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Department of Energy 
Fernald Environmental Management Project 

P.O. Box 398705 
Cincinnati. Ohio 45239-8705 

562 5 

MAY 2 0 1994 
DOE-1724-94 

M r .  James A. S a r i c ,  Remedial P r o j e c t  Manager 
U. S. Environmental  P r o t e c t i o n  Agency 
Region V - 5HRE-8J 
77 W .  Jackson Boulevard 
Chicago, I l l i n o i s  60604-3590 

M r .  Tom Schneider,  P r o j e c t  Manager 
Ohio Environmental  P r o t e c t i o n  Agency 
40 South Main S t r e e t  
Dayton, Ohio 45402-2086 

Dear M r .  S a r i c  and M r .  Schneider :  

OPERABLE UNIT 4 FINAL REMEDIAL INVESTIGATION REPORT 

As a r e s u l t  o f  comments r e c e i v e d  on A p r i l  27, 1994, from t h e  U n i t e d  S t a t e s  
Environmental  P r o t e c t i o n  Agency (USEPA) on t h e  s u b j e c t  r e p o r t ,  enc losed a r e  
changed pages f o r  y o u r  i n c o r p o r a t i o n  i n t o  t h e  r e p o r t .  
response document has a1 so been enclosed. 

I n  a d d i t i o n ,  a comment 

I f  you have any a d d i t i o n a l  concerns w i t h  t h e  r e p o r t ,  p l e a s e  c o n t a c t  Randi 
A l l e n  a t  (513) 648-3102. 

FN:Al len 

Enclosures:  As  S t a t e d  

. -  
' ye?. 

S i n c e r e l y ,  

@ Recycled and Recyclable gz LA; 



, 

cc w/enc: 

K. A. Chaney, EM-424, TREV 
D. R. Kozlowski ,  EM-424, TREV 
G. Jablonowski ,  USEPA-V, AT-18J 
J. Kwasni ews k i  , OEPA-Col umbus 
P. H a r r i s ,  OEPA-Dayton 
G. M i t c h e l l ,  OEPA-Dayton 
M. P r o f f i t t ,  OEPA-Dayton 
R. Owen, ODOH 
J. Michaels,  PRC 
L. August, GeoTrans 
F. B e l l ,  ATSDR 
AR Coord ina tor ,  FERMCO -' 

.. . 
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Operable Unit 4 Remedial Investigation Final Report 

Response to Comments From 
United States Environmental Protection Agency 

Region V 
May 1994 

Commenting Organization: U.S. EPA Commentor: 
Section #: D.3.4.1 Pg. #: D-3-68 Line #: NA Code: 
Comment: The editorial change is not the change provided in the prior response/action (see 

10/27/93.rev7). This was the response we agreed upon, and it is more correct. I agree 
that there was no "finalt' version of the EPA uptake biokinetic model for lead available 
in 1992; however, there were interim versions of the model (0.50/0.60), and there is a 
new interim version (0.99D) now. All appropriate for use at Superfund sites. 

Response: Agreed. 

Action: The phraseology used in the toxicity profile on lead (Section D.4.2.11.2), which 
apparently was satisfactory to the reviewer, will be adapted to this section, the first 
sentence of which will be changed to read as follows: 

Toxicity values are not available for lead. The most recent EPA (1991d) directive 
stated that the EPA UBK model is the best available approach for evaluating lead in 
soil, but expressed concern regarding the use of site-specific versus default values. 
Because reliable site-specific values are not available for this site, the EPA UBK 
model is not used. Instead, the concentrations of lead in soil and sediment are 
compared to the EPA (1989d, 1991d) cleanup levels of 500-1000 ppm. 

P 

Commenting Organization: U.S. EPA Commentor: PVL 
Section #: Table D.4-1, footnote f Pg. #: Line #: NA Code: 
Comment: The phrase "ChemicaVWilmington, Delaware)," dated Octer (sic) 9, 1990" is 

superfluous. Please remove. 

Response: DOE disagrees with the reviewer, believing that the information provided may 
expedite retrieval of the reference, because it is an intra-agency memorandum, not a 
formal report or article in a published journal. However, we will comply with your 
request. , 

Action: The phrase "(Halby Chemical, Wilmington: Delaware), dated October 9, 1990" wi!! be 
removed. 

1 000004 
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Commenting Organization: U.S. EPA Commentor: PVL 
Section #: Table D.7-2 Pg. #: Line #: NA Code: 
Comment: The HI totals listed as "ALL MEDIA" are incorrect. Unfortunately, this error will 

require corresponding changes in Tables 6.2 and 7.2, as well as text changes. This 
will be a difficult correction. Please check HI totals in the Section D.11 Tables as 
well. 

Response: DOE agrees that Table D.7-2 is confusing but it is not incorrect. In keeping with U.S. 
EPA guidance, DOE presents all hazard indices (HIS) rounded to one significant 
figure. DOE does not round hazard quotients (HQs) to one significant figure, rather 
these are displayed with two significant figures to assist the reader during the summing 
process. DOE does not round to one significant figure until all summing of HQs has 
been completed. The apparent ''error'' in the sum of HQs by all media results from 
presenting rounded HQs for each medium, while using unrounded HQ values to 
calculate a total HI for the receptor. 

This can best be observed by following the formation of Table D.7-2 from the base 
calculations for one receptor. Attached are the relevant tables for the Trespassing 
Child to facilitate this discussion. 

Table D.7-2 displays the HIS by each medium for individual receptors assuming the 
future source term and also presents the HI for the receptor for all media. The column 
of this table representing the Trespassing Child was prepared using Table D.5-5 which 
in turn was a summary of Table D.11-4. Starting with Table D.11-4, the individual 
HQs for each exposure pathway are summed by medium and by contaminant of 
potential concern (CPC) to form a single HQ for a CPC which is presented in Table 
D.5-5. The CPC entry is still presented to two significant figures by each medium. 
Table D.5-5 further summarizes these values to provide an HI for each CPC (rightmost 
column) as well as a HI for each medium (subtotal at the bottom of each medium 
column) and finally a total HI for all exposure pathways for all media (lower right 
comer of the main table). 

Attachment A to this response document is Table D.7-2 displayed with a minimum of 
two significant figures. As can be seen for the trespassing child, the sum of all air 
HQs for all contaminants yields a value of 15 which is rounded to one significant 
figure in Table D.7-2 and displayed as 20. Likewise, the sum of the HQs for all 
contaminants via the soil is 7.5 which is displayed in Table D.7-2 as 8 (one significant 
figure). Other media contribute insignificantly to the total. Finally, the "ALL 
MEDIA" total HI is listed in Attachment A as 24, which rounds to 20 in Table D.7-2 
(which displays one significant figure). 

Action: In order to clarify the summing of HIS, add a footnote to Table D.7-2 which states: 

Due to rounding to one significant figure, the individual medium HIS may not sum 
exactly to the listed "ALL MEDIA" total. 

FEWOU4RWERSSIDC12SS.~R/05-13-94/1 I : 0 8 m  2 
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Commentin 
Section #: 

.Comment: 

Response: 

Action: 
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Organization: U.S. EPA Commen-Jr: PVL 
Pg. #: Page D-1-12 Line #: NA Code: 

Example Calculation 
The body surface area (SA) parameter value (0.7m2) used in the example calculation 
does not match the value listed for this receptor/pathway in Table D.3-12 (0.8 m2). 
Which was used in the risk assessment? 

The body surface area variable value presented in Table 3.3-12, which is the correct 
value, was used in the risk assessment. 

The body surface area value and computations in the example calculation will be 
corrected. 

3 
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562 5 EF = exposure frequency (days&) 
BW = body weight (kg) 
AT = averaging time (days); for noncarcinogens, AT equals (ED)(365 days&); for 

carcinogens, AT equals (70-year lifetime)(365 days@) 

As discussed in Section D.3.4.2, EF is expressed as days@. 

D.3.3.9 Inhalation of VOCs Released from Household Water 
The model for estimating the inhaled dose of volatile CPC released from household use, called the 
Andelman model (EPA 1991a), applies several assumptions: 

The volume of water used in a residence by a family of four is 720 L./day. 

The volume of air in the dwelling is 150,000 L. 

The air exchange rate is 0.25 m3/hr. 

The average water-teak transfer efficiency is 0.5, i.e., half the concentration of a 
volatile chemical in water is transferred to air. 

The Andelman model is applicable to chemicals that will readily volatilize from water, Le., those with 
. a Henry’s Law constant greater than 1 x lo-’ atm-m3/mole and a molecular weight less than 

200g/mole. The equation is: 0 
where: 

4 
C,,, 
IR = inhalation rate (m3/day) 
K 
EF = exposure kequency (d/yr) 
ED = exposure duration (yr) 
BW = body weight (kg) 
AT 

= average inbaled dose of volatile 8 C  in air from household use of water (mag-day) 
= concentration of CPC in water ( m a )  

= volatilization factor of 0.0005 (unitless) x loo0 L/m3 

= averaging time (d) 4 

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.L 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. 

080009 
~U4RUVERSS/DC.1255AD.3/10-2g93/J:34m D-3-67 
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D.3.4.1 && 
Toxicity values are not available for lead. The most recent EPA (1991d) directive stated that the EPA 
UBK model is the best available approach for evaluating lead in soil, but expressed concern regarding 
the use of site-specific versus default values. Because reliable site-specific values are not available for 
this site, the EPA UBK model is not used. Instead, the concentrations of lead in soil and sediment are 
compared to the EPA (1989d, 1991d) cleanup levels of 500 to loo0 ppm. The concentration of lead 
in sediment impacted by the sand lens (8400 ppm, Table D.34) and for soil, fume source term (2400 
ppm, Table D.3-5) exceeds these cleanup levels. Lead was not identified as a CPC in contaminated 
soil, current source term (Table D.34). 

P 
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0 Under the future source-tern scenario, the groundskeeper is exposed to air and soil exposure routes 
(Tables D.II-8 and D.5-9). The total HI from exposure to both these media is 20. The highest 
medium-specific HI (10) is for air, attributable almost entirely to the effects of cobalt on the 
respiratory system. As previously discussed, however, the relevance of the HQ for cobalt to 
environmental exposure is doubtful. The HI for soil (4) is attributable almost entirely to dermal 
contact with uranium. 

Under the future source-term scenario, the off-property resident farmer is exposed to groundwater and 
air exposure routes (Tables D.II-12 and D.5-14). The total HI from exposure to both these media is 5.  
The HI for air (5 )  is attributable almost entirely to cobalt, which, as previously noted, is probably not 
relevant to environmental exposure. The HI for exposure to groundwater (0.1) does not represent 
si@icant hazard. 

- 

..-- 

Under the future source-tenn scenario, the surface water user is exposed only to surface water 
exposure routes (Table D.II-16 and D.5-18). The total HI, 0.01, does not represent sigmficant hazard.' 

Under the future source-term scenario, the CI' on-property resident farmer is exposed to groundwater, 
air, and soil exposure routes (Tables D.II-20 and D.5-22). The total HI from exposure to all these 
media is 300. The highest HI (200) is for exposure to soil, attriiutable largely to antimony, arsenic, 
cadmium (food), manganese (food), nickel, selenium, silver, thallium, uranium, vanadium, and zinc via 
ingestion of foodstuffs impacted by soil. The next highest HI (SO) is for exposure to air, which is 
attributable almost entirely to cobalt. As previously noted, the relevance of the HQ for cobalt to 
environmental exposure is doubtful. The HI for exposure to groundwater (05 )  represents no 
signtficant hazard. 

0 

Under the future source-term scenario, the RME on-property resident farmer is exposed to 
groundwater, air, and soil exposure routes. Two analyses are providd one for exposure to 
groundwater from the Great Miami Aquifer, and one for exposure to perched water. The total HI*for 
all media, including groundwater from the Great Miami Aquifer, is 500 (Tables D.II-24 and D.5-27). 
The highest HI (400) is for exposure to soil, attributable largely to arsenic, cadmium (food), mercuxy, 
nickel, thallium, and uranium via ingestion of foodstuffs impacted by soil. The next highest HI (100) 
is for exposure to air, attributable largely to inhalstion of cobalt. As noted above, the HQ for 
inhalation of cobalt is probably mt relevant for environmental exposure. Significant hazard is also 

associated with arsenic via ingestion of foodstuffs impacted by deposition from air. The HI of 0.9 for 
groundwater is attributed entirely to uranium, largely via ingestion in drinking water and foodstuffs 
impacted by ingestion. 



FEMP-MRI-4 FINAL 
November 3. 1993 

. r~ '  4' ? !  .\- ;!; 5 6 2 5 
D.I.3.3 Volatiles Released by Showering and other Household Water Uses 
The model for estimating the inhaled dose of volatile CPC released h m  household use, called the 
Andelman model (EPA 1991a), applied several assumptions: 

. 0 
0 The volume of water used in a residence by a family of four is 720 L/day. 

0 The volume of air in the dwelling is 150,000 L. 

0 The air exchange rate is 0.25 m3/hr. 

0 The average water-to-air aansfer efficiency is 05, Le., half the concentration of a volatile 
chemical in water is transferred to air. 

The Andelman model is applicable to chemicals that will readily volatilize from water, i.e., those with 
a Henry's Law constant greater than 1 x 
m o l e .  The equations for estimating URF are: 

atm-m3/mole and a molecular weight less than 200 

where 

u R F =  
u T F =  
SF = 
I U D =  

I R =  
K - 
E F =  
E D =  
B W  = 
AT = 

- - c w  
- 

unit risk facta (unitless) 
unit toxicity factor (unitless) 
slope factor (mg/kgday) 
reference dose ( m a g d a y )  
concentration of CPC in water ( m a )  
inhalation rate (m3/hrday) 
volatilization factor of 0.0005 (unitless) x loo0 L/m3 
exposure frequency (W) 
exposure duration (yr) 
M Y  weight (kg) 
averaging time (d) 

For most me-, and hence most radionucli-a at the FEMP site, volatilhtion is not a s.@icant 
pathway because penetration through the skin is minimal. Therefore, it is not quantitatively presented 
for uranium. Exposure of the RME on-property resident fanner to methylene chloride is chosen for an 
example calculation of a URF. The exposure parameter (Table D.3-12) includes an inhalation rate of 
15 m3/day, exposure Wuency of 350 days/year, exposure duration of 70 years. Substituting these 
values into Equation DJ-29, including the inhalation slope factor for methylene chloride of 0.0016/mg/ 
kgday, yields: 

URF = (0.0016/mg/kgdayXl m&)(15 m3/day)(0.5)(350 d/yr)(70 yr)/(70 kg)(25550 d) @.I-31) 



. .  . .  . -  - .  .. 
. ,  ‘ 1  

FEm-oQRI4 mAL 
May‘20. 1994 

URF = 1.6 x 10‘ 

D.1.3.4 Dermal Contact While Swimming 
The URF and UTF for a chemical taken into the body upon exposure via dermal contact are based on 
a dermally absorbed dose and are calculated using the following equations: 

URF 
UTF 
SF 
IUD 

SA 
CF 
ED 
EF 
B W  
AT 

D 4  

unit risk factor (unitless) 
unit toxicity factor (unitless) 
dermal slope factor (per mg/kgday) 
dermal reference dose (mg/kgday) 
absorbed dose per event (mg/cm2-&y) 
skin surface area available for contact (m2) 
conversion factor (1 x la4 cm2/m2) 
exposure duration (yr) 
exposure fresuency (W) 
body weight (kg) 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d/yr); for chemical 
carcinogens, AT equals (70 y/lifetime) (365 d/yr) 

D 4  is calculated as per EPA (1992e), Section 5.3. DA, is a function of PC, the water permeability 
coefficient. Values for Kp are presented in Table D.3-14. 

An example URF for dermal exposure is calculated for the on-property resident child exposed to 
arsenic. Exposure parameters include a body surface area of 0.8 m2, event, time of 0 5  hours/day, 
exposure frequency of 5 dayslyears, exposUte duration of 6 years, body weight of 15 kg, and an 
averaging time of 25350 days. The permeability constant for arsenic is 1.00 x lo3 (Table D.3-14). 
Using the formula for DA, in EPA (199%): 

@.I-34) 

PC = 1 . 0 0 x 1 ( r 3 ( ~ )  
C, = concentration in water (0.001 mg/cm3) 
ET = eventtime(05hr/day) 
DA, = 5 . 0 ~  10-’mg/m2day 
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Substituting the value for D 4  and the exposure parameters into equation D.1-32 yields: 

URF = (4.0/mg/kg-day)(5.0 x lo-' mg/cm2-day)(0.8 m2)(1 x Id '  cm2/m2) 

URF = 1.3 x 10" 

0 
(6 y-)(5 days/year)W kg)(Z550) 

D.I.3.5 Dermal Contact While Bathing 
The URF and UTF for a chemical taken into the body upon exposure via dermal contact are based on 
absorbed dose and are calculated using Equations D.1-32 and D.1-33. 

D.I.3.6 Irrigation of Vegetables 
Eating vegetables irrigated with contaminated water can contribute to the total intake of contaminants 
by humans. Estimating the magnitude of this intake is a two-step process. First the concentration in 
the vegetables must be estimated. If measured values are not available (e.g. future exposures), this 
concentration is estimated using Equation D.3-3: 

where 4B 

@.I-35) 

concentration of i"' con taminant in plants as a result of irrigating plants with contami- 
nated water @Ci/g, rad) (mg/g, chem) 
effective depletion constant of i* contaminant on the surface plants also known as the 
weathering removal rate 
radioactive or chemical decay constant of i"' contaminant (hr-') 
dry soil to wet plant partitioning coefficient of i* contaminant (CJC,) 
irrigation deposition rate (pCi/m2-hr, rad) (mg/m2-hr, chem) 
fraction of year plant is irrigated (unitless) 
effective dry surface density of the soil <s/m2) 
fraction of water borne m a t e d  retained on plant surface (unitless) 
growing season (hrs) 
duration of irrigation use (hrs) 
duration of period between harvest and consumption (hrs) 
agricultural yield (g/mz) 

Vegetables irrigated with water containing U-238 (C, u238) have been selected for the example calcula- 
tion. The mean irrigation rate (4) per unit area is 0.081 L/m2-hr, so the rate of constituent deposition 
by irrigation is (c, u238 p ~ i / ~ )  (0.081 ~ t m ~ - h r ) ,  and the fraction of the growing season that the plant 
is irrigated (fd) is 1. The duration of irrigation is 70 years (& = 613,200 hrs). The fraction of 
waterborne material retained on the plant surface (r,) is 0.2. The weathering removal rate (&) is 
0.0021 hf'. The dry soil to wet plant partitioning coefficient of U-238 in the reproductive portions of 
vegetables (Bivcl,) is 4 x lo-'. The effective dry surface density of the soil is 150,000 g/m2. The 

0 
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agricultural yield is (Y) 1500 g/m2. The growing season te is 1,440 hours. The period between 
harvest and consumption (6) is 24 hours. The radiological decay constant of U-238 A,., is 1.77 x 

hf'. This value is so small that the exp( -A, Z& term approaches a value of 1 (i.e. no si@icant 

decay). 

Substituting these parameter values into Equation D.1-35 and simplirylng yields: 

Once the constituent's concentration in the vegetables is estimated, the resulting URFs and UTFs to 
humans can be estimated using Equations D.1-8, D.1-9, and D.1-IO. Continuing the example begun in 
Quation D.1-36, humans ingest vegetables from the study area for a 70-year lifetime. The calculated 
concentration of U-238 m vegetables is (c, u238 p ~ i / ~ )  (6.22 x lo3 L/g). The exposure frequency is 
350 days out of per year (EF = 350 d/y). The consumption rate of vegetables and fruit grown in the 
study area is 122 grams per day. The exposure duration (ED) is 70 years per lifetime. The lifetime 
unit risk from this food supply may be estimated by Equation D.I-8 and assuming a unit water 
concentration. Using the presented parameter values, this becomes: 

URF = (2.8 x 1 0 "  riskJpci)(C, u238 pCi/L)(6.22 x L/g)(122 g/d) 
(350 d/y)(70 yfiifetime) 

URF = 5.2 lo-' 
@.I-37) 

D.I.3.7 Ingestion of Meat and Milk R e e d  with River Water 
This scenario assumes that river water is used for stock water and irrigation of feed. Animals drinking 
the water ingest contaminants directly. Plants irrigated with water take up constituents via root uptake, 
and direct deposition onto exposed surfaces by irrigation water. Ingestion of these plants by livestock 
also contributes to the body burden of these contaminants in the animals. Humans using animal 
products from these animals can ingest the contamioation contained in them. 

The magnitude of the contaminant exposure by humans depends, in part, on the concentration of the 
constituent in the animal products. If measured values are not available (e.g. future exposures), this 
concentration can be calculated using the methodology set forth in the FEMP Risk Assessment Work 
Plan Addendum (DOE 199%). The concentration of a contaminant in animal products, such as beef 
or milk, is estimated using the following equation: 




