA 1992d). 

Such conservatism has been incorporated into the RME scenarios for Operable Unit 1 risk 

assessment. Although it is possible that the exposure, dose, and sensitivity combinations 

assumed might occur in the receptor population of interest, the probability of an individual 

actually receiving this degree of exposure is expected to be low. 

Recent EPA guidance on risk assessment (EPA 1992d) requires risk assessors to use exposure 

and toxicity assumptions that are from the "high end" and "central tendency" of their 

distributions. These values correspond to the reasonable maximum exposure (RME) and 

central tendency (CT) scenarios, respectively, for the risk assessment. The RME scenario is 

to be a combination of average and upper-bound assumptions that estimate the reasonable 

maximum exposure for that pathway. The resulting risk for the RME scenario is assumed to 

fall between the average (Le., the CT scenario) and the upper-bound scenario (a scenario that 

is based on all maximum values). The CT scenario is a combination of all average and 

median values for exposure parameters that provide an estimate of average risk posed to the 

receptor population being considered. It should be noted here that the CT scenario used in 

Operable Unit 1 incorporates many maximal values by direction of EPA Region V staff. The 

purpose for consideration of risks from both the CT and RME scenarios is to provide bounds 

on the expected risks posed by the site. 

The ultimate goal of the risk assessment process is to provide an objective, realistic, and 

balanced risk estimate for making risk management decisions at the FEMP. In the past, 

Superfund risk assessments based on the "Risk Assessment Guidance for Superfund" (EPA 

1989a) yielded calculated risks only for RME scenarios. The Operable Unit 1 RI incorporates 

this concept into the risk assessments at the FEMP. Accordingly, the risk assessment for 

Operable Unit 1 includes an additional scenario considering some average assumptions for the 

on-property resident adult. Based on the future land-use scenario, the on-property resident 

adult constitutes the most important receptor since they have the highest risk. This attempt at 
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characterizing the CT scenario side-by-side with the RME scenario presents a more realistic 

estimate of the range of possible risk for this receptor. Efforts will continue to incorporate 

the guidance as more exposure data at the FEMP become available and the additional 

guidance on estimating CT is completed by EPA. 

E.6.2 SOURCES OF UNCERTAINTY IN OPERABLE UNIT 1 

As noted previously, uncertainties are associated with the information and data used for the 

selection of CPCs, exposure and toxicity assessments, and risk characterization for the 

Operable Unit 1 baseline risk assessment. Uncertainty in the selection of CPCs is associated 

with the analytical data. In the exposure assessment, these uncertainties are the result of a 

number of factors, including assumptions on land use and receptors, assumptions made for 

parameters and parameter variability (random errors or natural variations), and the necessity 

of using computer models to predict complex environmental interactions. Uncertainty 

associated with'the toxicity assessment is associated with the dose-response data. As EPA has 

pointed out in their guidance for human health risk assessments, "it is more important to 

identify the key site-related variables and assumptions that contribute most to the uncertainty 

than to precisely quantify the degree of uncertainty in the risk assessment" (EPA 1989a). 

Uncertainties are evaluated in this section to provide a basis for interpreting the overall quality 

of the risk assessment results. Sources of uncertainty are discussed below. 

E.6.2.1 Selection of Constituents of Potential Concern 

Uncertainty associated with the selection process used to determine the CPCs in Operable Unit 

1 can be attributed to the following :m@jtif . . . . . . . . . . . . . . . . . . . . . . . . . sources:} 423 

Soil and groundwater data do not exist for the area directly beneath the waste pits 
and were inferred from indirect data sources. Data taken from adjacent borings 
and wells were used to estimate these conditions. These data were also used to 
determine which constituents are migrating toward the aquifer, and at what rate this 
migration is occurring. 

0 Sample results from the RI/FS and CIS sampling programs could not be combined, 
and, therefore, were evaluated separately in the data evaluation process. Each 
sampling and analysis program identified chemicals that were not identified by the 
other. This introduces uncertainties in the presence or absence of some of the 
chemicals reported and limits that data that is used to statistically determine source 
concentrations. 
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0 CIS samples taken from the split-spoon sampler were immediately dissected into 
discrete depth samples for radiological analysis. Composites of the remaining soil 
were made in the open air and placed into sampling containers. As a result, 
concentrations of volatile chemicals may be underestimated since they may have 
volatized during this sampling procedure. 

0 Evaluation of the existing data raises the question as to whether all pockets of 
elevated contamination have been identified. In general, it is believed that they 
have been identified for most radionuclides at the FEMP because CIS sampling 
locations were generally biased, based on high radiation measurements in the field. 
This is particularly important because risks from radionuclides dominate the overall 
risks to all receptors evaluated in this risk assessment. No conclusion can be drawn 
for chemical constituents detected on the property. 

Sample analytical techniques produce results that have an unknown degree of 
uncertainty associated with them. These uncertainties are documented by using data 
qualifiers to reflect the assumed degree of certainty of measurement. These 
analytical uncertainties affect the selection of CPCs or the calculation of exposure 
point concentrations (either measured or modeled) that may be based on a particular 
analytical result. 

0 Concentrations of inorganics and radionuclides are compared to background 
concentrations to determine if their presence is do to naturally occurring 
concentrations from native soils or are due to site activities. However, sampling 
procedures for groundwater and air used to determine background concentrations 
have high detection limits. A chemical that was not detected during background 
sampling could result in the erroneous inclusion of a chemical from those selected 
for further evaluation. 

0 The RI organics data for the waste pit material were rejected during validation 
because of holding time problems and sampling techniques. However, several 
compounds were noted, and the exclusion of these compounds as CPCs may 
underestimate risks. 

. . . , . . . . . *  . ...... . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

48-US Concentration terms for surface soil were derived from results recorded from 
0 to 24 inches in depth. Since surface soil contamination levels are usually 
greater in the first 6 inches of soil, this approximation may underestimute 
risks from exposure to surface soil. 
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The cumulative impacts of these uncertainties on the results of the exposure and risk 

assessments are judged to be low to moderate (i.e., are assumed to result in over or 

underestimation of risk by an order of magnitude or more). 

constituents contribute the majority of the cancer risk for most receptors. Two examples are 

I 

2 

3 This is because a few 
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external radiation exposure from U-238 and its immediate progeny, and arsenic in water. 

Risks from these constituents each exceed 10" by themselves. The relative contributions of 

these two constituents to the total risk are very significant: The impact to the total risk would 

be slight if other chemicals were added or deleted from the list of CPCs selected for 

evaluation in this risk assessment. 

E.6.2.2 Uncertaintv in ExDosure Assessment 

Sources of uncertainty for the exposure assessment arise from calculation of exposure point 

concentrations, selection of receptors, determination of land use scenarios and selection of 

exposure factors. 

E.6.2.2.1 ExDosure Point Concentrations 

Uncertainty associated with calculation of exposure point concentrations in Operable Unit 1 

can be attributed to the following sources: 

The material in the waste pits has been determined to be very heterogeneous in 
nature. In the effort to obtain radiological samples at the most contaminated 
locations, a radiological survey of the study area was conducted. Waste pit borings 
were placed at the locations having the highest gross radiation measurements. 
Selection of sampling locations in this way leads. to a positive bias in the calculation 
of exposure point concentrations for certain radionuclides and uncertainty in the 
representativeness of the samples. 

According to the "Risk Assessment Guidance for Superfund" (EPA 1989a), the 
UCLs are used for all exposure concentrations. This means that 95 percent of the 
time, the actual mean concentration can be less than the value used in the exposure 
assessment. Conversely, 5 percent of the time the actual mean concentration can be 
greater than the value used in the exposure assessment. Therefore the exposure 
assessment may underestimate the exposures in 5 percent of the cases, and 
overestimate exposures 95 percent of the time. 

A limited number of samples for some waste pits introduces high uncertainty in the 
determination of exposure point concentrations for some compounds. 

Sample analytical techniques produce results that have a degree of uncertainty 
associated with them. These uncertainties are documented by using data qualifiers 
to reflect the degree of uncertainty of measurement. These analytical uncertainties 
affect the exposure point concentrations (either measured or modeled) that may be 
based on a particular analytical result. 

There is also large uncertainty when exposure concentrations were based on the 
maximum detected concentration. The conservative approach was taken in the 
statistical interpretation of the RI and CIS data bases (Le., if less than four 
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detections, the maximum concentration is used as the representative), and may 
result in an overestimation of the concentrations to which a receptor could be 
exposed. 

Predicted concentrations were used as exposure point concentrations when measured data were 

not available (e.g., the future). These predictions were made using mathematical 

representations (models) of the natural systems found or suspected to exist in the study area. 

Due to the complexity of natural environments, conservative assumptions were often used in 

these models to calculate exposure point concentrations. When a number of conservative 

assumptions are combined into one fate and transport model, uncertainties can be compounded 

and provide very conservative estimates of the exposure point concentration. These 

assumptions are typically made to avoid underestimating the concentrations of contaminants in 

transport or exposure media (e.g., air or groundwater). As a result, transport parameters are 

chosen from the upper bound of possible alternative values and the uncertainties associated 

with modeled concentrations will generally be much larger than those associated with 

measured data. Uncertainties associated with modeled exposure point concentrations in 

Operable Unit 1 can be attributed to the following sources: 

The geochemical model has several sources of uncertainty associated with it. The 
conceptual model assumes that mineral phases represent the actual solid phases of a 
chemical in the waste material. In addition, the geochemical model assumes 
dissolution and precipitation kinetics are instantaneous, and it does not evaluate 
adsorption processes. This leads to estimates of concentrations that are too high or 
too low. 

A limited number of organic chemicals can be accommodated by the geochemical 
model used to determine Leachate B concentrations in the till. This leads to low 
estimates of leachate concentrations for some inorganic constituents if complexation 
occurs with organic chemicals not present in the database. 

Total contact between the waste and the leaching fluid and no containment of the 
leachate concentrations are assumed. This produces higher estimated concentrations 
of Leachate B available for transport to the aquifer than would be anticipated under 
actual conditions. This uncertainty is reduced by the availability of in situ leachate 
concentrations for most chemicals in most sources. 

Use of Toxicity Characteristic Leaching Procedure (TCLP) data to characterize 
leachate concentrations in the natural environment adds conservatism to the 
groundwater fate and transport modeling process because TCLP leaching is 
performed with an acidic solution. This tends to overestimate the leachate 
concentration of inorganics over natural (more neutral) leaching conditions. 
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425 

0 The selection of parameters related to the attenuation and retardation of constituents 
is a major uncertainty in the analysis. The attenuation and retardation factors of 
every constituent except uranium were determined after an extensive literature 
search. It should be noted here that the actual retardation factors at the FEMP may 
not follow the assumed literature values, particularly over the long term. Site- 
specific attenuation and retardation factors are used when available. The use of 
site-specific values are assumed to result in lower uncertainty than using literature 
values. 

0 The organic decay rates at the FEMP were determined after an extensive literature 
search. The actual decay rates may or may not follow the assumed literature values 
because of site-specific conditions. The use of site data to determine organic decay 
rates is assumed to result in lower uncertainty than that resulting from the use of 
literature values. 

Transport through the vadose zone is approximated by using a onedimensional 
model and assuming the zone is homogeneous. The unsaturated seepage flow rate 
is a function of several parameters, such as porosity, residual saturation, and pore 
size distribution index. Due to the heterogeneous nature of the till, these 
parameters change from location to location and from depth to depth. 

The total mass of each contaminant is calculated by multiplying the UCL by the 
volume of the entire waste area, thus assuming the UCL concentration is uniformly 
distributed through the entire source. 

0 The fate and transport modeling uses a "70-year rule" for these constituents where 
no or inadequate leachate data exist. This "rule" assumes all the chemical leaches 
from a particular waste unit in 70 years. This method is considered very 
conservative for compounds that are insoluble but may underestimate the maximum 

benzo[g,h,i]perylene; fluoranthene; and phenanthrene). However, the application 
of this methodology to these constituents is considered conservative because these 
particular compounds have rather low solubilities and high partitioning coefficients. 
PAHs, in general, contribute an insignificant proportion to the total hazard index. 
Therefore, the application of this assumption is assumed to have a low impact on 
the risk assessment. 

Air modeling is based on a number of conservative assumptions. In combination 
these assumptions appear to overestimate the exposure point concentrations for air 
based on site air monitoring data and according to a literature search for typical 
ambient air PM,, measurements for EPA Region V. The long-term average PM,, 
concentrations calculated are comparable to measured dust concentrations on 
constructions. This uncertainty is expected to moderately overestimate risk (i.e., 
overestimate risks by 1 to 2 orders-of-magnitude). 

Contaminant concentrations for the surface soil over Waste Pits 14 is not available. 
Air modeling is performed assuming that soil concentrations over the pits is equal 
to contaminant levels of surface soil between the pits. The impact of this 

. , , , , . . ...,.,*,.,.,. . . . . . . . . . . . . assumption is assumed to be low f&&d@@.} . . . . . . . ......................................... 
i ....... ...... .. .. . . ............. . 469 
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The future configuration of the waste pits is uncertain at this time; thus, a 
reasonable worst-case configuration is used to determine source concentrations for 
both air and surface water modeling. If the actual configuration differs from that 
used in this evaluation, the future source concentrations may change and the models 
will have incorrectly estimated the exposure point concentrations. 

The transport models individually made assumptions regarding the fate of individual 
constituents within source media. However, these models were not combined or 
linked to consider assumptions made regarding depletion of chemicals from one 
model and the effect of that assumption on another model (Le., the leaching models 
did not consider source depletion from volatilization or fugitive emissions and the 
air emissions models did not consider losses via leaching). Furthermore, the direct 
exposure pathways to a particular source (i.e., incidental ingestion of surface soil) 
did not consider source depletion by leaching, surface water transport, or air 
emissions. Consequently, this assumption is considered very conservative. 

These uncertainties for modeling collectively are assumed to moderately overestimate the 

concentrations expected in groundwater and for aerial deposition (Le., overestimate 

concentration and risk by a factor of one to two orders of magnitude). 

Models were also used to calculate chemical concentrations in plants and animals. Each time 

concentrations at one level in the food chain are extrapolated from a lower level, uncertainty 

is introduced into the result. For example, soil-to-plant transfer factors (B, values) generally 

represent the maximum amount of contaminant transfer that may occur. In reality, the 

contaminant transfer is quite dependent on the form of the constituent (e.g., metal species) 

and other site-related physical conditions (e.g., soil type). Thus actual site transfer factors are 

unknown. The values chosen are intended to be conservative and they are likely to 

overestimate risk. 

E.6.2.2.2 Determination of Land Uses 

A major uncertainty associated with predicting future exposures at the FEMP is the future 

disposition of the property itself. Because it is not possible to accurately predict what the 

future uses of the land may be the most conservative (rather than the most likely) land use is 

evaluated, as stipulated by the National Oil and Hazardous Substances Pollution Contingency 

Plan (NCP). As noted in Section E.3.0, one of the on-property residents evaluated under 

future land use for Operable Unit 1 is the resident farmer. It is unlikely that the waste pits 

and surrounding soils could support a viable agricultural receptor, but the assumption of the 

resident farmer for future land use provides a worst-case scenario regarding future land use in 

the exposure assessment. 

(-)0026;2 
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E.6.2.2.3 Selection of ReceDtors 

The receptors selected for evaluation in this assessment have been generally selected to reflect 

and encompass those types of activities which may produce the reasonable maximum exposure 

individual. Some of these receptors, such as the on-property resident fanner living on the 

open waste pit, can possibly exist in the future but this scenario is considered very unlikely 

based on the use of this area for waste disposition. Risks from such a receptor may overstate 

probable risk from future use of the property when considered against more plausible land use 

alternatives. Uncertainty associated with the selection of receptors in the current land use 

scenario is assumed to be low (over- or underestimate risks by a one order of magnitude or 

less) because the current site environmental setting and configuration was the basis for 

selection of these receptors. Uncertainty associated with receptors identified in' the future land 

use scenario is high (Le., potential to overestimate risk by two or more orders-of-magnitude) 

due to the low probability of the site being used as a residence or for agricultural purposes. 

E.6.2.2.4 Determination of ExDosure Factors 

Each exposure factor selected for use in this risk assessment has some uncertainty associated 

with it. Generally these factors are based on surveys of physiological and lifestyle profiles 

across the United States. The attributes and activities studied in these surveys generally have 

a broad distribution. To avoid the underestimation of exposure, this risk assessment followed 

EPA's recommendation and used the 95" percentile for most of the exposure parameters used 

in this risk assessment. In other words, the values selected represent the observed or 

expected habits of a small percentage of the population (usually the upper 5 or 10 percent). 

For example, the resident farmer scenarios were assumed to inhale air at the location of the 

highest annual average concentration for 350 days per year for 70 years. Seventy years 

represents the maximum exposure duration and is not based on a statistical assessment of local 

or regional residence time for farm families. This factor tends to overestimate risk. 

Generally, the uncertainty can be assessed quantitatively for a number of assumptions made in 

determining factors for calculating exposure and intakes. Many of these parameters were 

determined from statistical analyses on human population characteristics. Often the database 

used to summarize a particular exposure parameter (i.e., inhalation rate) is quite large. 

Consequently, the values chosen for such variables in the RME scenario have low uncertainty 

(i.e., over or underestimate risks by one order of magnitude or less). For many parameters 

for which limited information exists (i.e., dermal adsorption of organic chemicals from soils) 
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there is greater uncertainty. However, there is often sufficient data to estimate these 

parameters with low uncertainty. Few intake parameters have high uncertainty associated 

with them. In the risk assessment for Operable Unit 1, the particular exposure parameters 

with the greatest uncertainty are judged to be those associated with time (combination of 

frequency and duration on the site). The particular exposure pathway with the combination of 

exposure parameters with the highest uncertainty is dermal contact, which is assumed to result 

in moderate uncertainty (over- or underestimate actual exposure by one to two orders of 

magnitude) for exposure. 

Many of the quantities used to calculate exposures and risks in this report are selected from a 

distribution of possible values. For the RME scenarios, the value representing the 95th 

percentile is generally selected for each parameter to assure that the assessment bounds the 

actual risks from a postulated exposure. This risk number is used in risk management 

decisions, but does not indicate what a more average exposure might be, or what risk range 

might be expected for individuals in the exposed population. To address these issues, a risk 

estimate closer to the central tendency is presented for the maximally exposed individual using 

the CT scenario described in Section E.3. The range of risk for this receptor from the CT 

scenario to the RME scenario seeks to incorporate the range of uncertainty regarding intake 

assumptions for this receptor. 

E.6.2.3 Toxicitv Assessment 

Uncertainty associated with the toxicity assessment is associated with hazard assessment and 

dose-response evaluations for CPCs. The hazard assessment deals with characterizing the 

nature and strength of the evidence of causation, or the likelihood that a chemical that induces 

adverse effects in animals will induce adverse effects in humans. Hazard assessment of 

carcinogenicity is evaluated as a weight-of-evidence determination, using either the IARC 

(1987) or EPA (1986b) methods. Positive animal cancer test data suggest that human tissue(s) 

may also manifest a carcinogenic response; however, animal data do not always accurately 

predict the same response on the same target tissue in humans. In the hazard assessment of 

noncancer effects, however, positive animal data suggest the nature of the possible adverse 

effects (Le., the target tissues and type of effects) anticipated to occur in humans (EPA 

1989i). 
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Uncertainty in hazard assessment arises from the nature and quality (sensitivity and 

selectivity) of the animal and human data. Uncertainty is decreased when similar effects are 

observed across species, strain, sex, and exposure route; when the magnitude of the response 

is clearly dose-related; when pharmacokinetic data indicate a similar fate in animals and a 

humans; when postulated mechanisms of toxicity are similar for humans and animals; and 

when the CPC is structurally similar to other chemicals for which the toxicity is more 

completely characterized. 

Uncertainty in the dose-response evaluation includes the determination of a slope factor for 

the carcinogenic assessment and derivation of an RfD or RfC for the noncarcinogenic 

assessment. Uncertainty is introduced from interspecies (hal-to-human) extrapolation, 

which, in the absence of quantitative pharmacokinetic, dosimetric, or mechanistic data, is 

usually based on consideration of interspecies differences in basic metabolism. Uncertainty 

also results from intraspecies, or individual, variation. Most toxicity experiments are 

performed with animals that are very similar in age and genotype, so that intragroup 

biological variation is minimal. However the human population of concern may reflect a great 

deal of heterogeneity including unusual sensitivity or tolerance to the CPC. Even toxicity 

data from human occupational exposures reflect a bias because only those individuals 

sufficiently healthy to attend work regularly and those not unusually sensitive to the CPC, are 

likely to be occupationally exposed. Finally, uncertainty arises from the quality of the key 

study (from which the quantitative estimate is derived) and the database. For cancer effects, 

the uncertainty associated with dose-response factors is mitigated by assuming the 95 percent 

upper bound for the slope factor. Another source of uncertainty regarding quantitative risk 

estimation for the carcinogenic assessment is the method by which high dose data animal 

studies are extrapolated to the dose range expected for environmentally exposed humans. The 

linearized multistage model, which is used in nearly all quantitative estimations of human risk 

from animal data, is based on a nonthreshold assumption of carcinogenesis. An impressive 

body of evidence, however, suggests that epigenetic carcinogens, as well as many genotoxic 

carcinogens, have a threshold below which they are noncarcinogenic (Williams and 

Weisburger 1991); therefore, the use of the linearized multistage model is conservative for 

chemicals that exhibit a threshold for carcinogenicity. 

For noncancer effects, additional uncertainty factors may be applied in the derivation of the 

RfD or FW to mitigate poor quality of the key study or gaps in the database. Additional 
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uncertainty for noncancer effects arises from use of an effect level in the estimation of an RfD 
or RfC, because this estimation is predicated on the assumption of a threshold below which 

adverse effects are not expected. Therefore, an additional uncertainty factor is usually applied 

to estimate a no-effect level. Additional uncertainty arises from estimation of an RfD or RfC 
for chronic exposure from less than chronic data. Unless empirical data indicate that effects 

do not worsen with increasing duration of exposure, an additional uncertainty factor is applied 

to the no-effect level in the less than chronic study. Uncertainty in the derivation of reference 

doses is mitigated by the use of uncertainty and modifying factors that normally range 

between three and ten. Uncertainty factors (UF) and modifying factors (MF) are assigned as 
follows: 

0 A UF of ten is used to account for sensitive subpopulations. 

A UF of ten is used when extrapolating from animals to humans to account for 
interspecies variability. 

0 A UF of ten is applied to a NOAEL (no observed adverse effect level) derived 
from a subchronic study rather than a chronic study. 

A UF of ten is applied to a LOAEL (lowest observed adverse effect level) to 
estimate a NOAEL. 

0 An MF from zero to ten is applied to data to reflect the quality of the data from the 
critical study used to derive the reference dose. 

As a result, a combination of uncertainty and modifying factors may exceed 100, 1000, or 

more for a particular compound. These uncertainty factors are discussed in Section E.4 for 

the CPCs in Operable Unit 1. 

Uncertainty arises in the dose-response assessment for Operable Unit 1 for values derived for 

principle CPCs from studies with limitations. As an example of this type of uncertainty, 

consider the toxicity information for uranium. Uranium as an alpha particle emitter is also 

considered a carcinogen; however, absolute evidence of uranium-induced excess human cancer 

risks are very difficult to obtain. This is largely because the human data available for 

radiocarcinogenic effects of uranium exposure are for underground miners, who are also 

simultaneously exposed to radon and radon progeny as a confounding factor. The studies of 

humans frequently lack information concerning uranium exposure, potential uranium exposure 

through previous employment, concurrent smoking patterns, or concurrent radon exposure 
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levels. Accurate exposure data are needed to more definitively determine the risk attributable 

to uranium exposure. The human studies of cancer from exposure to uranium frequently 

reveal a slight excess risk above the natural risk. These facts weaken the power of the human 

studies to detect any excess risk. These uncertainties are not well known or easily determined 

and, as a consequence, introduce moderate to high uncertainty into the Operable Unit 1 risk 
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2 

3 

4 

5 

assessment. 6 

7 

Other toxicity information used in the Operable Unit 1 risk assessment that introduces 8 

uncertainty include: 9 

428 

0 The EPA inhalation slope factor of 7.7 x 10L2 pCi-' for Rn-222 plus its daughters is used to 
calculate risks resulting from indoor inhalation of radon gases. The EPA bases this slope 
factor on a 50% equilibrium ratio between Rn-222 and its short-lived daughters. Studies 
cited in NCRP Report No. 78 (NCRP, 1984) report a lower value for this equilibrium ratio 
in indoor air (i.e.: 100/50/30/20/20 for Ra-222, Po-218, Pb-214, Bi-214, and Po-214, 
respectively). Since the concentration of daughters expected in indoor air is lower than the 
EPA assumption, the slope factor is probably conservative in this respect. 

PAHs that are classified as B2 probable human carcinogens for which no toxicity data were 
available are evaluated using benzo(a)pyrene toxicity data. This assumption likely leads to 
an overestimation of the carcinogenicity of those PAHs because conservative assumptions 
were used to relate their carcinogenicity to that of benzo(a)pyrene. However, when toxicity 
equivalency factors were used in this assessment to evaluate their carcinogenicity, this may 
either underestimate or overestimate the carcinogenic risks. Overall, this increased 
conservatism does not significantly impact the overall risks from Operable Unit 1 since the 
majority of risks are posed by other CPCs. 

0 The only PCB with positive carcinogenicity results is Aroclor-1260. The carcinogenicity of 
all PCB isomers were assumed to be equal to the carcinogenicity of Aroclor-1260 because 
the dose-response data for other isomers are inconclusive. Statistically significant cancer 
results were not seen for Aroclors with lower percentages of chlorine atoms. The 
conservatism introduced in the evaluation of PCBs is not anticipated to impact the selection 
of CPCs for final risks because they did not exceed the concentration-toxicity screen. 

0 As with PAHs, the carcinogenicity of dioxins and furans other than the 2,3,7,8-isomer 
were determined using EPA's revised Toxicity . . Equivalency . . . . . . . . . . . . . Factors . . . . (TEFs) . . . in the absence 
of toxicity values for the different isomers .} The TEFs are 
based on the assumption that all dioxin and furan congeners are carcinogenic. This may 
introduce a large positive bias to the results of the assessment. 
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A significant source of uncertainty for calculating risks from radionuclides in surface soil is the use of 42 

EPA slope factors for external radiation exposure. In deriving these slope factors, EPA has assumed 43 

that an individual continuously stands on an infinitely thick slab of soil with a uniform radionuclide 44 0 
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concentration. To manage complicated calculations for photon attenuation and scattering in soil, EPA 

has assumed that the activity in the slab source is present on an infinite plane with uniform surface 

concentration. The slope factors for external radiation exposure are, therefore, based on calculated 

exposures (and associated risks of cancer incidence) from the hypothetical plane source. 

In addition, EPA calculates slope factors for ingestion of many radionuclides using the maximum 

value for the GI absorption factor. The actual chemical form(s) that influence the magnitude of the 

GI absorption factor have not been considered. 

To summarize, the uncertainty associated with the toxicity assessment is chemical-specific since it 

depends on the existing information used to derive the dose-response factor. In general, this 

uncertainty tends to be more high (overestimate risks by two or more orders of magnitude) for the 

chemical risk assessment, but tends to be low (overestimate risks by an order or magnitude or less) 

for radionuclides. This difference is the result of animal versus human data used for chemical and 

radiological compounds, respectively. 

E. 6.2.4 Risk Characterization 

Uncertainty in risk characterization results from assumptions made regarding additivity of effects from 

exposure to multiple compounds from various exposure routes. High uncertainty exists when 

summing cancer risks or hazard indices for several substances across different exposure pathways. 

This assumes that each substance has a similar effect and/or mode of action. Often compounds affect 

different organs, have different mechanisms of action, and differ in their fate in the body where 

additivity is not appropriate. However, the assumption of additivity is made to provide a conservative 
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Risk characterization does not consider antagonistic or synergistic effects. Little to no information is 27 

available to determine the potential for antagonism or synergism for CPCs. Therefore, this 

either over-or under-estimate potential human health risks. 

28 

uncertainty cannot be discussed based on the impact on the risk assessment since it has the potential to 29 

30 

31 

The additivity of risks from radionuclides and chemical carcinogens is the subject of considerable 32 

debate. EPA guidance (EPA 1989a) indicates that the two sets of estimates should be considered 

separately because 1) chemical CSFs are developed using laboratory experiments and radionuclide 34 
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toxicity values are based on human epidemiological data, and 2) chemical CSFs represent an upper 

bound limit value while radionuclide slope factors are "best estimates." Therefore, cancer risks from 

exposure to radionuclides are presented separately, from those from chemical CPCs. 

E.6.3 Summary of Uncertainties in merable Unit 1 Baseline Risk Assessment 

Uncertainties encountered during the preparation of this assessment vary from waste pit to waste pit 

because their individual physical and chemical characterizations vary. While many of the 

uncertainties listed in these tables are shared between operable units, others are limited to a few of the 

waste pits. Table E.6-1 presents a qualitative evaluation of the uncertainties described in the 

preceding sections. 

Although uncertainties arise from many sources, those deriving from the toxicity assessment (Le., 

determination of dose-response factors) provide the greatest uncertainty for the chemical risk 

assessment because few chemical dose-response factors are based on human epidemiological studies. 

Thus, extrapolations from animal studies must be made. For the radiological assessment, the greatest 

uncertainty arises from the exposure assessment where exposure point concentration are often based 

on the maximum reported analytical result, and where conservative assumptions were made regarding 

future land uses and exposure scenarios. Unlike chemical toxicity data, radiological dose-response 

factors are derived from human studies which is assumed to result in lower uncertainty. 

Generally, uncertainty arises wherever data gaps exist. Data gaps in the risk assessment were 

mitigated by making conservative assumptions for individual parameters. Significant uncertainty 

results for those particular pathways that required fate and transport modeling to support the 

assessment of exposure. Such uncertainty was generated for the air and groundwater pathways of 

exposure. Thus, interpretation of risk from these media must consider the high uncertainty. Also, 

certain exposure pathways for a particular medium tend to have higher or lower uncertainty 

depending on their assumptions. For example, incidental ingestion of soils by residents tends to have 

significantly less uncertainty than ingestion of fruits and vegetables, and meat and milk raised on 

contaminated soils. These latter exposure pathways must make some assumptions regarding their 

uptake from soil to plant and plant to live stock while the soil ingestion pathway does not. 

Receptors with the highest uncertainty in the current source term are the off-property resident farmer 

and off-property user of meat/milk from livestock grazed on site. The off-property resident farmer 

scenario is evaluated based on modeled concentrations for the air pathway and results in high 0 
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uncertainty. The bioaccumulation of CPCs into meat/milk are modeled, and as a result, provide 

moderate to high uncertainty for this receptor. The greatest uncertainty in the risk assessment of 

Operable Unit 1 is associated with the assumptions made in the future source. These particular 

receptors include the on-property resident farmer, Great Miami River user, and off-property used of 

meat and milk. For the on-property resident farmer and home builder, the highest uncertainty is 

associated with the proposed land used and potential exposure pathway. This receptor scenario is 

included in response to guidance and is anticipated to have a low likelihood of occurrence due to the 

history of the site and the particular waste management activities within Operable Unit 1. Uncertainty 

associated with the off-property resident farmer and Great Miami River water user is primarily the 

result of surface water and air modeling used to support those scenarios. The modeling assumptions 

are conservative, which result in conservative estimates for the exposure point concentrations. 

Taken together, the uncertainties identified with site data, exposure parameters, fate and transport, 

toxicity assessment and risk characterization are judged to be high (i.e., potential to over-estimate risk 

by two or more orders of magnitude). 
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22-0 Due to the time required to select CPCs, perform fate and transport modeling, enter data into the 21 

database, calculate risks and to write the text of the baseline risk assessment, it was required that the 28 

database be frozen at a date substantially prior to the document submittal. Therefore, data from the 29 

1993 sampling event was not included in the baseline risk assessment. However, the 1993 data was 30 

quantitatively evaluated and included in this section. A sensiriVity analysis of the 1993 data to the total 31 

database was performed. 32 
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2 6 4 s  E.6.3.2 Evaluation of TICs 10 

Based upon the methods used for the analysis, v a l W o n  and the quantification of COCs, a number I I  

of tentatively identified compounds (TICs) were removed from the list of chemicals destined for 12 

quantitative analysis. These constituents were removed based upon the protocol established in the risk 13 

assessment guidelines. Qualifiers used for evaluation of these constituents indicate the positive nature 14 

of the compound and the concentration was in question and insufficiently reliable for quantitative IS 

assessment. However, a quulitative toxicological evaluation of Operable Unit 1’s TICs was prepared, 16 

. .  

in order to ascertain the probable impact to site risk. a 17 

18 

The evaludion of potential toxicity and contribution to site risk of TICs is examined in relation to the 19 

chemical classes to which they belong. Related target organ systems, and a toxic effect, based upon 20 

estimated levels and the potential for exposure were also considered. A list of TICs and their chemical 21 

classes are presented. Estimated maximum concentrations are in (ugkg) unless otherwise noted. P 

23 

E.6.3.2.1 General Discussion 24 

Tentahvely identified compounds are of uncertain origin and are defined as those compounds that may n 

result from chromatographic responses that exceed 10 percent of the response of the nearest internal 26 

standard (EPA, 1989a). Reporting requirements for  analyses presume a maximum of 10 TICs to be 21 

reported for volaliles and a maximum of 20 TICs to be reported for semivolatiles. In general, TICs 28 

may be associated with the presence of blank contamination, laboratory artifacts such as aldol 29 

condensation products, chromatographic column bleed, biological compounds present in soil, residual 30 

compounds previous analyses, and exotic organics, esters, and nitrogenous compounds from soil and 31 

plant life. 32 

33 
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Organic compounds may exhibit response factors in the range of 0.05 to 2.0, as opposed to a factor 

of 1.0 for equal chromatographic responses based upon the reference to the nearest internal standard. 

Due to the variability in potential response factors of organic compounds, any estimute of TIC 

presence, origin, or concentration is questionable. Given a response factor range of 0.05 to 2.0, the 

quantitative sum of all TICs in a given sample with 10 parts per million, would have an actual value 

as low as 0.25parts per millwn, or a maximum value as high as 400partsper million. The range is 

based on the uncertainty of identification, response, and concentration. The TICs listed in Table E-6-4 

such as tributyl phosphate and the several solvents may be associated with residual process products 

or materials. Various compounds appear to be either chemical degradation or condensation products, 

generated during chemical separation-chromatographic analysis, or progeny of solid phase constituents 

in the chromatographic column. 

Tentatively identified compounds were found in 25 of 61 semivolatile samples and 17 of 68 volatile 
samples of pit material. Concentrations were detected at the low ugkg @pb) levels, and occasionally 

in the low partsper million range (mgkg). Generally, their presence in deeper pit media (below 4 feet) 

and the low concentrations of many constituents would preclude any serious cause for concern. 

The potential for toxicity of TICs is qualitative since their estimated levels are uncertain and the 

availability of experimental or clinical infonnation on dose response and toxicity for most TICs is non- 

existent, 

Chromatographic separation and analysis is known to produce synthetic artifacts. Degradation and/or 

condensation products are well known and occur on the solid phase during separation. Such 

compounds are usually present in low concentrations and usually of varying composition. 

The disparity of the magnitude of concentrations between the results of concurrent analyses of total 

organic contents and TIC items adds to uncertainty, suggesting these estimated values cannot be relied 

upon as factual. Accordingly, toxicity cannot be adequately defined. 

E.6.3.2.2 Toxicitv Assessment Bv TIC Classes 

Table E.6-4 presents a TICs found in Operable Unit 1 by compound class. 
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Alcohol-Glvcols 1 

Most alcohoIs cind glycols do not usually present a serious hazard to most individuals, even in the 2 

industrial setting. Specific compounds such as methanol and ethylene glycol are involved in epidemics 3 

and in isolated instances of intoxication. However, these observations indicate they are generally the 4 

’ t  t 0 
result of intentional consumption. 5 

6 

Industrial exposure to most alcohols and glycol compounds rarely produce symptoms of chronic 7 

systemic intoxication. Methanol can cause blindness in humans and ethylene glycol has produced 8 

fatalities. Toxicity from the vapors are generally to the conjunctivae of the eyes and the mucous 9 

membranes of the upper respiratory tract and possibly the skin. The low vapor pressure of the low IO 

molecular weight alcohols (ethanol and methanol) and glycols (ethylene glycol) would not achieve 1 1  

significant air concentrations unless the compound was heated or sprayed as a mist. Also at the soil 12 

depths discussed above, they would not be likely to produce concern. Although they have narcotic 13 

properties, they are much less prominent than those associated with solvent or halogenated 14 

hydrocarbons. Alcohols are rapidly removed from the body via the dehydrogenase enqymes present in IS 

the liver. The potential for toxicity rests on the amount consumed; generally large doses are required 16 

9 

for toxicity. 0 17 

18 

Propanols have little potential for serious or chronic toxicity. Ingestion causes symptoms typical of 19 

ethanol intoxication; central nervous system depression, drowsiness and headaches. Butanols have 20 

been shown to be toxic when ingested, but systemic effects have not been noted at concentrations below 21 

100 parts per million. At 200 parts per millwn air concentration, optic irritation, blurred vision, 2 

burning and lacrimution of the eyes are noted. Pentanols are irritating and narcotic and produce illness u 

when ingested. Methanol, 2-propanol, 2-butanol and 2-methyl propanol mimic the effects of ethanol 24 

poisoning and, like many ketones, can increase the hepatic effects of halogenated hydrocarbons. z 

Toxicologically, this group appears to be of very little significance to risk. 26 

n 

Hexanol (like hexane) can be metabolized to hexanone. This metabolite may initiate nerve a’amuge and 

if the exposure is chronic, it could cause serious peripheral neuropathies. However, this occurs only 29 

under chronic exposure and at fairly high coricentrations. It is generally found in the industrial u) 

setting. This is unlikely at the FEMP. Alcohol solvents are liquid and highly volatile. Because of their 31 

widespread use there is a potential for adverse effects from the industrial setting. FEMP concentrations 32 

of the alcohols do not contribute to the site risk. 0 ‘ . _  

33 

34 
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CONCLUSION: IMPACT FROM ALCOHOLS/GLYCOLS ON RISK IS LOW i 

Aldehvdes/Ketones 3 

Together this group comprises a group of chemicals known as carbonyl compounds. There are a few 4 

that are toxicologically important and affect the eyes, skin and mucous membranes. Some are irritants 5 

of the eyes, skin and mucous membranes. However, their metabolism is too rapid to produce any 6 

cumulative effects needed for systemic toxicity. Halogenated ketones can be considered highly toxic; 7 

however there are no such compounds in this list of TICS. Derivatives of butanone and 2-hexanone 8 

maybe be considered harmful, especially to muscle/nerve tissue in that they are able of causing 9 

peripheral polyneuropathies. However, chronic exposures are required to initiate such pathology. IO 

11 

2-heptanone, 2-pentanone, methyl isobutyl ketone is also used as a solvent for lacquer thinner. Its 12 

strong odor limits use and minimizes exposures. Most of these compounds initate the mucous 13 

membranes and are strongly narcotic at higher concentrations, possibly requiring levels above 2OOparts 14 

per million to demonstrate these effects. IS 

CONCLUSION: IMPACT ON RISK FROM ALDEHYDE/KETONES IS LOW. 
16 

17 

18 

Aliohatics 19 

The aliphatic hydrocarbons includes saturated as well as unsaturated compounds. They are products 20 

of petroleum cracking. The lower weight compounds are gaseous (methane, ethane, propane, and 21 

butanes). The pentane series (C&J tends to be volatile liquids. These materials are not chronic n 
toxins. These are simple asphyxiants and tend only to displace oxygen when present in high n 

concentration causing hypoxia. In general the saturated hydrocarbons (e&,) show very strong 24 

narcotic properties. Heavier members of the series are not highly volatile and require heat to generate n 

vapor concentrations capable of causing narcosis. 26 

n 

The hexane molecule is capable of peripheral neuropathies. Large doses over long periods of time U( 

would be required for this adverse effect to occur. The closely related pentane and heptane molecules 29 

(C, and C,), are unlikely to cause any such adverse effects. However, high concentrm'ons of vapors U) 

from heptane (C,) and octane (C$ molecules can cause giddiness, vertigo headache and anesthetic 31 

stupor. These symptoms tend to be reversible andfull recovery generally occurs. Based upon the, levels 32 

and at the depths present of these materials in the pits, these responses are unlikely. 33 

0 0 0 2'7 8 
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CONCLUSION: THE IMPACT ON RISK FROM ALIPHATICS IS LOW. 0 
Amino/Nitro ComDounds 3 

Aromutic amino and nitro compounds are fundamental to manufacture of explosives, pharmaceuticals, 4 

herbicides, plastic, paint and rubber industries. Aniline and coal tar dyes are products that contain 5 

nitrogen groups. There are general toxic properties characteristic of this group in that many of these 6 

compounds can cause methemoglobinemia. However, some are proven to be bladder carcinogens while i 

others affect the oxidah've phosphoryl&-on mechanism. a 

9 

Several herbicides contain nitrile compounds. The nitriles have been shown to cause headache, fever, 10 

dizziness, vomiting, weight loss and leg myalgib. The lethal dose in rats occurs at levels above 270 I I  

m g m  12 

13 

CONCLUSI0N:IMPACT TO RISK FROM AMINO/NITRO GROUPS IS MODERATE. 14 

15 

AromuhWPolvaromutic Hvdrocarbons 16 

Among the aromulics, benzene presents the greatest potential threat to human health due to its known 11 

potential to cause leukemia. Related alkyl benzene compounds have the potential to cause central i s  

nervous system narcosis. However, the alkylbenzenes tend to be relatively non-toxic except at high 19 

concentrations during acute exposures. Thus the hydrocarbons identified above as TICS are not likely m 

to be of serious concern. 21 

22 

Pyridines are a special group of compounds, that are fat  soluble and tend to penetrate the intact u 

corneal epithelium, then rapidly reaches the iris and causes iritis. This causes leakage of proteins and 24 

leukocytes if sufficient concentrations develop. 25 

26 

Polyaromatic compounds such as the chlorinated biphenyls, phenanthrene and anthracene were n 

identified as COCs and the risk was quantified. However, additional compounds, couM increase the 

risk for adverse effects, such as skin chloracne. However, these compounds require a certain 29 

molecular shape and if present, induce the hepatic enzyme, arylhydrocarbon hydroxylase which 30 

correlates highly with chloracne. These agents are capable of initiating other adverse skin reactions 31 

and consjdered to be skin carcinogens. They may be considered as eo-carcinogens. They could increase 32 

the impact on risk. 0 
FEWOUI RIIJLMIAPP E6/05/03/94 1 I :Warn 

33 

34 

E-6-2 Id 0003279 



5511  FEMP-OUOl-5 DRAFT FINAL 
Rev. 2 - May 4, 1994 

CONCLUSION: THE IMPACT ON SITE RISK FROM AROMATIC/POLYAROMATIC I 

HMlROCARBONS COULD BE MODERATE. 2 

I 
3 

Carboxvlic Acids 4 

Carboxylic acids are soluble forms of compounds that are easily conjugated by the liver enzymes and s 

are rapidly removed from tissue due to their high solubility as conjugated polar compounds. Toxicity 6 

of these compounds is generally unknown: however, due to their high solubility and rapid removal 7 

from the body, effects would appear to be minimal. 8 

9 

CONCLUSION: IMPACT ON RISK FROM CARBOXYLIC ACIDS WOULD BE LOW. 10 

11 

Esters 12 

Esters are chemical compounds that are formed when an organic radical group (R) replaces the 13 

hydrogen atom in an organic acid. Generally these compounds are found in the plastics industry either 14 

as resins, as plasticizers or as solvents for lacquers. Generally, esters of organic acids tend to be of IS 

low toxicity; although there are exceptions. The more saturated the compound, the more likely it will 16 

be harmless. Higher levels of double bonds in these molecules tend to increase the ability for skin 17 

irritation. ia 

19 

Esters used as plasticizers, with the exception of certain phosphate esters, are usually physiologically m 

inert. In those instances from exposure to acrylates, methacrylates, crotonates and vinyl and allyl 21 

esters are the source of exposure, toxicity demonstrated by conjunctivitis, upper respiratory irritation 22 

and pulmonary edema may occur. 23 

24 

Tributyl phosphate (TBP) ester has found use as a solvent in the uranium extraction process. Its z 

harmfil effects are limited to the respiratory system, the skin and eyes. There do not appear to be any 26 

chronic manifestations of exposure. As with most acute toxins, removal of the source will allow reverse n 

of the symptoms. The ACGIH established an air level of 1300 mg/m3 TBP as immediately dangerous 28 

to life. 29 

30 

As a rule, mammaliun metabolic systems have broads classes of esterase enzymes present in the liver 31 

and kidney to hydrolyze the linkages of foreign compounds. They are rapid in their action and remove 32 

such materials from the body quickly through increased solubility. 33 

34 

000286) 
FEWOU I RIIJLMIAPP E-6/05/03/94 11 :&?am E-6-2 1 e 



FEMP-OUOl-5 DRAFT FINAL , .  
.i' < ? -  Rev. 2 - May 4, 1994 

. <  I & . ,  

CONCLUSION: THE IMPACT TO RISK FROM THESE ESTERS IS LOW. a I 

2 

Furans 3 

Furans cause irritation of the eyes and upper respiratory system. Nausea, dizziness and headaches are 4 

a symptom of exposures above 200partsper million. In experimental animals, liver and kidney damage s 

have been caused by furan exposures. 6 

CONCLUSION: THE IMPACT ON RISK IS LOW FROM THESE FURANS. 

Dimethvl Sulfide 

7 

8 

9 

10 

The impact from this compound is unknown. Toxicity data is lucking and precludes an evaluation of I I  

any possible toxic effects. 12 

CONCLUSION: THE IMPACT TO RISK IS UNKNOWN. 

13 

14 

IS 

Unknown Omanic Comuounds 16 

There are a number of unidentified unknowns present in the LIST OF TICs; their impact on risk 17 

cannot be evaluated. 18 

CONCLUSION: THE IMPACT ON RISK IS UNKNOWN. 

19 

m 

21 

E.6.3.2.3 Overall Imuact of  TICs on Risk 22 

The overall impact on risk from these compounds is low. This is due to the fact that these materials 23 

appear to be relatively non-toxic, and because the potential for  exposure is minimal, primarily from 24 

the pit material. Although there is risk of hazard from the exposure to the eyes and skin, this appears n 

to be minimal because the source material has a very low level concentration in the pit materials. The 26 

volume of soil required for ingestion to produce an adverse effect from these levels of materials would 27 

be in excess of a few kilograms (2-3 lbs or more) and is highly unlikely. Any possible risk, would likely 

be occupational, considering its likely that a construction or remediul worker, digging in the soil, would 29 

be exposed to the sub-surface soil TICs. 30 

31 

These materials may be present due to the various reasons stated above, from residuals blown over from 32 

crop farms and/or present due to existing biological (plants, insects, microbes) products present 33 

naturally in the soils. This would tend to reduce the expectation that these materials would be toxic, M 
. . .  .. . . . , . .  
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except under fairly large exposure condirions. Although plant alkaloids can be toxic, there are few I 

only at very small amounts and it would require the receptor to consume inordinately large volumes 2 

of pit material to reach toxic levels. 3 

4 

Under chronic conditions of exposure, a positive impact on risk always exists. The primary potential s 

of such materials is to i d e  the mucous membranes of the eyes and the respiratory tract. Given their 6 

presence in the pit materials, the impact is minimal, if at all. 7 

8 

The variability of these TIC compounds suggest residues from many biological activities, not likely 9 

associated with the site process activity. Together with the very low ppb levels, it reaffirms our belief io 

that the presence of these tentatively identified compounds, at levels estimated, are unlikely to negatively 11 

impact human health and site risk. 12 

13 

The question of the degree of impact is a professional judgment: the certainty of its lack of impact on 14 

risk is fairly high. The low concentrations and the low potential for an exposure, effects of these TICS, IS 

if present, and their bioavailability, would be non-existent to very low. The impact on the overall site 16 

risk is very low. 17 
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ALCOHOL/GLYCOL 
3-methyl-2-butanol( 13000) 
4-butanedioldiacetate(370) 
2-butoxyethanol(28) 
2-cyclohexanemethano1(78) 
dodecylcyclohexanol( 14000) 
2-propyl- 1 -heptanol(47) 
tetrahydropyran-2,3-dio1(4900) 
2,4-dimethyl pentanol(3 1) 
tetracontanol(5800) 
undecen- 1 -01(34) 

TABLE E.6-4 
LIST OF TICS BY CLASS 

ALDEHYDEKETONE 
1-(3-ethyloziranyl)-7-ethanone(680) 
2-ethoxy-l,2-diphenyl ethanone( 160) 
butanal( 140) 
3-methyl-2-butanone( 13mg/kg) 
6-acetyloxy-2-hexanone(22mg/kg) 
dihydroxy-2-hexanone(450) 
5-methyl-3-hexen-2-one( 660) 
3h-naphtha-2,1-b-pyran-3-one(2700) 
2h-pyran-2,3-diol-tetrahydrodiacetate(5 180) 

ALIPHATIC S 
bicyclononane(6 1) 
1,4-dimethylcyclooctane(32) 
bicycloheptane(220) 
azabicyclohexane( 1 90) 
decy 1-cyclohexane( 2400) 
eicosyl-cyclopentane(2300) 
1-methyl- 1,4-~yclohexadiene(30) 
1 -methyl-3-( l-methylethyl)-cyclopentane(55) 
cyclopropane(4700) 
hexatriacontane(9 10) 
tetra-l,3-dioxalane(410) 
2-methy1-6-propyldodecane(200) 
2-methyl4,5-nonadiene(6 1) 
2-methyl- 1-propene(45) 
4-methyloctane( 190) 
spirodecane( 1000) 
tetradecane(590) 
tricyclodecane( 140) 
1,3,6-trioxocane(39) 
tri-tetracontane(240) 

AMINo/NITRo COMPOUNDS 
2,4-pentadiene nitrile(45) 
2-methyl- 1 -nitropropane(20) 
1,4-dibutyl-tetrazine(2300) 

AROMATIC/POLYAROMATIC 
c yclohexy loxy-benzene(2500) 
1 -choloromethyl-isobenzene(25) 
Isoquinolinium( 6400) 
decahydronaphthalene( 1 50) 
dibenzothiophene( 1500) 
5h-indeno- 1,2-pyridine(41mg/kg) 
pentachlorobiphenyl(6.8mg/kg)) 
tetrachlorobiphenyl(2.Omg/kg) 
benzanthracene( 22mg/kg) 
cyclopentaphenanthrene( 3000) 
methylphenanthrene( 1 5mg/kg) 

CARBOXYLIC ACIDS 
2,4-dinitrobenzeneacetic acid(4000) 
hexanedioic acid( 16mg/kg) 
1 -pheny 1-c yclopropane-carbox y 1 ic acid( 57) 
2-methylpentanoic acid(6600) 
octadecanoic acid(4400) 

ESTERS 
tributylphosphoricacid(7700) 
hexanedioicacid( 12 .Omg/kg) 

FURANS 
tetrahydrofuran( 14) 
2-propylfuran( 1200) 

SULFUR COMPOUNDS 
dimethyl sulfide(40) 

UNKNOWNS 
C6 THROUGH Cm 
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child were considered applicable for consideration with current access controls. The receptors 

considered applicable if access controls were removed are the trespassing youth, off-property 

RME resident farmer and child, and off-property user of meat and dairy products (an 

individual that would ingest meat and dairy products from livestock grazed on-site). With 

access controls, the exposure pathway contributing the greatest risk is external exposure of the 

groundskeeper to radiological constituents in buried pit materials. Under current land use 

without access controls the principle exposure pathways from the current source term are 

biotransfer of chemical CPCs into meat and milk products. The receptor with the greatest 

risk for current land use, current source term is the off-property user of meat and milk 

products from cows grazed on site with a total carcinogenic risks of 2 x lo”. The primary 

contributors to this risk are total PCBs and E2238 U-238 in the surface soil and DOE Cs,,, in 
.surface water as a result of their biotransfer to meat and milk products. The Hazard Indices 

for all these receptors are acceptable (less than 1) except for the off-property user of meat and 

milk products with a hazard index of 2.9. Antimony and cadmium in surface soils are the 

systemic toxins most significantly contributing to total cancer risk. 

Tables E.7-3 and E . 7 4  contain a summary of risks associated with current land use and 

future source term. Assumptions were made for the future source term regarding the 

configuration of the operable unit that would result in higher exposure to stored waste 

materials. The receptors given in Tables E.7-3 and E . 7 4  include the trespassing youth and 

Great Miami River User (Le., an individual that uses the river as a source of domestic water 

and for recreational purposes). A number of other receptors were also identified as relevant 

under current land use, future source term. These receptors include the off-property farmer 

and child, and off-property user of meat and milk products. The cancer risks and hazard 

. indices are not dependent upon on-site land uses, and therefore, are applicable under the 

current and future land use scenarios. The cancer risks and hazard indices are presented 

under future land use, future source term evaluation. 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

Cancer risks for the current land use, future source term range from 3 x lo7 for the Great 

Miami River User to 2 x lo3 for the off-property RME farmer. The pathway contributing 

the majority of risk is ingestion of groundwater by the off-property RME farmer with uranium 

isotopes the primary contributors to total cancer risk. 

29 

30 

31 

Total hazard indices range from 0.004 32 

33 

34 

(Great Miami River User) to 90 for the off-property child. Groundwater was the pathway 

contributing the majority to the total hazard index for this receptor. Other exposure pathways 
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TABLE E.7-2 5511 
HAZARD INDEXSUMMARY 

CURRENT LAND USE, CURRENT SOURCE TERM 

Off -property 

Media Groundskeeper Farmer Young Child Youth Milk Products 
Off-property Off-property Trespassing User of Meat and 

Air O.OE +OO 2.7E-04 13E-03 O.OE +00 NA 

Surface Soil 3.OE-01 NA NA 4.9E-01 2.7E+OO 

On-property 
Surface Water 

Sum AU Media 

NA NA NA NA 2.3E-01 

3.OE -01 2.7E-04 1.3E-03 4.9E-01 2.9E+OO 

NA - Not applicable. Exposure route not evaluated for receptor. 
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TABLE E.7-3 5 5 1 1  
INCREMENTAL LIFETIME CANCER RISK SUMMARY 

CURRENT LAND USE, FUTURE SOURCE TERM 

Trespassing Great Miami 
Medium Youth River User 
Air 

Radiocarcinogenic Risk 8E-05 NA 
Chemical Carcinogenic Risk 4E-05 NA 
Totala: 1E-04 NA 

Surface Soil 
Radiocarcinogenic Risk 1E-04 NA 
Chemical Carcinogenic Risk 7E-05 NA 

Totala: 2E-04 NA 
Buried Pit Material 

Radiocarcinogenic Risk 7E-06 . NA 
Chemical Carcinogenic Risk NA NA 
Totala: 7E-06 NA 

Paddys Run Surface Water 
Radiocarcinogenic Risk 7E-08 
Chemical Carcinogenic Risk 6E-08 

NA 
NA 

Totala: 1E-07 NA 

Paddys Run Sediment 
Radiocarcinogenic Risk 4E-06 
Chemical Carcinogenic Risk 9E-06 

NA 
NA 

Totala: 1E-05 NA 
Great Miami River 
Surface Water 

Radiocarcinogenic Risk 
Chemical Carcinogenic Risk 

NA 
NA 

3E-07 
3E-08 

Totala: NA 3E-07 
AU Media 

Radiocarcinogenic Risk 2E-04 
Chemical Carcinogenic Risk 1E-04 
Totala: 3E-04 

3E-07 
3E-08 
3E-07 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
a Radiocarcinogenic risk and chemocarcinogenic risk are not truly additive. 

A total is provided €or reference only. 
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55 11' 
HAZARD INDEX SUMMARY 

CURRENT LAND USE, FUTURE SOURCE TERM 

Trespassing Great Miami 
Medium Youth River User 

Air 25E-01 NA 

Surface Soil 15E+00 NA 

Paddys Run Surface Water 3.9E- 02 NA 

Paddys Run Sediment l.lE-01 NA 

Great Miami River 
Surface Water NA 4.2E - 03 

All Media 1.9E+00 4.2E-03 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
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TABLE E.7-5 55 1 I 
INCREMENTAL LIFETIME CANCER RISK SUMMARY 

FUTURE LAND USE (GOVERNMENT RESERVE) 
FUTURE SOURCE TERM 

On - property Expanded 
Medium Groundskeeper Trespasser 
Air 

Radiocarcinogenic Risk 7E-04 
Chemical Carcinogenic Risk 2E-04 

1E-04 
6E-05 

Totala: 9E-04 2E-04 
Surface Soil/Exposed Pit Material 

Radiocarcinogenic Risk 4E-04 3E-04 
Chemical Carcinogenic Risk 2E-04 2E-04 
Totala: 7E-04 5E-04 

Buried Pit Material 
Radiocarcinogenic Risk 5E-05 3E-05 
Chemical Carcinogenic Risk NA NA 
Totala: 5E-05 3E-05 

Paddys Run Surface Water 
Radiocarcinogenic Risk NA 7E-08 
Chemical Carcinogenic Risk NA 6E-08 
Totala: NA 1E-07 

Paddys Run Sediment 
Radiocarcinogenic Risk NA 4E-06 
Chemical Carcinogenic Risk NA 9E-06 
Totala: NA 1E-05 

All Media 
Radiocarcinogenic Risk 1E-03 
Chemical Carcinogenic Risk 4E-04 

4E-04 
3E-04 

Totala: 2E-03 7E-04 
NA - Not Applicable. Exposure route not evaluated for this receptor. 
a Radiocarcinogenic risk and chemocarcinogenic risk are not truly additive. 

A total is provided for reference only. 

. . _ *  
.L .. : 000293 

E-7-10 



5 5 1 1  
c 

TABLE E.7-6 

HAZARD INDEX SUMMARY 
FUTURE LAND USE (GOVERNMENT RESERVE) 

FUTURE SOURCE TERM 

FEMP-OUOI-5 DRAFT FINAL 
Rev. 2 - May 4, 1994 

Expanded 
Medium Groundskeeper Trespasser 

Air 62E-01 2.9E- 0 1 

Surface Soil/Exposed Pit Material 1.6E +00 35E+00 

Paddys Run Surface Water NA 3.9E - 02 

Paddys Run Sediment NA l.lE-01 

All Media 2.2E+00 4.OE+00 

NA - Not Applicable. Exposure route not evaluated for this receptor. 
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TABLE E.7-9 5 5 1 1  
INCREMENTAL LIFETIME CANCER RISKS FOR SOIL PATHWAYS 

RME RESIDENT FARMER 
NATURAL BACKGROUND CONCENTRATIONS 

0"-6" UCL 
Background Soil 

Radionuclide (pCi/g) Risk Operable Unit 1 

Cs-137 + 1 dtr 4.4 x 10-I 4 x 1 0 5  4 x 1 0 4  

Ra-226 + 8 dtrs 1.2 x loo 3 x 104 1 x lo2 
Th-230 1.5 x 10' 1 x 107 1 x 104 

Th-232 + 10 dtrs 1.1 x loo 4 x 1 0 4  2 x 

Concentrationa Background Cancer Risks 

U-234 

U-235 + 1 dtr 

U-238 + 2 dtrs 

K-40d 

1.0 x loo 3 x 107 3 x 10-5 

1.1 x loo 2 x 1 0 6  1 x 10-3 

8.8 x lo2 9 x 1 0 7  4 x 1 0 4  

1.7 x 10' 1 x 10-3d NA 

Total Risk - 7 x lo4 4 x le2 

Chemical 

0"-6" UCL 
Background Soil 
Concentrationb Background Cancer Risks 

(mg/kg) Risk Operable Unit 1 

Arsenic 

Beryllium' 

6.0 x 100 2 x  104 1 x 

6.0 x 10' 2 x 1 0 4  1 x 103 

Total Risk u 4 x lo4 1 x lo2 

'Radionuclide UCL background concentrations in soil (0"-6") are obtained from Attachment 
E.1, 
Table E.1-5. 

bChemical UCL background concentrations in soil (0"-6") are obtained from Attachment 
E.1, 
Table E.I-4. 

'UCL was not calculated; frequency of detection was 1/30. 
dThe background risk for K-40 was not included in total background risk because K-40 was 
not 
selected as a CPC for this operable unit. Including it in the total risk from background 
could bias decisions if the total background risk were compared directly with the total 
site-related risks calculated in this report. It is included here because it is a ubiquitous 
component of background. 

00029:~ 
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5 5 1 P  TABLE E.7-10 

TOXIC EFFECTS FOR SOIL PATHWAYS 
RME RESIDENT FARMER 

NATURAL BACKGROUND CONCENTRATIONS 

~~~ ~ ~ 

O " 4 "  UCL 
Background Soil Background Hazard 
Concentration" Hazard Quotients 

Chemical (mg/kg) Quotient Operable Unit 1 

Arsenic 6.0 x 100 0.4 26 

Berylliumb 6.0 x lo-' 0.009 0.05 

Barium 7.9 x loo 0.04 0.1 

Boron 1.2 x 10' 0.5 0.004 

Cadmium 4.0 x 10'' 0.1 1.5 

Chromium 1.2 x 10' 0.008 0.06 

Cobalt 1.1 x 10' 0.008 0.009 

Manganese 9.8 x l@ 0.9 0.8 

Mercuryb 3.0 x lo-' 6 0.04 

Molybdenum ND' -- 0.2 

Nickel 1.3 x 10' 0.08 0.1 

3 Silver ND -- 

Thalliumb 5.8 x lo-' 0.3 0.2 

Uraniumd 2.3 x 10" 0.02 5 

Vanadium 2.2 x 10' 0.03 0.6 

Total Hazard Index - 8 38 

"Chemical UCL background concentrations in soil (0"-6") are obtained from Attachment 
E.1, 
Table E.I-4. 

bUCL was not calculated; frequency of detection was 1/30 and maximum is presented. 
'ND - Not detected. 
dTotal uranium arithmetic mean background concentration in soil is obtained from Table 4- 
9 of the 
CERCLNRCRA Background Soil Study (March 19, 1993). 

000298 
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ATTACHMENT E.II 
LEGEND 

A Based on the t-test, WRS test or in conjunction with the 93” percentile confidence limit (CL) on 
the arithmetic mean the constituent concentration is not statistically higher than 

B Essential macronutrients for which there are no known toxic effects at the concentrations defined. 

C Essential micronutrients for which there are no toxic effects at the concentrations found. 

D Ubiquitous elements in soil, not toxic except at high levels 
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. I .  TABLE E.11- 1 3  i 5511" 
TOXICITY SCREENING CRITERIA FOR CHEMICALS 

EPA Part B 
Soil Surface Water 

Dose-Response Screening Screening 
Oral CSF Inhalation CSF Oral RfD Inhalation RfD Valuea Valuea 

Constituent (mg/Kg/daY)- (mg/KgldaY)- (mg/Kg/day) (rng/Kg/daY) (mg/Kg) ( m a )  

aluminum 
antimony 
arsenic 
barium 
beryllium 
boron 
cadmium 
chromium vi 
cobalt 
copper 
cyanide 
lead 
magnesium 
manganese 
mercury 
molybdenum 
nickel 
selenium 
silver 
thallium 
uranium - total 
vanadium 
zinc 
l,l, 1 - trichloroethane 
1,1,2,2- tetrachloroethane 
1,1,2- trichloroethane 
1,l -dichloroethane 
1,l -dichloroethene 
1,2,4- trichlorobenzene 
1,2- Qchloroethane 
1,2- dlchloroethene 
1,2- Qchloropropane 
1,4- &chlorobenzene 
2,4,6- trichlorophenol 
2,4- dichlorophenol 
2,4- dmitrophenol 
2,4- dinitrotoluene 
2,6 - dinitrotoluene 
2-chlorophenol 
2 - hexanone 
2 -methylnaphthalene 
2 - nitroanaline 
2 - nitrophenol 
3,3- dichlorobenzidene 
3 - chloropropene 

ND 
ND 

1.75E+00 
ND 

4..30E + 00 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2.00E - 01 
S.70E-02 

ND 
6.10E-01 

ND 
9.10E-02 

ND 
ND 

2.40E -02 
1.10E- 02 

ND 
ND 

6.80E-01 
6.80E-01 

ND 
ND 
ND 
ND 
ND 

ND 
4.SOE-01 

ND 
ND 

1 SOE +01 
ND 

8.40E + 00 
ND 

6.30E+00 
4.20E+01 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

8.40E-01 

2.03E - 01 
5.70E - 02 

ND 

ND 

ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1.80E - 01 

9.10E-02 

6.80E-02 

1.10E - 02 

ND 
4.00E-04 
3.00E-04 
7.00E-02 
5.00E -03 
9.00E - 02 
1.00E-03 
5.00E - 03 
6.00E-02 
3.70E-02 
2.00E - 02 

ND 
9.70E+00 
1.40E - 01 
3.00E-04 
S.00E - 03 
2.00E - 02 
S.00E - 03 
S.00E - 03 
7.00E-OS 
3.00E - 03 
7.00E - 03 
3.00E-01 

ND 
ND 

ND 
4.00E-03 

9.00E-03 
1.00E-02 

9.00E-03 
ND 

ND 
ND 
ND 

3.00E - 03 
2.00E-03 
2.00E-03 
1.00E-03 
S.00E-03 
4.00E-02 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

. ND 

ND 
ND 

ND 
ND 
ND 
ND 

1.43E - 04 

S.71E-03 

3.00E-07 

1.14E-04 
8.57E-OS 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

ND 

ND 
ND 

2.86E-01 

1.43E-01 

2.S7E -03 

1.14E-03 
2.29E - 01 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

S.71E-OS 

ND 
1.08E+01 

1.89E+03 

2.43E+03 
2.70E +01 
1.3SE+02 
1.62E+03 
9.99E+02 
S.40E+02 

ND 
2.62B+OS 
3.78E+03 
8.10E +00 
1.3SE+02 
S.40E+02 
1.3SE+02 
1.3SE+02 
1.89E + 00 
8.10E+01 
1.89E+02 
8.10E+03 

3.66E-02 

1.49E - 02 

ND 
3.20E-01 
1.12E + 00 

ND 

2.70E+02 

2.43E+02 
ND 

2.67E+00 
S.82E+00 
8.10E+01 
S.40E+01 

1.0SE-01 

7.03E-01 

9.41E - 02 
9.41E - 02 
1.3SE+02 
1.08E+03 

ND 
ND 
ND 

ND 
1.42E-01 

ND 
1.46E-03 
4.86E-06 
2.56E-01 
1.98E -06 
3.28E -01 
3.6SE -03 
1.82E - 02 
2.19E-01 
1.3SE-01 
7.30E-02 

ND 
3.54E+01 
5.11E-01 
1.09E- 03 
1.82E - 02 
7.30E-02 
1.82E - 02 
1.82E - 02 
2.SSE-04 
1.09E - 02 
2.SSE-02 
1.09E + 00 
2.78E - 01 
8.84E - 06 
3.14E-OS 
1.39E-01 
6.61E-06 
2..34E-03 
1.97E - OS 
3.28E-02 
3.33E-OS 
3.54E-04 
1.63E - 04 
1.09E - 02 
7.30E - 03 
1.2SE-OS 
1.2SE-OS 
1.82E - 02 
1.46E-01 

ND 

ND 

ND 

S.56E-OS 

1 .89E-OS 
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5 5 1 1  TABLE E.11- 1 3  
(con’t) 

EPA Part B 
Soil Surface Water 

Dose-Response Screening Screening 
Oral CSF Inhalation CSF Oral RfD Inhalation RfD Valuea Valuea 

Constituent (mglKg/day)-l (mg/Kglday)-l(mmg/~Y) (mg/Kglday) (mg/Kg) ( m a )  

3-nitroanaline 
4 - chloro - 3 - methylphenol 
4-nitrophenol 
acetone 
benzene 
b 4 2  - ethylhexy1)phthalate 
bromodichloromethane 
bromoform 
carbazole 
carbon disulfide 
carbon tetrachloride 
chlorobenzene 
chloroform 
chloromethane 
dibromochloromethane 
hexachlorobenzene 
hexachloroethane 
methylene chloride 
n -nitrosodiphenylamine 
n-nitrosodipropylamine 
pentachlorophenol 
styrene 
te trachloroethene 
toluene 
tributyl phosphate 
trichloroethene 
Vinyl chloride 
acenaphthylene 
benzo(g,h,i)perylene 
fluoranthene 
phenanthrene 
benzo(a)anthracene 
benzo( a)pyrene 
benzo( b)fluoranthene 
benzo( k)fluoranthene 
chrysene 
dibenzo(a,h)anthrace 
indene( 1,2,3-cd)pyrene 

4,4 - dde 

aldrin 
alpha bhc 
aroclor- 1248 

4,4 - ddd 

4,4-ddt 

ND 
ND 
ND 
ND 

2.90E-02 
1.40E -02 
6.20E -02 
7.90E - 03 
2.00E - 02 

1.31E-01 
ND 

ND 
6.10E-03 
1 .WE - 02 
8.40E-02 
1.60E+00 
1.40E- 02 
7.50E-03 
4.90E-03 
7.00E+OO 
1.20E -01 
3.00E - 02 
5.20E-02 

ND 
ND 

1.10E - 02 
1.90E+00 

ND 
ND 
ND 
ND 

730E + 00 
7..WE - 0 1 

7.30E-01 
7..WE-02 
7.30E-03 
7.30E+00 
7.30E-01 
2.40E-01 
3.40E -01 
3.40E - 01 
1.70E + 01 
6..30E+00 
7.70E + 00 

ND 
ND 
ND 
ND 

ND 
ND 

ND 
ND 

ND 

2.92E-02 

3.90E-03 

5.30E-02 

8.10E-02 
6.30E- 03 

ND 
1.60E+OO 
1.40E -02 
1.60E-03 

ND 
ND 
ND 
ND 

ND 
ND 

2.00E - 03 

6.00E - 03 
3.00E - 01 

ND 
ND 
ND 
ND 

6.10E+ 00 
6.lOE-01 

6.10E-01 
6.10E - 02 
6.10E-03 
6.10E+00 

ND 
ND 

1.70E+01 
6.30E+00 

6.10E-01 

3.40E - 01 

ND 

3.00E-03 

6.00E - 02 
1 .WE - 01 

2.00E-02 
2.00E-02 
2.00E-02 

1 .WE - 01 
7.00E-04 
2.00E-02 
1.OOE-02 

2.00E - 02 
8.OOE-04 
1 .OOE - 03 
6.10E-02 

ND 

ND 

ND 

ND 

ND 
ND 

3.00E-02 
2.00E - 01 
1 .OOE -02 
2.00E-01 
5.00E-03 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

4.00E-02 

5.00E-04 
3.00E-05 

ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2.86E-03 

5.71E-03 

8.57E-01 

2.86E - 01 

1.14E-01 

8.10E+01 
ND 

1.62E + 03 
2.70E+03 
2.21E+OO 
4.57E + 00 
1.03E + 00 

3.20E+OO 
2.70E+03 

5.40E +02 
1.05E+01 
4.92E+00 

8.10E +00 

4.89E-01 

7.62E - 01 
4.00E - 02 
4.57E+OO 
8.53E+00 
1.31E+01 
9.14E-03 
5.33E - 01 
2.13E+00 
1.23E+OO 
5.40E+03 
1.35E+02 
5.82E+00 

ND 
ND 

1.08E+03 
ND 

3.37E-02 

8.77E-02 
8.77E-03 
8.77E-02 
8.77E - 01 

8.77E-03 
8.77E-02 
2.67E-01 
1 .88E -01 
1.88E-01 
3.76E-03 
1.02E - 02 
8.31E-03 

8.77E+00 

1.09E - 02 

2.19E-01 
3.65E - 01 
6.14E-05 
6.07E-04 
1.37E-04 
1.08E-03 
4.25E-04 
2.76E-03 
2.58E - 05 
5.17E - 03 
2.74E-05 
2.32E-04 
1.01E - 04 
5.31E-06 
6.07E - 04 
6.30E - 04 
1.73E - 03 
1.21E-06 
7.08E-05 
2.83E-04 
1.43E - 04 
9.65E-02 
1.82E-02 
2.54E - 04 
2.81E-06 

ND 

ND 
ND 

ND 
1.46E - 01 

1.16E - 05 
1.16E-06 
1.16E -05 
1.16E - 04 
1.16E - 03 
1.16E - 06 
1.16E - 05 
3.54E-05 
2.50E - 05 
2.50E-05 
5.00E -07 
1 %E-06 
1.10E-06 

FEWOUl RINDWAF’P U05/03/94 11 : 1 lam 



FEMP-OUO1-S DRAFT FINAL 
Rev. 2 - May 4, 1994 

.5511' TABLE E.11- 13  
(con't) 

EPA Part B 
Soil Surface Water 

Dose-Response Screening Screening 
Oral CSF Inhalation CSF Oral RfD Inhalation RfD Valuea Valuea 

Constituent (mglKddaY)- (mglKddaY)- '(mglKdday) (mglKglday) (mglKg) ( m a )  

aroclor- 1254 
aroclor- 1260 
beta bhc 
chlorodane 
delta bhc 
diazinon 
dieldrin 
endosulfan I 
endosulfan I1 
endrin 
gamma chlorodane 
heptachlor 
heptachlor epoxide 
lindane 
malathion 
methoxychlor 
toxaphene 
heptachlorodibenzofuran 
heptachlorodibenzo-p- &oxi 
hexachlorodibenzofuran 
hexachlorodibenzo -p- dioxin 
octachlorodibenzofuran 
octachlorodibenzo -p- dioxin 
pentachlorodibenzofuran 
tetrachlorodibenzofuran 
tetrachlorodibenzo- p- dioxin 

7.70E+00 
7.70E + 00 
1.80E + 00 
1.3OE+00 

ND 
ND 

1.60E+01 
ND 
ND 
ND 

' ND 
4.50E + 00 
9.10E + 00 

ND 
ND 
ND 

1.10E + 00 
1.50E+03 
1 SOE +03 
1.50E+04 
1.50E+04 
1.50E+02 
1 .50E+02 
7S0E + 03 
1.50E+04 
1 .50E+05 

ND 
ND 

1 .WE + 00. 
1.3OE+00 

ND 
ND 

1.60E+01 
ND 
ND 
ND 
ND 

4.50E+00 
9.10E+00 

ND 
ND 
ND 

1.10E+00 
1.50E+03 
1.50E+03 
1.50E + 04 
1.50E + 04 
1.50E+02 
1.50E+02 
7.50E+03 
1.50E+04 
1.50E+05 

ND 
ND 
ND 

ND 
6.00E - OS 

9.00E-04 
5.00E-05 

ND 
ND 

ND 
3.00E-04 

5.00E -04 
1.3OE-05 
3.00E-04 
2.00E - 02 
5.00E - 03 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 8.31E-03 
ND 8.31E-03 
ND 3.56E-02 
ND 4.92E-02 
ND ND 
ND 2.43E+01 

ND ND 
ND ND 
ND 8.10E+00 
ND ND 

ND 4.00E-03 

ND 1.42E-02 
ND 7.03E-03 
ND 8.10E+00 
ND 5.40E+02 
ND 1.35E+02 
ND 5.82E-02 
ND 4.27E-05 
ND 4.27E-05 
ND 4.27E-06 
ND 4.27E-06 
ND 4.27E-04 
ND 4.27E-04 
ND 8.53E-06 
ND 4.27E-06 
ND 4.27E-07 

1.10E - 06 
1.10E-06 
4.72E -06 
6.54E -06 

ND 
3.28E-03 
5.31E-07 

ND 
ND 

ND 
1.09E-03 

1.89E - 06 
9 3 E  - 07 
1.09E-03 
7.3OE-02 
1.82E-02 
7.73E-06 
5.67E-09 
S.67E - 09 
5.67E- 10 
5.67E- 10 
5.67E-08 
5.67E-08 
1.13E -09 
5.67E- 10 
5.67E-11 

Note: 
a Screening value selected is lower of values based on cancer risk level of or HQ of 0.1. 
ND - NO data. 
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32- U 

where 
I .  - =" Incremental lifetime cancer risk from volatilization (unitless) 

1, = Intake from drinking water (mg/kgd) 
SFi = Slope factor (0.3 r-kgd/mg-lifetime) 

The risk for this receptor, pathway, and chemical is determined by substituting the lifetime 
intake calculated by Equation E.111-74 and the inhalation slope factor of vinyl chloride for SFi 
into Equation E.1II-75. This yields: 

ILCR = (0.3 r-kgd/mg-lifetime)(O. 10 mg/d-kg) (E. 111-76) 
ILCR, = 0.030 dlifetime 

Thus, each additional mg/L of vinyl chloride in water will yield a calculated excess risk of 3 
x lo-* dlifetime for this receptor and pathway. 

Dermal Contact: 

The following sample calculation shows the method used to quantifL exposure via dermal 
contact with water (i.e. from swimming, showering, bathing, etc.) (EPA 1989a, 19923, 
1992~).  In the example given below, dermal contact with household water containing vinyl 
chzoride is calculated. 

where 

Intake though skin from showering or bathing (mg/kgd) 
Absorbed dose per event (mg/cm2-event) 
Event frequency (event/d) 
Surface area (cm2) 
Exposure frequency (dly) 
Exposure duration (y) 
Conversion factor (0.001 L/cm3) 
Body weight (kg) 
Averaging time (for carcinogens, AT = 25,550 d) 

(E.111-77) 

1 

2 

3 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 
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6 5 1 1  
DA- can be calculated as: 

DA, = (C,)(~)(I$,)[(~)(TAO)(LJ/?~]~.’ if C t*, or 
DA- = (Cw)(I$,){[(t-J+(2)(TA0)(1+3B)]/(1+B)) if > t* 

where 

c, = Concentration in water (mgL) 
I$ = Permeability constant (0.0073 cmh) 
TAO = Lag time (0.21 h) 
B = Partitioning coefficient (unitless) 
t- = Time of event (0.25 h) 
?r = Pi (3.14) 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

0 (1 0 n 4 4 
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Incidental 
Ingestion 

TABLE E.111-2 
INTAKES FOR CARCINOGENS FOR ON-PROPERTY GROUNDSKEEPER 

CURRENT LAND USE, CURRENT SOURCE TERM 

Dermal External 
Contact Exposure 

Transfer Media 

Exposure Pathways 
Contaminants of Concern 
Radionuclides 

csl,7+ld 

NPP7+ld 

fimn4Ll 
R%6+8d 

TC99 

%.lcl 

R % 8 + l d  

sr90+ld 

l % d + . l d  

Chemicals 

arsenic 
beryllium 
Eadmium 
lead 
nickel 
xb 
xnzo(a)anthracene 
xnm(a)pyrene 
xnzo@)fluoranthene 
xnm(k)fluoranthene 
:hrysene 
:hlorofoml 
:etrachloroethene 
wnzene 
nethylene chloride 

Air 

Inhalation 
pCiife 

9.8E-02 
6.1E-02 
1.E-02 
2.4E-02 
1.E-01 
2.E-01 
1.9E-01 
6.9E-01 
9.6E-01 
1.8E+01 
6.E-01 
15E+01 
1.E-01 
9.6E+01 
53E-01 

mg/Kg/day 

5.6E-10 
5.3E-11 
4.OE-10 

N A  
N A  

9.E-11 
6.8E- 12 
2.9E-12 
4.1E-12 
3.5E-12 

NA 
N A  
N A  
N A  
NA 

mg/Kg/day mg/Kg/day 

4.OE-07 
3.8E - 08 
2.9E-07 

N A  
N A  

6.8E-08 
4.8E-09 
2.1E-09 
2.9E-09 
2.3E-09 
4.3E-09 

N A  
N A  
N A  
N A  

2.3E-08 
2.2E-08 
1.6E-07 

N A  
N A  

N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  

1.2E -07 

N A  
N A  
N A  
N A  
N A  
N A  
NA 
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  

Buried Pit 
Material 

External 
Exposure' 
mRemAife 

7.5E+01 

N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
NA 
N A  
N A  

N A  - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
' Calculation of dose from penetrating radiation for groundskeeper is provided in Table EN-35. 
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TABLE E.111-3 

CURRENT LAND USE, CURRENT SOURCE TERM 
INTAKES FOR TOXICANTS FOR ON-PROPERTY GROUNDSKEEPER 

Transfer Media: 

Exposure Pathways: 

Toxicants 

cyanide 
antimony 
arsenic 
barium 
beryllium 
cadmium 
copper 
lead 
manganese 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium- total 
uranium - total 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2- nitrophenol 
acetone 

Inhalation 

NA 
55E-09 
1.6E-09 

NA 
1.E-10 
l.lE-09 

NA 
NA 
NA 
NA 
NA 
NA 

1.3E- 10 
NA 

l.lE-09 
7.9E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
ME-06 
l.lE-06 

NA 
l.lE-07 
8.0E - 07 

NA 
NA 
NA 
NA 
NA 
NA 

9.6E-08 
NA 

7.9E-07 
5.7E-05 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.E-06 
65E-08 

NA 
6.1E-08 
4.6E-07 

NA 
NA 
NA 
NA 
NA 
NA 

5.5E-08 
NA 

1.4E-06 
ME-05 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
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Ingestion of 
Vegetables Ingestion 

Inhalation and Fruits of Meat 

TABLE E.III-4 
INTAKES FOR CARCINOGENS FOR RME OFF-PROPERTY 

FARMER, CURRENT LAND USE, CURRENT SOURCE TERM 

Ingestion 
of Milk 

Products 

Transfer Media: 

Exposure Pathways: 
Contaminants of Concern 
Radionuclides 

(=Slll+ld 

NPt31+ld 
%?d 

~ m m  
Ra,+, 
RaZZ3+ld 

Chemicals 

arsenic 
beryllium 
cadmium 
lead 
nickel 

benzo(a)anthracene 
benzo( a)pyrene 
benzo@)fluoranthene 
benzo(k)fluoranthene 
chrysene 
chloroform 
te trachloroethene 
benzene 
methylene chloride 

PCb 

mg/Kg/day mg/Kg/day mg/Kg/day mg/Kg/day 

2.8E-10 4.1E-09 1.OE-09 1.3E-10 
2.7E- 11 4.OE-10 7.7E- 11 2.8E-13 
2.1E-10 2.8E - 08 3.7E-09 2.7E-08 

N A  N A  N A  N A  
N A  N A  N A  N A  

4.9E-11 2.3E-09 6.6E-09 8.3E-09 
3.4E- 12 4.6E-11 2.6E-11 3.3E-11 
1.5E-12 1.9E-11 2.6E-11 3.3E-11 
2.1E-12 2.6E- 11 1.3E-10 1.7E- 10 
1.6E-12 2.1E-11 2.2E-10 2.8E-10 

N A  NA N A  N A  
N A  N A  N A  N A  
N A  N A  N A  N A  
N A  N A  N A  NA 
N A  NA N A  N A  

N A  - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 

000348 
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Ingestion of 
Vegetables Ingestion 

TABLE E.III-5 
INTAKES FOR TOXICANTS FOR RME OFF-PROPERTY 

FARMER, CURRENT LAND USE, CURRENT SOURCE TERM 

Ingestion 
of Milk 

cyanide 
antimony 
arsenic 
barium 
beryllium 
cadmium 
WPper 
lead 
manganese 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium -total 
uranium -total 
chloroform 
te trachloroethene 
methylene chloride 
toluene 
2-nitrophenol 
acetone 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 

Inhalation I andFmits 1 of Meat I Products 
me/Kglday r n W d a y  m-day m m d a y  

NA 
9.7E-10 
2.8E-10 

NA 
2.7E-11 
2.1E-10 

NA 
NA 
NA 
NA 
NA 
NA 

2.4E-11 
NA 

2.OE-10 
1.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E-08 
4.1E-09 

NA 
4.OE-10 
2.8E-08 

NA 
NA 
NA 
NA 
NA 
NA 

3.2E-10 
NA 

2.6E-09 
1.8E-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.6E-09 
1.OE-09 

NA 
7.7E- 11 
3.7E-09 

NA 
NA 
NA 
NA 
NA 
NA 

2.38-09 
NA 

3.1E-12 
2.OE-09 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.6E-09 
13E-10 

NA 
2.8E-13 
2.E-08 

NA 
NA 
NA 
NA 
NA 
NA 

4.5E-10 
NA 

1 .OE- 11 
2.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
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Ingestion of 
Vegetables Ingestion 

Inhalation and Fruits of Meat 

r . C _ &  

Ingestion 
of Milk 

Products 

55 p ]I’ 
INTAKES FOR CARChJOGENS FOR RME OFF-PROPERTY 
CHILD, CURRENT LAND USE, CURRENT SOURCETERM 

Transfer Media 

Exposure Pathways 
Contaminants of Concern 
Radionuclides 

cs137+ld 

NP237+ld 

pum 
~ 2 3 9 m  

Ram+, 
RaZ?d+ld 

sr90+ld 

Chemicals 

arsenic 
be~yllium 
cadmium 
lead 
nickel 
pcbs 
benzo(a)anthracene 
benzo(a)pyrene 
benzo@)fluoranthene 
benzo(k)fluoranthene 
: h p n e  
:hlorofom 
tetrachloroethene 
wnzene 
nethylene chloride 

mgn<g/day mg/Kg/day mg/Kg/day mg/Kg/day 

6.8E-11 
6.4E-12 
5.OE- 11 

NA 
N A  

1.2E- 11 
8.3E-13 
3.6E-13 
5.OE-13 
3.9E-13 

NA 
NA 
N A  
NA 
NA 

1.4E-09 
1.4E- 10 
9.6E-09 

NA 
NA 

7.9E-10 
1.6E-11 
6.7E-12 
9.2E-12 
7.3E-12 

NA 
NA 
N A  
NA 
N A  

1.6E-10 
1.2E-11 
5.8E-10 

N A  
N A  

1.OE-09 
4.OE-12 
4.OE-12 
2.1 E- 11 
3.4E- 11 

N A  
N A  
N A  
N A  
N A  

l.lE-10 
2.5E- 13 
2.5E-08 

N A  
N A  

7.5E-09 
2.9E-11 
3.OE- 11 
1.6E-10 
2.5E-10 

N A  
, N A  

N A  
N A  
N A  

N A  -,Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 

’ 
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Ingestion of 
Vegetables Ingestion 

Inhalation and Fruits of Meat 

5511 
TABLE E.111-7. 

Ingestion 
of Milk 

Products 

INTAKES FOR TOXICANTS FOR RME OFF-PROPERTY 
CHILD, CURRENT LAND USE, CURRENT SOURCE TERM 

Transfer Media: I 1 Exposure Pathways: 

Toxicants 

cyanide 
antimony 
arsenic 
barium 

cadmium 
copper 
lead 
manganese 
nickel 
selenium 
silver 
vanadium 
thorium- total 
uranium- total 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2 - nitrophenol 
acetone 

beryllium 

NA 

NA 
NA 

7.5E-11 
5.8E-10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.6E-10 
4.OE-08 

NA 
NA 
NA 
NA 
NA 
NA 

2.7E - 09 
NA 

9.8E-08 
NA 
NA 

1.6E-09 
1.1E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 .OE - 08 
7.3E-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E-08 

NA 
NA 

1.4E-10 
6.8E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.6E- 12 
3.6E-09 

NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 

2.8E - 08 

2.9E- 12 
2.9E - 07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E- 10 
2.6E-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
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55 B 1 
1 . *  e TABLE E.111-8 

INTAKES FOR CARCINOGENS FOR TRESPASSING YOUTH 
CURRENT LAND USE, CURRENT SOURCE TERM 

Transfer Media: Air 

Exposure Pathways: 
.Contaminants of Concern Inhalation 
Radionuclides 

CSISl+ld 

~, ' 

%+Id 

Sr,,, 

%a 

Un4 

Np2%7+ld 

~ n 9 m  
R%+, 

TC99 

%B+7d 

n n z  

U r n + I D  

una+, 
Rn,,, 

pCiAife 

1.2E-02 
7.3E - 03 
15E-a3 
29E-03 
2OE-02 
3.E-02 
23E-02 
8.1E-02 
l.lE-01 
2lE+Oo 
8.OE-02 
1.7E+Oo 
2OE-02 
l.lE+Ol 
6.E-02 

Buried Pit 
Material 

External 
Exposure' 
mRern/life 

Incidental 
Ingestion 

28E+Ol 

Dennal External 
Contact Exposure 

Chemicals 

arsenic 
beryllium 
cadmium 
lead 
nickel 
Pcbs 
benzo(a)anthracene 
benzo(a)pyrene 
benzo@)fluoran thene 
benzo(k)fluoranthene 
chrysene 
chloroform 
tetrachloroethene 
benzene 
methylene chloride 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

mg/Kg/day mglKglday mg/Kg/day 

1.1E- 10 1.E-07 2OE-08 NA 
1.OE-11 l.lE-08 1.8E-08 NA 
7.E-11 8.3E-08 1.4E-07 NA 

NA NA NA NA 
NA NA NA NA 

1.9E - 1 1 2OE-08 1.OE-07 NA 
1.3E- 12 1.4E-09 NA NA 
5.E-  13 6.0E- 10 NA NA 
7.9E- 13 8.4E-10 NA NA 
6.8E- 13 6.5E- 10 NA NA 

NA 1.E-09 NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
Calculation of dose from penetrating radiation for trespassing youth is provided in Table EN-36. 

,' . . 
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Incidental Dermal 
Ingestion Contact 

TABLE E.111-9 
INTAKES FOR TOXICANTS FOR TRESPASSING YOUTH 

CURRENT LAND USE, CURRENT SOURCE TERM 

' 

External 
Exposure 

Transfer Media 

Exposure Pathways 

Toxicants 

cyanide 
antimony 
arsenic 
barium 
be@lium 
cadmium 
copper 
lead 
manganese 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium- total 
uranium- total 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2-nitrophenol 
acetone 

Air 

Inhalation 
m m d a y  

NA 
22E-09 
63E-10 

NA 
5.9E- 11 
4.E- 10 

NA 
NA 
NA 
NA 
NA 
NA 

5.4E- 11 
NA 

4.E- 10 
3.z-08 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
23E-06 
6.8E-07 

NA 
6.4E-08 
4.9E-07 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
5.8E-08 

4.8E- 07 
3.4E-05 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.9E-06 
l.lE-07 

NA 
l.lE-07 
8.E-07 

NA 
NA 
NA 
NA 
NA 
NA 

9.E-08 
NA 

24E - 06 
5.8E-05 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 

Qci3353 
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mg/Kg/day mglKglday 

4.2E-05 5.lE-06 
7.9E-07 2.9E-09 
9.3E-05 6.7E-04 

NA NA ~ 

NA NA I 

4.4E-05 5.5E-05 ~ 

1.6E-06 2.1E-06 I 
1.2E -06 1.5E-06 

5.8E-06 4.5E-06 
5.9E-06 7.4E-06 
1.5E-06 1.9E-06 

NA NA 
NA NA 
NA NA 
NA NA 

*. ’. .** . TABLE E.111- 10 
’’ ’ INTAKES $OR CARCINOGENS FOR OFF-PROPERTY USER O F  

MEAT AND MILK PRODUCTS 
CURRENT LA 
I 

Transfer Media 

Exposure Pathway! 
Contaminants of Concern 
Radionuclides 

%7+Ld 

Np237+1d 
h 2 3 8  

UZ38+2d 

Chemicals 

arsenic 
beryllium 
cadmium 
lead 
nickel 

benzo(a)anthracene 
benzo(a)pyrene 
benzo( b)fluoranthene 
benzo( k)fluoranthene 
chrysene 
chloroform 
tetrachloroethene 
benzene 
methylene chloride 

PCk 

D USE, CURRENT SO1 

Ingestion of Milk 

C i i f e  CiAife 

1.3E+05 
2.8E+02 
4.8E-02 
9.6E-02 
8.OE + 02 
1.2E +03 

4 . 2 ~  + 07 
4.6E+01 
8.7E + 02 
3.3E+01 
4.OE+04 
6.4E + 03 
2.7E + 05 

1.OE+05 

1.8E +05 
1.OE+02 
3.8E - 02 
7.E-02 
5.8E+03 
9.OE+03 
2.1E+06 
2.OE+08 
1.5E+02 
2.9E+03 
1.1 E +02 
4.8E+05 
7.6E+04 
3.2E+06 

RCE T E R M  

Surface Water 

Ingestion of Milk 

C i i f e  CiAife 

1.3E+06 1.9E+Ot 
NA NA 
NA NA 
NA NA 

4.E+01 3.4E+Oi 
6.1 E +02 4.6E+O: 
2.1E+04 4.3E+O: 
7.8E+06 3.8E+O; 

NA NA 
6.5E -0 1 2.2E+OC 

NA NA 
6.1E+04 7.6E+O! 
3.4E+03 4.2E+04 
1.3E+05 1.6E+OC 

mglKg/day mg/Kg/day 

2.8E-06 ME-07 
NA NA 
NA NA 

1.9E-06 6.5E-06 
1.8E-04 1.2E-04 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

2.6E- 10 3.6E- 10 
1.4E-09 1.8E - 09 
1.2E-08 1.6E-08 
3.2E- 11 7.2E-11 

NA - Not applicable. Chemical not a chemical of interest for media or  exposure pathway not applicable. 

000354 
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. & .  TABLE E.111- 11  ' 
INTAKES FOR TOXICANTS FOR OFF-PROPERTY USE8 OF 5 5 1 1 

MEAT AND MILK PRODUCTS 
CURRENT LA: 

Transfer Media 

Exposure Pathways 

Toxicants 

cyanide 
antimony 
arsenic 
barium 

cadmium 
copper 
lead 
manganese 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium- total 
uranium- total 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2-nitrophenol 
icetone 

beryllium 

,' 

D USE. CURRENT SOURCE TERM 

Ingestion 
Ingestion 
of Meat Products 

mg/Kp;/day mpjKglday 

NA 
3.OE-04 
42E-05 

NA 
7.9E-07 
9.3E-05 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.OE-05 

1.9E-08 
7.9E-05 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
12E-04 
5.1E-06 

NA 
2.9E-09 
6.7E-04 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.5E-08 
9.4E-04 

4.OE-06 

NA 
NA 
NA 
NA 
NA 
NA 

Surface Water 

Ingestion of Milk 

2.OE-09 
9.3E-06 
2.8E-06 
7.7E-05 

NA 
NA 

4.78-04 
2.3E-06 
2.5E-06 
1.8E-04 
3.1E - 05 
2.OE - 05 

NA 

NA 
NA 

2.6E- 10 
1.4E-09 
3.2E- 11 
5.2E-09 
4.OE- 10 
5.9E-11 

1.3E-04 

2.6E-09 
3.E-06 
3 . E  - 07 
7.2E-04 

NA 
. NA 
2.8E-04 
7.7E-06 
8.9E-06 
1.2E-04 
3.3E-05 
5.4E-04 

NA 

NA 
NA 

4.2E-06 

3.6E- 10 
1 AE-09 
7.2E- 11 
7.3E - 09 
5.2E- 10 
1.3E-10 

NA - Not applicable. Chemical not a chemical of interest for media o r  exposure pathway not applicable. 
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Incidental 

TABLE E.111-18 
INTAKES FOR CARCINOGENS FOR ON-PROPERTY GROUNDSKEEPER 

FUTURE LAND USE, FUTURE SOURCE TERM .a . ,* .& 5 !i .)ek?. . a . I .  . 

Demal External 

Transfer Media 

Exposure Pathways 
Contaminants of Concern 
Radionuclides 

cslS7+ld 

%37+ld 

fi, 
fi239Mo 

R%M 
RU,, 
Srw,, 
TC, 

'Ih, 
'Ih,+lCd 

urn 
U,+lD 

u,+, 
Rn,, 

chemicals 

arsenic 

Cadmium 
chromium vi 
lead 
nickel 

benzo(a)anthracene 

benzo(b)fluoranthene 
benzo(k)fluoranthene 
chxysene 
dibenzo(a,h)anthrae 
mdeno(l,2+cd)pyrene 

-nitrosodipropyIamine 
pentachlorcipbenol 
vmyl chloride 
tetrachlorodibenzo-p-dioxin 
tetrachlorodibenzofuran 
pentachlorodibenzofuran 
hexachlorodibenzo-p - dioxin 
hexachlorodibenzofuran 
heptachlorodibenzo-p-dioxin 
heptachlwodibenzofuran 
octachlorodibenzo-p-dioxin 
octachlorodibenzofuran 
chloroform 
tetrachloroethene 
benzene 
methylene chloride 

beryllium 

pch 

benzo(alPFme 

Air 

Inhalation 
pciiife 

5.E+Ol 
4.4E+01 

l.lE+Ol 
33E+Oi 

l.E+01 
1.6E+O4 
ME+@ 
3.0E+01 
1.9E+a? 
53E+01 
7.0E+a? 
6.3E+01 

24~+a 

3.2~+a 

mglKglday 

1.5E-05 
1.2E-08 
1.7E-08 
9.8E-08 
1s-05 
22E-07 
3.4E-09 
I.=- i o  
i.2E-m 

m - i o  

I.~E-IO 

23E- 10 
2E- 12 

NA 
53E- 11 

53E-10 
NA 
NA 
NA 
NA 

20E- 14 
NA 

6.8E-13 
8.5E- 14 
7.8E- 12 
4.4E-13 

NA 
4.7E-09 

NA 
NA 

Ingestion I c a t a c t  I ~ x p  Osure 
pciiife pCiAife 

5.7E+02 
43E+02 
3.3E+01 
15E+02 
27E+03 
4.2E+o2 
28E+02 
1.9E+04 
85E+04 
3.1E+03 
24E+04 
3.8E+03 
9.6E+04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.2~+a 
3.9E+a 
3.OE-0 
13E+a 
24E+0 
3.8~+a 
2 ~ + a  
1.7E+o: 
7.7E+a 
28E+O: 
22E+O; 
3.5E+01 
8.8E+O; 

NA 

mg/l<g/day mglKglday 

9.2E-05 
1.4E-07 
3.9E-07 
ME-06 
3.E-06 
3.1E-06 
8.3E-08 
5.1E-09 
25E-09 
3.8E-09 
20E-09 
4.7E-09 

NA 
3.OE- 10 
1.OE-09 
3.OE-09 

NA 
NA 

4.2E- 12 
NA 

1.OE-12 
7.3E- 12 
3 . E -  11 
4.4E- 12 
4.1E- 10 
23E- 11 

NA 
15E-08 

NA 
NA 

53E-06 
7.9E-08 
22E-07 
1.OE-06 
1.9E-06 
8.9E-08 
1.4E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8E-09 
5.1E-08 

NA 
NA 

7.2E- 12 
NA 

1.7E-12 
13E-11 
6.1E-11 
7.E- 12 
7.OE-10 
4.0E- 11 

NA 
3.4E-07 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

wlried Pit 
Material 

External 
Exposure' 
mRem/life 

75E+01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA - Not applicable. Chemical not a chemical of interest for media or expasure pathway not applicable. 
' Calculation of dose from penetrating radiation for groundskeeper is provided in Table EN-35. a 
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Incidental 

TABLE E.111-19 

Dermal External 

FUTURE LAND USE, FUTURE SOURCE TERM 

, <  - 

5511' 
. INTAKES FOR TOXICANTS FOR ON-PROPERTY GROUNDSKEEPER 

Transfer Media: 

Exposure Pathwm: 

Toxicants 

cyanide 

arsenic 
barium 

boron 
Cadmium 
chromiumvi 
cobalt 
copper 
lead 
manganese 
mercury 
molybdenum 
nickel 
Selenium 
silver 
thallium 
V i 3 I I a d i u m  
thorium-total 
uranium - total 
fluoride 
acenaphthylene 
2-methylnaphthalene 
4-chloro-3-methylphenol 
benzo(g3rj)perylene 
dibenzofuran 
pentachlorcphenol 
phenanthrene 
tributyl phosphate 
2-hexanone 
3-chloropropene 
chloroform 
tetrachlorcethene 
methylene chloride 
toluene 
2-nitrophenol 
acetone 

antimony 

beryilium 

Air 

Inhalation 
mgn@/day 

NA 
8.2E-08 
4.lE-05 
3.OE-05 
33E-08 

NA 
4.7E-08 
27E-07 
6.OE-08 
1.E-05 
4.1E-05 
23E-05 
5.8E-09 
l.lE-06 
6.OE-07 
1.OE-07 
7.7E-08 
7.1E-08 
6.8E-06 
7.4E-08 
1.4E-05 
27E-06 
l.lE-10 

NA 
NA 

1.8E-10 
NA 

132-09 
6.6E-10 

NA 
1.9E-11 

NA 
NA 

1.3E-08 
NA 
NA 
NA 
NA 

Ingestion I -tact I Exp osure 
mgn@/day mgn@/day 

NA 
4.4E-06 
26E-04 
3.6E-04 
3.8E-07 

NA 
l.lE-06 
5.OE-06 
2OE-06 
1.E-04 
9.1E-06 
24E-04 
4.8E-08 
1.2E-05 
8.7E-06 
7.7E-07 
1.8E-06 
6.7E-07 
7.8E-05 
24E-05 
l.lE-04 
3.2E-04 
6.1E-10 

NA 
NA 

1.OE-09 
NA 

83E-09 
3.7E-09 

NA 
l.lE-10 

NA 
NA 

4.1E-08 
NA 
NA 
NA 
NA 

NA 
25E-06 
135-05 
2lE-04 
22E-07 

NA 
63E-07 
29E-06 
1.lE-06 
8.4E-06 
5.E-06 
1.4E-04 
1.4E-07 
6.9E-06 
25E-07 
4.E-07 
1.OE-06 
3.9E-07 
4.E-06 
4.2E-05 
63E-05 
5.6E-04 
l.lE-08 

NA 
NA 
NA 
NA 

1.4E-07 
6.4E-08 

NA 
NA 
NA 
NA 

95E-07 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
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TABLE EIII-20 
INTAKES FOR CARCINOGENS FOR RME ON-PROPERTY FARMER 

FUTURE LAND USE, FUTURE SOURCE TERM 

Surface Water 

Ingestion Ingestion o f W  
ofMeat Prodvctr 
pCiIlifC K i I l i f C  

1.2E+06 1.7E+06 
NA NA 
NA NA 
NA NA 

8.1E+01 5.9E+02 
NA NA 

1.9E+04 3JE+05 
9.8E+06 4.7E+07 
7.7E-01 2.6E+00 
l.SE+Ol 5.3E+01 
7.8E+04 9.7E+OS 
4.5E+03 5.6E+04 
1.9E+OS 2.4E+06 

NA NA 

FEMP-OUO1-5 DRAFT FINAL 
Rev. 2 - May 4, 1994 

Groundarotcr 
Ingertion Ingertionof -&ion D c d  

ofDrinking Vegetables ImgeSion of= Inhaldn ContactvhJc 
Water andFruits o f k t  Products ofVOCs Bathing 

CCiIlifC UCVhfC UCci/lifC lJCi/lifC 
. .  

NA NA NA NA NA NA 
5.7E+00 lJE+00 6.4E-03 LIE-03 NA NA 
6SE+03 1.9E+03 3.6E-02 3.OE-02 NA NA 

NA NA NA NA NA NA 
8.7E+04 3.OE+W SSE+02 4.OE+03 NA NA 

NA NA NA NA NA NA 
23E+02 93E+01 3.4E+00 6bE+01 NA NA 
8.1E+OS l.OE+OS 4.9E+OS NA NA 
5.1E+04 1.6E+04 4.OE+OO 1.4E+01 NA NA 

NA NA NA NA NA NA 
1.1E+08 3.4E+07 25E+05 3.1E+06 NA NA 
26E+07 7.7E+06 5.7E+04 7.1E+OS NA NA 
53E+08 1.6E+08 12E+06 15E+M NA NA 

NA NA NA NA NA NA 

Transfer Medh: 

CLeriak 

Pcbs 
benzo(a)aduacene 
bellzo(a)pyrene 
knzo(b)fiuoranthcne 
bcmo@)fhmranthcne 
chryl- 
dibenzo(ah)anthracene 
indeno(l.2.3- d)pyrcne 
n-nitroJodipm&minc 
pentachlorophenol 
vinyl chloride 
tctrachlorodikllzo- p-diwin 
tctrachlorodibcnzof n 
pcntachlorodibcnzohn 
hcanctdorodikmo- p-dioxin 
hcxacblorodikarofn 
hcptachlorodiknzo-p-diaxin 
hcptachlorodiknzofwan 
octpcblorodibcoto- p-dioxin 
octrchlorodiknzofn 
chloroform 
tctrachloroethcnc 
kllzene 
methylene chloride 

1.6E+01 1.6E+01 20E+02 7.4E-03 5.9E-03 5JE+00 4.8E-02 3JE-02 1.7E+03 NA 
72E+01 9.1E+02 7.1E-02 5.E-02 1.2€2+01 9.6E-02 7.E-02 73E+03 NA 6.9E+01 
'Z.ZE+(n 3.1E+04 13E+M 9.2€2+03 27E+03 8.0E+02 SAE+03 13E+OS NA 13E+03 

1.OE+02 1.7E+03 1.0E+02 20E+03 4.8E+05 l.OE+OS 2.1E+06 1.4E+04 NA 13E+02 
8.8E+03 1.OE+04 1.4E+O5 8.2E+04 3.9E+05 l.lE+07 42E+07 2OE+08 9.4E+OS NA 

5.7E+04 73E+05 8.7E+02 29E+03 1.6E+04 8.E+02 2.9E+03 43E+06 NA 4.OE+W 
1.9E+03 2.4E+04 2.8E+01 9sE+Ol 6.OE+02 33E+01 1.1E+02 1.6E+OS NA 15E+03 
13E+M 1.6E+05 1.8E+03 2.2E+04 6.OE+OS 4.0E+04 4.8E+O5 1.2E+06 NA l.lE+M 
35E+M 4.4E+04 4.9E+02 5.9E+03 9.6E+04 6.4E+03 7.6E+04 1.9E+05 NA 1.8E+03 
4.6E+04 5.9E+05 65E+03 79E+04 4.OE+06 2E+05  32E+06 4.9E+06 NA 4.6E+M 

21E+01 26E+02 26E+01 3.2E-02 NA 2.1E+04 NA 20E+02 

43E-05 
6.8E-10 
1.4E-05 
1.lE-OS 
8.8E-04 
3.1E-OS 
4.OE-06 
9.8E-09 
1.Z-08 
13E-07 
l.lE-08 
94E-09 

NA 
3 s - 0 7  
7.OE- 13 
82E-09 

NA 
NA 
NA 
NA 

22E-11 
NA 

7.6E- 10 
6.OE- 12 
8.7E-09 
3.1E-11 

NA 
43E- 10 

NA 
NA 

9.7E-05 
6sE-08 
l.lE-07 
65E-07 
9.7E-05 
l.4E-06 
23E-08 
1.OE-09 
7JE- 10 
1.6E-09 
6 s - 1 1  
9.7E- 10 

NA 
3.4E- 10 
1.2E-09 
3.4E-09 

NA 
NA 
NA 
NA 

13E- 13 
NA 

432-12 
5.6E-13 
5.1E-11 
29E- 12 

NA 
3.OE-08 

NA 
NA 

1.4E-03 
9.7E-07 
15E-05 
1.3E- 05 
3.1E-03 
9.7E-OS 
1.lE-06 
1.4E-08 
1.OE-08 
20E-08 
8.4E- 10 
13E-08 

NA 
43E-09 
1.9E-08 
4.6E-08 

NA 
NA 
NA 
NA 

12-12  
NA 

53E-11 
6.6E- 12 
6.1E-10 
335-11 

NA 
6SE-07 

NA 
NA 

3.6E-04 
1.9E- 07 
2.OE-06 
9.9E-06 
2.6E-04 
4.6E-05 
3.2E-06 
7.7E-09 
13E-08 
1 .OE- 07 
8.E-09 
7.6E-09 

NA 
27E-07 
5 s -  13 
6.4E-09 

NA 
NA 
NA 
NA 

1.6E-11 
NA 

5.4E- 10 
4.2E- 12 
6.1E-09 
22E-11 

NA 
33E- 10 

NA 
NA 

3 s - 0 5  
83E-07 
63E-04 

NA 
NA 
NA 

13E-OS 
1.6E-06 
4.1E- 07 
26E-07 
1.4E-07 
1.4E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.2E-OS 
7.9E-07 
93E-OS 

NA 
NA 
NA 

4.4E-OS 
1.6E-06 
12E-06 
4sE-06 
5.9E-06 
1sE-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.1E-W 
2.98-09 
6.E-04 

NA 
NA 
NA 

535-05 
21E-06 
1 2 - 0 6  
5JE-06 
7AE-06 
1.9E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.6E-03 
6.9E-06 
2.OE-OS 
9.OE-05 
1.6E-04 
1.6E-04 
42E-06 
26E-07 
12E-07 
19E-07 
1.OE-07 
2.4E-07 

NA 
1 2 - 0 8  
53E-08 
1SE-07 

NA 
NA 

21E-10 

5.1E- 11 
3.7E-10 
lJE-09 
22E- 10 
2OE-08 
12E-09 

NA 
7AE-07 

NA 
NA 

Np 

1.5E-04 NA 
2.2E-06 NA 
6.3E-06 NA 
2.9E-OS NA 
5.2E-05 NA 
25E-06 NA 
4.OE-06 NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

5.OE-08 NA 
1.4E-06 NA 

NA NA 
NA NA 

NA 2OE- 10 
NA NA 

4.8E-11 NA 
35E-10 NA 
1.7E-09 NA 
21E-10 NA 
20E-08 NA 
l.lE-09 NA 

NA NA 
92-06  NA 

NA NA 
NA NA 

1 

3.8E-07 
NA 
NA 
NA 

6.8E-06 
l.lE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E- 10 
lAE-09 
l.4E-08 
6.Z-11 

1.6E- 02 
NA 

1.7E- 14 
NA 

1.6E-03 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.z-11 
NA 
NA 

3.1E-06 
NA 
NA 
NA 

2.OE-06 
l.6E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.6E-10 
l.4E-09 
1.OE-08 
29E-11 

5.7E-03 
NA 

6.6E- 14 
NA 

l.4E-03 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.7E- 12 
NA 
NA 

7.9E-04 
NA 

4SE-15 
NA 

5.4E-05 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

29E- 15 
NA 
NA 

9.6E-05 
NA 

33E- 14 
NA 

1AE-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.E-1s 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

632-11 
NA 
NA 

4.6E-OS 
NA 

5.OE- 17 
NA 

1JE-08 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA. 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

13E-11 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

* N A  
NA 

NA - Not applicable. C k d  not 8 chemk.1 of intcrcsl for medip or exposue pathwry wt 8ppkble.. 
' Calculation of dose horn p e m i n g  radhion for on-pmpcm RME fanner is provided in Table EIV-39. 
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. 6511 

Air soil 
Ingestion of Ingestion Ingestionof Ingestion 
Veguables Ingeaion o f U  Vegetables Ingertion of= 

Inhalation andFruits o f h t  Products andFruits o f b t  Produus 
m a d d a y  mflddav malKgtday mr/kddav mxnCdday mxnCd&v mr/kddav 

Transfer Media: EXrmed Waste Pit Material 

Iacidcntal Dermal External 
Ingertion Contad EXPDSllIe 

m a d d a v  mflddav Tarhas 

rr)ad& 
nntimony 
arsenic 
barium 
be@um 
boron 
cadmium 
chromium vi 
cobalt 
copper 
lead 
ma n g  nese 
mercury 
molyMenum 
nickel 
selenium 
rilwr 
thallium 
VaOadium 
thorium- total 
uranium-total 
fluoridc 
aanaphthylenc 
2- methylnaphthahe 
4- chloro-3 - methylphenol 
be-(& hi)perylene 
diknzofwan 
pentnchlorophcd 
phenanthrene 
tributyl phosphate 
2- hemnone 
3-ChlOropopcm 
chloroform 
tctrachlorocthcnc 
methylene chloride 
toluene 
2-oitrophenol 
acetone 

TABLE EIII-21 
INTAgEs FOR "OXICANTS FOR RME ON-PROPERTY FARMER 

FUTURE LAND USE, FUTURE SOURCE TERM 

NA 
20E-07 
9.E-05 
7.1E-OS 
65E-08 

NA 
l.lE-07 
6 2 - 0 7  
1.4E-07 
3.4E-05 
9.7E-05 
5.4E-05 
l.4E-08 
25E-06 
1.4E-06 
2.4E-07 
1.7E-07 
1.6E-07 
1.6E-05 
1.7E-07 
33E-05 
6.2E-06 
2SE- 10 

NA 
NA 

4.2E- 10 
NA 

3.4E-09 
1.6E-09 

NA 
45E-11 

NA 
NA 

3.OE-08 
NA 
NA 
NA 
NA 

NA 
5.OE-06 
l.4E-03 
24E-03 
9.7E-07 

NA 
1 2 - 0 5  
13E-05 
27E-06 
22E-03 
3.E-03 
15E-03 
22E-07 
5.4E-05 
9.7E-OS 
935-06 
7.3E-06 
2.2E-06 
27E-04 
22E-06 
4.2E-04 
7.9E-OS 
3.2E-09 

NA 
NA 

53E-09 
NA 

4.6E-08 
21E-08 

NA 
8.Z-  10 

NA 
NA 

65E-07 
NA 
NA 
NA 
NA 

NA 
l.4E-06 
3.6E-04 
1.8E-04 
1.9E-07 

NA 
2.OE-06 
9.9E-06 
7.2E-06 
23E-03 
2.6E-04 
1JE-04 
6.OE-06 
5.2E-05 
4.6E-05 
12E-OS 
4.9E-06 
15E-OS 
8.8E-05 
2.6E-09 
4.7E-06 

NA 
4.4E- 11 

NA 
NA 

12E-07 
NA 

6.4E-09 
8.OE- 10 

29E- 14 
NA 

NA 
NA 

33E- 10 
NA 
NA 
NA 
NA 

NA 
5%-07 
43E-05 
1.7E-03 
6.8E-10 

NA 
1.4E-05 
l.lE-05 
29E-06 
1.4E-03 
8.8E-04 
4.7E-04 
43E-08 
5.2E-05 
3.1E-05 
13E-OS 
13E-04 
3.OE-06 
UE-06 
8.6E-09 
5.6E-05 

NA 
5.9E-11 

NA 
NA 

1.6E-07 
NA 

82E-09 
1.OE-09 

NA 
3.7E- 14 

NA 
NA 

43E- 10 
NA 
NA 
NA 
NA 

NA 
6.OE-04 
35E-05 

NA 
83E-07 

NA 
63E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-07 
NA 

3SE-07 
1.2E- 03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.OE-04 
42E-05 

NA 
79E-07 

NA 
93E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE - 05 
NA 

1.9E-08 
7.9E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
12E-04 
5.E-06 

NA 
29E-09 

NA 
6.E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.OE-06 
NA 

635-08 
9.4E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.OE-OS 
4.6E-03 
65E-03 
6.9E-06 

NA 
20E-05 
9.OE-05 
3.6E-05 
26E-03 
l.6E-04 
43E-03 
8.6E-07 
2.2E-04 
1.6E-04 
1.4E-05 
3.2E-05 
1.2E-05 
1AE-03 
4.4E-04 
2OE-03 
5.8E-03 
l.lE-08 

NA 
NA 

1.8E-08 
NA 

15E-07 
6.6E-08 

NA 
1.9E-09 

NA 
NA 

NA 
NA 
NA 
NA 

7.4E-07 

NA NA 
232-05 NA 
15E-04 NA 
21E-03 NA 
22E-06 NA 

NA NA 
63E-06 NA 
2.9E-OS NA 
l.lE-05 NA 
8.4E-05 NA 
5.2E-OS NA 
1.4E-03 NA 
1.4E-06 NA 
6.9E-05 NA 
25E-06 NA 
45E-06 NA 
1.OE-OS NA 
3.9E-06 NA 
4.5E-OS NA 
4.2E-04 NA 
63E-04 NA 
5.6E-03 NA 
LlE-07 NA 

NA NA 
NA NA 
NA NA 
NA NA 

1.4E-06 NA 
6.4E-07 NA 

NA NA 
NA NA 
NA NA 
NA NA 

95E-06 NA 
NA NA 
NA NA 
NA NA 
NA NA 

2.0E-09 
8.OE-06 
3.1E-06 
6.8E-05 

NA 
NA 
NA 
NA 
NA 

4.7E-04 
2.OE-06 
4.68-06 

NA 
NA 

1.6E-04 
3.3E-OS 
3.7E-OS 

NA 
1.9E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

26E-10 
1.4E-09 
2.9% 11 
4.6E-09 
7.1E-10 
1.OE- 10 

26E-09 
32E-06 
3SE-07 
6.4E-04 

NA 
NA 
NA 
NA 
NA 

29E-04 
6.8E-06 
1.6E-05 

NA 
NA 

l.lE-04 
35E-05 
9.8E-04 

NA 
63E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E-10 
6.Z-11 lJE-09 

6.448-09 
93E- 10 
23E- 10 
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Ground Water 
Dermrl 

332-10 I 
1.4E-05 

1 2 - 0 7  
4JE-03 
14E-02 
ISE-02 

NA 
UE-03 
1.E-14 

NA 
NA 
NA 

1.6E-03 
5.E-02 
9.8E-06 
4.6E-04 

NA 
NA 
NA 
NA 
NA 
NA 

8.8E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.z-11 NA 

NA 
NA 
NA 
NA 

5.6E-08 
3.2E-03 
5.E-03 
1.7E-02 

NA 
1.7E-03 
6bE-14 

NA 
NA 
NA 

1.4E- 03 
4.2s-02 
3.9E-06 
2.6E-04 

NA 
NA 
NA 
NA 
NA 
NA 

2.6E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.7E- 12 
NA 
NA 
NA 
NA 

HE-13 
4.7E-04 
7.9E-04 
6.4E-04 

NA 
7.2E-OS 
45E-15 

NA 
NA 
NA 

5.4E-05 
20E-03 
65E-OS 
1.4E-04 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

29E-15 
NA 
NA 
NA 
NA 

1.9E-03 

1 2 - 1 3  
19E-04 
9.6E-05 
6.OE-03 

NA 
5%-04 
33% 14 

NA 
NA 
NA 

1.8E-04 
7.1E-03 
4JE-07 
1.4E-04 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
N d  
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.7E- 15 
NA 
NA 
NA 
NA 

24E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6 s - 1 1  NA 

NA 
NA 
NA 

4.6E-03 
5.lE-05 

NA 
8.OE-06 
5.OE- 11 

NA 
NA 
NA 

1.8E-011 
14E-04 
2.8E-011 
13E-06 

NA 
NA 
NA 
NA 
NA 
NA 

232-03 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

13E-11 
NA 
NA 
NA 
NA 

NA - Not applicable. Chemical not a chemical of interert for media or exposure pathway not applicable.. 
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soil 
Ingc5tion of m- 
VcgaabLs Ingdcn of= 
andFnriu ofMeat Roducu 

pcillife p m e  pciflire 

TABLE E.111-22 
INTAKES FOR CARCINOGENS FOR RME ON-PROPERTY CHIID 

FUTURE IAND USE, FUTURE SOURCE TERM 

Exposed Waae Pit Material 

Incideatal Dennal Encmal 
Ingation Contan Ewosure 
pciflife p c i e  

Inhalatii 

Ingestion of Ing- 
vegaabla Ingcah OfMiIL 
andFruiu ofMeat Rodw 

mdkglday mdkglday mdKglday mglKglday 

8.Z-06 
5 2 - 0 9  
938-09 
5 2 - 0 8  
8.Z-06 
1Z-07 
2.OE-09 

6.6E-11 
13E-10 
s a - 1 2  
8.Z-11 

NA 
29E-11 
1 .OE- 10 
29E- 10 

NA 
NA 
NA 
NA 

1.E-14 
NA 

3JE-13 
4.Z-14 
43E-12 
2SE-13 

NA 
268-09 

NA 
NA 

8aE-ii 

~ ~~ ~~ 

mgXg/day mgXgIday mgEglday mdKglday mglK#lday 

4.9E-04 
3.4E-07 
5.E-06 
4 s - 0 6  
l.lE-03 
3.4E-OS 

4.88-09 
3 2 - 0 9  
69E-09 
29E- 10 
4.68-09 

NA 
1 2 - 0 9  
6 2 - 0 9  
1.6E-08 

NA 
NA 
NA 
NA 

53E-13 
NA 

UE-11 
UE-12 
2E-10 
1z-11 

NA 
232-07 

NA 
NA 

3 a ~ - o 7  

5.6E-05 
2.9E-08 
3.1E-07 
1 2 - 0 6  
4.1E-05 
7.E-06 
4.98-07 
12E-09 
2lE-09 
l.6E-08 
13E-09 
1.2E-09 

NA 
4.2E-08 
8 s - 1 4  
9.9E-10 

NA 
NA 
NA 
NA 

24E- 12 
NA 

83E-11 
632-13 
9%-10 
3.4E-12 

NA 
5 s - 1 1  

NA 
NA 

3.9E-OS 
6.1E-10 
13E-OS 
9JE-06 
8.OE-04 
28E-os 
3.68-06 
8.9E-09 
1.6E-08 
1.Z-07 
LOE-08 
8.Z-09 

NA 
3.Z-07 
63E-13 
7.48-09 

NA 
NA 
NA 
NA 

2oE-11 
NA 

6.9E-10 
SSE-12 
79E-09 
29E-11 

NA 
3.9E-10 

NA 
NA 

1.2E-os 
2.9E-07 
2 Z - 0 4  

NA 
NA 
NA 

4.4E-06 
S.4E-07 
1.4E-07 
9.OE-08 
4.9E-08 
4.9E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6 s - 0 6  4.6E-06 
1.2E-07 268-09 
1.4E-05 6.E-04 

NA NA 
NA NA 
NA NA 

68E-06 5.OE-05 
2%-07 1.9E-06 
1.9E-07 1.4E-06 
7.OE-07 S.2E-06 
9.E-07 6.7E-06 
23E-07 1.7E-06 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

21E-03 
3.1E-06 
8.7E-06 
4.OE-05 
73E-OS 
7.OE-OS 
1.9E-06 
l.lE-07 
5 2 - 0 8  
8.68-08 
4 s - 0 8  
1.OE-07 

NA 
6.68-09 
UE-08 
6.6E-08 

NA 
NA 

9.4E-11 
NA 

22E- 11 
1.6E-10 
8.OE-10 
98E-11 
9.1E-09 
s2E-10 

NA 
333-07 

NA 
NA 

2.m-os NA 
3.1E-07 NA 
8.Z-07 NA 
4.OE-06 NA 
73E-06 NA 
3 2 - 0 7  NA 
S.6E-07 NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

7.m-09 NA 
2.OE-07 NA 

NA NA 
NA NA 

=E-11 NA 
NA NA 

6.7E-12 NA 
4.9E-11 NA 
24E-10 NA 
3.0E- 11 NA 
2%-09 NA 
1 2 - 1 0  NA 

NA NA 
13E-06 NA 

NA NA 
NA NA 

Surface Water 

p c i e  pcillife 

3.9E+04 3.2E+05 
NA NA 
NA NA 
NA NA 

2.7E+00 1.1E+OZ 
NA NA 

6.2E+02 73E+04 
3.2E+05 9.1E+06 
2 2 - 0 2  S.1E-01 
S.1E-01 l.OE+OI 
2.6E+03 1.9E+05 
1.SE+02 l.lE+04 
6.3E+03 4.6E+OS 

NA NA 

mdI<g/day mglXg/day 

4.8E-07 
NA 
NA 
NA 

3.1E-07 
2 9 - 0 5  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.0E- 11 
2.1E-10 
l.6E-09 
4 9 - 1 2  

3.4E-07 
NA 
NA 
NA 

6.2E-06 
9.8E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

33E-10 
1.6E-09 
13E-08 
6.E-11 

xnhawon contanwhil 
Water andFnriu ofMeat Producu ofVOCs Bathing 

VCinifC p c i e  p c i e  Pcillife 

NA NA NA NA NA NA 
z4e-01 IAE-OI 21~-04 4.a-04 NA NA 

NA NA 2AE+02 1 2 + 0 2  12E-03 SAE-03 
NA NA NA NA NA NA 

3 . ~ + 0 3  =+03 m + o i  7.9~+02 NA NA 
NA NA NA NA NA NA 

9.8E+00 69E+00 1.E-01 13E+01 NA NA 
3 2 + 0 4  1.9E+04 33E+03 95E+04 NA NA 
=+03 1.2E+03 13E-01 27E+00 NA NA 

NA NA NA NA NA NA 
4.8E+06 2JE+06 8.2E+03 6.OE+05 NA NA 
l.lE+06 SJE+OS 1.9E+03 1.4E+OS NA NA 
UE+07 1 Z + 0 7  3.9E+04 ZSE+06 NA NA 

NA NA NA NA NA NA 

3.2E-03 
NA 

3.SE-IS 
NA 

3.2E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3 2 - 1 2  
NA 
NA 

2OE-03 
NA 

23E-14 
NA 

4.88-04 
NA 
NA 
NA. 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E-12 
NA 
NA 

la-04 
NA 

7.OE-16 
NA 

83E-06 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.4E-16 
NA 
NA 

8.E-05 
NA 

3.OE-14 
NA 

l.6E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.4E-1S 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.6E-11 
NA 
NA 

6.4E-CU 
NA 

6.9E-lt 
NA 

232-U 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.z-1: 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~ 

I 
NA - Not applieabk C%aakaI not a chcmiCai of mtncn formdm or ~ppsuft pathway not applicable.. 
a Calculation of dose from p a r a t i n g  radiation for on-propmy young &Id LI prwided in Taw I2.XV-a 
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Cyanide 
mthnony 
?malic 
barium 
beryllium 
born 
cadmium 
chmniumvi 
cobab 
coppa 
kad 
manganese 
m-v 
moly Wcnum 
nickel 
sclmium 
S k  
thallium 
V M d i  
thorirnn -total 
uranium - total 
fluoride 
accnaphthylcne 
2-mahyhaphthalene 
4-chloro-3-matytphmol 
bauo(e$li)perykne 
dibauofum 
pmtschlorophard 
phmanrhrene 
tributyl phosphate 
2-h-01~ 
3-chloropropcnc 
chlomfom 
tarachloroahcne 
mcxhyImc chloride 
tolucnc 
2-nitrophcnol 
llcetOIlC 

L 

i Tmfer Medii 

NA 
2OE-07 
9.6E-OS 
7.OE-05 
6.4E-08 

NA 
l.lE-07 
6.4E-07 
1.4E-07 
3.4E-05 
9.6E-OS 
5.4E-05 
13E-08 
2sE-06 
13E-06 
248-07 
1.7E-07 
l.6E-07 
1.6E-OS 
1.7E-07 
33E-05 
6.1E-06 
ZSE-lo 

NA 
NA 

4.2E- 10 
NA 

3.4E-09 
1 2 - 0 9  

NA 
4.4E- 1 1 

NA 
NA 

3.OE-08 
NA 
NA 
NA 
NA 

NA 
2oE-05 
5.z-03 
9.9E-03 
3.9E-06 

NA 
59E-05 
53E-05 
1.E-05 
88E-03 
1.2E-02 
6.OE-03 
88E-07 
2.2E-04 
3.98-04 
398-05 
3.OE-OS 
8.7E-06 
l.lE-03 
88E-06 
1.7E-03 
3.x-04 
13E-08 

NA 
NA 

ZtE-08 
NA 

1.9E-07 
8.4E-08 

NA 
33E-09 

NA 
NA 

26E-06 
NA 
NA 
NA 
NA 

NA 
232-06 
6 2 - 0 4  
33E-04 
3.4E-07 

NA 
3.68-06 
ME-05 
13E-05 
4.1E-03 
4.8E-04 
2.4E-04 
1.E-05 
93E-OS 
83E-OS 
22E-05 
8.8E-06 
27E-05 
1.6E-04 
4.7E-09 
8.4E-06 

NA 
7.9E- 1 1 

NA 
NA 

2.x-07 
NA 

1.2E-08 
1.4E-09 

NA 
53E- 14 

NA 
NA 

6.OE-10 
NA 
NA 
NA 
NA 

TABLE E.IlI-23 
INTAKES FOR TDXICANlS FOR RME ON-PROPERTY CHILD 

FUTUREIANDUSE,FUTURESOURCE’IERM 

NA 
58E-06 
4.6E-04 
18E-02 
72E-09 

NA 
1 2 - 0 4  
l.lE-04 
3.OE-05 
1 2 - 0 2  
938-03 
5.OE-03 
4 2 - 0 7  
5 2 - 0 4  
3.z-04 
1.4E-04 
1.4E-03 
3.2E-OS 
3.OE-05 
9.1E-08 
5.9E-04 

NA 
62E-IO 

NA 
NA 

1.Z-06 
NA 

8.68-08 
1.e-08 

NA 
3.98-13 

NA 
NA 

4 s - 0 9  
NA 
NA 
NA 
NA 

NA 
24E-03 
1.4E-04 

NA 
3.4E-06 

NA 
2 2 - 0 3  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.E-07 
NA 

1.4E-06 
4.88-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
5.4E-04 
7.6E-05 

NA 
1.4E-06 

NA 
1.7E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E-OS 
NA 

3 2 - 0 8  
1.4E-CM 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
13E-03 
53E-OS 

NA 
3.OE-08 

NA 
7.1E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

43E-OS 
NA 

1.OE-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~ B E - O ~  

NA 
4.1E-04 
24E-02 
3.4E-02 
3.6E-05 

NA 
LOE-04 
4.7E-04 
1.9E-04 
1.4E-02 

2.2E-02 
4.4s-06 
l.lE-03 
8.1E-04 
7.2E-OS 
l.6E-04 
63E-OS 
7.x-03 
23E-03 
1.0E-02 
3.OE-02 
5.7E-08 

NA 
NA 

9.92-08 
NA 

7.W-07 
3.4E-07 

NA 
1.OE-08 

NA 
NA 

3.9E-06 
NA 
NA 
NA 

8 s - w  

NA, 

NA 
4.lE-05 
24E-04 
3.4E-03 
3.6E-06 

NA 
1.0E-05 
4.7E-05 
1.9E-OS 
1.4E-04 

2.2E-03 
2.x-06 
l.lE-04 
4.1E-06 
7.x-06 
1.6E-05 
638-06 
7.x-05 
6.8B-04 

9.OE-03 
1.7E-07 

NA 
NA 
NA 
NA 

238-06 
1.OE-06 

NA 
NA 
NA 
NA 

1 2 - 0 5  
NA 
NA 
NA 
NA 

a.nz-05 

LOE-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I 

surface water 

ofMeat Roduar 
n&&/day mpjKa/day 

3.7E-09 
1.4E-05 
5.6E-06 
1.2E-04 

NA 
NA 
NA 
NA 
NA 

8.68-04 
3.7E-06 
8.2E-06 

NA 
NA 

2.9E-04 
5.9E-OS 
6.6E-05 

NA 
3%-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.7E-10 
2.35-09 
53E- 1 1 
8.Z-09 
13E-09 
1.9E-10 

DE-08 
3.4E-03 
4.OE-06 
6.Z-(n 

NA 
NA 
NA 
NA 
NA 

3.OE-03 
72E-03 
1.7E-04 

NA 
NA 

1.1E-03 
3.7E-04 
LO@-01 

NA 
6.6E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.9E-09 
1.9E-08 

6.7E-08 
988-09 
25E-09 

7. i~- ia  

27E-07 
l.lE-02 
3.m-02 
4.2E-02 

NA 
6 2 - 0 3  
4.0E- 14 

NA 
NA 
NA 

3.7E-03 
13E-01 
23E-OS 
1.1E-03 

NA 
NA 
NA 

NA 
NA 

2.0E+00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.OE-11 
NA 
NA 
NA 
NA 

. NA 

232-07 
13E-02 
23E-02 
68E-02 
6.8E-03 NA 

2.7E-13 
NA 
NA 
NA 

5.6E-03 
1.7E-01 1.6E-OS 

l.lE-03 
NA 
NA 
NA 
NA 
NA 
NA 

l.lE+00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

39E-11 
NA 
NA 
NA 
NA 

2oE-13 
8.4E-04 
1.4E-03 
l2E-03 

NA 
13E-04 
82E-15 

NA 
NA 
NA 

9.m-05 
3.6E-03 
12E-04 
2%-04 

NA 
NA 
NA 
NA 
NA 
NA 

3 s - 0 3  
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

52E-15 
NA 
NA 
NA 
NA 

1.6E-12 
2oE-03 
1.OE-03 
6.4E-02 

NA 
SAE-03 
3 2 - 1 3  

NA 
NA 
NA 

1.9E-03 
7 2 - 0 2  
5.lE-06 
1JE-03 

NA 
NA 
NA 
NA 
NA 
NA 

26E-01 
NA 
NA 
NA 
NK 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

39E-14 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.OE-10 
NA 
NA 
NA 
NA 

5.4E-l( 
=-O! 
7.4E-o! 
83E-O! 

NA 
13E-OJ 
8.lE-17 

NA 
NA 
NA 

3.OE-08 
268-04 
4.68-08 
22E-06 

NA 
NA 
NA 
NA 
NA 
NA 

4.E-03 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20E- 11 
NA 
NA 
NA 
NA 

NA - Not applicable. C2mnid not a chanical of intern for medii or aposure pathway not applicable. 
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soil 
Ingation of Ingestion 
Vegaablcs Ing- ofMiIk 
andFNiu ofMau Roducu 
pcillire p m e  pci/life 

TABLE E.II1-24 
INTAKES FOR CARCINOGENS FOR CT ON-PROPERTY FARMER 

FUTURE LAND USE, FUTURE SOURCE TERM 

Exposed Waae Pit Material 

Inciidcntat Dermal Enenral 
InKestioo contact Exposure 
p m e  pci/lifC 

Inhalation 

73E-06 
4.8E-09 

4.88-08 
7.2E-06 
1.OE-07 
1.7E-09 
7.m- 11 
5SE-11 
1.2E-10 

7.2E- 11 
. NA 
26E- 11 
93E- 11 
26E-10 

NA 
NA 
NA 
NA 

9.6E-15 
NA 

335-13 
4.1E-14 

ZZE- 13 
NA 

23E-09 
NA 
NA 

a.z-09 

~ S E - I ~  

3m-12 

Ingestionof Ingation 
V c g a a k  Ingcscion O f m  
andFnriu ofMeat productr 

9.E-05 
63E-08 
9.4E-07 

2OE-04 
63E-06 
7.OE-08 

6 s - 1 0  
13E-09 
5 s - 1 1  

NA 
28E- 10 
12E-09 
3.a-09 

NA 
NA 
NA 
NA 

9.9E-14 
NA 

3.4E-12 
438-13 
3.9E-11 
22E-12 

NA 
43E-08 

NA 
NA 

a.4~-07 

~ . ~ E - I o  

a s - i o  

Ingestion 
ofD- 

Water 

24E-05 
13E-08 
13E-07 
6.6E-07 
1SE-05 
3.E-06 
%E-07 
5.2E- 10 
9.E-10 
6SE-09 
5.9E-10 
5.E-  10 

NA 
1SE-08 
3.E-14 
43E- 10 

NA 
NA 
NA 
NA 

1.OE-12 
NA 

3.6E-11 
288-13 
4.E-10 
1 2 - 1 2  

NA 
22E-11 

NA 
NA 

Ingestionof Ingcsicm Dennal 
VcgaaMes h g e  of= InhahLh cantaaa 
andFNiu ofMeat Roducu OfVOCS Bathing 

BE-06 
3.6E-11 
~ S E - O ~  
SSE-O~ 
4.m-os 
1.6E-06 
21E-07 
53E-10 
93E-10 
6.9E-09 
6.0E- 10 
53E- 10 

NA 
19E-08 
3.m-14 
4.4E- 10 

NA 
NA 
NA 
NA 

13E-12 
NA 

4.E-11 
33E-13 
4.m- 10 
1.m-12 

NA 
23E-11 

NA 
NA 

23E-06 =E-06 
53E-08 53E-08 
4.1E-OS 6.2E-06 

NA NA 
NA NA 
NA NA 

1.OE-07 l.lE-07 

1.Z-08 3.E-07 
9 2 - 0 9  3.98-07 
9.1E-08 9SE-08 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

a z - 0 7  ~.OE-M 

268-08 a.w-08 

27E-07 3.m-04 
1s-10  4.7E-07 
3.6E-OS 13E-06 

NA 6.2E-06 
NA 1.l.E-05 
NA 1.1E-05 

3.OE-06 29E-07 
ME-07 1.8E-08 

3.1E-07 13E-08 
4.OE-07 6.98-09 
1.OE-07 1.6E-08 

NA NA 
NA 1.OE-09 
NA 3.68-09 
NA 1.OE-08 
NA NA 
NA NA 
NA 1.4E-11 
NA NA ' 

NA 3 s - 1 2  
NA ZSE-11 
NA 12E-10 
NA 1 s - 1 1  
NA 1.4E-09 
NA 7.9E-11 
NA NA 
NA 5.lE-08 
NA NA 
NA NA 

8 z - a  a s - o 9  

2.68-06 NA 
3.98-08 NA 

NA l.lE-07 
5.1E-07 NA 
9.2E-07 NA 
4.48-08 NA 
7.OE-08 NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA 
2.5E-08 NA 

NA NA 
NA NA 

3 2 - 1 2  NA 
NA NA 

8 2 - 1 3  NA 
6.2E-12 NA 
3.0E- 1 1 NA 
3.7E-12 NA 
3.4E- 10 NA 
20E- 11 NA 

NA NA 
1.m-07 NA 

NA NA 
NA NA 

~ . ~ E - I o  

Surface Water 

ofMeat M u c u  
p m e  ' pci/life 

7.8E+W 8.9E+W 
NA NA 
NA NA 
NA NA 

S.4E+00 3.2E+01 
NA NA 

13E+03 20E+04 
6.6E+OS 2JE+06 
5.2E-02 1.4E-01 
l.OE+OO 2.9E+00 
53E+03 5.2E+04 
3.OE+02 3.0E+03 
13E+04 13E+OS 

NA NA 

mgtKglday mgilQ/day 

21E-07 
NA 
NA 
NA 

1.4E-07 
ME-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.m-11 
9.2E-11 
7.lE-10 
2OE-12 

2OE-08 
NA 
NA 
NA 

3.7E-07 
5.8E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20E-11 
9.6E-11 
7.4E- 10 
3.6E-12 

1.l.E-03 
NA 

1.2E-IS 
NA 

1.1E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

13E-12 
NA 
NA 

3.7E-04 
NA 

43E-1S 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

63E-13 
NA 
NA 

~ . ~ E - o s  

53E-05 
NA 

3.lE-16 
NA 

3bE-06 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

19E-16 
NA 
NA 

5Z-06  
NA 

1SE-15 
NA 

9.68-06 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.OE-16 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6 2 - 1 2  
NA 
NA 

2.m-06 
NA 

3.OE-18 
NA 

1.E-09 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.m-13 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA - Not spphbk. Chemical not a chemical of interest form& or apcmm pathway not a p p k a k .  
' Calculation of dore frrm pamating radiation for on-pmpcny CT h e r  is provided in Table EIV-41. 

I 
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Ingestion Ingestionof 
ofDrinking Vcgaabks 

Water andFnriu 

Tranrfer M d m  
; a- Dmnal 

Ingestion of- Inhalation Contaawhih 
ofMeat Roduac ofVOCs Bathing 

T- 

CYMide 
antimany 

beryllium 

.ncnk 
barium 

boron 
c a d m i  
chmium vi 
cobah 
copper 
lead 
manganese 
merculy 
m0tybdenUlU 
nickel 
s e l a r i  
silver 
thallium 
v a n a d i i  
thoriun -total 
uranium-total 
fluoride 
acaraphttylenc 
2-mahylnaphthalcne 

barzo@h.i)pcrylare 
dibarzohrrsn 
peatachlomphend 
phenanthrene 
tributyl phosphate 
2-h-m~ 
3-chloropropcne 
chlomfonn 
tetrachloroaheae 
methyhe chloride 
toluene 
2-nitrophenol 
ILCCtolle 

4-chlom-3-ahylphenol 

TABLE E.111-25 
INTAKES FOR TOXICANTS FOR CT ON-PROPERTY FARMER 

FUTURE LAND USE, FUTURE SOURCE lERM 

NA 
1.2E-07 
5.6E-05 
4.lE-05 
3JE-08 

NA 
6.4E-08 

83E-08 
20E-05 
5.6E-05 
3.2E-05 
7.98-09 
12-06 
7.9E-07 
1.4E-07 
1.OE-07 
9.4E-08 
9.4E-06 
9JE-08 
1.9E-OS 
3.6E-06 
12-10 

NA 
NA 

24E- 10 
NA 

2OE-09 
9.OE-10 

NA 
2.6E- 11 

NA 
NA 

18E-08 
NA 
NA 
NA 
NA 

~ J E - O ~  

NA 
ZSE-06 
7.m-04 
1 2 - 0 3  
49E-07 

NA 
73E-06 
6 2 - 0 6  
13E-06 
l.lE-03 
1 2 - 0 3  
7 2 - 0 4  
l.lE-07 
27E-os 
4.9E-OS 
4.88-06 
3.7E-06 
l.lE-06 
1.4E-04 
l.lE-06 
21E-04 
3.9E-05 
1.6E-09 

NA 
NA 

27E-09 
NA 

UE-08 
1.OE-08 

NA 
4.1E-10 

NA 
NA 

33E-07 
NA 
NA 
NA 
NA 

NA 
7.2E-07 
19E-04 
9.m-05 
9.9E-08 

NA 
1.OE-06 
535-06 
3.88-06 
122-03 
1.4E-04 
7.OE-05 
3.1E-06 
2.7E-05 
24E-05 
6.4E-06 
2.68-06 
8.OE-06 
4.6E-OS 
1.4E-09 
24E-06 

NA 
23E-11 

NA 
NA 

6 2 - 0 8  
NA 

3.4E-09 
4.2E-30 

NA 
1 2 - 1 4  

NA 
NA 

1.m-10 
NA 
NA 
NA 
NA 

NA 
UE-07 
18E-os 
7.m-04 
28E-10 

NA 
6.lE-06 
4 2 - 0 6  
1.2E-06 
SJE-04 
3.m-04 
2OE-04 

22E-05 
13E-05 
5 2 - 0 6  
5 2 - 0 5  
13E-06 
1.2E-06 
3.6E-09 
23E-05 

NA 
ZSE-11 

NA 
NA 

6.6E-08 
NA 

3.4E-09 
43E-10 

NA 
1.6E-14 

NA 
NA 

NA 
NA 
NA 
NA 

i.sE-08 

iaE-10 

NA 
3.OE-04 
18E-05 

NA 
4.Z-07 

NA 
3.2E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-07 
NA 

1.8E-07 
5.9E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
lbE-04  
22e-05 

NA 
4.E-07 

NA 
49E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.E-OS 
NA 

1.OE-08 
4.lE-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
5.OE-05 
2lE-06 

NA 
1.2E-09 

NA 
UE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.E-06 
NA 

27E-08 
4.OE-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.2E-05 
23E-03. 
3 2 - 0 3  
3.m-06 

NA 
1.OE-05 
4.8E-OS 
1.9E-OS 
1.4E-03 
8.7E-W 
UE-03 
4.68-07 
l.lE-04 
8.4E-OS 
7.4E-06 
1.E-os 
6.48-06 
7.48-04 
23E-04 
1.OE-03 
3.lE-03 
5.9E-09 

NA 
NA 

9.88-09 
NA 

7.98-08 
3 2 - 0 8  

NA 
1.OE-09 

NA 
NA 

4.OE-W 
NA 
NA 
NA 
NA 

. NA 
3 2 - 0 6  
20E-os 
2.8E-04 
3.OE-07 

NA 
8.6E-07 
4.OE-06 
1.6E-06 
1.E-os 
7.1E-06 
1.9E-04 
1.9E-07 
9.48-06 
3.4E-07 
6.1E-07 
1.4E-06 
53E-07 
6.lE-06 
s.7E-os 
8.6E-OS 
7.68-04 
1.4E-08 

NA 
NA 
NA 
NA 

1.9E-07 
8.7E-08 

NA 
NA 
NA 
NA 

13E-06 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.m-09 
432-06 
1.6E-06 
3.6E-OS 

NA 
NA 
NA 
NA 
NA 

2 s - 0 4  
l.lE-06 
2.48-06 

NA 
NA 

8 2 - 0 s  
1.7E-os 
1.9E-OS 

NA 
1.0E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-10 
7.m-10 
12-11 
24E-09 
3.7E-10 
5.4E-11 

1.E-09 
13E-06 
1.6E-07 
27E-w 

NA 
NA 
NA 
NA 
NA 

1.2E-04 
2.8E-06 
6.7E-06 

NA 
NA 

4 2 - 0 5  
1 2 - 0 5  
4.1E-04 

NA 
26E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1JE-10 
7.4E-10 
2aE-11 
27E-09 
39E-10 
9 a ~ - i i  

6.4E-08 
26E-03 
88E-03 
9.8E-03 

NA 
1 2 - 0 3  
9 2 - 1 s  

NA 
NA 
NA 

8.E-04 
3.1E-02 S.4E-06 

2.6E-04 
NA 
NA 
NA 
NA 
NA 
NA 

4.8E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

932-12 
NA 
NA 
NA 
NA 

288-08 
1.6E-03 
29E-03 
8.4E-03 

NA 
8.4E-04 
338-14 

NA 
NA 
NA 

6.9E-04 
2.1E-02 
2.OE-06 
13E-04 

NA 
NA 
NA 
NA 
NA 
NA 

1.3E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.9E-12 
NA 
NA 
NA 
NA 

5.9E-14 
Z4E-04 

3.4E-04 

3.88-05 
Z4E-15 
' NA 

NA 
NA 

ZSE-05 
1.E-03 
3.4E-OS 
73E-05 

NA 
NA 
NA 
NA 
NA 
NA 

1.OE-03 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1m-1s 
NA 
NA 
NA 
NA 

4.m-04 

I NA 

6.E-14 NA 
7SE-05 NA 
4.m-05 NA 
ZSE-03 NA 

NA NA 
23E-04 NA 
1.4E-14 NA 

NA NA 
NA NA 
NA NA 

7.E-os NA 
3.OE-03 NA 
20E-07 NA 
5.9E-05 NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

1.OE-02 NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

1hE-15 s.lE-11 
NA NA 
NA NA 
NA NA 
NA NA 

12-1( 
6.4E-Of 
ZlE-O! 
24E-O! 

NA 
3.7E-ot 
23E-li 

NA 
NA 
NA 

8 2 - ( x  
7.6E-0! 
13E-Q 
6.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

1.2E-03 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.OE-12 NA 

NA 
NA 
NA 

NA - Not applicabk ChcmiCal not a chaniCal of interest formdm or exposurr patharay not applicabk.. 

000369 
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Exposed Waste Pit Material 

Incidental Dennal External 
InrrstPn Contact 
P C i i i f C  P C i n i f C  

TransferMedia 

hhalatiaa 

C%Cri .L  

arrenc 
kryLlLm 
cadmum 
chromum vi 
lead 
nickel 

kato(n)sathrrrge 

kazo( b)!hormthae 
kpzo0t)fluormthene 
chrysene 
dibePto(a.h)athmecne 
isdeno(l.2.3-cd)pyrrnc 
n-nitrcaaiipmpylamhe 
pentachlorcphcnd 
vinylchloride 
tetrschlorodiknzo-p-didn 
tetrschlorodiknzohan 
pentachlodiknzofnnn 
hexschlodiknzo-p-dioain 
hcxachloraiibcazohmn 
hept.chlodibcazo-p-didn 
hcptschloraiibauofuraa 
o c t x M o r o d i b - p - ~  
octghlorodibmzohnn 
chloroform 
tetrachlorocthcne 
baucne 
methylene chloride 

peb 

b-O@bY=e 

Ingestion of 
VegtaMa Ingutbn hgcsthn 
aidFmits ofMeat of Milk 

TABU E.III-26 
INTAKES FOR CARCINOGENS FOR RME ON-PROPERTY FARMER, USE OF PERCHED GROUNDWATeR 

FUTURE LAND USE, FUTURE SOURCE TERM 

9.E-OS 
62-08  
1.E-07 
635-07 
9.E-OS 
1.e-06 
2 s - 0 8  
1.m-09 
7.8E- 10 
1.a-09 
62 -11  
9.E-10 

NA 
3.a- 10 
1.E-09 
3.a-09 

NA 
NA 
NA 
NA 

1.Z- 13 
NA 

42-12 
5.a-13 
S.E-11 
2E- 12 

NA 
3.m-08 

NA 
NA 

1.e-03 
9.E-07 
12 -05  
13E-os 
3.E-03 
9.E-OS 
1.E-06 
1.e-08 
1.m-08 
2.m-08 
8.432-10 
132-08 

NA 
4313-09 
1.E-08 
4.e-08 

NA 
NA 
NA 
NA 

132-12 
NA 

5s-11 
6.e-12 
6.E-10 
3 s - 1 1  

NA 
6 s - 0 7  

NA 
NA 

3.a-04 
1.E-07 
2m-06 
9.E-06 
2.e-04 
4.65-05 
3.z-06 
7.E-09 
1.3E-08 
1.m-07 
8.E-09 
7.a-09 

NA 
LE-07 
52-13  
6.a-09 

NA 
NA 
NA 
NA 

1.e-11 
NA 

5 . a -  10 
4.E-12 
6.E-09 
222-11 

NA 
3 s - 1 0  

NA 
NA 

43E-OS 
6.E-10 
1.e-os 
1.E-os 
8.a-04 
3.E-OS 
4.m-06 
9m-09 
l.E-08 
1 s - 0 7  
1.E-08 
9.e-09 

NA 
3 2 - 0 7  
7.m-13 
8 2 - 0 9  

NA 
NA 
NA 
NA 

2.z-11 
NA 

7.e-10 
6.8- 12 
8.E-09 
3.E-11 

NA 
4 s -  10 

NA 
NA 

3 2 - 0 5  
83E-07 
6.E-04 

NA 
NA 
NA 

1s-os 
1.e-06 
4.E-07 
2.62 - 07 
1.e-07 
1.a-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.E-OS 
7.E-07 
9.Z-OS 

NA 
NA 
NA 

4.E-OS 
1.e-06 
1 2 - 0 6  
4 9 5 0 6  
5.E-06 
1 2 - 0 6  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

S.E-06 
2.E-09 
6.E-04 

NA 
NA 
NA 

5 2 - o s  
2.E-06 
1 s - 0 6  
5.a-06 
7.a-06 
l.E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.a-03 
6.E-06 
ZaE-OS 
9.E-OS 
I.&-04 
1.e-04 
4.E-06 
282-07 
1.z-07 
1.E-07 
1.m-07 
La-07 

NA 
12-08  
535-08 
1 s - 0 7  

NA 
NA 

2E-10 
NA 

S.E-11 
3.E-10 
1.E-09 
ZZE-10 
2m-08 
12-09  

NA 
7.a-07 

NA 
NA 

1 2 - 0 4  NA 
2 z - 0 6  NA 
63E-06 NA 
2 s -  os NA 

NA s.2E-os 
2.E-06 NA 
4.E-06 NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

5.E-08 NA 
1.a-06 NA 

NA NA 
NA NA 

2m-10 NA 
NA NA 

4.E-11 NA 
3 s -  10 NA 
1.E-09 NA 
2E- 10 NA 
2m-08 NA 
1.E-09 NA 

NA NA 
9 2 - 0 6  NA 

NA NA 
NA NA 

SurfaK Water 

Ingcstmn Ingutbm 
of Meat 

i/life in& 
1.2E+06 1.7E+06 

NA NA 
NA NA 
NA NA 

B . E + O l  S.E+02 
NA NA 

l.lR+04 3.8E+OS 
9.8E+06 4.E+07 
7.E-01 26E+Oo 
l . E + O l  s3E+o1 
7.8E+04 9.E+OS 
4.SE+03 S . E + 0 4  
1.9E+os 2a+06 

NA NA 

m f l e y  m f l m y  

3.E-06 
NA 
NA 
NA 

2.E-06 
1.6544 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.65- 10 
1.e-09 
1.E-08 
29e-11 

3.a-07 
NA 
NA 
NA 

6.a-06 
1.E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.e- 10 
1m-09 
1.e-08 
6.E-11 

pcillifc Water ofVOCs bath in^ 

4.a+04 NA NA 
3.7E+OS NA NA 
2a+04 NA NA 
za+03 NA NA 
3.@+06 NA NA 

NA NA NA 
2&+06 NA NA 
13E+08 NA NA 
12+04 NA NA 
=+03 NA NA 
7 2 + 0 9  NA NA 
1.&+09 NA NA 
ZE+lO NA NA 

NA NA NA 

l.E-02 
S.6E-04 
3.E-03 
3 s - 0 3  
1.E-02 
5.a-02 
4.E-03 
132-03 
LIE-03 
1.E-03 
1.E-03 
1.E-03 
z7E-04 
1.E-03 

NA 
5 2 - 0 3  
LE-ot 

NA 
1 2 - 0 7  
SBE-08 
ZIE-08 
3 s - 0 8  
2a-08 
5 2 - 0 6  
4.E-08 
3.m-08 

NA 
38E-03 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.m-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.E-02 
NA 
NA 

S.&-OS 
1.e-06 
9313-06 
2.m-OS 
2.E-07 
l.E-OS 
!.E-01 
2IE-a2 
3.e-02 
3.a-02 
3.82-02 
LE-02 
2 s - 0 2  
6 s - 0 2  

NA 

1 s - 0 3  
NA 

9.8-06 
3.e-06 
1.Z-06 
LIE-06 
1.e-06 
3 s - 0 6  
3.E-06 
l.E-06 

NA 
26e-03 

NA 
NA 

?.IE-Ol 

~ 

IngutPo of 

~ sme 

IngutPo of 

~ sme 
NA 

l .E+Oo 
l.E+03 

NA 
3.&+01 

NA 
93E+01 
=+os 
1.@+04 

NA 
3.=+07 
7.E+06 
1AE+08 

NA 

NA 
6.a-03 
3.e-02 

NA 
s s + m  

NA 
3.a+Oo 
t.m+os 
4.m+Oo 

NA 
-+os 
S.E+04 
l.E+06 

NA 

NA 

3.m-0: 
NA 

NA 
6.8E+O: 
4.9e+O! 
1.a+01 

NA 
3.=+0( 
7.E+O! 
1 S + K  

NA 

ze-a 

).=+a 

5.E-03 
NA 

6.62-14 
NA 

1.a-03 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.Z-12 
NA 
NA 

7.E-04 
NA 

42-15  
NA 

s.a-os 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.E-15 
NA 
NA 

9.6E-O! 
NA 

3.Z-14 
NA 

l.E-04 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.E- 15 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. N A  
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA - 
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Transfer Media 

hhalatim 
Exposure Pathway 

Ingcsth of 
Vegetablrs Ingestion Ingcrth 
and Fruits of Meat of Milk 

T d b  

cyanide 
8ntimony 
arsenic 
barium 
belyllium 
bar- 
cadmium 
chromium vi 
cobalt 
copper 
led 
manganese 
mercury 
molyMenum 
nickel 
selenium 
shzr  
thallium 
mndium 
thorum- total 
uranium- total 
fluoride 
genaphthylcne 
2- meLyhaphthalcae 
4-chloro-3-mcchylphcnol 
ho(g.h.iWrylcne 
dibcazofuran 
pcntachloraphcnd 
phenanthrae 
tributyl phosphate 
2-haanme 
3-ChlOropmgee 
chloroform 
tctrachloroethcne 
methylene chloride 
toluene 
2-nitrophenol 
getone 

TABU E.III-27 
INTAKES FOR 'lDXICANTs FOR RME ON-PROPERTY FARMER. USE OF PERCHED GROUNDWATER 

NA 
2.m-07 
92-OS 
7.E-OS 
62-08 

NA 
1.E-07 
6 2 - 0 7  
1.E-07 
3.E-OS 
9 . z -05  
5.E-05 
1.4E-08 
2 2 - 0 6  
1.E-06 
2.E-07 
1.E-07 
1.E-07 
1.E-os 
1.E-07 
3.3E - OS 
6.E-06 
2.E- 10 

NA 
NA 

4 .E-  10 
NA 

3.E-09 
1.E-09 

NA 
4.E-11 

NA 
NA 

3.E-08 
NA 
NA 
NA 
NA 

NA 
SSE-06 
1 . e - 0 3  
TE-03 
9.E-07 

NA 
1s-05  
1 s - o s  
2 .z -06  
2.Z-03 
3.E-03 
1 2 - 0 3  
2.E-07 
s.4.E-os 
9.E-OS 
9 s - 0 6  
7 s - 0 6  
2.Z-06 
2 . z -04  
2.Z-06 
4.E-04 
7.E-05 
3.Z-09 

NA 
NA 

5 s - 0 9  
NA 

4.83-08 
2.E-08 

NA 
8.Z- 10 

NA 
NA 

65E-07 
NA 
NA 
NA 
NA 

NA 
I.@-06 
3.E-04 
1.a-04 
192-07 

NA 
2.E-06 
9.E-06 
7.E-06 
2.E-03 
2.63-04 
1.E-04 
6.E-06 
5.E-os 
4.62-05 
1.E-05 
4.95-06 
1.E-05 
8.E-05 
2.E - 09 
4.E-06 

NA 
4.E-11  

NA 
NA 

l.E-07 
NA 

6.4E-09 
8.m- 10 

NA 
2.E-14 

NA 
NA 

NA 
NA 
NA 
NA 

3.32- 10 

NA 
5 2 - 0 7  
4.E-05 
1 . z -03  
6.E-10 

NA 
1.e-os 
1.E-os 
2.E-06 
1.E-03 
8.E-04 
4 .z -04  
4.3E-08 
S.Z-os 
3.E-05 
1.3E-OS 
l.E-04 
3.m-06 
2.E-06 
8.e-09 
5 .e -05  

NA 
5.E-11 

NA 
NA 

1.e-07 
NA 

832-09 
1.E-09 

NA 
3 . z -  14 

NA 
NA 

4 s - 1 0  
NA 
NA 
NA 
NA 

NA 
6.E-04 
3 2 - 0 5  

NA 
83g-07 

NA 
635-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.m-07 
NA 

3.E-07 
1.25-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.E-04 
4.E-OS 

NA 
7.Z-07 

NA 
93E-OS 

NA 
NA 
NA 
NA 
S A  
NA 
NA 
NA 
NA 
NA 

2 . e  - OS 
NA 

1.E-08 
7.E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

FUTURE LAND USE, FUTURE SOURCE TERM 

NA 
1.E-04 
S.E-06 

NA 
232-09 

NA 
6.E - 04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.E-06 
NA 

6.SE-08 
9.4E - 04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
8.E-OS 
4.E-03 
6 2 - 0 3  
6.E-06 

NA 
2.m-os 
9.m-OS 
3.e-OS 
2.82-03 
LE-04 
4.E-03 
8.e-07 
2.Z-04 
1.E-04 
NE-os 
3.E-05 
1.Z-OS 
1.4E-03 
4.E-04 
2.E-03 
5.E-03 
1.E-08 

NA 
NA 

1.E-08 
NA 

1 2 - 0 7  
6.E-08 

NA 
1.E-09 

NA 
NA 

NA 
NA 
NA 
NA 

7.E-07 

NA NA 
NA 2 2 - 0 s  

1.E-04 NA 
2.E-03 NA 
222-06 NA 

NA NA 
6.3E-06 NA 
2 . E  - 05 NA 
1.E-05 NA 
8 .e -OS NA 
5.E-OS NA 
1.E-03 NA 
l.4.E-06 NA 
6.E-05 NA 
2 . E  - 06 NA 
4 s - 0 6  NA 
1.E-05 NA 
3.E-06 NA 
4 2 - 0 5  NA 
4 . E  - 04 NA 
6.3E-04 NA 
5.E-03 NA 
1.E-07 NA 

NA NA 
NA NA 
NA NA 
NA NA 

1.4E-06 NA 
645-07 NA 

NA NA 
NA NA 
NA NA 
NA NA 

9 s  - 06 NA 
NA NA 
NA NA 
NA NA 
NA NA 

Surface Water I 
Ingestion Ingestion 
ofMeat I ofMilk 

mfigklay mr/Kdday 

2.E-09 
8.W-06 
3.E-06 
6.E-OS 

NA 
NA 
NA 
NA 
NA 

4.7E-04 
2.W-06 
4.E-06 

NA 
NA 

l.e-04 
3.E-OS 
3.E-05 

NA 
l.E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 . e -  10 
1.a-09 
2.E-11 
4.62-09 
7.E-10 
1.e-10 

2.E-09 
3.E-06 
3.E-07 
6.e-04 

NA 
NA 
NA 
NA 
NA 

2.E-04 
6.E-06 
1.65-05 

NA 
NA 

l.E-04 
3.E-OS 
9.8E-04 

NA 
6.E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3 . e -  10 
1.E-09 
6.E-11 
6.e-09 
9.3% 10 
2 s - 1 0  

9.E-02 
2.65-02 
LE-02 
5.E-02 
5.e-04  
8.E-02 
3.Z-03 
3.E-03 
935-03 
2 . e -02  
l.E-02 
6.E-02 
6.E-04 
3.zE+Oo 
5.8E-02 
1.E-04 
1.8E-03 
2.E-02 
3.E-02 

NA 
1.4E+o1 

NA 
NA 
NA 
NA 
NA 
NA 

5.E-03 
1.E-03 

NA 
NA 
NA 
NA 

3.9-03 
NA 
NA 
NA 
NA 

Perhed Grcundwater 
Ingestion 

ofDmtiog Ualatim Contaudilc 

m a g k l a y  m y m  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.E-03 
NA 
NA 
NA 
NA 

1 .e -02  
NA 
NA 
NA 
NA 

2.m-M 
72E-05 
S.E-05 
15E-04 
1.a-06 
2 s - 0 4  
932-06 
2.E-05 
1.E-05 
732-0s 
2.E-07 
1.E-04 
1.E-06 
9.E-03 
LE-05 
3.E-07 
3.E-06 
5.E-os 
1.E-04 

NA 
3.Z-02 

NA 
NA 
NA 
NA 
NA 

1.E-01 NA 

4.E-03 
NA 
NA 
NA 
NA 

2dE-03 
NA 
NA 
NA 
NA 

FEMP-OUO1-5 DRAFT FINAL 
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hgestPn of 

&Fruits ofMeat 
m m m 

5.E-08 
3.E-03 
5.E-03 
1.z-02 

NA 
l.E-03 
6.e-14 

NA 
NA 
NA 

1.E-03 
4.Z-02 
3.E-06 
2.E-04 

NA 
NA 
NA 
NA 
NA 
NA 

2.E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.E-12 
NA 
NA 
NA 
NA 

1.E-13 
4.E-04 
7.E-04 
6.E-04 

NA 
7.Z-OS 
4 .E-  IS 

NA 
NA 
NA 

s.4e-os 
2 E - 0 3  
6 2 - 0 s  
1.E-04 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.E- IS 
NA 
NA 
NA 
NA 

1.E-03 

12-13 
LE-04 
9.E-O! 
6.E-03 

NA 
S S - 0 4  
3.32-14 

NA 
NA 
NA 

1.8E-04 
7.E-03 
4.8E-07 
1.e-04 

NA 
NA 
NA 
NA 
NA 
NA 

2.E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.E-1s 
NA 
NA 
NA 
NA 

NA - Not pplicrblc Chemical not a chemical of mtercst for media or exposure pathway not applicable- 
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TABLE E.111-32 
INTAKES FOR CARCINOGENS FOR ON-PROPERTY HOME BUILDER 

c ,; $= - -e FUTURE LAND USE, FUTURE SOURCE TERM 
_-  4 - i  l'* 

Transfer Media: 

Exposure Pathwavs: 
Contaminants of Concern 
Radionuclides 

%7+ld 

NPBl+ld 

%a 
~ m m  
R%6+M 
RUl, 

Chemicals 

arsenic 

Cadmium 
chromium vi 
lead 
nickel 

benzo(a)anthracene 
benzo(a)pyrene 
benzo(b)fluoranthene 
benzo(k)fluoranthene 
chrysene 
dibenzo(a,h)anthrae 
indene( 1,2+cd)pyrene 
n -nitrosodipropylamine 
pent achlorcphenol 
vinyl chloride 
tetrachlorodibenzo-p-dioxin 
tetrachlorodibenzofuran 
pentachlorodibenzofuran 
hexachlorodibenm-p -dioxin 
hexachlorodibenmfuran 
heptachlorodibenzo-p-dioxin 
heptachlorodibenzofuran 
octachlorodibenzo -p - dioxin 
octachlorodibenzofuran 
:hloroform 
tetrachlorcethene 
benzene 
methylene chloride 

beryllium 

Pcb 

Air 

Inhalation 
pCiife 

l . lE+Ol 
8.4E+OO 
4.9E-01 
22E+OO 
6.7E+01 
63E-01 
3.1E+OC 
3.1E+01 
1.7E+O3 
5.6E+01 
3.8E+02 
1.lE+O2 
1.4E+(x1 
1.3E+O1 

mglKglday 

29E-06 
20E-09 
33E-09 
20E-08 
29E-06 
4.1E-08 
7.0E- 10 
3.1E-11 
23E-11 
4.7E- 11 
20E-12 
29E-11 

NA 
1.OE-11 
3.7E-11 
1.OE-10 

NA 
NA 
NA 
NA 

3.9E- 15 
NA 

1.4E-13 
1.E-14 
1 s - 1 2  
8.8E- 14 

NA 
9.E-10 

NA 
NA 

Surface Soil and osed Waste Pit Material 

pCiife pCiife pCiife 

55E+02 NA 7.9E-01 
4.1E+02 NA 5.9E-01 
3.2E+o1 NA 4 s - 0 2  
1.4E+02 NA 20E-01 
26E+m NA 3.7E+Oo 
4.0E+02 NA 5.7E-01 
27E+02 NA 3.9E-01 
1.8E+04 NA 26E+01 
8.lE+04 NA 1.2E+M 
3.OE+m NA 4.2E+Oo 
23E+04 NA 3.3E+O1 
3.6E+m NA 5.2E+Oo 
9.E+04 NA 13E+(32 

NA NA NA 

mglKglday mglKglday 

8.8E-05 
13E-07 
3.m-07 
1.7E-06 
3.E-06 
3.OE-06 
8.OE-08 
4.9E-09 
24E-09 
3.7E-09 
1.9E-09 
4.5E-09 

NA 
28E-10 
1.OE-09 
28E-09 

NA 
NA 

4.0E- 12 
NA 

9.6E-13 
7.OE-12 
3.4E- 11 
4.2E-12 
3.9E-10 
22E- 11 

NA 
1.4E-08 

NA 
NA 

1.1E-06 
1.6E-08 
4%-08 
21E-07 
3.7E-07 
1.8E-08 
29E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E-10 
1.OE-08 

NA 
NA 

1.4E-12 
NA 

3.E- 13 
25E-12 
1.2E-11 
1.33-12 
1.4E-10 
7.9E-12 

NA 
6.8E-08 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

wlried Pit 
Material 

External 
Exposure' 
m R 4 i f e  

l.lE-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
a Calculation of dose from penetrating radiation for homebuilder is provided in Table EN-42 
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Incidental 
Ingestion 

.. TABLE E.111-33 

Demal External 
Contact Exposure 

.* INTAKES FOR TOXICANTS FOR ON-PROPERTY HOME BUILDER 
FUTURE LAND USE, FUTURE SOURCE TERM 

Transfer Media 

Exposure Pathways 

rhcmts 

yanide 
antimony 
arseoic 
barium 
beryt lb  
boron 
*ium 
h i u m v i  
mbalt 
q p e r  
ead 
nanganese 
nerrxlry 
nolybdenum 
iickel 
ieleOium 
iiver 
ballium 
ranadium 
horium -total 
iranium -total 
luoride 
tcenaphthylene 
!-methylnaphthalene 
I-chloro-3-methylphenol 
=nzo(gbi)perylene 
jibemohran 
)entachlorcphenol 
)henanthrene 
ributyl phosphate 
!-hexanone 
1-chloropropene 
:hlorofonn 
etrachloroethene 
nethylene chloride 
oluene 
!-nitrophenol 
Icetone 

Air 

Inhalation 
mp/Kp;lday 

NA 
8.9E-07 
43E-04 
3.E-04 
29E-07 

NA 
4.9E-07 
29E-06 
63E-07 
1 s - 0 4  
43E-04 
24E-04 
6.OE-08 
l.lE-05 
6.OE-06 
1.E-06 
7.E-07 
7.1E-07 
7.E-05 
7.4E-07 
1 2 - 0 4  
27E-05 
l.lE-09 

NA 
NA 

1.9E-09 
NA 

1 2 - 0 8  
6.9E-09 

NA 
20E-10 

NA 
NA 

13E-07 
NA 
NA 
NA 
NA 

Surface Soil and Emxed Waste Pit Material 
I I 

NA 
22E-04 
13E-02 
1.8E-02 
1.9E-05 

NA 
5 s - 0 5  
m-04 
1.OE-04 
73E-(M 
4.6E-04 
1.2E-02 
24E-06 
6.OE-04 
4.4E-04 
3.9E-05 
8.8E-05 
3.4E-05 
3.9E-03 
1.2E-03 
5.E-03 
1.6E-02 
3.1E-08 

NA 
NA 

5.1E-08 
NA 

4.1E-07 
1.8E-07 

NA 
5.4E-09 

NA 
NA 

21E-06 
NA 
NA 
NA 
NA 

NA 
27E-05 
1 s - 0 4  
22E-03 
23E-06 

NA 
6 2 - 0 6  
3.OE-05 
1.E-05 
ME-05 
5 2 - 0 5  
1.4E-03 
1.4E-06 
7.z-05 
26E-06 
4.m-06 
l.lE-05 
4.OE-06 
4.6E-05 
4.4E-04 
6.6E-04 
5.8E-03 
l.lE-07 

NA 
NA 
NA 
NA 

1 2 - 0 6  
6.6E-07 

NA 
NA 
NA 
NA 

9.9E-06 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
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TABLE E.III-34 
INTAKES FOR CARCINOGENS FOR OFF-PROPERTY USER OF MEAT AND 

MILK PRODUCIS, FUTURE LAND USE, FUTURE SOURCE TERM 

Transfer Media: 

Exposure Pathways: 
Contaminants of Concern 
Radioadides  

Chemicals 

arsenic 
beryllium 
cadmium 
chromium vi 
lead 
nickel 
PdS 
benzo(a)anthracene 
bemo(a)pyrene 
benzo@)fluorant hene 
benzo(k)fluoranthene 
chrysene 
dibenzo(a.h)anthracene 
indeno(l,2.3-cd)pyrene 
n- nitrosodipropylamine 
pentachlorophenol 
vinyl chloride 
tetrachlorodibenzo - p -dioxin 
tetrachlorodibenzofuran 
pentachlorodibenzofuran 
hexachlorodibenzo -p - dioxin 
hexachlorodibenzofuran 
heptachlorodibenzo-p-dioxin 
heptachlorodibenzofuran 
octachlorodibenzo - p -dioxi n 
octachlorodibenzofuran 
chloroform 
tetrachloroethene 
benzene 
methylene chloride 

Products 
CiAife Ciflife 

1.OE+04 1.4E+04 
2.1E+01 7.7E+CX 
7.48-03 5.9E-03 
7.1E-02 5.7E-02 
1.3E+03 9.28+03 
2.6E+01 3.2E-02 
1.OE+02 2.OE+03 
8.2E+04 3.9E+OS 

2.8E+01 9.5E+01 
1.8E+03 2.2E+04 
4.9E+02 5.9E+03 
6.5E+03 7.9E+04 

&7E+02 2.9E+03 

3.68-04 
1.9E-07 
2.OE-06 
9.9E-06 
2.6E-04 
4.6E-OS 
3.28-06 
7.7E - 09 
1.3E-08 
1.OE-07 
8.78-09 
7.68-09 

NA 
2.7E-07 
5.5E- 13 
6.4E - 09 

NA 
NA 
NA 
NA 

1.6E-11 
NA 

5.4E- 10 
4.2E- 12 
6.1E - 09 
2.2E-11 

NA 
3.3E-10 

NA 
NA 

4.3E-05 
6.8E- 10 
1.4E - 05 
1.1E-05 
8.8E-04 
3.1E-05 
4.OE-06 
9.8E-09 
1.7E-08 
1.3E-07 
1.1E-08 
9.6E-09 

NA 
3.58-07 
7.OE- 13 
8.2E-09 

NA 
NA 
NA 
NA 

2.2E-11 
NA 

7.6E- 10 
6.OE- 12 
8.78-09 
3.1E- 11 

NA 

NA 
NA 

4.3E- 10 

Surface Soil 

Products 
Ciflife 

1.3E+OS 1.8E+0! 
2.8E+02 I.OE+O; 
4.8E-02 3.8E-O; 
9.6E-02 7.7E-0; 
8.OE+02 5.8E+O: 

NA NA 
I.OE+OS 2.1E+Ot 
4.2E+07 2.OE+Ot 
8.7E+02 2.9E+O: 
3.3E+01 l.lE+Oi 
4.OE+04 4.8E+O! 
6.48+03 7.6E+04 
2.78+05 3.2E+Ot 

4.28-05 
7.9E - 07 
9.38-05 

NA 
NA 
NA 

4.48-05 
1.6E-06 
1.2E-06 
4.5E-06 
5.9E-06 
1.5E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.lE-Ot 
2.9E - OS 
6.7E - 04 

NA 
NA 
NA 

5.5E-05 
2.1E -0C 
1.5E-OC 
5.8E-Ot 
7.4E-OC 
1.9E-OC 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

651111 

Surface Water 

of Meat 
CiAife 

1.2E+06 1.7E+o( 
NA NA 
NA NA 
NA NA 

8.1E+01 5.9E+E 
NA NA 

1.9E+04 3.8E+O! 
9.8E+06 4.7E+oi 
7.7E-01 2.6E+O( 
1.5E+01 5.3E+01 

4.58+03 5.68+04 
1.9E+05 2.4E+Ot 

7.8E+04 9.7E+O! 

3.1E -06 
NA 
NA 
NA 

2.OE-06 
1.6E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.6E- 10 
1.4E - 09 
1.OE-08 
2.9E-11 

3.8E - 07 
NA 
NA 
NA 

6.8E-06 
1.lE-04 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

N A 

3.6E-10 
1.8E-09 
1.4E-08 
6.7E-11 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable.. 
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TABLE E.111-35 
INTAKES FOR TOXICANTS FOR OFF-PROPERTY USER OF MEAT AND 

MILK PRODUCIS, FUTURE LAND USE, FUTURE SOURCE TERM 

Transfer Media: 

Exposure Pathways 

Toxicants 

cyanide 
antimony 
arsenic 
barium 
beryllium 
boron 
cadmium 
chromium vi 
cobalt 
copper 
lead 
manganese 
mercury 
molybdenum 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium - total 
uranium-total 
fluoride 
acenaphthylene 
2 -methyl naphthalene 
4-chloro - 3- met hylphenol 
benzo(g,h,i)perylene 
dibenzofuran 
pentachlorophenol 
phenanthrene 
tributyl phosphate 
2- hexanone 
3- chloropropene 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2- nitrophenol 
acetone 

of Meat Products 
mg/Kg/day rng/Kpjda 

NA 
1.4E-06 
3.68-04 
1.8E-04 
1.9E-07 

NA 
2.OE-06 
9.9E - 06 
7.28-06 
2.3E - 03 
2.68-04 
1.3E-04 
6.OE-06 
5.2E-05 
4.6E-05 
1.2E-05 
4.9E -06 
1.5E - 05 
8.8E - 05 
2.6E-09 
4.78-06 

NA 
4.4E-11 

NA 
NA 

1.2E-07 
NA 

6.48-09 
8.OE- 10 

NA 
2.9E-14 

NA 
NA 

3.3E-10 
NA 
NA 
NA 
NA 

NA 
5.5E-07 
4.3E-05 
1.7E-03 
6.8E- 10 

NA 
1.4E-OS 
1.1E-05 
2.9E-06 
1.4E-03 
8.8E-04 
4.7E-04 
4.3E-08 
5.28-05 
3.1E-OS 
1.3E-05 
1.3E-04 
3.OE-06 
2.8E - 06 
8.68-09 
5.68-05 

NA 
5.9E-11 

NA 
NA 

NA 
1.6E-07 

8.2E-09 
1.OE - 09 

NA 

NA 
NA 

NA 
NA 
NA 
NA 

3.7E- 14 

4.3E-10 

Surface Soil 

of Meat Products 
mg/Kg/day mpjl<glda 

NA 
3.OE-04 
4.2E-05 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

7.98-07 

9.3E-05 

2.OE - OS 

1.9E -08 
7.98-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.2E-04 
5.1E-06 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

2.9E-09 

6.7E-04 

4.OE-06 

6.58-08 
9.4E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Surface Water 

of Meat 
mg/Kg/day mgfl<g/da 

2.OE - 09 
8.OE - 06 
3.1E-06 
6.8E-05 

NA 
NA 
NA 
NA 
NA 

4.7E-04 
2.OE - 06 
4.6E-06 

NA 
NA 

1.6E-04 
3.3E -05 
3.7E-05 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.9E-04 

2.6E-10 
1.4E-09 
2.9E-11 
4.68-09 
7.1E-10 
1.OE- 10 

2.6E-09 
3.2E-06 
3.8E-07 
6.4E - 04 

NA 
NA 
NA 
NA 
NA 

2.9E-04 
6.8E - 06 
1.6E-05 

NA 
NA 

l.lE-04 
3.5E- 05 
9.8E-04 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.3E - 06 

3.6E - 10 
1.8E-09 
6.m-11 
6.4E-09 
9.3E- 10 
2.3E- 10 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable.. 
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Incidental 
Ingestion 

, >  - s., 5 TABLE E.IV- 1 
’ %’ ILCRs FOR ON-PROPERTY GROUNDSKEEPER 

CURRENT LAND USE, CURRENT SOURCE TERM 

Dermal External 
Contact Exposure 

Transfer Media 

Exposure Pathways 
Contaminants of Concern 
Radionuclides 

cs137+1d 

NpZ37+1d 
N 3 6  

~ 2 3 9 n 4 0  

Ram+, 

Sr,,, 
TC99 

%Ya 

%3* 

urn 
UW+lD 

urn+, 
Rn,,, 

RaZZ8+ld 

ThZZ8+7d 

Total Radionuclides 

Chemicals 

arsenic 
beryllium 
cadmium 
lead 
nickel 

benzo( a) anthracene 
benzo( a)pyrene 
benzo@)fluoranthene 
benzo(k)fluoranthene 
chrysene 
chloroform 
tetrachloroethene 
benzene 
methylene chloride 

Pcbs 

Air 

Inhalation 

1.9E-12 
1.8E-09 
4.8E- 1 C  
9.3E- 1 C  
1.2E-09 
1.9E-1C 
1.2E-11 
5.7E- 12 
7.5E-08 
5.1E-07 
1.9E-08 
3.8E - 07 
4.3E-09 
5.OE-06 
4.0E- 12 
6.OE-06 

8.4E-09 
4.4E- 10 
2.5E-09 

NA 
NA 
ND 

4.1E-12 
1.8E-11 
2.5E-12 
2.1E-13 

NA 
NA 
NA 
NA 
NA 

7.OE-07 
1.6E-07 

ND 
NA 
NA 

5.3E - 07 
ME-09 
1.5E-08 
2.1E-09 
1.6E- 10 
1.4E-10 

NA 
NA 
NA 
NA 

4.2E-08 
9.3E-06 

ND 
NA 
NA 

1.2E-06 
3.5E-09 
1.5E - 08 
2.1E-09 
1.6E- 10 
1.4E-10 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~ 

Sum Chem. (TJXF for PAHs): I l.lE-08 I 1.4E-06 1.1E-05 

Buried Pit 
Material 

External 
Exposure’ 

4.6E-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Sum Chem. iBaP for PAHsj: I l.lE-08 I 1.5E-06 l.lE-05 
TOTAL ALL (TEF): I 6.OE-06 I 3.9E-06 l.lE-05 7.4E-05 I 4.6E - 05 
TOTAL ALL tBaP): I 6.OE-06 I 4.OE-06 l.lE-05 7.4E-05 I 4.6E-05 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
a Risk from external radiation exposure is calculated from to exposure to buried gamma radiation sources. 

Risk from dermal contact with PAHs is assumed to equal the risk from oral ingestion of PAHs. 
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TABLE E.IV-2 
HAZARD QUOTIENTS FOR ON-PROPERTY GROUNDKEEPER 

CURRENT LAND USE, CURRENT SOURCE TERM 

Transfer Media 

Exposure Pathways 

Toxicants 

cyanide 
antimony 
arsenic 
barium 
beryllium 
cadmium 
cOpper 
lead 
manganese 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium- total 
uranium - total 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2 - nitrophenol 
acetone 

TOTAL: 

Inhalation In estion Contact 

NA 
ND 
ND 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
ND 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
9.6E-03 
3.7E-03 

NA 
2.1E-05 
8.OE-04 

NA 
NA 
NA 
NA 
NA 
NA 

1.4E-03 
NA 
ND 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E- 02 

NA 
3.7E-02 
2.3E-04 

NA 
1.2E- 03 
9.2E-03 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
ND 

2.2E-01 
NA 
NA 
NA 
NA 
NA 
NA 

7.9E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

O.OE+OO 3.4E-02 2.7E-01 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
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Inhalation 

55 PRh TABLE E.W-3 
JLCRS FOR RMFi OFF-PROPERTY FARMER 

CURRENT LAND USE, CURRENT SOURCE TERM 

Ingestion of Ingestion 
Vegetables Ingestion of Milk 
and Fruits of Meat Products 

Transfer Media 

Chemicals 

arsenic 
beryllium 
cadmium 
lead 
nickel 
pcbs 
benzo(a)anthracene 
benzo(a)pyene 
benzo@)fluoranthene 
benzo(k)fluoranthene 
chrysene 
chloroform 
tetrachloroethene 
benzene 
methylene chloride 

Sum Chem. (TEF for PAHs): 
Sum Chem. iBaP for PAHsj: 

TOTAL ALL (TEJ?): 
TOTAL ALL !BaPj: 

9.5E-13 2.3E-11 4.OE-11 5.6E-11 
9.1E-10 9.3E-11 5.3E-13 1.9E-13 
2.5E-10 1.7E - 11 6.3E-16 5.1E-16 
4.7E- 10 3.6E-11 2.8E-15 2.3E- 15 
6.1E-10 9.6E-10 4.OE- 11 2.8E-10 
9.5E-11 1.7E-10 2.4E-12 1.8E-11 
5.8E-12 5.4E-11 3.3E-12 6.6E-11 
2.9E-12 6.OE-12 3.6E-12 1.7E-11 
3.8E - 08 3.4E-10 1.OE-13 3.5E- 13 
2.7E - 07 1.5E-09 1.8E-12 6.1E-12 
9.6E-09 5.3E-11 6.3E-14 2.1E-13 
1.9E - 07 1.5E-09 1.7E-11 2.OE-10 
2.8E-08 2.3E-10 2.5E-12 3.1E-11 
2.6E-06 1.8E-08 2.OE-10 2.3E-09 
2.OE-12 ND ND ND 
3.1E-06 2.3E-08 3.1E-10 3.OE-09 

4.2E-09 
2.2E-10 
1.3E-09 

NA 
NA 
ND 

2.1E-12 
9.1E-12 
1.3E-12 
9.9E-14 

NA 
NA 
NA 
NA 
NA 

7.2E-09 
1.7E-09 

ND 
NA 
NA 

1.7E-08 
3.3E-11 
1.4E-10 
1.9E-11 
1.5E-12 

NA 
NA 
NA 
NA 
NA 

1.8E-09 
3.3E-10 

ND 
NA 
NA 

5.1E-08 
1.9E-11 
1.9E-10 
9.9E-11 
1.6E-11 

NA 
NA 
NA 
NA 
NA 

2.2E-10 
1.2E-12 

ND 
NA 
NA 

6.4E-08 
2.4E-11 
2.4E-10 
1.3E-10 
2.OE-11 

NA 
NA 
NA 
NA 
NA 

5.8E-09 2.7E - 08 5.3E-08 6.5E-08 
5.8E-09 2.7E-08 5.4E - 08 6.6E-08 
3.1 E - 06 4.9E-08 5.3E - 08 6.8E-08 
3.1E-06 4.9E-08 5.4E - 08 6.9E - 08 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
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Inhalation 
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Ingestion of Ingestion 
Vegetables Ingestion of Milk 
and Fruits of Meat Products 

TABLE E.IV-4 
HAZARD QUoTIENTS FOR RME OFF-PROPERTY FARMER 

CURRENT LAND USE, CURRENT SOURCE TERM 

Transfer Media 

Exposure Pathwars 

Toxicants 

cyanide 
antimony 
arsenic 
barium 
beryllium 
cadmium 
copper 
lead 
manganese 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium-total 
uranium - total 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2-nitrophenol 
acetone 

TOTAL: 

NA 
ND 
ND 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
ND 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.OE-05 
1.4E-05 

7.9E-08 
2.8E-05 

NA 
NA 
NA 
NA 
NA 
NA 

4.6E-06 
NA 
ND 

6.OE-05 
NA 
NA 
NA 
NA 
NA 
NA 

NA ' 

NA 
1.7E-05 
3.5E-06 

NA 
15E-08 
3.7E-06 

NA 
NA 
NA 
NA 
NA 
NA 

3.2E-05 
NA 
ND 

6.7E-07 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
6.6E-06 
4.2E-07 

NA 
5.6E-11 
2.7E-05 

NA 
NA 
NA 
NA 
NA 
NA 

6.5E-06 
NA 
ND 

8.1E-06 
NA 
NA 
NA 
NA 
NA 
NA 

O.OE+OO 1.7E-04 5.7E-05 4.9E-05 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
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Inhalation 

TABLE E N - 5  
ILCRS FOR RME OFF-PROPERTY CHILD 

CURRENT LAND USE, CURRENT SOURCE TERM 

Ingestion of Ingestion 
Vegetables Ingestion of Milk 
and Fruits of Meat Products 

Exposure Pathways 
Contaminants of Concern 
Radionuclides 

%,+Id 

h23, 

h Z 3 9 m  

% 6 + M  

Ram+1* 

NpZ37+ld 

sr90+ld 

Tc99 
w z d + 7 d  

n 2 3 2  

urn 
urn+,, 
Um+zd 
RIl,,A, 
Total Radionuclides 

Chemicals 

arsenic 
beryllium 
cadmium 
lead 
nickel 
pcbs 
benzo(a)anthracene 
benzo(a)pyrene 
benm@)fluoranthene 
benzo(k)fluoranthene 
chrysene 
chlorofom 
te trachloroethene 
benzene 
methylene chloride 

Sum Chem. (TEF for PAHs): 
Sum Chem. iBaP for PAHsj: 

TOTAL ALL (TEF): 
TOTAL ALL iBaPb 

4.9E-14 1.7E-12 1.3E-12 LlE-11 
4.E-11 6.9E-12 1.E-14 3.E-14 
1.3E- 11 1.3E-12 2.1E-17 9.8E-17 
2.4E-11 2.7E-12 9.3E-17 4.4E-16 
3.2E-11 7.1E-11 1.3E-12 5.5E-11 
4.9E-12 1.3E- 11 8.OE-14 3.4E-12 
3.OE-13 4.OE-12 l.lE-13 ME-11 
1.5E-13 4.5E-13 1.2E-13 3.3E-12 
2.OE-09 2.5E-11 3.4E-15 6.8E-14 
1.4E-08 1.2E-10 6.1E-14 1.2E-12 
5.OE-10 3.9E- 12 2.1E-15 4.1E-14 

5.5E- 13 3.9E-11 9.8E-09 l.lE-10 
1.5E-09 1.7E- 11 8.4E-14 5.9E-12 
1.3E-07 1.3E-09 6.5E-12 4.6E-10 
1.OE-13 ND N D  ND 
1.6E-07 1.7E-09 1.OE-11 5.9E-10 

1.OE-09 
5.4E- 1 1 
3.1E-10 

N A  
N A  
ND 

5.OE-13 
2.2E-12 
3.OE-13 
2.4E-14 

N A  
N A  
N A  
N A  
N A  

2.5E-09 
5.9E-10 

N D  
N A  
N A  

6.OE-09 
1.2E - 11 
4.9E-11 
6.7E-12 
5.4E-13 

N A  
N A  
N A  
NA 
NA 

2.8E-10 
5.1E-11 

N D  
N A  
N A  

7.8E-09 
2.9E-12 
2.9E-11 
1.5E-11 
2.5E-12 

N A  
N A  
N A  
NA 
N A  

2.OE-10 
l.lE-12 

ND 
N A  
NA 

5.8E-08 
2.2E-11 
2.2E-10 
l.lE-10 
1.8E-11 

N A  
N A  
NA 
NA 
N A  

1.4E-09 9.2E-09 8.2E-09 5.9E-08 
1.4E-09 9.3E-09 8.4E-09 6.OE - 08 
1.6E-07 l.lE-08 8.2E-09 5.9E - 08 
1.6E-07 1.1E-08 8.4E-09 6.OE-08 

N A  - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
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Transfer Media: 

Exposure Pathways: 

, Toricaats 

cyanide 
antimony 
arsenic 
barium 
beryllium 
cadmium 
WPper 
lead 
manganese 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium - total 
uranium-total 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2-nitrophenol 
acetone 

TOTAL: 

Ingestion of 
Vegetables 

Inhalation and Fruits 

TABLE E N - 6  
HAZARD QUOTIENTS FOR OFF-PROPERTY CHILD 

CURRENT LAND USE, CURRENT SOURCE TERM 

Ingestion 
Ingestion of Milk 
of Meat Products 

NA 
ND 
ND 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
ND 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
2.4E-04 
5.6E-05 

NA 
3.2E-07 
l.lE-04 

NA 
NA 
NA 
NA 
NA 
NA 

1.9E-05 
NA 
ND 

2.48-04 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.OE -05 
63E-06 

NA 
2.8E-08 
6.8E-06 

NA 
NA 
NA 
NA 
NA 
NA 

5.8E-05 
. NA 

ND 
1.2E-06 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
7.OE-05 
4.4E-06 

NA 
5.9E-10 
2.9E-04 

NA 
NA 
NA 
NA 
NA 
NA 

6.8E-05 
NA 
ND 

ME-05 
NA 
NA 
NA 
NA 
NA 
NA 

O.OE+OO 6.8E-04 1.OE-04 5.2E-04 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
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Air 

5 5 1 F  

soil 

TABLE E.IV-7 * I A :- 
f . L  . I ILCRs FOR TRESPASSING YOUTH 
* P : . :-* 

CURRENT LAND USE, CURRENT SOURCE TERM 

Inhalation 

Transfer Media: 

Exposure Pathways: 
Contaminants of Concern 
Radionuclides 

%7+ld 

NpPl+ld 

%.3 

%mm 
Ram+, 
R%+ld 

Sr,,, 
TC99 

%l8+ld 

n, 
- 4 3 ,  

urn 
Um+m 
urn+, 

Incidental Dermal External 
Ingestion Contactb Exposure 

Rn,,, 
Total Radionuclides 

1.6E-09 
8.6E-11 
4.9E- 10 

N A  
N A  
ND 

7.9E- 13 
3.5E-12 
4.8E-13 
4.1E-14 

N A  
N A  
N A  
N A  
N A  

Chemicals 

2.OE-07 3.6E-08 N A  
4.7E-08 7.9E-06 N A  

ND ND N A  
N A  N A  N A  
N A  N A  N A  

1.5E-07 1.OE-06 N A  
1.OE-09 1.OE-09 N A  
4.4E-09 4.4E-09 N A  
6.1E-10 6.1E-10 N A  
4.8E-11 4.8E-11 N A  
4.OE-11 4.OE-11 N A  

N A  N A  N A  
N A  N A  N A  
N A  N A  N A  
N A  N A  N A  

arsenic 
beryllium 
cadmium 
lead 
nickel 

benzo(a)anthracene 
benzo(a)pyrene 
benzo@)fluoranthene 
benzo(k) fluoran t hene 
chrysene 
chloroform 
tetrachloroethene 
benzene 
methylene chloride 

Pcbs 

2.2E-09 
2.2E-09 
7.1E-07 
7.1E-07 

Sum Chem. (TEF for PAHs): 
Sum Chem. (BaP for PAHs): 

TOTAL AU (TEF): 
TOTAL ALL (BaPk 

4.1E-07 9.OE-06 
4.3E-07 9.OE-06 
8.5E-07 9.OE-06 2.7E-05 1.7E-05 
8.E-07 9.OE-06 2.7E-OS 1.7E-05 

2.2E- 13 
2.1E-10 
5.7E-11 
l.lE-10 
1.4E-10 
2.2E-11 
1.4E-12 
6.7E- 13 
8.8E-09 
6.OE-08 
2.2E-09 
4.5E-08 
5.0E- 10 
5.9E - 07 

M E -  10 
1.7E-09 
3.4E-10 
7.2E- 10 
1.7E-08 
3.4E-09 
8.4E- 10 
l.lE-10 
6.E-09 
3.OE-08 
1.OE-09 
2.9E-08 
4.7E-09 
3.4E-07 

N A  4.6E-07 
N A  6.1E-08 
N A  8.0E- 13 
N A  1.5E-12 
N A  2.4E-06 
N A  1.8E-06 
N A  ND 
N A  9.6E- 13 
N A  1.2E-05 
N A  2.2E-09 
N A  4.1E-11 
N A  1.OE-09 
N A  1.3E-06 
N A  8.1E-06 

N A  
235-05 

4.8E-13 1 N A  N A  
7.1E-07 I 4.4E-07 

Buried Pit 
Material 

External 
Exposure' 

EMF'-OUOld DRAFT FINAL 
Rev. 2 - May 4, 1994 

1.E-05 

N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  
N A  

- N A  
N A  
N A  
N A  

N A  - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
a Risk from external radiation exposure is calculated from total exposure to all gamma radiation sources. 

Risk from dermal contact with PAHs is assumed to equal rkk from oral ingestion of PAHs. 
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TABLE E.IV - 8 

Incidental 
Ingestion 

FEMP-OUOl-5 DRAFT FINAL 
Rev. 2 - May 4, 1994 

Demal External 
Contact Ekposure 

5 s m '  a HAZARD QUOTIENTS FOR TRESP-SSING YOUTH 
CURRENT LAND USE, CURRENT SOURCE TERM 

Transfer Media: 

Exposure Pathways: 

Toxicants 

cyanide 
antimony 
a r s e n j C  
barium 
beryilium 
cadmium 
cOpper 
lead 
manganese 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium- total 
uranium-total 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2-nitrophenol 
acetone 

TOTAL: 

Air 

Inhalation 

NA 
NE 
NE 
NA 
NE 
NE 
NA 
NA 
NA 
NA 
NA 
NA 
ND 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
5.8E-03 
27E-03 

NA 
1.3E-05 
4.9E-04 

NA 
NA 
NA 
NA 
NA 
NA 

8.3E-04 
NA 
ND 

l.lE-02 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
6 s - 0 2  
4.m-04 

NA 
2lE-03 
1.6E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1.4E-03 
. NA 
ND 

3.8E-01 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

O.OE+OO 21E-02 4.E-01 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
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TABLE E.IV-9 
ILCRS FOR OFF-PROPERTY USER OF 

MEAT AND MILK PRODUCTS 
CURRENT LAND USE, CURRENT SOURCE TERM 

Transfer Media 

Exposure Pathways 
Contaminants of Concern 
Radionuclides 

Total Radionuclides 

Chemicals 

arsenic 
beryllium 
cadmium 
lead 
nickel 
pcbs 
benzo( a)anthracene 
benzo( a)p yrene 
benzo( b) fluoranthene 
benzo( k)fluoranthene 
chrysene 
chloroform 
tetrachloroethene 
benzene 
methylene chloride 

Sum Chem. (TEF for PAHs): 
Sum Chem. (BaP for PAHs): 

TOTAL ALL (TEF): 
TOTAL ALL f BaP): 

Ingestion of Milk 

3.E-06 5.2E-06 
6.1E-08 2.2E-08 
1.1E- 11 8.4E- 12 
2.2E- 11 1.8E- 11 
6.3E-07 4.5E-06 
1.2E- 07 9.OE-07 
3.7E-06 7.4E - 05 
5.4E-05 2.5E-04 
233-09 8.5E-09 
l.lE-08 3.8E-08 
3.9E-10 1.3E-09 
6.4E - 07 7.7E-06 
1 .OE - 07 1.2E- 06 
7.5E - 06 9.OE - 05 

7.1E - 05 4.4E-04 

7.4E- 05 
3.4E-06 

ND 
NA 
NA 

3.4E - 04 
1.2E-06 
8.8E-06 
3.3E-06 
4.3E-07 
4.7E - 08 

NA 
NA 
NA 
NA 

8.8E-06 
1.2E - 08 

ND 
NA 
NA 

4.3E-04 
1.5E- 06 
1.lE- 05 
4.2E-06 
5.4E-07 
5.9E-08 

NA 
NA 
NA 
NA 

4.3E-04 4.5E-04 
4.8E-04 5.2E-04 
5.OE-04 8.9E-04 
5.5E-04 9.5E-04 

Surface Water 
Ingestion 

Ingestion 
of Meat Products 

3.7E-05 
NA 
NA 
NA 

3.6E-08 
6.1E-08 
7.6E-07 
1.OE- 05 

NA 

NA 
8.5E- 12 

9.8E-07 
5.4E-08 
3.6E-06 

5.3E-05 
NA 
NA 
NA 

2.7E-07 
4.6E - 07 
1 SE- 05 
4.9E-05 

NA 

NA 
2.9E- 11 

1.2E-05 
6.7E-07 
4.4E-05 

5.2E-05 1.7E-04 

5.OE-06 
NA 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E- 12 
7.1E- 11 
3.5E- 10 
2.4E- 13 

6.lE-07 
NA 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E- 12 
9.2E-11 
4.6E- 10 
5.4E- 13 

5.OE-06 6.1E - 07 
6.1E-07 5.OE-06 

5.7E-05 1.8E-04 
5.7E-05 1.8E-04 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
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TABLE E.IV - 10 
HAZARD QUOTIENTS FOR OFF-PROPERTY USER OF 

MEAT AND MILK PRODUCTS 
CURRENT LA1 

Transfer Media: 

Exposure Pathways: 

Toxicants 

cyanide 
antimony 
arsenic 
barium 
beryllium 
cadmium 
copper 
lead 
manganese 
nickel 
selenium 
silver 
thallium 
vanadium 
thorium- total 
uranium- total 
chloroform 
tetrachloroe thene 
methylene chloride 
toluene 
2 - nitrophenol 
acetone 

TOTAL: 

D USE, CURRENT SO1 

Ingestion of Milk 

NA 
7.5E-01 
1.4E-01 

NA 
1.6E-04 
9.3E-02 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
ND 

2.6E-02 
NA 
NA 
NA 
NA 
NA 
NA 

2.9E-01 

NA 
3.OE-01 
1.7E -02 

NA 
5.7E-07 
6.7E - 01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
ND 

NA 
NA 
NA 
NA 
NA 
NA 

5.8E-02 

3.1E-01 

RCE TERM 

Surface Water 

Ingestion of Milk 

1.OE-07 
2.3E-02 
9.5E - 03 
1.1E - 03 

NA 
NA 

ND 
1.8E-05 
9.2E-03 
6.2E-03 
4.OE-03 

1.2E -02 

NA 

NA 
NA 

1.9E - 02 

2.6E-08 
1.4E - 07 
5.2E- 10 
2.6E-OS 

ND 
5.9E- 10 

1.3E-07 
9.4E - 03 
1.2E-03 
1.OE-02 

NA 
NA 

ND 
7.1E-03 

6.3E-05 
6.1E-03 
6.7E-03 
l.lE-01 

NA 

NA 
NA 

3.6E-08 
1.8E-07 
1.2E-09 
3.6E-08 

6.1E-04 

ND 
1.3E-09 

8.4E-02 1.5E-01 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
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Incidental 
Ingestion 

TABLE E.IV- 17 
ILCRS FOR ON-PROPERTY GROUNDSKEEPER 
FUTURE LAND USE, FUTURE SOURCE TERM 

Dermal External 
Contactb Exposure 

Transfer Media 
Exposure Pathways 

Contaminants of Concern 
Radionuclides 

arsenic 

CaQnium 
chromium vi 
lead 
nickel 

benzo(a)anthracene 
benzo(a)pyrene 
benzo@)fluoranthene 
benzo(k)fluoranthene 
chrysene 
dibenzo(a,h)anthracene 
indeno(lA3-cd)pyrene 
n -nitrdipropyIamine 
pen tachlorcphenol 
vinyl chloride 
tetrachlorodibenzo-p -dioxin 
tetrachlorodibenzofuran 
pentachlwodibenzofuran 
hexachlorodibenm-p -dioxin 
hexachlorodibenmfuran 
heptachlorodibenzo-p-dioxin 
heptachlorodibenzofuran 
octachlorodibenzo-p -dioxin 
octachlorodibenzofuran 
chloroform 
tetrachloroethene 
benzene 
methylene chloride 

beryilium 

Pcb 

Air 

Inhalation 
~ 

l.lE-09 
13E-06 
9.E-08 
4.1E-07 
23E-06 
1.4E-09 
1.OE-09 
13E-07 
2 s - 0 4  
33E-05 
5.OE-05 
13E-05 
3.E-04 
4.9E- 10 
7.2E-04 

22E-04 
9.9E-08 
1.OE-07 
4.1E-06 

ND 
1.8E-07 

ND 
9.OE- 11 
7.E- 10 
1.4E-10 
1.6E-13 
3.9E- 12 

NA 
3.2E-11 

ND 
ND 
NA 
NA 
NA 
NA 

29E- 10 
NA 

1.OE-09 
13E-10 
1.2E-09 
6.6E- 11 

NA 
9.4E- 12 

NA 
NA 

22E-04 
22E-04 
9.4E-04 
9.4E-04 

1.E-08 
9.4E-08 
73E-09 
33E-08 
2lE-M 
4.OE-09 
1.OE-08 
24E-08 
l.lE-06 
53E-07 
3.8E-07 
6.1E-08 
27E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.OE-O! 
1.7E-Ot 
8 s -  11 
3.6E- 11 
1s-04 

ND 
ND 

1.OE-1C 
4.2E-OE 
24E-04 
6.E-OS 
83E-(X 
3.2E-05 

NA NA NA 
7.OE-06 4.4E-04 

1.6E-04 
5.9E-07 

ND 
ND 
ND 
ND 

6.4E-07 
3.7E-09 
1.8E-08 
28E-09 
1.E-10 
1 s - 1 0  

NA 
22E-10 
73E-09 
35E-10 

NA 
NA 

6.3E-08 
NA 

1.92-08 
l.lE-07 
53E-08 
6.6E-09 
6.1E-08 
3.4E-09 

NA 
7.7E- 10 

NA 
NA 

9.7E-06 
3.4E-05 

ND 
ND 
ND 
ND 

1.5E-06 
3.E-09 
1.8E-08 
28E-09 
1.E-10 
1.E- 10 

NA 
22E-10 
1.4E-08 
6.8E-09 

NA 
NA 

22E-07 
NA 

5.E-08 
3.8E-07 
1.8E-07 
23E-08 
21E-07 
1.2E-08 

NA 
20E-08 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-04 4.6E-05 
1.6E-04 4.6E-05 
1.7E-04 4.6E-05 4.4E-04 
1.7E-04 4.6E-05 4.4E-04 

FEMP-OUO1-5 DFAFT FINAL 
Rev. 2 - May 4, 1994 

Buried Pit 
Material 
External 

Exposure' 

4.6E-Q 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.6E-05 
4.6E-05 

NA - Not applicable. Qlemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
' Risk fiom external radiation exposure is calculated fim total exposure to all gamma radiation sources. 

Risk from dermal contact with PAHs is assumed to equal risk 6om oral ingestion of PAHs. 
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TABLE EJV- 18 
HAZARD QUOTIENTS FOR ON-PROPERTY GROUNDKEEPER 

FUTURE LAND USE, FUTURE SOURCE TERM 

Transfer Media: 

Exposure Pathww: 

Toxicants 

cyanide 

arsenic 
barium 

boron 
Cadmium 
chramiumvi 
cobalt 
copper 
lead 
manganese 
mercury 
molyWenum 
nickel 
selenium 
silver 
thallium 
Vanadium 
thorium-total 
uranium -total 
fluoride 
acenaphthylene 
2-methylnaphthalene 
4-chloro-3-methylphenol 
benzo(ghi)perylene 
dibenzofuran 
pentachlorcphenol 
phenanthrene 
tributyl phosphate 
2-hexanone 
3-chloropropene 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2-nitrophenol 
acetone 

TOTAL 

antimony 

beryllium 

Air 

Inhalation 

NA 
ND 
ND 

2lE-01 
ND 
NA 
ND 
ND 

20E-01 
ND 
ND 

20E-01 
6.7E-05 

ND 
ND 
ND 
ND 
ND 
m 
ND 
ND 
ND 
ND 
NA 
NA 
ND 
NA 
ND 
ND 
NA 
ND 
NA 
NA 
ND 
NA 
NA 
NA 
NA 

6.2E-01 

Surface Soil and osed Waste Pit Material 

NA 
l.lE-02 
8.6E-01 
5.2E-03 
7.7E-05 

NA 
1.1E-03 
1.OE-03 
33E-05 
3.E-03 

ND 
1.7E-03 
1.6E-04 
24E-03 
4.4E-04 
1s-04 
3.E-04 
9.6E-03 
l.lE-02 

ND 
3.6E-02 
5.4E-03 

ND 
NA 
NA 
ND 
NA 

28E-07 
ND 
NA 

27E-09 
NA 
NA 

4.1E-06 
NA 
NA 
NA 
NA 

NA 
4.m-02 
5 2 - 0 2  
33E-03 
4.4E-03 

NA 
13E-02 
1.E-02 
43E-05 

ND 
ND 

3.2E-02 
3.OE-03 
3.E-03 
13E-04 
l.lE-04 

ND 
5 .E-03  
1.3E-02 

ND 
4.2E-01 
9-3E-03 

ND 
NA 
NA 
ND 
NA 

5.3E-06 
ND 
NA 
ND 
NA 
NA 

l.lE-04 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.E-01 6.E-01 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 

FEMP-OUOl-5 DRAFT FINAL 
Rev. 2 - May 4, 1994 

FEWOW 1 RlNDWAPP U05/03/94 I 1 : I lam 



TABLE KIV-19 
I U R S  FOR RME ON-PROPERTY FARMER 

PUTURE LAND USE, FUTURE SOURCE TERM 
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1 s - 0 3  
5.4E-07 
6.98-07 
27E-05 

ND 
l.lE-06 

ND 
63E-10 
4.7E-09 
9JE-10 
4.OE-12 
26E- 11 

NA 
21E-10 

ND 
ND 
NA 
NA 
NA 
NA 

1.9E-09 
NA 

6.7E-09 
8.4E- 10 
7.7E-09 
4.4E- 10 

NA 
6.1E-11 

NA 
NA 

2.5E-03 
4.2E-06 

ND 
ND 
ND 
ND 

8.4E-06 
1.0E-08 
7.4E-08 
1.4E-08 
6.2E-11 
4.2E-10 

NA 
3.2E-09 
13E-07 
SSE-09 

NA 
NA 
NA 
NA 

23E-08 
NA 

7.9E-08 
9.9E-09 
9.1E-08 
5.2E-09 

NA 
3.4E-08 

NA 
NA 

63E-04 
8.1E-07 

ND 
ND 
ND 
ND 

2.4E-OS 
5.6E-09 
9.8E-08 
7.4E-08 
6.4E- 10 
24E- 10 

NA 
2.OE-07 
3.9E-12 
7.7E-10 

NA 
NA 
NA 
NA 

UE-07  
NA 

8.OE-07 
638-09 
92E-07 
33E-09 

NA 
1.Z-11 

NA 
NA 

7sE-os 
2.9E-09 

ND 
ND 
ND 
ND 

3.1E-OS 
7.2E-09 
1.2E-07 
9.4E-08 
8.1E-10 
3.1E-10 

NA 
ZSE-07 
4.9E-12 
9.8E- 10 

NA 
NA 
NA 
NA 

338-07 
NA 

l.lE-06 
9.OE-09 
13E-06 
4.Z-09 

NA 
22E- 11 

NA 
NA 

~ 

6.8E-09 1.6E-07 29E-07 4.OE-07 8.6E-07 3.Z-06 5.2E-06 8.1E-07 NA 5.4E-04 
N&*" 8.lE-06 83E-07 4.Z-09 1.Z-09 1.4E-06 6.1E-08 2.28-08 4.E-06 NA 8.Z-OS 

63E-07 45E-08 1.6E-12 l3E-12 13E-09 1.1E-11 8.4E-12 3.Z-07 NA 4.4E- 10 
2Z-06 2.1E-07 1.6E-11 13E-11 26E-09 2.2E-11 1JE-I1 1.Z-06 NA 1.9E-09 
1%-05 24E-05 9.9E-07 7.1E-06 21E-06 63E-07 1 2 - 0 6  1.OE-04 NA 7.6E-03 
92E-09 LSE-09 LSE-10 3.1E-13 NA 2.OE-07 NA ND 
6%-09 6.1E-08 3.Z-09 73E-08 1.Z-OS 3.Z-06 7.4E-05 S.1E-07 NA ND 
8.6E-08 1JE-07 l.lE-07 5.OE-07 1.4E-OS 5.4E-05 25E-04 1.2E-06 NA 538-09 

2.1E-07 l.lE-08 3.8E-08 5.6E-OS NA 2.2E-06 1.6E-03 95E-06 1.lE-08 3.8E-08 
LOE-04 4.OE-06 4SE-09 1.6E-08 1.OE-07 S.6E-09 1.9E-08 2.6E-05 NA 1.2E-02 
33E-04 2.6E-06 29E-08 3SE-07 9.6E-06 6.4E-07 7.7E-06 1.9E-OS NA 3.4E-07 
8.7E-OS 7.1E-07 7.98-09 9.4E-08 1JE-06 1.OE-07 12E-06 3.1E-06 NA 43E-04 

1.6E- 03 

C5n.u 

p#a 
PUxnrJm 
%" 
Ru, 
S h "  
=% 
Tq* 

24E-03 1.6E-05 lJE-07 22E-06 LIE-04 75E-06 9.OE-05 1.4E-04 NA 

6.2E-05 
3.6E-06 

ND 
NA 
NA 
NA 

9JE-OS 
l.lE-06 
3.OE-06 
1.9E-07 
1.OE-08 
45E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.4E-05 
3.4E-06 

ND 
NA 
NA 
NA 

3.4E-04 
1.2E-06 
8.8E-06 
33E-06 
43E-07 
4.7E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.8E-06 
1.2E-08 

ND 
NA 
NA 
NA 

43E-04 
1SE-06 
l.lE-05 
4.2E-06 
S.4E-07 
5.9E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

F A  

8.1E-03 
3.OE-OS 

ND 
ND 
ND 
ND 

3.2E-OS 
I .9E- 07 
9.1E-07 
1.4E-07 
7.4E-09 
7.6E- 09 

NA 
l.lE-08 
3.7E-07 
1.8E-08 

NA 
NA 

3.2E-06 
NA 

7.6E-07 
5JE-06 
2.78-06 
3.3E-07 
3.1E-06 
1.7E-07 

NA 
3.9E-08 

NA 
NA 

2.7E-04 NA 
9JE-04 NA 

ND NA 
ND NA 
ND NA 
ND NA 

4.lE-05 NA 
1.9E-07 NA 
9.1E-07 NA 
1.4E-07 NA 
7.4E-09 NA 
7.6E-09 NA 

NA NA 
l.lE-08 NA 
3.9E-07 NA 
1.9E-07 NA 

NA NA 
NA NA 

6.1E-06 NA 
NA NA 

1JE-06 NA 
NA 1.1E-OS 

S.2E-06 NA 
6.4E-07 NA 
5.9E-06 NA 
3313-07 NA 

NA NA 
55E-07 NA 

NA NA 
NA NA 

rmicbecr p G F A I i s ) :  1JE-03 25E-03 6.6E-04 1.1E-04 1.E-04 43E-04 4JE-04 8.2E-03 13E-03 
rmm CLer (BBP for r m g  15E-03 2.5E-03 6.6E-04 1.lE-04 1.9E-04 4.8E-04 52E-04 8.2E-03 13E-03 
TOT" Au. (TEP -): 6.2E-03 2.6E-03 6.6E-04 1.2E-04 33E-04 5.OE-04 8.9E-04 8.5E-03 13E-03 23E-02 
TOTAL A U  (BOP A d l  : 6.2E-03 2.6E-03 6.6E-04 1.2E-04 35E-04 5.5E-04 9JE-04 8.6E-03 13E-03 23E-02 

toter: 

~~ ~ 

33E-OS 4.6E-0! 
NA NA 
NA NA 

. NA NA 
63E-08 4.6E-0; 

NA NA 
6.7E-07 1.4E-O! 
1.3E-OS 6.1E-0! 
1.OE-11 3.4E-11 
2.6E-09 9.OE-01 
1.3E-06 1.6E-0! 
7.2E-08 8.9E-0; 
SAE-06 6.6E-0! 

NA NA 
S3E-OS 2.OE-04 

SSE-06 
NA 
NA 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-12 
7.1E-11 
3.OE- 10 
2.2E- 13 

6.6E-0; 
NA 
NA 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

22E- 11 
9.2E- 11 
4.OE- 1( 
5.OE- 13 

5JE-06 6.6E-07 
55E-06 6.6E-0i 
5.8E-OS 2.1E-04 
5.8E-05 2.lE-04 

Buricdpit 
G r o m e r  Material 

ofDrhkiq W e ~ c t ~ M a  Ingestion o f W  Iabrhion Contadwhile Extenul 
Ingestion Ingestion of Ingestion Dermal 

Water B ~ F &  o f M u t  Products ofVOCs Bothinx Elulosure' 

NA NA NA NA NA NA 
13E-09 4.1E- 10 1.4E- 12 52E-13 NA NA 
1AE-06 43E-07 7.9E- 12 6.92- 12 NA NA 

NA NA NA NA NA NA 
6SE-05 23E-OS 43E-07 32E-06 NA NA 

NA NA NA NA NA NA 
83E-09 33E-09 12E-10 24E-09 NA NA 
l.lE-06 33E-07 132-07 63E-07 NA NA 
6.6E-07 2OE-07 52E-11 1JE-10 NA NA 

NA NA NA NA NA NA 
1.8E-03 S.4E-04 4.OE-06 4.9E-OS NA NA 
4.1E-04 1.2k-04 9.1E-07 1.1E-05 NA NA 
1JE-02 4JE-03 33E-OS 4.1E-04 NA NA 

NA NA NA NA NA NA 
1.7E-02 5.1E-03 3.8E-05 4.Z-04 1.2E- 0: 

2.8E-02 9.9E-03 l.4E-03 1.Z-04 ND NA 
NA NA NA NA NA NA 
ND ND ND ND ND NA 
NA NA NA NA NA NA 
ND ND ND ND ND NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA * NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

9.08- 13 5.OE- 13 1 2 - 1 6  1.9E- 16 13E- 13 NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

I 

2.88-02 9.9E-03 1.4E-03 1.Z-04 13E-1? 8.4E-05 
2.8E-02 9.9E-03 1.4E-03 1.Z-04 13E-13 8AP-OS 

8.4E-05 
NA 
ND 
NA 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.2E- 13 
NA 
NA 

~~~ 

458-02 15E-02 1.4E-03 6AE-04 13E-13 8.4E-05 1 1.2E-03 
4SE-02 15E-02 l.4E-03 6.4E-04 1.3E-13 8.4E-OSI 1.2E-03 
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I Transfer Media: 

EKposurC Pathap: 

,Taprb@r 

cy.* 
aatimony 
8mnk 
barium 
bcr)uium 
boron 
cadmium 
chromium v i  
eobk 
copper 
l a d  
mrnynese 
mercury 
molybdenum 
*el 
SelenLm 
silwr 
thallium 
valudium 
thorium - total 
WBnium- total 
emridc 
8aMphlhYkDC 
2-methyl~phtha~eoe 
4-chloro- 3-methylpbcmI 
knto(&bi)pcrylene 
dibenzofutrn 
pc ntachloropbc nd 
pbcnSnthrCoC 

tributyl phosphate 
2-bcROOW 
3-ChlOrOprOpCW 
chloroform 

mctbyleoc chloride 
toluene 
2-oitr0ph~Wl 
acetone 

TOTAL: 

NA - Not eppiicablc. Cbemical not 

tctr8chloroetbcoC 

5511 

F U T U R E  LAND U S E ,  F U T U R E  S O U R C E  TERM 

Groundantcr Air soil Waste Pit Material Surface Water 
ingestion of Ingesaion ingutionof Ingestion Ingestion Ingestion Ingestion of Ingestion Dermal 
Vegdmbles Ingestion . ofMilk Vegetables Ingestion ofMilk incidental Dermal Externsl Ingestion of- ofDrinking Vegetables Ingestion ofMilk Inhalltion Contauwhile 

Inhalltion andFruitr ofMcat Rodmtr aadFruits ofMcat Productr InKestion Contact b U l C  ofMea1 Produels Water oodFruits ofMcat Product, ofVOCs &thing 

NA NA NA NA NA NA NA NA NA NA 1.OE-07 13E-07 ND ND 5.8E-06 2.8E-06 5.m-12 73E-12 

5.3E+01 1.9E+01 26E+00 3.2E-01 
ND 1.2E-02 3.4E-03 1.4E-03 1JE+00 7.5E-01 3.OE-01 2.OE-01 4.2E-01 NA 2OE-02 8.OE-03 1.2E+01 7.9E+00 12E+00 4.m-01 ND BE-01 

ND 1.6E-01 ND 4.7J2+00 1.2E+00 1.4E-01 1.2E-01 1.4E-01 1.7E-02 lSE+Ol 5.2E-01 NA 1.OE-02 1.3E-03 
5.OE-01 358-02 2.6E-03 2 s - 0 2  NA NA NA 9.3E-02 33E-02 NA 9.7E-04 9.1E-03 2.SE-01 2AE-01 92E-03 8.6E-02 ND 8.OE-04 

ND 1.9E-M 3.8E-05 1.4E-07 1.E-04 1.6E-04 5.7E-07 1.4E-03 4.4E-02 NA NA NA NA , NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA NA NA 3.1E-02 1.9E-02 8.OE-04 6.1E-03 ND 1.8E-03 
ND 192-02 2OE-03 1.4E-02 63E-01 93E-02 6.7E-01 2.OE-02 1.3E-01 NA NA NA 1.7E-11 6.6E-11 4 s - 1 2  33E-11 ND 9.9E-13 
ND 2.6E-03 2OE-03 2.2E-03 NA NA NA 1.8E-02 1.2E-01 NA NA NA NA NA NA NA NA NA 

4.8E-01 4.4E-05 1.2E-04 4.8E-05 NA NA NA 6.OE-04 43E-04 NA NA NA NA NA NA NA NA NA 
ND 5.4E-02 5.7E-02 3.4E-02 NA NA NA 6.6E-02 ND NA 12E-02 7.lE-03 NA NA NA NA NA NA 
ND ND ND ND NA NA NA ND ND NA ND ND ND m ND ND ND ND 

4.8E-01 1.lE-02 9.6E-04 3.33-03 NA NA NA 3.OE-02 3.2E-01 NA 33E-05 1.1E-04 4.1E-01 3.OE-01 1.4E-02 5.lE-02 ND 3.9E-02 
1.6E-M 7.2E-04 20E-02 I.4E-04 NA NA NA 2.9E-03 3.OE-02 NA NA NA 33E-02 1.3E-02 22E-01 1.6E-03 ND 63E-04 

ND l.lE-02 1.OE-02 1.OE-02 NA NA NA 4.3E-02 3.6E-02 NA NA NA 93E-02 5.2E-02 28E-02 2.8E-02 ND 7.OE-04 
ND 4.9E-03 UE-03 1SE-03 NA NA NA 7.8E-03 1.3E-03 NA 8.1E-03 5.4E-03 NA NA NA NA NA NA 
ND 1.9E-03 2.4E-03 2.6E-03 NA NA NA 2.8E-03 l.lE-03 NA 65E-03 7.OE-03 NA NA NA NA NA NA 
ND 15E-03 9.8E-04 268-02 NA NA NA 6.3E-03 ND NA 73E-03 2.OE-01 NA NA NA NA NA NA 
ND 3.1E-02 22E-01 4.3E-02 29E-03 2.9E-01 5.8E-02 1.7E-01 SSE-02 NA NA NA NA NA NA NA NA NA 
ND 3.8E-02 13E-02 4.OE-04 NA NA NA 2.OE-01 13E-01 NA 27E-02 9.OE-04 NA NA NA NA NA NA 
ND ND ND ND ND ND ND ND ND NA NA NA NA NA NA NA NA NA 
ND 1.4E-01 1.6E-03 1.9E-02 3.9E-01 2.6E-02 3.1E-01 6.6E-01 4.2E+OO NA NA NA 2.9E+02 8.8E+01 6SE-01 I.OE+W ND 1.7E+o1 
ND 13E-03 ND ND NA NA NA 9.7E-02 9.3E-02 NA NA NA NA NA NA NA NA NA 
ND m ND ND NA NA NA ND ND NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA NA NA NA Nk NA NA NA NA 
ND ND ND ND NA NA NA ND ND NA NA NA NA Nk NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
ND 1SE-06 2.1E-07 27E-07 NA NA NA 5.OE-06 53E-OS NA NA NA NA NA NA NA NA NA 
ND ND ND ND NA NA NA ND ND NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
ND 2.1E-08 7.4E-13 93E-13 NA NA NA 4.9E-08 ND NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA 26E-08 3.6E-08 NA NA NA NA NA NA 

NA NA NA NA NA NA NA NA NA NA 4.8E-10 l.lE-09 NA Nh NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA UE-08 3.2E-08 NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA ND ND NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA NA NA ND ND NA NA NA NA NA NA 

ND 1.4E-09 1.7E-09 9.7E- 10 2.9E- 13 3.Z- 13 ND 6SE-05 33E-08 43E-08 NA NA NA 7.4E-OS l.lE-03 NA l.4E-07 1.8E-07 

1SE+00 5.1E+00 1.5E+00 33E-01 2.6E+00 13E+00 1.4E+00 1.7E+01 6.1E+00 9.3E-02 2.4E-01 3.6E+O2 1.2E+02 4.7E+00 9.OE+00 O.OE+OO 1.7E+0lI 

a chemical of interest for mcdh or exposure pathway not applicable. 

0 0 04 0 0 
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TABU E.W-21 
I U R S  FOR RME ON-PROPERTY CHILD 

PU'lURE LAND USE, F W R E  SOURCE 'IERM 

I T n n d a M d h  surface water 

I 
6.4E-08 13E-07 1.m-06 7.7E-08 NA 4.1E-OS 
1.OE-07 2OE-09 43E-09 4 2 - 0 7  NA 62-od  

NA 33E-11 9.4E-11 3JE-13 1.6E-12 3 2 - 0 8  
2OE-10 73E-13 3.4E-12 1.6E-07 NA 1.4E-10 
1.6E-07 21E-08 8.88-07 LOE-05 NA 5.7E-04 

NA NA NA 1.9E-08 NA ND 
13E-06 1 s - 0 7  1.4E-05 4.9E-08 NA ND 
1.OE-06 1JE-06 4.9E-05 1.2E-07 NA 4.o~-ia 
1 2 - 0 8  38E-10 7.48-09 53E-06 NA 1.6E-07 
7.6849 1.9E-10 3.6E-09 2.E-06 NA 9.4E-04 
7 s - 0 7  2.1E-08 1%-06 1.8E-06 NA 2.6E-08 
l.lE-07 3.4E-09 24E-07 298-07 NA 3.E-OS 
8.4E-06 25E-07 1.E-05 13E-05 NA 1.2E-04 

1 2 - 1 0  
12-07 
1.lE-08 
4.9E-08 
2.833-07 
1.7E-10 
12-10 
1.6E-09 
3.OE-05 
3.7E-06 
6.OE-06 
1.6E-06 
4.4E-05 

12-08 
6 2 - 0 8  
3.4E-09 
1.6E-08 
1JE-06 

4 s - 0 9  
13E-08 
7.18-07 
3.OE-07 
1.9E-07 
53E-08 
1.Z-06 

iaE- io 

9 2 - 0 9  
12-10 
5.4E-14 
5.4E-13 
33E-08 
8.Z-12 
1 2 - 1 0  
3 s - 0 9  
3.7E-10 
1.6E-10 
9%-10 
26E- 10 
6.lE-09 

NA 
5.4E-11 
6.lE-08 

NA 
29E-06 

NA 
3JE-10 
4 s - 0 8  
2.8E-OS 

NA 
7.7E-05 
18E-05 
6.4E-04 

NA 
3.OE-11 
3.2E-08 

NA 
1.7E-06 

NA 
2*-10 
295-08 
1JE-08 

NA 
4.OE-05 
9.2E-06 
3.3E-04 

NA 
4.m-14 
26E-13 

NA 
1.4E-08 

NA 
4.4E- 4.OE-12 09 

1.7E-12 
NA 

13E-07 
3.m-08 
l.lE-06 

NA 
1.W-13 
13E-12 

NA 
6.a-07 

NA 
4.7E-10 
13E-07 
32-11 

NA 
9.6E-06 
22E-06 
7.9E-OS 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-06 9.OE-o( 
NA NA 
NA NA 
NA NA 

21E-09 9.OE-Of 
NA NA 

22E-08 26E-o( 
4.2E-07 1.2E-O! 
3.3E-13 6.7E-1: 
8.7E-11 18E-05 
42E-08 3.OE-o( 
2.4E-09 1.7E-0; 
1.8E-07 13E-0! 

NA NA 
1.7E-06 4.OE-O! 

33E- 10 

1.4E-06 
5.9E-14 
1.4E-08 
9JE-08 
73E-09 
3.1E-09 
6.7E-08 
18E-08 
43E-07 

6.0E- 11 NA NA NA NA NA NA NA NA 
8 s - 0 5  4.4E-06 5.4E-08 2.1E-06 I 1.2E-OS 23E-06 8.E-05 3.4E-05 1.7E-03 

73E-04 NA 3.8E-04 NA 13E-06 NA 9.z-OS NA NA NA 
ZJE-0; 

1.2E-04 
4.6E-08 
5.9E-08 
23E-06 

ND 
9.7E-08 

ND 
53E- 11 
4.OE-10 
8.0E- 1 I 
33E- 13 
22E-12 

NA 
IJE-11 

ND 
ND 
NA 
NA 
NA 
NA 

1.6E-10 
NA 

5.7E- 10 
7.1E-11 
6.35- 10 
3.7E-11 

NA 
5.E-12 

NA 
NA 

8.6E-04 
1.4E-06 

ND 
ND 
ND 
N D  

2.9E-06 
3 s - 0 9  
2.68-08 
5.OE-09 
21E-11 
1 2 - 1 0  

NA 
1.1E-09 
4.68-08 
1.9E-09 

NA 
NA 
NA 
NA 

8.OE-09 
NA 

UE-08 
3.4E-09 
3.z-08 
1.8E-09 

NA 
1.2E-OS 

NA 
NA 

9.7E-05 
13E-07 

ND 
ND 
ND 
ND 

38E-06 
8.7E-10 
1s-08 
LIE-08 
9.9E- 1 1 

NA 
3.1E-08 
6.E-13 
1.2E-10 

NA 
NA 
NA 
NA 

3.6E-08 
NA 

12E-07 
9.8E-10 
1.4E-07 
5.Z-lo 

NA 
27E-12 

NA 
NA 

~SE-II 

2.1E-05 
1.Z-06 

ND 
NA 
NA 
NA 

3.4E-05 
4.OE-07 
1.OE-06 
6.68-08 
3.68-09 
1.6E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-05 
53E-07 

ND 
NA 
NA 
NA 

52E-OS 
l8E-07 
1.4E-06 
5.1E-07 
6.68-08 
72E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.OE-06 
1.E-08 

ND 
NA 
NA 
NA 

3.9E-04 
1.4E-06 
1.OE-05 
38E-06 
4.98-07 
5.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.68-03 
13E-05 

ND 
N D  
N D  
ND 

1.4E-05 
8.38-08 
4.OE-07 
638-08 
3.38-09 
3.4E-09 

NA 
4.88-09 
1.6E-07 
7.9E-09 

NA 
NA 

1.4E-06 
NA 

3.48-07 
2 s - 0 6  
1.2E-06 
1.E-07 
1.4E-06 
7.7E-08 

NA 
1.7E-08 

NA 
NA 

38E-05 NA 
13E-04 NA 

ND NA 
ND NA 
ND NA 
ND NA 

5.7E-06 NA 
83E-08 NA 
4.OE-07 NA 
638-08 NA 
33E-09 NA 
3.4123-09 NA 

NA NA 
4.8E-09 NA 
5 2 - 0 8  NA 
2.6E-08 NA 

NA NA 
NA NA 

8.4E-07 NA 
NA NA 

2.OE-07 NA 
1-92-06 NA 
7.2E-07 NA 
8.9E-08 NA 
8.2E-07 NA 
4.6E-08 NA 

NA NA 
7.6E-08 NA 

NA NA 
NA NA 

8.4E-07 6.OE-Oi 
NA NA 
NA NA 
NA NA 
ND ND 
ND ND 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

248-13 2.OE-li 
1.1E- 11 8.4E- 11 
4.7E-11 3.6E-1C 
3.4E-14 4%-13 

5.6E-03 
NA 
ND 
NA 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

18E-I3 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

68E-OS 
2.68-09 

N D  
ND 
ND 
ND 

2.8E-05 
6 s - 0 9  
l.lE-07 
832-08 
73E-10 
2.8E-10 

NA 
23E-07 
4.4E-12 
8.9E- 10 

NA 
NA 
NA 
NA 

3.OE-07 
NA 

1.OE-06 
8.2E-09 
1.E-06 
43E-09 

NA 
2.0E- 11 

NA 
NA 

3 2 - 0 3  2lE-04 
NA NA 
ND ND 
NA NA 
ND ND 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

1.E-13 23E-17 
NA NA 
NA NA 

3-92-03 2Z-04 

1s-04 
NA 
ND 
NA 
ND 
NA 
NA 
UA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

IJE-M NA 

NA 

1s-04 

12E-05 
NA 
ND 
NA 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.m-13 
NA 
NA 

1.2E-05 

ND 
NA 
ND 
NA 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.213-34 
NA 
NA 

5 2 - 1 4  8.48-07 6.08-01 5.6E-03 13E-04 8.7E-04 1.OE-04 9.9E-05 5.8E-05 6.6E-OS 4.1E-04 3.6E-03 ME-04 
19E-04 8.7E-04 1.OE-04 1.OE-04 6rn-05 7.4E-05 4.7E-04 3.6E-03 18E-04 
21E-04 8.7E-04 1.0E-04 1.OE-04 7.OE-05 6.9E-OS 5.OE-04 3.m-03 18E-04 1.E-03 
21E-04 8.Z-04 1.OE-04 1.m-04 7.6E-05 7.6E-05 5 2 - 0 4  3.m-03 18E-04 1.E-03 

8.48-07 6.OE-01 
2.68-06 4.OE-03 

54E-03 3%-03 2.1E-04 1SZ-o) 5.m-14 1.Z-05 
63E-03 3SE-03 ' 21E-04 24E-04 5 2 - 1 4  1 2 - 0 5  2.SE-07 

m-07 268-06 4.OE-03 63E-03 3dE-03 2.1E-04 Z4E-04 5 2 - 1 4  1.z-05 

000404 
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Surfsce Water 

Ingeaim ofMi 
ofMcat Producu 

Ingeaion 

551P 

GmQater 
hR& h C d m O f  Ingestim Dcnnal 

ofDrinking Vegaabkr Ingatim of- Inhalation C o a t ~ w h i k  
Water andFmh ofMeat Products ofVOCs Bathma 

soil 

VegUak IngatiOa of- 
andFmiu ofMm Roductr 

sngcnion of Ingestion 

NA 
ND 
ND 

4.9E-01 
ND 
NA 
ND 
ND 

4.7E-01 
ND 
ND 

4.7E-01 
1.6E-04 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
NA 
ND 
NA 
ND 
ND 
NA 
ND 
NA 
NA 
ND 
NA 
NA 
NA 
NA 

Exposed Waae Pit Materisl 

I n c i ~ t a l  Dermal EDemal 
Ingestion Contaa Exposun 

NA 
5.lE-02 
1.9E+01 
1.4E-01 
79E-01 

NA 
5.9E-02 
1.1E-02 
1.8E-01 
2.2E-01 

ND 
43E-02 
2.9E-03 
4AE-02 
2.OE-02 
7.7E-03 
5.9E-03 
12E-01 
1.6E-01 

ND 
5.7E-01 
53E-03 

ND 
NA 
NA 
ND 
NA 

6 2 - W  
ND 
NA 

83E-08 
NA 
NA 

2.6E-04 
NA 
NA 
NA 
NA 

Inhalath 

NA 
6 2 - 0 3  
2.2E+00 
4BE-03 

NA 
3.68-03 
3.68-03 
22E-04 
1.OE-01 

ND 
1.7E-03 
3dE-02 
19E-02 
4.1E-03 
4.4E-03 
1BE-03 
3.9E-01 
UE-02 

ND 
2JE-03 

ND 
ND 
NA 
NA 
ND 
NA 

3.9E-07 
ND 
NA 

13E-12 
NA 
NA 

6.OE-08 
NA 
NA 
NA 
NA 

~BE-OS 

Ingeaitmof Ingeaion 
V e g u a k  sngestion of- 
mdFmiu ofMeat Products 

NA 
1.4E-02 
15E+00 
26E-01 
1.4E-06 

NA 
1%-01 
23E-02 
5.1E-04 
3.6E-01 

ND 
3 s - 0 2  
1 2 - 0 3  
l.lE-01 
1.6E-02 
2BE-02 
2.8E-01 
4.6E-01 
4 2 - 0 3  

ND 
2OE-01 

ND 
ND 
NA 
NA 
ND 

. NA 
298-06 

ND 
NA 

9.9E-12 
NA 
NA 

45E-07 
NA 
NA 
NA 
NA 

TABU? E.W-22 
HAZARD QUOTIENIS FOR RME ON-PROPERTY CHIU) 

FUTURE LAND USE, I7UTURE SOURCE TERM 

NA - N a  applicabk. ChaniCal not a chankal of interest for media or exposure patharay not applicabie. 
ND - No data for toxicity aueranent for exposure pathway. 

NA 
6.1E+00 
4BE-01 

NA 
6.7E-04 

NA 
2 2 + 0 0  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12E-02 
NA 
ND 

l.bE+00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
1.4E+00 
2s-01 

NA 
298-04 

NA 
1.7E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

52E-01 
NA 
ND 

4.7E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.2E+00 
1BE-01 

NA 
6.OE-06 

NA 
7.1E+00 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.1E-01 
NA 
ND 

33E+00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
l.OE+OO 
I.OE+Ol 
4.8E-01 
7.1E-03 

NA 
1.OE-01 
9.4E-02 
3.1E-03 
3.4E-01 

ND 
1.6E-01 
1%-02 
22E-01 
4.1E-02 
1.4E-02 
33E-02 
9.OE-01 
l.OE+OO 

ND 
3.4E+00 
5.OE-01 

ND 
NA 
NA 
ND 
NA 

26E-05 
ND 
NA 

2%-07 
NA 
NA 

39E-04 
NA 
NA 
NA 
NA 

NA 
6.9E-01 
8.4E-01 
53E-02 
7.1E-02 

NA 
2.OE-01 
1.9E-01 
6.98-04 

ND 
ND 

53E-01 
4.98-02 
5.98-02 
2.OE-03 
1.8E-03 

ND 
9.OE-02 
21E-01 

ND 
6BE+ 00 
1 2 - 0 1  

ND 
NA 
NA 
ND 
NA 

8.6E-05 
ND 
NA 
ND 
NA 
NA 

1.E-03 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.lE+Ol 23E+00 1.4E+01 8.9E+01 9.9E+00 

1BE-07 
3.68-02 
1.9E-02 
1BE-03 

NA 
NA 
NA 
NA 
NA 

21E-02 
ND 

5.9E-05 
NA 
NA 

1 2 - 0 2  
1.2E-02 
13E-02 

NA 
4.9E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.7E-08 
ZJE-07 
8.7E-10 
4.lE-08 

ND 
ND 

1.4E-06 
8%-02 
13E-02 
9.6E-02 

NA 
NA 
NA 
NA 
NA 

7.6E-02 
ND 

1.2E-03 
NA 
NA 

5.7E-02 
7.4E-02 
2.1E+OO 

NA 
9%-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.98-07 
1.9E-06 
1.2E-08 
3.4E-07 

ND 
ND 

13E-05 
XSE+Ol 
1.2E+02 
5.9E-01 

NA 
72E-02 
4.0E- 1 1 

NA 
NA 
NA 
ND 

9 2 - 0 1  
7.68-02 
2.2E-01 

NA 
NA 
NA 
NA 
NA 
NA 

6BE+02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.OE-09 
NA 
NA 
NA 
NA 

1.E-05 
33E+01 
7.7E+01 
9.7E-01 

NA 
7 2 - 0 2  
2.7E-10 

NA 
NA 
NA 
ND 

1.2E+00 
53E-02 
2.1E-01 

NA 
NA 
NA 
NA 
NA 
NA 

3.68+02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.98-09 
NA 
NA 
NA 
NA 

1.OE- 11 
21E+00 
4.7E+Oo 
1.7E-02 

NA 
132-03 
I=-12 

NA 
NA 
NA 
ND 

26E-02 
3.9E-01 
S.0E-02 

NA 
NA 
NA 
NA 
NA 
NA 

12E+Oo 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.2E- 13 
NA 
NA 
NA 
NA 

7BE-11 
4.9E+00 
3.4E+00 
9.Z-01 

NA 
6 2 - 0 2  
35E-10 

NA 
NA 
NA 
ND 

53E-01 
1.7E-02 
3.OE-01 

NA 
NA 
NA 
NA 
NA 
NA 

8JE+01 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.98-12 
NA 
NA 
NA 
NA 

* NA 

ND 
ND 
ND 
ND 
NA 
ND 
ND 
NA 
NA 
NA 
ND 
ND 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
ND 
NA 
NA 
NA 
NA 

ND 
3.7E-01 
26E-01 
13E-03 

NA 
2.9E-03 
1.6E-12 

NA 
NA 
NA 
ND 

638-02 
1.OE-03 
l.lE-03 

NA 
NA 
NA 
NA 
NA 
NA 

27E+01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

238-09 
NA 
NA 
NA 
NA 

I 

1.7E-01 2.sE+00 I 8.48+02 4.7E+02 85E+00 9 2 + 0 1  O.OE+W 2.8E+01 
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5.1E-10 1.OE-08 1.9E-08 22E-08 
6.OE-07 53E-08 3.1E-10 9.1E-11 
4.7E-08 298-09 l.lE-13 7.a-14 
2OE-07 l.4E-08 1.1E-12 7.E-13 
1.E-06 1.6E-06 6.7E-08 3.98-07 
6.88-10 1.6E-10 1.7E-11 1.68-14 
4BE-10 3.9849 ZSE-10 4.OE-09 
6.4E-09 l.lE-08 72E-09 27E-08 
12-04 6.E-07 7.6E-10 2.OE-09 
1 s - 0 5  26E-07 33E-10 8.Z-10 
=-OS 1.7E-07 1.9E-09 1.9E-08 
6 s - 0 6  4.68-08 53E-10 5.1E-09 
1.8E-04 l.lE-06 1.2E-08 1.2E-07 
2 s - 1 0  NA NA NA 
3%-04 388-06 l.lE-07 5.8E-07 

TABLE E.IV-23 
I X R S  FOR CT ON-PROPERTY FARMER 

FUTURE IAND USE. FUTURE SOURCE 'IERM 

5%-08 ZSE-07 2BE-07 5%-08 NA 5 2 - O S  
9.1E-08 4.E-09 l.2E-09 3.Z-07 NA 8.4E-06 
8.Z-11 7.E-13 4.6E-13 2%-08 NA 4.Z-11 
1.m-10 1 2 - 1 2  9 2 - 1 3  1.2E-07 NA 1.8E-10 
1.4E-07 422-08 2.48-07 7.2E-06 NA 7.3E-04 

NA NA NA 1.4E-08 NA ND 
l.lE-06 ZSE-07 4.OE-06 393-08 NA ND 
9.OE-07 3.68-06 1.4E-05 8.4E-08 NA 5.1E-10 
13E-08 7.6E-10 2.OE-09 3.88-06 NA 2.1E-07 
6.6E-09 3.8E-10 1.OE-09 1.8E-06 NA 1.E-03 
6.Z-07 43E-08 4.E-07 1.3E-06 NA 3.38-08 
9.9E-08 6.88-09 6.6E-08 2.1E-07 NA 4.1E-05 
73E-06 5.1E-07 4.8E-06 9.38-06 NA 1.6E-04 

NA NA NA NA NA NA 
1.OE-05 4.7E-06 2.4E-05 2.4E-05 2.2E-03 

I I 

l.lE-04 1.6E-04 4.4E-05 5.9E-06 
1.1E-04 1.6E-04 4.4E-05 6.OE-06 
4.68-04 1.6E-04 4.4E-05 6 2 - 0 6  
4.6E-04 1.6E-04 4.4E-05 6.68-06 

1.1E-05 29E-05 2.4E-OS 5dE-04 23E-05 
1.Z-05 3.2E-05 2BE-05 5.6E-04 23E-05 
2.E-05 3.4E-05 4.8E-05 5.9E-04 23E-05 2.Z-03 
2.2E-05 3 . 7 E 4  5.1E-05 5.9E-04 23E-05 2 2 - 0 3  

l.lE-04 
4.1E-08 
5 2 - 0 8  
20E-06 

ND 
8%-08 

ND 
4.7E- 11 
3%-10 
7.1E- 11 
29E- 13 
1.9E-12 

NA 
1.6E- 11 

ND 
ND 
NA 
NA 
NA 
NA 

1.4E-10 
NA 

5.OE- 10 
62E-11 
5.7E- 10 
33E-11 

NA 
4 s - 1 2  

NA 
NA 

1.6E-04 
27E-07 

ND 
ND 
ND 
ND 

S.4E-07 
6 s -  10 
4BE-09 
93E-10 
4.0E- 12 
27E-11 

NA 
2.0E- 10 
8 s - 0 9  
3.6E-10 

NA 
NA 
NA 
NA 

1 s - 0 9  
NA 

5.1E-09 
6.4E-10 
5.9E-09 
33E- 10 

NA 
22E-09 

NA 
NA 

42E-05 
5.4E-08 

ND 
ND 
ND 
ND 

1.6E-06 
3BE- 10 
6.6E-09 
5.OE-09 
43E- 11 
1.6E-11 

NA 
13E-08 
26E- 13 
52E- 11 

NA 
NA 
NA 
NA 

1.6E-08 
NA 

5.4E-08 
43E- 10 
6.2E-08 
2.2E- 10 

NA 
12E-12 

NA 
NA 

a ND - No 6.u f o r m  ~tsczpllcni for aposurr pathaay. 

4.1E-06 

ND 
ND 
ND 
ND 

1.7E-06 
3.9E- 10 
6.Z-09 
5.lE-09 
4.3E- 11 
1.7E-11 

NA 
1.4E-08 
2.68-13 
53E-11 

NA 
NA 
NA 
NA 

1.8E-08 
NA 

6.2E-08 
4.9E- 10 
7.1E-08 
2 s -  10 

NA 
1.2E-12 

NA 
NA 

1.6~-ia 
4.OE-06 
23E-07 

ND 
NA 
NA 
NA 

6.38-06 
7.4E-08 
1.9E-07 
1.Z-08 
6.7E-10 
2.98-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.OE-06 
UE-07 

ND 
NA 
NA 
NA 

UE-05 
8.OE-08 
5.9E-07 
2.2E-07 
2.98-08 
3.2E-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.88-07 
6.6E- 10 

ND 
NA 
NA 
NA 

2.3E-OS 
8.1E-08 
6.OE-07 
UE-07 
2.98-08 
322-09 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.6E-04 
2.OE-06 

ND 
ND 
ND 
ND 

2.2E-06 
1.3E-08 
6.2E-08 
9.7E-09 
5.1E-10 
5.2E- 10 

NA 
7.4E- 10 
2.92-08 
1.2E-09 

NA 
NA 

2.2E-07 
NA 

5.2E-08 
3.88-07 
1.8E-07 
2.3E-08 
2.1E-07 
1.2E-08 

NA 
2.7E-09 

NA 
NA 

4.88-06 NA 
1.7E-05 NA 

ND NA 
ND NA 
ND NA 
ND NA 

7.2E-07 NA 
13E-08 NA 
6.2E-08 NA 
9.7E-09 NA 
5.1E-10 NA 
5.2E- 10 NA 

NA NA 
7.4E-10 NA 
6.98-09 NA 
33E-09 NA 

NA NA 
NA NA 

1.1E-07 NA 
NA NA 

2.6E-08 NA 
1.9E-07 NA 
9.E-08 NA 
1.E-08 NA 
1.OE-07 NA 
5.9E-09 NA 

NA NA 
9.n-09 NA 

NA NA 
NA NA 

22E-06 
NA 
NA 
NA 

NA 
4.2E-09 

4%-08 
8%-07 
6.7E-13 
1.8E- 10 
8.4E-08 
4.8E-09 
3-68-07 

2 s - 0 6  
NA 
NA 
NA 

NA 
232-08 

7.3E-07 
3.3E-06 
1.8E-12 
4.9E-10 
8.4E-07 
4.8E-08 
3.6E-06 

NA 
8.8E- 11 
1.OE-07 

NA 
4.8E-06 

NA 
5.9E- 10 
7.4E-08 
4.7E-08 

NA 
1.3E-04 
2.9E-OS 
1.OE-03 

NA 
26E-11 
28E-08 

NA 
1%-06 

NA 
2lE-10 
2.1E-08 
1.3E-08 

NA 
3 s - 0 5  
8.OE-06 
2.98-04 

NA 
9%-14 
53E-13 

NA 
29E-08 

NA 
8.1E-12 
8BE-09 
3%-12 

NA 
2.7E-07 
6.1E-08 
22E-06 

NA 
2.8E-14 
3 2 - 1 3  

NA 
1.7E-07 

NA 
13E-10 
3.4E-08 
9.68-12 

NA 
2.m-06 
6.E-07 
2.z-05 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA NA I NA NA NA NA NA NA 
3.E-06 1.1E-05 1 1.2E-03 33E-04 2.68-06 2%-05 

3.7E-07 
NA 
NA 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.1E-13 
4.8E-12 
2.0E- 11 
1 s - 1 4  

3.7E-07 

3.68-08 
NA 
NA 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

122-13 
5.OE-12 
2.E-11 
2.7E-14 

20E-03 
NA 
ND 
NA 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6.4E-14 
NA 
NA 

3.6E-08 I 20E-03 

6.4E-04 93E-05 9.E-06 
NA NA NA 
ND ND ND 
NA NA NA 
ND ND ND 
NA NA NA 
NA NA NA 
NA NA * NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

3.2E-14 1.OE-17 1.OE-17 
NA NA NA 
NA NA NA 

6.4E-04 938-05 9.E-W 

ND 5.0E-a 
NA NA 
ND ND 
NA NA 
ND ND 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 

13E-14 5.OE-OC 

13E-I4 5.Z-14 

3.E-07 3.6E-08 I 2.OE-03 6.4E-04 93E-05 9.E-06 13E-14 5.OE-OC 
3.2E-03 9.7E-04 ' 9%-05 3.4E-05 13E-14 5.OE-OC 3.98-06 LE-OS 1 

3.9E-06 1.1E-05 I 3.2E-03 9.7E-04 9 2 - 0 5  3.4E-05 13E-14 5.OE-OC 

1.6E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.6E-04 
1.6E-04 

000403 
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soil 
Ingcni of hlgcstion 
Vegasbla Ingation o f r n  
andFnriu ofMeat Pruducu 

Tranrfer Media b Wane pit Material 

Incidental Dermal Enemal 
Innertion Contact J3pcuure 

Vuradium 
thorirrm-total . I  uranium-total 

NA 
ND 
ND 

2.9E-01 
ND 
NA 
ND 
ND 

28E-01 
ND 
ND 

2.8E-01 
9.z-05 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
NA 
ND 
NA 
ND 
ND 
NA 
ND 
NA 
NA 
ND 
NA 
NA 
NA 
NA 

NA 
63E-03 
24E+OO 
1JE-02 
9.7E-05 

NA 
738-03 
13E-03 
2.2E-05 
27E-02 

ND 
53E-03 
3.6E-04 
5.4E-03 
24E-03 
9.68-04 
7.4E-04 
1JE-02 
1.9E-02 

ND 
7.OE-02 
6.6E-04 

ND 
NA 
NA 
ND 
NA 

7.7E-07 
ND 
NA 

1.0E-08 
NA 
NA 

33E-05 
NA 
NA 
NA 
NA 

NA 
1.8E-03 
638-01 
1.4E-03 
2.OE-05 

NA 
1.OE-03 
1.E-03 
63E-05 
3.OE-02 

ND 
5.OE-04 
1.OE-02 
5.4E-03 
1.2E-03 
13E-03 
5.1E-04 
LIE-01 
6.6E-03 

ND 
8.E-04 

ND 
ND 
NA 
NA 
ND 
NA 

1.E-07 
ND 
NA 

3.98-13 
NA 
NA 

1.7E-08 
NA 
NA 
NA 
NA 

NA 
5.7E-01 
6.OE-0; 
1.OE-0; 
5.7E-01 

NA 
6.1E-E 
9.OE-01 
2.OE-O! 
1.4E-0: 

ND 
1.4E-02 
6.OE-O! 
4.3E-02 
6.4E-011 
1.1E-02 
1.1E-0; 
1.8E-0; 
1.7E-04 

ND 
78E-O! 

ND 
ND 
NA 
NA 
ND 
NA 

LIE-Oi 
ND 
NA 

3.9E-13 
NA 
NA 

1.8E-08 
NA 
NA 
NA 
NA 

8.4E-01 2.6E+00 8.OE-01 1.4E-01 

TABLE E.W-24 
HAZARD QUOnWTS FOR.CTON-PROPER'N FARMER 

FUTURE LAND USE, FUTURE SOURCE TERM 

NA 
7 2 - 0 1  
5.9E-02 

NA 

NA 
3Z-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-03 
NA 
ND 

2OE-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

~ ~ E - O S  

NA 
3.9E-01 
7.4E-02 

NA 
83E-05 

NA 
4.9E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.s-01 
NA 
ND 

1.4E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
13E-01 
7.E-03 

NA 
2.4E-07 

NA 
28E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

24E-02 
NA 
ND 

13E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
l.lE-01 
8.2E+00 
S.0E-02 
73E-04 

NA 
1.0E-02 
9.68-03 
3.E-04 
3 2 - 0 2  

ND 
1.6E-02 
I.=-03 
2.3E-02 
4.2E-03 
1.92-03 
3.4E-03 
92E-02 
l.lE-01 

ND 
3 2 - 0 1  
5.1E-02 

ND 
NA 
NA 
ND 
NA 

2.68-06 
ND 
NA 

26E-08 
NA 
NA 

4.OE-OS 
NA 
NA 
NA 
NA 

NA 
5.8E-02 
7.1E-02 
4 2 - 0 3  
6.OE-03 

NA 
1.E-02 
1.6E-02 
5.8E-05 

ND 
ND 

4.4E-02 
4.2E-03 
4.98-03 
1.7E-04 
1.E-04 

ND 
7 2 - 0 3  
1.7E-02 

ND 
5.7E-01 
13E-02 

ND 
NA 
NA 
ND 
NA 

7.2E-06 
ND 
NA 
ND 
NA 
NA 

1.4E-04 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

13E+OO 6.8E-01 5.7E-01 9.1E+00 8.4E-01 

Surface Water 
rugenion 

ofMeat M u d s  

5.4E-08 
1.0E-02 
5.4E-03 
5.E-04 

NA 
NA 
NA 
NA 
NA 

6.2E-03 
ND 

1.7E-os 
NA 
NA 

422-03 
3.4E-03 
3.8E-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.4E-08 
7.E-08 
2 2 - 1 0  
1.2E-08 

ND 
ND 

ME-02 

52-Of 
3.4E-02 
5.3E-04 
3.8E-02 

NA 
NA 
NA 
NA 
NA 

3.OE-03 
ND 

4.8E-OJ 
NA 
NA 

2.38-03 
2.9E-03 
8.2E-01 

NA 
3.8E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.s-08 
7.4E-08 
4.6E-1C 
13E-08 

ND 
ND 

4.8E-02 9.9E-02 

55 1'p 

32E-06 
6.6E+OO 
29E+01 
1.4E-01 

NA 
1.7E-02 
9 2 - 1 2  

NA 
NA 
NA 
ND 

2.2E-01 
1.8E-02 
5.1E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1.6E+02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9%- 10 
NA 
NA 
NA 
NA 

1.4E-06 
4.0E+OO 
9JE+OO 
1.2E-01 

NA 
93B-03 
33E- 11 

NA 
NA 
NA 
ND 

12-01 
6 2 - 0 3  
2.68-02 

NA 
NA 
NA 
NA 
NA 
NA 

4.4E+01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.9E-10 
NA 
NA 
NA 
NA 

3.a-12 
6.Z-01 
1.4E+OO 
4.8E-03 

NA 
4.z-04 

NA 
NA 
NA 
ND 

7 2 - 0 3  
LIE-01 
1%-02 

NA 
NA 
NA 
NA 
NA 
NA 

3.4E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

132-13 
NA 
NA 
NA 
NA 

2.4~-12 

3.E-12 NA 
ZOE-01 NA 
13E-01 NA 
3dE-02 NA 

NA NA 
26E-03 NA 
1.4E-11 NA 

NA NA 
NA NA 
NA NA 
ND NA 

21E-02 NA 
6.7E-04 NA 
1.2E-02 NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

3.4E+00 NA 
NA NA 
NA NA 
NA NA 
N A  NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

1.6E-13 NA 
NA NA 
NA NA 
NA NA 
NA NA 

ND 
1.lE-01 
7 2 - 0 ;  
3.z-04 

NA 

4.6E-11 
NA 
NA 
NA 
ND 

IJE-Oi 
2.9E-04 
338-04 

NA 
NA 
NA 
NA 
NA 
NA 

7JE+00 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

a x - 0 4  

~ . ~ E - I Q  

2.OE+02 5.8E+01 22+OO 3.8E+00 O.OE+OO 8.0E+0(1 

N A  - Not appbbk. Cl~unical not a chanical of intern formedia or cxposurr pathway not applicable. 
ND - No data for t d i c y  bUQSment for cxponrrc pathway. 
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TmAL ALL &?&phi: 
IA - Not gplkaMe.  Cbcmkal not 

TABLE E.IV-2S 
I U 3 h  FOR RME ON-PROPERTY FARMER, USE OF PERCHED GROUNDWATER' 

FUTURE LAND USE, FUIURE SOURCE TERM 

6.E-03 ZSE-03 6.65-04 1.Z-04 
rchemicrl of mterest for mdh or eq=ure pthlwynot 8m 

fraufer Media 

~ ~ ~ ~ 

soil 

VegtaMa Lgntim hguthn 
&Fruits ofMest ofMik 

hgestiw of 

~~ 

med Waste Pit Material 

Incidental Dcmd External 
Inresth Contact' Exposure 

- 

6 s - 0 9  
8.E-06 
63e-07 
2.E-06 
12 -05  
9.8-09 
6 s - 0 9  
8.63-08 
1.E-03 
2.E-04 
3.35-04 
8.z-OS 
2.a-03 

Perhcd G r a d w t e f  
Dermd 

ofDrmking lahrlrtioo Caauctwhile 
Water ofVOCs &thin# 

Ingestiw 

~~ 

l .e-07 
83E-07 
4 s - 0 8  
LE-07 
2.e-05 
ZSE-09 
6.E-08 
1.E-07 
9 2 - 0 6  
4.E-06 
2.63-06 
7.E-07 
1.e-OS 

Great Miami Aquifer 

Vcgtable, I n g a t m  hgath 
&Fruits ofMat  of Milk 

hgestpnof 

LE-07 
4.z-09 
l.E-12 
1.63-11 
9.9s-07 
232-10 
3.7s-09 
1.E-07 
1.E-08 
4.8E-09 
LE-08 
1.E-09 
1 s - 0 7  

Inb.lrtim 

4.e-07 
1.E-09 
1 2 -  12 
1 2 - 1 1  
7.E-06 
3.E-13 
7 s - 0 8  
5.E-07 
3.e-08 
1.8-08 
3.S-07 
9.a-08 
22 -06  

IngatPo of 
Vcgtabla Ingcrtioa Ingutpa 
mdFmits ofMat  of Milk 

3 z - 0 9  NA NA NA 
4.E-03 5.E-OS 1.E-06 1.E-05 

132-03 
5.a-07 
6.E-07 
2 . R - O S  

ND 
1.E-06 

ND 
9 2 -  10 
4.E-09 
12 -09  
LE-11 
O.E+OO 

NA 
O.&+OO 

ND 
ND 
NA 
NA 
NA 
NA 

1.E-09 
NA 

6.E-09 
8 . a -  10 
7.E-09 
4.a-10 

NA 
6.E-I1 

NA 
NA 

2 s - 0 3  
4.E-06 

ND 
ND 
ND 
ND 

8.E-06 
15E-08 
7.e-OS 
1.E-08 
3.E- 10 
4.E- 10 

NA 
8.E-09 
1 s - 0 7  
5%-09 

NA 
NA 
NA 
NA 

23E-08 
NA 

7.95-08 
9.E-09 
9.E-08 
5.E-09 

NA 
3.e-08 

NA 
NA 

632-04 
8.E-07 

ND 
ND 
ND 
ND 

2.e-OS 
832-09 
9.E-08 
9.E-08 
32 -09  
2.E- 10 

NA 
5.E-07 
3.E-12 
7.7s- 10 

NA 
NA 
NA 
NA 

23E-07 
NA 

8.E-07 
63s-09 
9.25-07 
3.3E-09 

NA 
1.E-11 

NA 
NA 

732-os 
2s-09 

ND 
ND 
ND 
ND 

3.E-05 
1.E-08 
1.E-07 
1.E-07 
4.E-09 
3.E-10 

NA 
7.E-07 
4.E- 12 
9.e- 10 

NA 
NA 
NA 
NA 

3313-07 
NA 

1.E-06 
9.E-09 
1 s - 0 6  
4.E-09 

NA 
2.Z-11 

NA 
NA 

1.92-03 2 2 - 0 3  6.E-04 l.E-04 
12-03  22 -03  6.E-04 1.E-04 
6 2 - 0 3  2 s - 0 3  6.82-04 132-04 

8.e-07 3.E-06 52 -06  8.E-07 NA 5.42-04 
1.e-06 6.E-08 LIE-08 4.735-06 NA 8.Z-05 

NA 1%-09 Le-09 2.E-11 1.8E-11 l.z-06 
LE-06 6 s - 0 7  42-06  l.E-04 NA 7.e-03 

NA NA NA 2.E-07 NA ND 
l .z-05 3.E-06 7.e-05 5.E-07 NA ND 
1.e-os 5.e-05 22-04  1.E-06 NA 5.3E-09 
2.E-07 l.E-08 3.8E-08 5.E-05 NA 2.22-06 
1.E-07 5.e-09 1.E-08 2.E-05 NA 1.E-02 
9.E-06 6.42-07 7.E-06 1.92-05 NA 3.e-07 
1%-06 1.E-07 1.E-06 3.E-06 NA 43E-04 
l.E-04 7.E-06 9.E-05 1.E-04 NA l.E-03 

NA NA NA NA NA NA 
1.E-04 7.E-05 4.a-04 3.x-04 232-02 

1 x 4 9  1.E-11 8.a-12 3.z-07 NA 4.42-10 

6.E-05 
3.e-06 

ND 
NA 
NA 
NA 

9.e-05 
1.R-06 
3.E-06 
2.E - 07 
5.C-08 
4.a-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.e-05 
3.e-06 

ND 
NA 
NA 
NA 

3.e-04 
1.E-06 
8.E-06 
4.E-06 
2.E-06 
4.E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.e-06 
132-08 

ND 
NA 
NA 
NA 

43E-04 
2.E-06 
l.E-05 
5.E-06 
2.E-06 
5.S-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.E-03 
3.E-OS 

ND 
ND 
ND 
ND 

32-05  
2.R-07 
9.E-07 
1.E-07 
3.E-08 
7.E-09 

NA 
3.E-08 
3.E-07 
1AE-08 

NA 
NA 

3.E-06 
NA 

7 . e - 0 7  
5.E-06 
2.E-06 
33E-07 
3.E-06 
1.E-07 

NA 
3.9s-08 

NA 
NA 

2.E-04 NA 
92-04  NA 

ND NA 
ND NA 
ND NA 
ND NA 

4.E-OS NA 
2.E-07 NA 
9.E-07 NA 
1.E-07 NA 
3.923-08 NA 
7.e-09 NA 

NA NA 
3.m-08 NA 
3.S-07 NA 
1.92-07 NA 

NA NA 
NA NA 

6.E-06 NA 
NA NA 

12-06  NA 
1.E-os NA 
5.E-06 NA 
6.C-07 NA 
5.E-06 NA 
32-07  NA 

NA NA 
5.32-07 NA 

NA NA 
NA NA 

l.E-04 4313-04 4.e-04 8.2s-03 13E-03 
1.E-04 5.E-04 5.E-04 8.22-03 1 s - 0 3  
3313-04 5.E-04 8.E-04 8 2 - 0 3  1 s - 0 3  235-02 
3 2 - 0 4  5.Q-04 1.E-03 8 2 - 0 3  132-03 2.E-02 

cable, ND - Nodata for tacity rsursmcnt for aposure pathway. 

Surface Water 

of Meat 

32-05  4.E-OS 
NA NA 
NA NA 
NA NA 

6X-08 4.e-01 
NA NA 

6.E-07 1.42-05 
1.E-OS 6.E-05 
1.E-11 345-11 
2.E-09 9.E-09 
1X-06 l.E-05 
7.E-08 8.E-07 
5.E-06 6.e-05 

NA NA 
5.x-05 2.E-04 

5.92-06 6.e-07 
NA NA 
NA NA 
NA NA 
ND ND 
ND m 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

1.E- 12 2.z- 12 
7.E-11 9.E-11 
3.E-10 4.E-10 
2.E-13 5.E-13 

5 9 - 0 6  6.62-07 
5 9 - 0 6  6.E-07 
5 E - 0 5  2.E-04 
5.E-05 2.E-04 

I 

1.E-06 
8.E-05 
5.32-06 
5.E-07 
2 s - 0 3  

NA 
7.E-05 
LE-04 
1.E-07 
4.E-07 
1.E-01 
2.E-02 
I.=-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
4.E-10 
43e-07 

NA 
232-05 

NA 
32-09  
33E-07 
2.E - 07 

NA 
5 .e -04  
1.E-04 
4.42-03 

~~ 

NA 
1.e-12 
7.E-12 

NA 
42-07 

NA 
1.z-10 
12 -07  
5.Z-11 

NA 
4.E-06 
9.E-07 
32 -05  

~ ~~ 

NA 
5.Z-1: 
63-1: 

NA 
3.z-01 

NA 
2.42-01 
63E-0: 
1.E-l( 

NA 
4.E - O! 
l .E-O! 
4.E-04 

NA NA NA I 5.E-03 NA 3dE-OS NA 4.z-04 NA 
5.8E-01 

3.E-02 
2.E-03 

ND 
ND 
ND 
ND 

3.E-02 
1.E-03 
8.E-03 
9.E-04 
4.z-04 
3.E-OS 
2.E-03 
2.Z-03 

NA 
6.63-04 
5.E-02 

NA 
2.E-03 
1 2 - 0 4  
3.E-04 
4.E-04 
3.E-05 
8.E-05 
7.4E-06 
4sE-06 

NA 
2.E - 04 

NA 
NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
ND 

3.E-02 
NA 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 

2.E-05 
NA 
NA 

9.E-OS 
6.E-04 

ND 
ND 
ND 
ND 

8JE-01 
1.E-03 
8.E-03 
9.e-01 
42-04  
32 -05  
2.E-03 
2.E-03 

NA 
1.42-02 
3.E-03 

NA 
2.e-01 
5.E-02 
3.E-02 
6.E-02 
4.E-03 
1.E-02 
9.e-04 
5.z-04 

NA 
1.E-04 

NA 
NA 

9.E-03 
NA 
ND 
NA 
ND 
NA 
NA 
NA 
NA 

* NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.E- 13 
NA 
NA 

1.42-03 
NA 
ND 
NA 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 s - 1 6  
NA 
NA 

l.E-04 
NA 
ND 
NA 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

l.Q-16 
NA 
NA 

9.E-03 142-03 l.E-04 
9.Z-03 1.a-03 1.z-04 
132-02 1.a-03 6.a-04 

1 2 - 0 1  3.E-02 892-01 
1.E-01 3.E-02 8.E-01 
7.E-01 3.E-02 8.Q-01 
7%-01 3.E-02 9 8.E-011 1.Z-02 1.e-03 6.e-04 

Burial Pit 
Material 

External 
EXDIXPlC' 

~~ 

12-03  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

iZ-Cn 
1.E-03 
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soil 
Lgertilm of 
Vegctrbla L g e r t h  Lgath 
&Fruits o f M a t  ofMilk 

TnnrferMedk Exposed Waste Pit Material 

kcidcntal Dermd Bternal 
L i e s t m  Contact EXPOSUE 

T h b  

cy.* 
atimoay 

krium 
k y l l h m  
borcm 
c d m h m  
chromium v i  
cobalt 
capper 
led 
magnere 
memry 
mdybdcnum 
liCkCl 
uknium 
rhrcr 
thallium 
nndmm 
thorium-total 
annum-total 
boride 
Iccnaphthylcac 
2-mcLyhaphthrlac 
6 -chlom- 3 -me& ylphend 

iibazofunn 
pcnmchlorcpbcnd 
phcnrnthnae 
trihtyl phosphate 
I-ha~nooe 
3-chlomprapee 
Ahlorofom 
tctdoroelbcne 
methylene chloride 
IOkICOe 
I-aititropbend 
rctooc 

8-C 

bazo(bki*Vlene 

TABLE E.IV-26 
HAZARD QUOnENTS FOR RME ON-PROPERTY FARMER, USE OF PERCHED GROUNDWATER 

FUTURE LAND USE, FUTURE SOURCE TERM 

NA 
ND 
ND 

5.E-01 
ND 
NA 
ND 
ND 

4.E-01 
ND 
ND 

4.E-01 
1.821-04 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
NA 
ND 
NA 
ND 
ND 
NA 
ND 
NA 
NA 
ND 
NA 
NA 
NA 
NA 

NA 
122-02 
4.R+Oo 
32-02  
1.E-04 

NA 
1 s - 0 2  
Le-03 
4.e-05 
5.e-02 

ND 
1.E-02 
732-04 
1.E-02 
4.E-03 
1.E-03 
1 s - 0 3  
3.E-02 
3 s - 0 2  

ND 
1.a-01 
13E-03 

ND 
NA 
NA 
ND 
NA 

1 s - 0 6  
ND 
NA 

2.E-08 
NA 
NA 

62-05  
NA 
NA 
NA 
NA 

NA 
3.a-03 
1.8+Oo 
2.62-03 
3.a-05 

NA 
2.E-03 
2.8-03 
1.Z-04 
5.E-02 

ND 
9.6504 
LE-02 
1.8-02 
232-03 
2.e-03 
9.s-04 
2.z-01 
13E-02 

ND 
1.821-03 

ND 
ND 
NA 
NA 
ND 
NA 

2.E-07 
ND 
NA 

7.a-  13 
NA 
NA 

3 s - 0 8  
NA 
NA 
NA 
NA 

NA 
1.e-03 
1.a-01 
2.92-01 
1.a-07 

NA 
1.a-01 
2z -03  
4,s-OS 
3.e-02 

ND 
3.E-03 
1.a-04 
1.E-02 
1.92-03 
2.821-03 
262-02 
43E-02 
4.8-04 

ND 
l.E-02 

ND 
ND 
NA 
NA 
ND 
NA 

2.E-07 
ND 
NA 

932-13 
NA 
NA 

4 s - 0 8  
NA 
NA 
NA 
NA 

l S + O O  S.E+Oo 1.5E+OO 33E-01 

NA 
1SZ+Oo 
132-01 

NA 
l.E-04 

NA 
632-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.E - 03 
NA 
ND 

3.E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
7 z - 0 1  
1.42-01 

NA 
1.E-04 

NA 
93E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.E-01 
NA 
ND 

2.E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
3.E-01 
l.E-02 

NA 
5.E-07 

NA 
6.E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.E-02 
NA 
ND 

3.E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
LE-01 
1 s + o 1  
93E-02 
1.a-03 

NA 
LE-02 
1.E-02 
6.E-04 
6.E-02 

ND 
3.E-02 
2.92-03 
43E-02 
7 s - 0 3  
2.S-03 
63 -03  
1.E-01 
2.E-01 

ND 
6.E-01 
9.E-02 

ND 
NA 
NA 
ND 
NA 

5.E-06 
ND 
NA 

4 s - 0 8  
NA 
NA 

NA 
NA 
NA 
NA 

7.G-OS 

NA 
4.z-01 
5.z-01 
33E-02 
4.e-02 

NA 
1.E-01 
1.E-01 
43E-04 

ND 
ND 

3.E-01 
3.E-02 
3.821-02 
1 3 - 0 3  
1.E-03 

ND 
5 s - 0 2  
13E-01 

ND 
4.2E+OO 
9.E-02 

ND 
NA 
NA 
ND 
NA 

53E-05 
ND 
NA 
ND 
NA 
NA 

NA 
NA 
NA 
NA 

1.E-03 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 s - 0 7  
8.E-03 
1.32-03 
9.E-03 

NA 
NA 
NA 
NA 
NA 

7.E-03 
ND 

l.E-04 
NA 
NA 

5.e-03 
7.E-03 
2.E-01 

NA 
9.m-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6-E-08 
1.E-07 
1.E-09 
3.z-08 

ND 
2.E-09 

1.8-07 
2.E-02 
1.8-02 
9.E-04 

NA 
NA 
NA 
NA 
NA 

1.E-02 
ND 

3.E-05 
NA 
NA 

8.E-03 
6 s - 0 3  
7.3E-03 

NA 
2.E-02 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.E-08 
1.a-07 
4.S-  10 
2.3E-08 

ND 
1.E-09 

4.E+Oo 
6 S + 0 1  
5.8E+o1 
7.E-01 
l.E-01 
8.E-01 
3.E+Oo 
7.E-01 
1.E-01 
6BZ-01 

ND 
4.E-01 
Z.E+Oo 
6.3E+02 
Z.E+Oo 
2.E-02 
3.E-01 
3.E+02 
5.6E+Oo 

NA 
4.E+03 

NA 
NA 
NA 
NA 
NA 
NA 

1.E-01 
ND 
NA 
NA 
NA 
NA 

3.8E-01 
NA 
NA 
NA 
NA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
ND 
NA 
NA 
NA 
NA 

ND 
132+w 
1.E-01 
Le-03  
3 2 - M  
5.E-02 
1.E-01 
8.E-M 
3.E-04 

ND 
ND 

4 2 - M  
3AE-02 
4.s+w 
8.e-03 
72-05  

ND 
8 s - 0 1  
3.Z-01 

NA 
L821+02 

NA 
NA 
NA 
NA 
NA 
NA 

4.E+Oo 
ND 
NA 
NA 
NA 
NA 

3.E-01 
NA 
NA 
NA 
NA 

9.3E-02 2.E-01 I 5.6E+03 O.E+OO 2.7E+02 

8.511 

hgatpo of 

&Fruits o f M a t  

2s -06  
7.E+Oo 
l . E + O l  
Le-01 

NA 
l.E-02 
6.6-E-11 

NA 
NA 
NA 
ND 

3.E-01 
1 s - 0 2  
5.E-02 

NA 
NA 
NA 
NA 
NA 
NA 

8.E+01 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.R- 10 
NA 
NA 
NA 
NA 

* NA 

5.E-12 
l.ZE+Oo 
262+Oo 
9.m-03 

NA 
8.8-04 
4.92-12 

NA 
NA 
NA 
ND 

1.a-02 
LZE-01 
2.a-02 

NA 
NA 
NA 
NA 
NA 
NA 

6.92-01 NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.E- 13 
NA 
NA 
NA 
NA 

72-1;  
4.R-01 
3.8-01 
8.a-0; 

NA 
6.E-02 
3s-11  

NA 
NA 
NA 
ND 

5.E-ol 
1.e-02 
2.e-ol 

NA 
NA 
NA 
NA 
NA 
NA 

8.E+W 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.R-13 
NA 
NA 
NA 
NA 

NA - Not applicable Chembl not a chemical of mterat for modis or exposure pathmynot applicable, 
ND - Nodrtr for tacity assessmat for a p s u r e  pathway. 
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NA NA NA 
6.8E-06 6.6E-05 I 

TABLE EJV-31 
ILCRS FOR ON-PROPERTY HOME BUILDER 

FUTURE LAND USE, FUTURE SOURCE TERM 

* .  

-' -. - - .  - . !-* i r 

6.8E-09 

Transfer Media 
Exposure Pathways Incidental 

Ingestion &taminan% of Concern 
Radioauclides 

Dermal External 
Contactb Exposure 

arsenic 
beryllium 
Cadmium 
chromiumvi 
lead 
nickel 
Pcb 
benzo(a)anthracene 
benzo(a)pyrene 
benzo(b)fluoranthene 
benzo(k)fluormthene 
chrysene 
dibenzo(a,h)anthrae 
mdeno( lA3-cd)pyrene 
n-nitrosodipropylamine 
pentachlorqhenol 
vinyl chloride 
tetrachlorodibenzo-p -dioxin 
tetrachlorodibenzofuran 
pentachlorodibenzofuran 
hexachlorodibenm-p-dioxin 
hexachlorodibenmfuran 
heptachlorodibenzo-p-dioxin 
heptachlorodibenzofuran 
octachlorodibenzo-p-dioxin 
octachlorodibenzofuran 
chlorofom 
tetrachloroethene 
benzene 
methylene chloride 
S U M  (TEP for PAHS): 1.6E-04 9.E-06 
3 

1.6E-04 9.Z-06 6.6E-05 
4 

SUM (BaP for PAHs$ 
TOTAL RAD. & CHEM. 6.8E-09 

6.8 -09 T 

Air 

Inhalation 

2lE- 10 
24E-07 
1.9E-08 
8.2E-08 
4.E-07 
28E-10 
20E- 10 
26E-09 
5.OE-05 
6.2E-06 
1.OE-05 
26E-06 
73E-05 
1.OE-10 
1.4E-04 

4.4E-05 
1.6E-08 
21E-08 
8.2E-07 

ND 
333-08 

ND 
1.9E-11 
1.4E-10 
29E- 11 
1.2E-13 
7.9E- 13 

NA 
6.3E- 12 

ND 
ND 
NA 
NA 
NA 
NA 

5.9E-11 
NA 

20E- 10 
233-11 
L3E-10 
13E-11 

NA 
1.8E-12 

NA 
NA 

4%-05 
4.33-05 
1.9E-04 
1.9E-04 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. ' Risk born external radiation exposure is calculated from total exposure to all gamma radiation sources in pit 4. 

Risk born demal contact with PAHs is assumed to equal risk from oral ingestion of PAHs. 

Buried Pit 
Material 
External 

Exposure' 

15E-08 
9.OE-08 
7.OE-09 
3.E-08 
2OE-06 
3.8E-09 
9.8E-09 
23E-08 
1.lE-(K 
5.OE-07 
3.7E-07 
5.8E-08 
26E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-06 
E - 0 7  
13E-12 
5.4E-12 
22E-05 
m 
ND 

1s-11 
63E-09 
3.a-05 
9.8E- 10 
1.E-06 
4.7E-06 

1.5E-04 
5.6E-07 

ND 
ND 

' N D  
ND 

6.1E-07 
3.6E-09 
1.7E-08 
27E-09 
1.4E-10 
1.4E-10 

NA 
21E- 10 
7.OE-09 
3.4E- 10 

NA 
NA 

6.OE-08 
NA 

1.4E-08 
l.lE-07 
5.1E-08 
6.3E-09 
5.8E-Os 
33E-09 

NA 
7.4E- 10 

NA 
NA 

1.9E-06 
6.8E-06 

ND 
ND 
ND 
ND 

29E-07 
3.6E-09 
1.7E-08 
27E-09 
1.4E-10 
1.4E-10 

NA 
21E-10 
28E-09 
1.4E-09 

NA 
NA 

43E-08 
NA 

1.OE-08 
7.6E-08 
3.7E-08 
4.5E-09 
4.Z-08 
24E-09 

NA 
3.9E-09 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

O O O 4 l l  
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TABLE E.IV-32 
HAZARD QUOTIENTS FOR ON-PROPERTY HOME BUILDER 

FUTURE LAND USE, FUTURE SOURCE TERM 

Transfer Media 

kposure Pathways 

ToricalltS 

cyanide 

arsenic 
barirrm 

boron 
Cadmium 
chromiumvi 
cobalt 
copper 
lead 
manganese 
mercury 
molybdenum 
nickel 
selenium 
silver 
thallium 
Vanadium 
thorium-total 
uranium -total 
fluoride 
acenaphthylene 
2-methylnaphthalene 
4-chloro-3-methylphenol 
benzo(gbj)perylene 
dibenzohran 
pentachlorophenol 
phenanthrene 
tributyl phosphate 
2-hexanone 
3-chloropropene 
chloroform 
tetrachloroethene 
methylene chloride 
toluene 
2-nitrophenol 
acetone 

antimony 

beryllium 

Air 

Inhalation 

NA 
ND 
ND 

22E+00 
ND 
NA 
ND 
ND 

21E+00 
ND 
ND 

21E+00 
7.OE-04 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
NA 
ND 
NA 
ND 
ND 
NA 
ND 
NA 
NA 
ND 
NA 
NA 
NA 
NA 

Surface Soil and osed Waste Pit Materia & 
NA 

52-01 
43E+01 
26E-01 
3.8E-03 

NA 
52-02 
5.OE-02 
1.E-03 
1.8E-01 

ND 
82-02  
8.OE-03 
1.E-01 
22E-02 
7.E-03 
1.8E-02 
4.8E-01 
52-01 

ND 
1.8E+00 
27E-01 

ND 
NA 
NA 
ND 
NA 

1.4E-05 
ND 
NA 

1.4E-07 
NA 
NA 

21E-04 
NA 
NA 
NA 
NA 

NA 
4.4E-01 
5.4E-01 
3.4E-02 
4.6E-02 

NA 
13E-01 
1.2E-01 
4.4E-04 

ND 
ND 

3.4E-01 
3.2E-02 
3.8E-02 
1-?E-03 
1.2E-03 

ND 
5.8E-02 
13E-01 

ND 
4.4E+00 
9.7E-02 

ND 
NA 
NA 
ND 
NA 

5 2 - 0 5  
ND 
NA 
ND 
NA 
NA 

1.lE-03 
. NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable. 
ND - No data for toxicity assessment for exposure pathway. 
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TABLE EN-33 
ILCRs FOR OFF-PROPERTY USER OF MEAT AND MILK PRODUCIS 

FUTURE LAND USE, FUTURE SOURCE TERM 

Transfer Media: 

Total Radionnclidas 

Chemicals 

arsenic 
beryl li um 
cadmium 
chromium vi 
lead 
Nckel 

benzo(a)anthracene 
benzo(a)pyrene 
benzo@)fluoranthene 
benzo(k)fluoranthene 
zhrysene 
iibenzo(a.h)anthracene 
indeno(1.2.3 - cd)pyrene 
D - nitrosodipropylamine 
pentachlorophenol 
vinyl chloride 
,etrachlorodibenzo - p -dioxin 
tetrachlorodibenzofuran 
pentachlorodibenzofuran 
hexachlorodibenzo -p -dioxin 
hexachlorodibenzofuran 
heptachlorodibenzo - p -dioxi n 
heptachlorodibenzofuran 
xtachlorodibenzo - p - dioxi n 
xtachlorodi benzofuran 
:hloroform 
.etrachloroethene 
fenzene 
nethylene chloride 

P d S  

Sam Cbem (TEP for PAHs): 
Sam Chem (BaP for PAHa): 
rOTAL ALL (TEP Approach): 
TOTAL ALL (BaP Approach): 

2.9E-07 4.OE-07 
4.m-09 1 .x -09  
1.6E-12 1.3E-12 
1.6E- 11 1.3E- 11 
9.98-07 7.1E-06 
2.5E-10 3.1E-13 
3.7E-09 7.38-08 
l.lE-07 5.OE-07 
l.lE-08 3.88-08 
4.88-09 1.6E-08 
2.9E-08 3.5E-07 
7.98-09 9.48-08 
1.8E-07 2.2E-06 

1.6E-06 1.lE-05 

6.38-04 
8.1E-07 

ND 
ND 
ND 
ND 

2.48-05 
5.6E-09 
9.88-08 
7.48-08 
6.4E- 10 
2.4E- 10 

NA 
2.OE-07 
3.9E- 12 
7.7E- 10 

NA 
NA 
NA 
NA 

2.38-07 
NA 

8.OE-07 
6.3E-09 
9.2E-07 
3.3E -09 

NA 
1.7E-11 

NA 
NA 

7.5E-05 
2.9E - 09 

ND 
ND 
ND 
ND 

3.1E - 05 
7.28-09 
1.2E-07 
9.48-08 
8.1E-10 
3.1E-10 

NA 
2.5E-07 
4.98-12 
9.8E-10 

NA 
NA 
NA 
NA 

NA 
3.3E-07 

l.lE-06 
9.OE-09 
1.3E -06 
4.7E-09 

NA 

NA 
NA 

2.2E- 11 

6.68-04 l.lE-04 
6.68-04 l.lE-04 
6.6E-04 1.2E-04 
6.68-04 1.2E-04 

Surface Soil 

Ingestion of Milk I ofMcat Products 

Ingestion 

3.7E-06 
6.1E-08 
1.lE-11 
2.2E-11 
6.38-07 

NA 
3.7E-06 
5.48-05 
l.lE-08 
5.6E-09 
6.4E-07 
1.OE-07 
7.5E- 06 

5.28-06 
2.28-08 
8.4E- 12 
1.8E - 11 
4. 5E - 06 

NA 
7.4E - 05 
2.5E-04 
3.88-08 
1.9E-08 
7.78-06 
1.2E-06 
9.OE - 05 

7.OE-05 4.4E-04 

7.48-05 
3.4E - 06 

ND 
NA 
NA 
NA 

3.4E-04 
1.2E-06 
8.88-06 
3.38-06 
4.38-07 
4.7E -08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.88-06 
1.2E-08 

ND 
NA 
NA 
NA 

4.38-04 
1.5E-06 
l.lE-05 
4.28-06 
5.48-07 
5.9E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.38-04 4.5E-04 
4.88-04 5.28-04 
5.OE-04 8.9E-04 
5.58-04 9.5E-04 

Surface Water 

3.38-05 
NA 
NA 
NA 

NA 
6.38-08 

6.7E-07 
1.3E-05 
1.OE-11 
2.68-09 
1.3E-06 
7.2E-08 
5.4E-06 

4.6E - 01 
NA 
NA 
NA 

NA 
4.6E-0: 

1.4E-0! 
6.1E- O! 
3.4E-11 
9.OE-05 
1.6E-0! 
8.9E-0: 
6.6E-0! 

5.3E-05 2.OE-04 

5.5E-06 
NA 
NA 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-12 
7.1E-11 
3.OE- 10 
2.28-13 

6.6E-0i 
NA 
NA 
NA 
ND 
ND 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.2E- 12 
9.2E-11 
4.OE- 10 
5.OE- 13 

5.58-06 6.6E-07 
5.5E-06 6.6E-07 
5.88-05 2.1E-04 
5.8E-05 2.1E-04 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable.. 
ND - No data for toxicity assessment for exposure pathway. 

e .  : : # 

FEWOUlRlNDRlAPP U05/03/94 1l:llam 

000413 



FEW-OUO 1-5 DRAFT FINAL 
Rev. 2 - May 4, 1994 

d TABLE E.W-34 
HAZARD QUOTIEITIS FOR OFF-PROPERTY USER OF MEAT AND MILK PRODUCIS 

. “L 

FUTURE LAND USE, FUTURE SOURCE TERM 

Transfer Media: 

Exposure Pathways: 

Toxicants 

cyanide 
antimony 
arsenic 
barium 
beryllium 
boron 
cadmium 
chromium vi 
cobalt 

lead 
manganese 
mercury 
molybdenum 
nickel 
selenium 
silver 
thalli um 
vanadium 
thorium-total 
uranium - total 
fluoride 
acenaphthylene 
2- methylnaphthalene 
4-chloro-3- met hylphenol 
b,enzo(g.h,i)perylene 
dibenzofuran 
pentachlorophenol 
phenanthrene 
tributyl phosphate 
2- hexanone 
3 - chloropropene 
chloroform 
tetrachloroet hene 
methylene chloride 
toluene 
2- nitrophenol 
acetone 

TOTAI; 

NA 
3.48-03 
1.2E+00 
2.6E-03 
3.8E-05 

NA 
2.OE - 03 
2.OE-03 
1.2E-04 
5.7E-02 

9.6E-04 
2.OE-02 
1.OE-02 
2.3E - 03 
2.4E-03 
9.88-04 
2.2E-01 
1.3E-02 

ND 

ND 
1.6E-03 

ND 
ND 
NA 
NA 
ND 
NA 

2.1E-07 
ND 
NA 

NA 
NA 

3.3E - 08 
NA 
NA 
NA 
NA 

7.4E- 13 

NA 
1.4E-03 
1.4E-01 
2.5E-02 
1.4E-07 

NA 
1.4E-02 
2.2E - 03 
4.8E-05 
3.4E-02 

ND 
3.3E - 03 
1.4E-04 
1.OE-02 
1.5E - 03 
2.68-03 
2.6E-02 
4.3E-02 
4.OE-04 

ND 
1.9E-02 

ND 
ND 
NA 
NA 
ND 
NA 

2.7E-07 
ND 
NA 

9.38-13 
NA 
NA 

NA 
NA 
NA 
NA 

4.3E-08 

1.5E+OO 3.3E-01 

Surface Soil 

NA 
7.5E-01 
1.4E-01 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 

2.9E-01 
NA 
ND 

2.6E-02 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-04 

9.38-02 

NA 
3.OE-01 
1.7E-02 

NA 
5.7E-07 

NA 
6.7E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.8E - 02 
NA 
ND 

3.1E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Surface Water 

1.OE-07 
2.OE-02 
1.OE-02 
9.7E-04 

NA 
NA 
NA 
NA 
NA 

ND 

NA 
NA 

1.2E-02 

3.3E-05 

8.1E - 03 
6.5E - 03 
7.38-03 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.7E-02 

2.6E-OS 
1.4E-07 
4.8E-10 
2.3E- 08 

ND 
1.OE-09 

1.3E-07 
8.OE-03 
1.3E-03 
9.1E-03 

NA 
NA 
NA 
NA 
NA 

7.1E-03 
ND 

l.lE-04 
NA 
NA 

5.4E-03 
7.OE-03 
2.OE-01 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

9.OE-04 

3.6E - 08 
1.8E-07 
l.lE-09 
3.2E-08 

ND 
2.3E- 09 

NA - Not applicable. Chemical not a chemical of interest for media or exposure pathway not applicable.. 
ND - No data for toxicity assessment for exposure pathway. 
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TABLE E.IV42 

RISKS FROM PENEIIUTING RADIATION 
FUTURE CONDITIONS - BURIED PIT MATERIAL 

ON-PROPERTY HOME BUILDER UNDER FUTURE LAND USE* 

5 5 1 1  

Source Fraction of Total Time 
Surface Time Spent Exposed Total 

Area Exposed To to Source' Dose Rated Exposure" Risk' 
Source (m') Source @-/Lifetime) (mRem/hr) (mRem/Life) (rismife) 

Materialb 
(unitless) 

Pit 4 7790 1 .o 1400 7.8 x lod 1.1 x 1C2 6.8 x 10-9 

Total Risk 6.8 x 10-9 

m e s e  risks are in addition to risks associated with penetrating radiation from surface soils. 
bAssumes the home is built on Pit 4, as described in the conceptual model. 
"Assumes the home builder builds a house in 175 days for 8 hours per day. 
dResults of Microshield calculations (Table E.3-6) 
The  product of the total time exposed @/Life) and the doserate (mRem/hr) 
The product of the total exposure (mrem/Life) and the dose to risk conversion factor from the WPA 
(6.2 E-7 risWmRem) (DOE, 1993a) 1 
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