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P.O. Box 398705 
Cincinnati, 0 hio 45239-8705 

(513) 738-6357 

hlAR 16 I994 
DOE-1282-94 

Mr. James Saric, Remedial Project Director 
U.S. Environmental Protection Agency 
Region V - 5HRE-8J 
77 W .  Jackson Boulevard 
Chicago, IL 60606-3590 

Mr. Graham Mitchell, Project Director 
Ohio Environmental Protection Agency 
40 South Main Street 
Dayton, OH 45402-2085 

Dear Mr. Saric and Mr. Mitchell : 

REVISIONS TO THE OPERABLE UNIT  4 REMEDIAL INVESTIGATION FINAL REPORT 

Enclosed are revisions (Enclosure 1) made by the Department of Energy, Fernald 
Field Office (DOE-FN) to the Operable Unit 4 (OU4) Remedial Investigation (RI) 
Final Report which was officially transmitted, during November 1993, to the 
United States Environmental Protection Agency (USEPA). The revisions to 
Sections 6 and 7, and Appendix D of the RI were required as a result o f  review 
by the USEPA. Problems with the clarity and completeness of the comment 
responses were pointed out by the USEPA in a telephone conversation with 
representatives o f  the DOE on March 1, 1994. 

The comment responses provided by the DOE-FN were found to contain several 
discrepancies with risk estimates reported in Appendix D and those provided in 
Section 6 of the RI, where the risk results were to be summarized. DOE-FN 
failed to make the distinction between risk due to radiological contamination 
of environmental media and the risk due to external radiation from material 
within the K-65 Silos. The external radiation risks, from the silos, to the 
various receptors is reported in Table D.5-2. In the enclosed package, the 
risk estimates are clearly delineated with parenthetical statements. In 
addition Table D.5-2 was revised to include a note indicating those receptors 
used in the overall risk assessment evaluation. 
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The foo tno tes  on the  tab les  inc luded i n  the  enclosures t o  Appendix D have been 
reviewed f o r  accuracy and the  appropr ia te  changes are h i g h l i g h t e d  i n  t h e  
enclosed red1 ined pages (Enclosure 2).  
b i o - k i n e t i c  uptake model f o r  l ead  has been rev ised.  

Add i t i ona l  l y ,  the  t e x t  re1  ated t o  the  

Please contac t  Randi A l l e n  a t  (513) 648-3102 i f  the re  are any a d d i t i o n a l  
quest ions regard ing  t h i s  submi t ta l .  

S incere ly  , 

FN:Allen 

Enclosure: As Stated 

cc w/enc 1: 

K. A. Chaney, EM-424, TREV 
D. R. Kozlowski , EM-424, TREV 
G. Jablonowski , USEPA-V, AT-18J 
J. Kwasniewski , OEPA-Columbus 
P. Ha r r i s ,  OEPA-Dayton 
M. P r o f f i t t ,  OEPA-Dayton 
T. Schneider, OEPA-Dayton 
L. August, GeoTrans 
F. Bel 1 , ATSDR 
AR Coordinator,  FERMCO 

cc w/enc 2: 

P. VanLeeuwan, DOE-HQ 
J. Michaels, PRC 

Jack R. Cra ig  
Fernald Remediation Ac t i on  
P r o j e c t  Manager 

0 0.2 
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Quantitative toxicity estimates are presented in Appendix D in Tables D.4-1, D.4-2, and D.4-3 for 
chemical toxicants, for carcinogens, and for radionuclides, respectively, for which toxicity values are 
available. 

6.5 RISK CHARACTERIZATION RESULTS 
Table 6-1 and 6-2 shows the baseline risks and hazard indices for each hypothetical receptor by land- 
use and source-tern scenario. These tables summarize the information of Appendix D, Section D.5, 
including the constituent specific risk summary tables of that section. Risk values in Table 6-1 are 
reported in units of ILCR for radiological, chemical, and total risk. The chemical HI, which has no 
units, is presented in Table 6-2. 

6.5.1 Current Land-Use Without Access ControUCurrent Source-Term Scenario 
The receptor with the greatest total radiological risk is the trespassing child (Table 6-1). The greatest 
contributor under this scenario is from exposure to external radiation while the receptor is on top of 
the Silo 1 or 2 dome (5 x 
pathways resulting in radiological risk of 3 x lo-’. The total radiological risk to the trespassing child 
is 5 x 10” (external radiation) plus 3 x lo” (nuclide-specific radiation) totalling 5 x 
receptor with the greatest total chemical risk (1 x lo“), is the off-property resident farmer (Table 6-1). 
The greatest contribution under this scenario is from exposure to air pathways (1 x lo“). The receptor 
with the greatest total radiological plus chemical risk under this scenario (5 x 
trespassing child. The greatest HI is 0.3 to the trespassing child (Table 6-2). The greatest 
contribution, under this scenario is from soil exposure pathways (0.2). 

In addition, the receptor is exposed to air, soil, and surface water 

The 

Table 6-1) is the 

6.5.2 Current Land-Use Without Access Control/Future Source-Term Scenario 
The receptor with the greatest total radiological risk is the groundskeeper (Table 6-1). The greatest 
contribution under this scenario is from exposure to soil pathways (2 x The total radiological 
risk to the groundskeeper under this scenario is 3 x lo-’ (Table 6-1). The receptor with the greatest 
total chemical risk is also the groundskeeper (Table 6-1). The greatest contribution is from exposure 
to soil pathways (5 x 10“). The total chemical risk to the groundskeeper under this scenario is 6 x 
lo4. The total radiological plus chemical risk to the groundskeeper under this scenario is 3 x lo-* 

(Table 6-1). The greatest HI is 20 to the groundskeeper (Table 6-2) and to the trespassing child 
(Table 6-2). The greatest contribution to both receptors under this scenario is from exposure to air 
pathways. 

6.5.3 Current Land-Use With Access Control/Current Source-Term Scenario 
This scenario most closely approximates current conditions at the FEMP site. However, as discussed 
in Appendix D, the risk and HI results for this scenario are numerically the same as the results for the 
current land-use scenario without access controls assuming the current source term (Section 6.5.1). 
This is because the presence or absence of access controls does not change the numerical values of 
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exposure parameter values for receptors. The trespassing child’s exposure parameter values reflect the 
standard scenario specified by EPA and the off-property resident farmer, and surface water use 
exposures are not impacted by the status of access controls. 

6.5.4 Future Land-Use/Current Source-Tern Scenario 
The receptor with the greatest total radiological risk is the on-property resident child (Table 6-1). The 
greatest contribution under this scenario is from exposure to external radiation while the receptor is on 
top of the Silo 1 or 2 dome (9 x lOq. In addition, the receptor is exposed to air, soil, and surface 
water pathways resulting in a radiological risk of 3 x lo4, primarily from the soil pathway (2 x lo4). 
The total radiological risk to the on-property resident child is 9 x plus 3 x lo4 totalling 9 x 

The receptor with the greatest total chemical risk (8 x lo-’) is the RME on-property resident farmer 
(Table 6-1). The greatest contribution under this scenario is from exposure to soil pathways (8 x 
The receptor with the greatest total radiological plus chemical risk under this scenario (9 x lo-*, Table 
6-1) is the RME on-property resident farmer. The greatest HI is 100 to the on-property resident child 
(Table 6-2). The greatest contribution under this scenario is from soil exposure pathways (100). 

6.5.5 Future Land-UseFuture Source Term Scenario 
This represents the most conservative scenario considered under the baseline risk assessment. Within 
this scenario, a family is assumed to have established a residence within the Operable Unit 4 
boundaries. Additionally, the domes of Silos 1 and 2 are assumed to have failed and Silo 3 is 
assumed to have suffered total structural failure, spreading its contents to the surface of Operable 
Unit 4. As described in Section D.3, the failure of Silo 3 and the assumed distribution of its contents 
on the surrounding surface makes it more appropriate to evaluate direct external exposure in a nuclide- 
specific manner rather than as a large source. With the failure of the domes of Silos 1 and 2 it is no 
longer appropriate to evaluate direct external radiation exposure at these locations. Therefore, the 
separate entry in Table 6-1 for external radiation does not appear for the future source term scenario. 

The receptor with the greatest total radiological risk is the RME on-property resident farmer (Table 6- 
1). The greatest contribution under this scenario is from exposure to soil pathways (approaching unity 

risk). The total radiological risk to the RME on-property resident farmer under this scenario also 
approaches unity (1) risk. The receptor with the greatest total chemical risk is also the RME on- 
property resident farmer (Table 6-1). The greatest contribution is from exposure to soil pathways (2 x 
lo-*). The total chemical risk to the RME on-property resident farmer under this scenario is 2 x lo-’. 
The total radiological plus chemical risk to the RME on-property resident farmer under this scenario 
exceeds unity (Table 6-1). The greatest HI is 2000 to the on-property resident child (Table 6-2). The 
greatest contribution to this receptor under this scenario is fiom exposure to soil pathways. 

- _ _ ~  - 

6-9 
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for each receptor by exposure scenario. Table 7-1 provides risk estimates for the current and future 
land-use scenarios without access controls for both the current and future source-tern scenario, and for 
the current land-use scenario with access controls for the current source-tern scenario. The largest 
reported radiological risk values are associated with the future land-uselfuture source-term scenario. 
Table 7-2 provides the HIS for noncarcinogenic constituents for each receptor by exposure scenario. 

Of the scenarios presented, the current land use with access controls/cment source-term scenario most 
closely approximates current conditions at the FEMP site. However, conservative assumptions were 
made, consistent with those made for other scenarios, to ensure that the calculated baseline risk 
represents an upper bound. Under this scenario, the receptor with the largest radiological risk (5 x 

radiation while on top of the Silo 1 or 2 dome. Under this scenario, the receptor with the largest 
chemical risk (1 x 10“) is the off-property resident farmer. The Constituent providing the maximum 
contribution to this risk value is indeno(l,2,3cd)pyrene through meat and milk exposure routes from 
soil subject to deposition from air. The total radiological plus chemical calculated risk under this 
scenario for the off-property resident farmer is 1 x 10“ and for the trespassing child is 5 x lo”. 

is the trespassing child. The maximum contributor to the calculated risk is exposure to external 

None of the HIs under this scenario exceeded 1.0. The highest is 0.3 (Table 7-2) for the trespassing 
child and is due primarily to antimony, chromium, cobalt, manganese, and uranium in soil. 

Of the remaining scenarios in Tables 7-1 and 7-2, the future land-usemhue source-term scenario 
represents the most consentative scenario considered under the risk assessment. Within this scenario, a 
family is assumed to have established a residence within the Operable Unit 4 boundaries. 
Additionally, the domes of Silos 1 and 2 are assumed to have failed and Silo 3 is assumed to have 
suffered total structural failure, spreading its contents on the surface of Operable Unit 4. 

Under this scenario, the receptor with the largest radiological risk (approaching unity [l]) is the RME 
on-property resident farmer. The maximum contributors to the calculated risk are Ra-226 and Th-228 
in soil through the external radiation exposure route. Under this scenario, the receptor with the largest 
chemical risk (2 x lo-’) is also the RME on-property resident farmer. The maximum contributors 10 

the calculated risk are ingestion of arsenic and indeno(l,2,3cd)pyrene through meat and milk exposurc 
routes from soil. The total risk to the RME on-property resident farmer is estimated to exceed unity 
and is due primarily to the radiological risk associated with external radiation exposure from Ra-226 
and Th-228 in soil. 

The highest HI (2000) under this scenario is to the on-property resident child and is due primarily to 
ingestion of soil and foodstuffs and demal contact with soil materials containing arsenic. 

7-14 
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TABLE D3-lf  5 3 5 ? 
PARAMETERS USED TO ESTIMATE POTENTIAL EXPOSURES 

FOR CURRENT LAND USE RECEPTORS* 

Off-property 
Off-property user of 

Trespassing Child Groundskeeper Resident Farmer Surface Water 
Pathway Parameters Age 7-18 Worker Age 1-70 Age 1-70 

Inhalation of VOCs, Fugitive Dust, and Radon 

IR <m3/hr> 0.83b 0.83b 0.83b NAC 
4d 8' 5.7' NA 

5P 3 9  35oe NA 
12 25g 70 NA 
43 70 70 NA 

AT-Noncancer (d>h 4380 9125 25550 NA 
AT-Cancer (d)' 25550 25550 25550 NA 
Incidental Ingestion of SoiUSediment 

IR Wd) 0.1 0.0509 NA NA 
FI 0.23 l e  NA NA 

52d ' 

12 
35" NA NA 
2 9  NA NA 

BW erg) 43 70 NA NA 
-AT-Noncancer (d>h 4380 9125 NA NA 
AT-Cancer (d)' 25550 25550 NA NA 
Dermal Contact with SoiVSediment 

SA <m2) 0.42' 0.58' NA NA 
AF <mg/cm2) 1 .d( 1 .d( NA NA 
ABS (unitless) csv' csv NA NA 
EF (diyr) 5 9  35" NA NA 
ED (yr) 12 2 9  NA NA 
BW 0%) 43 70 NA NA 
AT-Noncancer (d>h 4380 9125 NA NA 
AT-Cancer (d)' 25550 25550 NA NA 
External Radiation Exposure 

DR (mrem)  csv csv NA NA 
ET indoors (hr/d) NA NA NA NA 
ET outdoors (hr/d) 4d 8' NA NA 
EF (d/yr) 52d 3 9  NA NA 
ED (yr) 12 2 9  NA NA 
SH indoors (unitless) NA NA NA NA 
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TABLE D3-11 
(Continued) s- - 5 3 5 7  

~ 

Off-property 
off-property User of 

Pathway Parameters Age 7-18 Worker Age 1-70 Age 1-70 

SH outdoors (unitless) 0 0 NA NA 

Trespassing Child Groundskeeper Resident Farmer Surface Water 

Incidental Ingestion of Surface Water 

IR (uhr) 0.OP NA NA NA 
la NA NA NA 

5 9  NA NA NA 

ED 07) 12 NA NA NA 
BW &g) 43 NA NA NA 
AT-Noncancer (d>h 4380 NA NA NA 
AT-Cancer (d)' 25550 NA NA NA 
Dermal Contact with Surface Water 

SA (m2) O.%O NA NA NA 
Pc (cm/hr) csv NA NA NA 
ET W d )  1 .P NA NA NA 
EF (dtyr) 5 9  NA NA NA 
ED (yr) 12 NA NA NA 
BW erg) 43 NA NA NA 
AT-Noncancet (d>h 4380 NA NA NA 
AT-Cancer (d)' 25550 NA NA NA 
Drinking Water Ingestion 
I R x F I ( 4 d )  NA NA 2 2 
EF (W) NA NA 35oe 350s 
ED (yr) NA NA 70 70 
BW 0%) NA NA 70 70 
AT-Noncancer (d>h NA NA 25550 25550 
AT-Cancer (d)' NA NA 25550 25550 
Ingestion of Fruits and Vegetables 

IR (g/4 NA NA 122 122 
FI (unitless) NA NA 1 1 

EF (d/yr) NA NA 350s 350s 

ED (yr) NA NA 70 70 

BW 0%) NA NA 70 70 

AT-Noncancer (d>h NA NA 25550 25550 
AT-Cancer (d)' NA NA 25550 25550 

D-3-42 0 10 
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TABLE D3-11 
(Continued) e. - 5 3 5 1  

Off-property 
Off-Property user of 

Trespassing Child Groundskeeper Resident Farmer Surface Water 
Pathway Parameters Age 7-18 Wopker Age 1-70 Age 1-70 

Ingestion of Meat, Milk, and Fish 

IR ( m e 4  Wd) NA NA 75 75 

IR Wd) NA NA 0.3 0.3 
(fsh) Wd) NA NA NA 54 

FI (unitless) NA NA NA 1 

EF (W) NA NA 3509 3509 

ED (yr) NA NA 70 70 

BW erg) NA NA 70 70 
AT-Noncancer (dp NA NA 25550 25550 

AT-Cancer (d)' NA NA 25550 25550 
Dermal Contact While Bathing 

SA (m2) NA NA 2.3ok 2.3ok 
NA NA csv csv 
NA NA 0.25k 0.25k 
NA NA 35oe 35og 

ED w NA NA 70 70 
BW erg) NA NA 70 70 
AT-Noncancer (d>h NA NA 25550 25550 
AT-Cancer (d)' NA NA 25550 25550 
Inhalation of Volatiles Released from Household Water Use 

IR NA NA 159 15g 

NA NA 35oe 35og 
NA NA 70 70 

BW (Lg) NA NA 70 70 
AT-Noncancer (dp NA NA 25550 25550 
AT-Cancer (d)' NA NA 25550 25550 

' Parameter values obtained from the Risk Assessment Work Plan Addendum (DOE 1992a) unless otherwise noted. 
Derived by dividing the default adult human inhalation rate of 20 m3/day (EPA. 1989% Risk Assessment Guidance for Superfund) 
by 24 hourslday. and rounding to two significant figures. 
NA = Not applicable. 
Specific guidance from EPA Region 5 (9/30192 EPA umunents on Sitewide Characterization Report): standard eespass scenario 
assumes 4 h/d, 52 dlyr [three daydweek during June, July. rind August when not in school (36 days). and one day/week during April. 
May. September, and October (16 days)]. 
Assumes the worka is a groundskeeper. who works 8 hourdday. 1 day/week 35 weeks/year on the grounds of Operable Unit 4. e 

0 11 
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8 

0 

TABLE D3-11 
(Continued) 

Special guidance from EPA Region V (Teleconference between P. VanLeeuwen. EPA Region V. and M. Bollenbacher, IT 
Corp.. 2J25/93); 8 hourstday spent outdoors for 250 daydyear = 2000 hours/yew this value divided by 350 daystyear on 
site = 5.7 houn/day spent outdoors. 
EPA (1991b. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual, Swulemental Guidance, 
"Standard Default Exposure Factors". Interim Final, OSWER Directive: 9285.6-(n. 
Calculated as the product of ED (years) x 365 dayshear. 
Calculated as the product of 70 years (assumed lifetime) x 365 days/year. 
Assumes a small child spends 4 of 16 waking hourdday on site. 
EPA (1992e). "Dermal Exposure Assessment: F'rincipds and Applications. EPA/600/8-91/011B 
csv = Chemical-specific value (ABS and PC values located in Table D.3-14, DR values are located in Table D3-15). 
EPA (1989a). "Risk Assessment Guidance for Superfund Vol. I, Human Health Evaluation Manual (Part A)." 
Differs horn this parameter for othex exposure pathways because the receptor is not expected to play in wafer all the time he is on 
site.. 
See Section D33.4. 

D-3-44 
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TABLE D3-12 L- - 5 3 5 ?  
PARAMETERS USED TO ESTIMATE POTENTIAL EXPOSURES 

FOR FUTURE LAND USE RECEPTORS 

off-propaty RME Off-propazy 
UStXOfSurface f l h - p T o p e r t Y  C h - F O p e r t Y  Resident on-property 

Wata Resident Farmer Resident Fanner F&UlllfX Resident Child 
Pathway Parametas Age 1-70 Age 1-70 Age 1-70 Age 1-70 Age 1-6 

~~~~ 

Inhalatbn of Dusts, Vdatiles, and Radon 

IR (m3h) N A ~  0.83' 0.83' 0.83' 2.od 
ET Indoors &/d) NA 19.k 183' 183' 22' 

ET outdoors &/d) NA 4.2" 5.7' 5.71 2s 

EF (W) NA 275" 35oh 35cp 35oh 

BW 0%) NA 70 70 70 15 

AT-Noncancer (d)' NA 3285 25550 25550 2190 

ED 01) NA sh 70 70 6 

AT-Cwca (d)' NA 25550 25550 25550 25550 

Ingestion of Drinking Water 

IR (Ud) 2 1 .4" 2 2 1.4 

FI (unitless) 1 1 1 1 1 

EF (4~4 35oh 275" 35oh 35cp 35oh 

ED (yr) 70 9b 70 70 6 
BW 0%) 70 70 70 70 15 

AT-Noncancer (d)' 25550 3285 25550 25550 2190 

AT-Cwm (d)i 25550 25550 25550 25550 25550 

Inhalatbn of VolatUes Released from Household Water Uses 

IR (m3/d) 15h 15h 1 5 h  1 9  1 5h 
EF (dh?) 35oh 275' 35oh 35oh 35oh 

ED (yr) 70 9h 70 70 6 

BW Org) 70 70 70 70 15 

AT-Noncancer (d)' 25550 3285 25550 25550 2190 

AT-Cancer (d)i 25550 25550 25550 25550 25550 

Dermal Contact Whlle Bathinn 

23' 

CSV' 

0.25' 

35oh 

70 

70 

25550 

25550 

2.e 

CSV 

0.17' 

275' 

9 
70 

3285 

25550 

2.3' 

csv 

0.25' 

35oh 

70 

70 

25550 

25550 

23' 

0.25' 

35oh 

CSV 

70 

70 

25550 

25550 

0.8' 

CSV 

0.25' 

35ob 

6 

15 

2190 

25550 

0 13 F€RKtJ4RvvERs4/Ls.12SSAD.31u)Un-W 5 1  l p  D-3-45 
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~ ~ 

off-propaty RME off-porn 
Userofsurface cron-property on-poperty Resident on-property 

WateZ Resident Farmer Resident Farmer F m t T  Resident Child 
Pathway Param- Age 1-70 Age 1-70 Age 1-70 Age 1-70 Age 1-6 

Incidental Iagestlm d SoWSedlment 

IR (dd) NA 0.122" 0.180 NA 0.2 

FI NA I= I= NA 1" 

EF (dh.r) NA 275" 35oh NA 35oh 

BW erg) NA 70 70 NA 15 

A T - C ~ C W  (d)' NA 25550 25550 NA 25550 

ED olr) NA 9 70 NA 6 

AT-Noncancer (a>' NA 3285 25550 NA 2190 

Dermal Contact wlth SoWSedlment 

- SA (m') NA O S k  0.58' NA 0.2k 

AF (mg/cm2) NA 0.2k 1 .@ NA 1 .oL 
ABS (unitless) NA CSV CSV NA CSV 

EF NA 48" 35oh NA 35oh 

BW Org) NA 70 70 NA 15 

ED (ur) NA sh 70 NA 6 

AT-Noncancer (d)' NA 3285 25550 NA 2190 

A T - C W C ~  (d)' NA 25550 25550 NA 25550 

External Radiation Exposure 

DR (mem/hr) NA C W  CSV NA csv 

ET Indoors (hdd) NA 19.8" 18.3' NA 228 

ET Outdoors (hr/d) NA 4.T 5.7' NA 20 
EF (W) NA 275" 35ob NA 35oh 

SH Indoors (unitless) NA 0.5 0 5  NA 0.5 

SH Outdoors (unitless) NA 0 0 NA 0 

Ingestion d Vegetables and Frult 

ED (ur) NA 9h 70 NA 6 

IR (dd) 122 78" 122 122 101.5 

FI (unitless) 1 1 1 1 1 

EF (-1 35oh 275' 35ob 35oh 35oh 

ED 01) 70 Sb 70 70 6 

BW (kg1 70 70 70 70 15 

AT-Noncancer (d)' 25550 3285 -25550 25550 2190 
A T - C W C ~  (d)' 25550 25550 25550 25550 25550 

Ingestioa d Meat 

IR (gld) 75 5 r  75 75 29 

FI (unitless) 1 1 1 1 1 

0 14 ~URUVERS4AS.125SAD.31U)3(n-94 5 1  lpn D-346 
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TABLE D3-12 . .  5 5,357 (Continued) 

Off-propaty RME Off-pKpmy 
Userofsurface cron-propaty on-property Resident O n - F O P e r t y  

Wata Resident Fanner Resident Fmmer F m e I  Resident Child 
Pathway Paramems Age 1-70 Age 1-70 Age 1-70 Age 1-70 Age 1-6 

~~~ ~ ~ ~~ 

EF (dlyr) 35oh 275" 35oh 35ob 35oh 

BW 0%) 70 70 70 70 15 
AT-Noncan~xx (d)' 25550 3285 25550 25550 2190 

AT-Cancer (dj 25550 25550 25550 25550 25550 

ED olr) 70 Sb 70 70 6 

Ingestion of MUk 

IR (Ud) 03 0 2  03 03 0.9 

FI (unitless) 1 1 1 1 1 

EF (dtyr) 35oh 275' 35oh 35ob 35oh 

ED or) 70 9 70 70 6 
BW 0%) 70 70 70 70 15 

AT-Nonc- (d)' 25550 3285 25550 25550 2190 

AT-Cancer (dj 25550 25550 25550 25550 25550 

Ingestlon of Fish 

IR (m 54 NA NA NA NA 

FI (unitless) 1 NA NA NA NA 
EF (W) 35oh NA NA NA NA 

ED 01) 70 NA NA NA NA 

BW 0%) 70 NA NA NA NA 
AT-Noncancer (d)' 25550 NA NA NA NA 

AT-Crn~er (d)' 25550 NA NA NA NA 

Incidental Ingestion o f  Surface Water During Swim or Play 

IR (uhr) NA NA NA NA 0.05' 
FI (unitless) NA NA NA NA 1 

olr/d) NA NA NA NA 0 . 9  

EF (dh.r) NA NA NA NA 5 k  

ED olr) NA NA NA NA 6 

BW Ocg) NA NA NA NA 15 

AT-Noncancer (d)' NA NA NA NA 2190 

AT-Cmca (dj NA NA NA NA 25550 

Dermal Contact with Surface Water During Swim or Play 

SA (m2) NA NA NA NA O.gk 

(cm/hr) NA NA NA NA CSV 

olrld) NA NA NA NA 0 .9  

EF (W) NA NA NA NA 5k 
ED 64 NA NA NA NA 6 

D-3-47 
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TABLE D3-12 
(Continued) 

off-property RME off-propaty 
Userofsurface cron-property on-ppeny Resident on-property 

Wata Resident Fanner Resident Fanner F- Resident Child 
Pathway Parametas Age 1-70 Age 1-70 Age 1-70 Age 1-70 Age 1-6 

BW erg) NA NA NA NA 15 

AT-None- (d)' NA NA NA NA 2190 

AT-Cancer ( d j  NA NA NA NA 25550 

b 
E 

d 
e 

I 

0 

b 

i 

j 
k 
1 

m 

n 
0 

Parameter values obtained from the Risk Assessment Work Plan Addendum @OE 1992a) unless othenvise noted. 
NA = Not applicable. 
Derived by dividing the default adult human inhalation rate of 20 m3/day (EPA 1989% Risk Assessment Guidance for Superfund) 
by 24 hours/day. and m m h g  to two sigruficant figures. 
Exposure Factors Handbook (EPA 1%) p. 3 4 ;  Inhalation rate for "moderate" activity for a 6-year old child. 
Special guidance from EPA Region V for the CT scenario (Teleconferences between P. VanLeeuwen. EPA Region V. and M. 
Bollenbacher, lT Corp.. 1223193 and 12/7/93) drinking water ingestion rate = 1.4 Uday; EF = 275 daydyear; vegetable and h i t  
ingestion = 78 g/day; meat ingestion = 50 g/day; milk ingestion = 0.2 Uday; soil ingestion rate = 122 mg/day; dermal contact with 
soil = 48 daysJyeq hourslday spent indoors and outdoors = 19.8 and 4.2. respectively. 
Special guidance from EPA Region V (Teleconference between P. VanLeeuwen, EPA Regon V, and M. Bollenbacher. IT COT.. 
2/25/93); 8 hourdday spent outdoors for 250 dayshear = 2000 hourstyear; this value divided by 350 days/year on-site = 5.7 
hours/day spent outdoors; 183 hours/day spent indoors detennined by difference. 
Assumes a resident small child spends 2 hours/day outdoors x 350 daysbear for a total of 700 hours/year on site; 22 
hours/day indoors determined by difference. 
EPA 1991b. "Risk Assessment Guidance for Superfmd Vol. I: Human Health Evaluation Manual Supplemental Guidance. 
'Standard Default Exposure Factors'.'' Interim Final OSWER Directive: 9285.6-03. 
Caiculated as the product of ED (years) x 365 daysbear. 
Calculated as the product of 70 years (assumed Lifetime) x 365 days/year. 
EPA 199% "Dermal Exposure Assessment: Principals and Applications." EPA/600/8-91/001B. 
csv = Chemical-specific value: PC and ABS from Table D.3-14; DR from Table D.3-15. 
Assumed value, based on fraction of day spent on site. 
EPA 19894 Risk Assessment Guidance for Superfund. 
See explanation in Section D3.3.1. 
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TABLE D3-14 

DERMAL ABSORPTION COEFFICIENTS AND HENRY’S LAW CONSTANTS 
USED IN EXPOSURE MODEL 

Water Permeability Soil Absorption Henry’s Law 
Coefficient Coefficient constant mz 

Constituent (-1 (UnitleSS) (atm-m3tm0i) KO, 
Inorganics 

Ammonia 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium (food) 

Chromium 

Cobalt 

Cyanide 

Copper 
Fluoride 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Nitrate 

Phosphorous 

Selenium 

Silver 

Thallium 

Uranium 

Vanadium 

Zinc 

1.00 

1.00 

1.00 x 

1.00 

1.00 

1.00 

1.00 

2.00 

4.00 x lo4 
1.00 

1.00 x 

1.00 

4.00 x lo* 
1.00 

1.00 x 

1.00 x 

1.00 x lo* 
ND 
ND 

1.00 

1.00 

1.00 

1.00 

6.00 x lo4 

6.00 x lo* 

1.00 x 

1.00 x 
1.00 

1.00 x 

1.00 x 

1.00 x 

1.00 x 

1.00 x 

1.00 x 

NDb 

1.00 

1.00 x 

1.00 x 

1.00 x 

5.00 x 

1.00 x 

5.00x 

ND 
1.00 x 

1.00 x 

1.00 x 

1.00 x 10-Zb 

1.00 

1.00 x 

1.00 x 

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 

0 1-i’ 

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 
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(Continued) g 5 3 5 7  
Henry's Law Water Permeability Soil Absorption 

Coefficient Coefficient constant 
Constituent (-1 (UnitleSS) (atm-m3/moi) Kow 

Volatile Organics 

2-Butanone 

2-Hexanone 

4-Methyl-2-pentanone 

Acetone 

Carbon tetrachloride 

Methylene chloride 

Tetrachloroethene 

Toluene 

1.10 10"' 

4.45 lose 

ND 
5.70 x 104g 

2.40 x 

4.10 

5.30 x 

4.50 x 

5.00 x loab 

3.00 x 10-lb 

3.00 x 10-lb 

5.00x loab 

4.00 x 10-lb 

4.00 x 10-lb 

4.00 x 10-lb 

3.00 x 

2.74 

ND 
ND 

2.06 

3.19 

5.92 

2.93 x 

2.87 x 

0.2F 

1.38' 

N-D 

-0.24f 

2.83e 

1 .25e 

3 . M  

2.73' 

Total xylenes 8.00 x 3.00 x 5.27 3.2Cf 

Semivolatile Organics 

Acenaphth y lene 

Anthracene 

Bem(gb,i)perylene 

Benzoic acid 

bis(2-Ethylhexy1)phthalate 

Di-n-butylphthalate 

Di-n-octylphthalate 

Diethyl phthalate 

Dimethyl phthalate 

Fluoranthene 

2-Nitrophenol 

4-Nitrophenol 

N-Nitrosodi-n-propyl amine 

Phenanthrene 

Phenol 

Pyrene 
Tributyl phosphate 

1.74 x 1O-'g 

2.25 x 1o-'g 

5.34 x 1o0g 

7.10 

4.58 x 10e2g 

3.90 x 

2.69 x 10's 

5.00 

1.60 

4.90 

2.61 10-~g 

5.20 

4.50 x 

6.00 x 

2.70 x 

5.30 x 1O-'g 

3.13 x 10-2g 

3.00 x 10-lb 

4.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

4.00 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10"b 

3.00 x 10-'b 

3.00 x 10-lb 

3.00 x 10-'b 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

ND 

1.14 x 10"' 

8.60 x 

5.34 x lo-** 

3.00 

2.80 

ND 

ND 
1.14 x lodd 

ND 

6.50 x lodf 

1.79' 

1.91' 

ND 
3.93 IO-" 

1.30 x 10"' 

5.10 x 10"' 

ND 

4.07' 

4.45' 

. 7.23' 

1.8T 

5.3' 

4.13e 

9.2' 

2.47 

1 .56e 

4.95e 

1 .79e 

1.91e 

. 1.31' 

4.46e 

1 .46e 

5.18' 

4.06 
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(Continued) 

Water Permeability Soil Absorption Henry's Law 
Coefficient Coefficient constant 

Constituent (e) (unitless) (atm-m3bo1) KO, 

PesticidePCBs 

Aldrin 

Aroclor- 1248 

Aroclor-1254 

Aroclor- 1260 

4,4'-DDE 

4,4'-DDT 

Dieldrin 

Endosulfan I 

Endosulfan I1 

Endrin 

Heptachlor epoxide 

1.70 

1.00 x loo" 

1.00 x looe 

1.80 x looe 

3.20 x 

6.00 x 

1.90 x 10-2e 

2.08 x 10"g 

2.33 x 10-~9 

1.90 x 10-2e 

6.65 x 1O"g 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

3.00 x 10-lb 

~ ~~ 

4.96 x 10"' 

4.40 x lo4' 

8.37 

6.80 10"' 

3.89 

5.84 x 

3.36 x 10"' 

ND 
ND 

4.00 lo-'' 

3.16 

3.0Ie 

5.75f 

6.03' 

6.11' 

5.6P 

6.36e 

4.56e 

3.55' 

3.62' 

4.5Se 

2.7od 

ND = No data 
aEPA, 1992e. Page 5-38, the default value for inorganics is 1 x 
%PA 1993b. Memorandum from J. Dollarhide ECAO to P. VanLeeuwen Region V, 7/21/93, including 
Attachments 1-6. 
'EPA, 1992e. Dennal Exposure Assessment: Principles and Applications. 
dSuperfund Public Health Evaluation Manual, October 1986, (SPHEM) @PA, 1986a). 
%PA, 1992g. Supplemental Guidance for Dermal Risk Assessment. 
'EPA, 1 9 9 1 ~  Wed Treatability Database. 
gEstimated using the regression equation: Log 

the experimental value for cadmium. 

= -2.72 + 0.71 log KO, - 0.0061 MW. 
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Calculation of potential intakes of contaminants is discussed in Section D.3.3. Calculated intakes are 
not presented because this is an interim step to risk characterization The URFs that incorporate 
calculation of exposure intakes are presented in Attachment D.I. The models (and formulae) used for 
intake calculations are generally accepted as the most appropriate for an exposure assessment. Specific 
model parameters were selected to provide reasonable, upper bound estimates of intake. Discussions 
of the appropriateness of selected parameters are given in numerous references cited in the Work Plan 
Addendum (DOE 1992a). It can be concluded, however, that the selected parameters as a whole will 
lead to overestimates, rather than underestimates, of the potential intakes by hypothetical receptors. 

, 

D.3.4 OTHER CONSIDEXATIONS 

D.3.4.1 
Because toxicity values are not available for lead, and since the final version the EPA uptake 
biokinetic lead model is not available (see Section D.4.2.11.2). the concentration of lead in soil and 
sediment is compared to the EPA (1989d. 1991d) cleanup levels of 500-1000 ppm. The concentration 
of lead in sediment impacted by the sand lens (8400 ppm, Table D.3-4) and for soil, future source 
tern (2400 ppm, Table D.3-5) exceeds these cleanup levels. Lead was not identified as a CPC in 
contaminated soil, cumnt source term (Table D.3-6).f 

D-3-68 
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TABLE D5-2 

CALCULATED ILCRS FROM EXTERNAL RADIATION EXPOSURE 
FROM THE SILOS UNDER THE CURRENT SOURCETERM SCENARIO 

cr on-property On-Property 
Trespassing Resident RME On-hperty Resident 

Location Child Groundskeeper Farmer Resident Farmer Child 

Base of Berms 0 0 0 
Near Silo 1 or 2 

0 0 

TOP of Dome of 5.4 x i(r3 1.5 x 1U2 2.3 x 3.0 x 10' 9.1 1o-j 

2.0 10'5 3.0 10-~  4.0 x 104 1.2 1 0 5  

5.9 m from Silo 3 1.5 x 10' ' 4.2 x 10' 6.3 10-~ 8.4 1 0 4  2.5 10'5 

At Silo 3 Wall 4.4 105 1.2 x 10.4 1.8 x lo4 2.4 10-3 7.3 1 0 5  

Silo 1 or 2 

12 m from Silo 3 7.1 x 106 

Note: Although evaluations were made at several locations for each receptor, the bolded values were selected 
as the subject location for that receptor. Since habits of individuals are difficult to predict, health 
protective assumptions were made as to the location occupied by individuals. The top of Silos 1 and 2 
was assumed for the trespassing child and on-property resident child. This was based on the 
exploratory nature of children. AU other receptors were evaluated at the Silo 3 wall due to the small 
probability that an adult would spend a significant period of time on the silo domes. 
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child. Structural failure of the silos is assumed leading to spreading of the metal oxide waste in the 
Operable Unit 4 Study Area. 

For radiological risk, the total radionuclide-related carcinogenic risk for all media is 1 x 
most sigtufkant medium contribution is from soil. Dominant contributing radionuclides include 
Ra-226 + 5 dtrs and Th-228 + 7 dtrs. The most sigmfkant contributing exposure route is external 
radiation from soil as shown in Table D.II-2. 

The 

The total chemical-related carcinogenic risk for all media is 4 x lo4. The transfer medium 
contributing the highest risk is soil. The B2 PAHs were not responsible for the total ILCR for soil 
exceeding 1 x lo4 and were not evaluated by the TEF approach. Other media with sigmfkant risk are 
air, surface water, and sediment. The major contributing chemicals in soil are beryllium and arsenic. 
Exposure routes of most concern are dermal contact with and incidental ingestion of soil as seen in 
Table D.11-2. The total chemical plus radiological carcinogenic risk is 1 x lo-* (Table D.54). 

The noncarcinogenic hazard is shown in Table D.5-5. The total HI for the receptor is 2 x 10’; the 
major conmbuting transfer medium is air. Contaminated soil contributes si@icantly as well. The 
chemicals contributing the most are uranium and arsenic in soil; cobalt in air; and uranium in surface 
water. Major contributing exposure routes are inhalation, dermal contact with soil, and soil ingestion 
as presented in Table D.II-4. Individual target organs with HI values greater than 1.0 are the kidney 
(3, respiratory system (20), and skin (3). The HI for the respiratory system is attributable almost 

entirely to cobalt. As discussed in Section D.4.2.9.2, however, the relevance of the inhalation IUD 
(hence the HQ) for environmental exposure to cobalt is doubtful. 

D.5.3.1.2 Groundskeeper Worker 
This section presents the ILCR and HI results for radionuclide and chemical CPCs for the 
groundskeeper worker under current land use. Because the presence or absence of access controls 
would have no effect on exposure frequency, duration or pathways, the groundskeeper worker was 
evaluated only once, under the scenario without access controls. As with @e trespassing child, both 

the current source-term (silos remain intact) and the future source-term (silo structural failure) 
conditions are evaluated. 

D.5.3.1.2.1 Current Source Term 
Table D.5-6 presents the radiological- and chemical-related carcinogenic risks from the two media (air 
and soil) evaluated for the groundskeeper. This scenario assumes that current source-term conditions 
prevail, Le., the silos remain structurally intact. 

The total radionuclide-related carcinogenic risk for all media combined is 8 x lo-’. Of this risk, the 
primary contributing transfer medium is air. The radionuclide in air contributing the most to risk is 
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