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APPENDIX F 

TOXICITY PROFILES 

ACETONE (Clement Associates, Inc.,) 

Health Effects 

Acetone has not been tested in a carcinogenicity bioassay but 
gave negative results in skin painting tests and was not 
mutagenic in the Ames assay. No studies on animals for 
teratogenicity or reproductive toxicity have been done, but 
acetone was negative in a chicken egg injection study for 
teratogenicity. 

Acetone is generally regarded as having a low toxicity and 
therefore has not been extensively studied. Prolonged 
inhalation of high concentrations may produce irritation of the 
respiratory tract, coughing, headache, drowsiness, 
incoordination, and in severe cases, coma. 

In animal studies, rats consuming doses of 18 mg/kg/day for 
4 months showed reduced food consumption and growth. In 
behavioral studies, rats exposed to 14,200 mg/m3 acetone for 
4 hours/day, 5 days/week for 2 weeks showed modified avoidance 
and escape behavior after one exposure, but no changes after 
subsequent exposures. At 37,800 mg/m3, altered responses were 
noted throughout the 2-week exposure period. No chronic health 
hazards have been associated with exposure to acetone. 

Toxicity to Wildlife and Domestic Animals 

The toxicity of acetone to aquatic organisms is low. The LC50 
value for sunfish was reported to be 14.2 g/liter, and the 
threshold concentration for immobilization of Daphnia magna was 
reported to be over 9 g/liter. 

No information on the toxicity of acetone to terrestrial 
wildlife or domestic animals was available. 

ARSENIC (Clement Associates, Inc., 1985*) 

Health Effects 

Arsenic has been implicated in the production of skin cancer in 
humans. There is also extensive evidence that inhalation of 
arsenic compounds causes lung cancer in workers. Arsenic 
compounds cause chromosome damage in animals, and humans exposed 
to arsenic compounds have been reported to have an elevated 

* References for Appendix F are included in Volume I of this 
report. 
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incidence of chromosome aberrations. Arsenic compounds have 
been reported to be teratogenic, fetotoxic, and embryotoxic in 
several animal species, and an increased incidence of multiple 
malformations among children born to women occupationally 
exposed to arsenic has been reported. Arsenic compounds also 
cause noncancerous, possibly precancerous, skin changes in 
exposed individuals. Several cases of progressive 
polyneuropathy involving motor and sensory nerves and 
particularly affecting the extremities and myelinated long-axon 
neurons have been reported in individuals occupationally exposed 
to inorganic arsenic. Polyneuropathies have also been reported 
after the ingestion of arsenic-contaminated foods. 

Toxicity to Wildlife and Domestic Animals 

Various inorganic forms of arsenic appear to have similar levels 
of toxicity; they all seem to be much more toxic than organic 
forms. Acute toxicity to adult freshwater animals occurs at 
levels of arsenic trioxide as low as 812 ug/liter and at levels 
as low as 40 ug/liter in early life stages of aquatic organisms. 
Acute toxicity to saltwater fish occurs at levels around 
15 mg/liter, while some invertebrates are affected at much lower 
levels (508 jig/liter). Arsenic toxicity does not appear to 
increase greatly with chronic exposure, and it does not seem 
that arsenic is bioconcentrated to a great degree. 

Arsenic poisoning is a rare but not uncommon toxic syndrome 
among domestic animals. Arsenic causes hyperemia and edema of 
the gastrointestinal tract, hemorrhage of the cardiac serosal 
surfaces and peritoneum, and pulmonary congestion and edema; and 
it may cause liver necrosis. Arsenic toxicity to terrestrial 
wildlife was not reported in the literature reviewed. 

BENZENE (Clement Associates, Inc., 1985) 

Health Effects 

Benzene is a recognized human carcinogen. Several 
epidemiological studies provided sufficient evidence of a causal 
relationship between benzene exposure and leukemia in humans. 
Benzene is a known inducer of aplastic anemia in humans, with a 
latent period of up to 10 years. It produces leukopenia and 
thrombocytopenia, which may progress to ancytopenia. Similar 
adverse effects on the blood-cell-producing system occur in 
animals exposed to benzene. In both humans and animals, benzene 
exposure is associated with chromosomal damage, although it is 
not mutagenic in microorganisms. Benzene was fetotoxic and 
caused embryo lethality in experimental animals. 

Exposure to very high concentrations of benzene [about 
20,000 ppm (66,000 mg/m3) in air] can be fatal within minutes. 
The prominent signs are central nervous system depression and 
convulsions, with death usually following as a consequence of 
cardiovascular collapse. Milder exposure can produce vertigo, 
drowsiness, headache, nausea, and eventually unconsciousness if 
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exposure continues. Deaths from cardiac sensitization and 
cardiac arrhythmias have also been reported after exposure to 
unknown concentrations. Although most benzene hazards are 
associated with inhalation exposure, dermal absorption of liquid 
benzene may occur, and prolonged or repeated skin contact may 
produce blistering, erythema, and a dry, scaly dermatitis. 

Toxicity to Wildlife and Domestic Animals 

The EC50 values for benzene in a variety of invertebrate and 
vertebrate freshwater aquatic species range from 5,300 ug/liter 
to 386,000 ug/liter. However, only values for the rainbow trout 
(5,300 ug/liter) were obtained from a flow-through test and were 
based on measured concentrations. Results based on unmeasured 
concentrations in static tests are likely to underestimate 
toxicity for relatively volatile compounds like benzene. A 
chronic test with Daphnia magna was incomplete, with no adverse 
effects observed at test concentrations as high as 
98,000 ug/liter. 

For saltwater species, acute values for one fish and five 
invertebrate species range from 10,900 ug/liter to 
924,000 ug/liter. Freshwater and saltwater plant species that 
have been studied exhibit toxic effects at benzene 
concentrations ranging from 20,000 ug/liter to 525,000 ug/liter. 

BENZOIC ACID 

Health Effects 

Benzoic acid is considered moderately toxic by ingestion and 
intraperitoneal routes of exposure (Sax and Lewis, 1989). Large 
oral doses in humans result in gastric pain, nausea, and 
vomiting (Gosselin et al., 1984). Systemic effects observed 
following inhalation exposure include dyspnea and allergic 
dermatitis (Sax and Lewis, 1989). A 67-kilogram man has 
ingested doses of 50 grams without ill effects. 

Toxicity to Wildlife and Domestic Animals 

The mean lethal dose in cats and dogs is 2 g/kg (Gosselin 
et al., 1984). When injected in rats, tremors, convulsions, and 
death occur (Gosselin et al., 1984). 

BIS(2-ETHYLHEXYL)PHTHALATE (Clement Associates, Inc., 1985) 

Health Effects 

Bis(2-ethylhexyl)phthalate (BEHP) is reported to be carcinogenic 
in rats and mice, causing increased incidences of hepatocellular 
carcinomas or neoplastic nodules after oral administration. Its 
status as a human carcinogen is considered indeterminate by the 
International Agency for Research on Cancer (lARC). The results 
of dominant lethal experiments with mice suggest that BEHP is 
mutagenic when injected intraperitoneally. However, most 
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experiments conducted with microorganisms and mammalian cells 
have failed to demonstrate genotoxic activity. Teratogenic and 
fetotoxic effects have been observed in experimental animals 
after oral and intraperitoneal administration. Other 
reproductive effects, including testicular changes in rats and 
mice, have also been reported. 

BEHP appears to have a relatively low toxicity in experimental 
animals. The oral, intraperitoneal, and intravenous LD50 values 
reported for BEHP in rats are 31 g/kg, 30.7 g/kg, and 0.25 g/kg, 
respectively. BEHP is poorly absorbed through the skin, and no 
irritant response or sensitizing potential from dermal 
application has been noted in experimental animals or humans. 

Toxicity to Wildlife and Domestic Animals 

Acute median effect values ranged from 1,000 to 11,100 mg/liter 
BEHP for the freshwater cladoceran Daphnia magna. The 
LC50 values for the midge, scud, and bluegill all exceeded the 
highest concentrations tested, which were 18,000, 32,000, and 
770,000 mg/liter, respectively. As these values are greater 
than the water solubility of the chemical, it is unlikely that 
BEHP will be acutely toxic to organisms in natural waters. In a 
chronic toxicity test with Daphnia magna, significant 
reproductive impairment was found at the lowest concentration 
tested, 3 mg/liter. A chronic toxicity value of 8.4 mg/liter 
was reported for the rainbow trout. No acute or chronic values 
were reported for saltwater invertebrates or vertebrates. 
Reported bioconcentration factors for BEHP in fish and 
invertebrates range from 14 to 2,680. 

Although insufficient data were presented to calculate the 
acute-chronic ratio for BEHP, it is apparently on the order of 
100 to 1,000. Therefore, acute exposure to the chemical is 
unlikely, to affect aquatic organisms adversely, but chronic 
exposure may have detrimental effects on the environment. 

BROMODICHLOROMETHANE 

Health Effects 

No data are available on the toxicity of bromodichloromethane to 
humans. Medium lethal doses {LD50) for ICR Swiss mice 
administered bromodichloromethane by gavage were 450 mg/kg and 
900 mg/kg for males and females, respectively (Bowman 
et al., 1978 in EPA, October 1980). Animals that died in groups 
dosed over 500 to 4,000 mg/kg showed fatty infiltration of 
livers, pale kidneys, and hemorrhage in the kidneys, adrenals, 
lungs, and brains. Mice ingesting 300 mg/l in drinking water 
exhibited dramatic decrease in body weight (Cambell, 1978 in 
EPA, October 1980). 

Female ICR mice exposed to bromodichloromethane by gavage for 
90 days at 125 mg/kg daily exhibited a suppression of cellular 
and humoral immune response indices (Schuller et al., 1978 in 
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EPA, October 1980). Sanders et al. (1977) observed hepatomegaly 
and a depression in a reticuloendothelial system functional 
index in exposed mice (EPA, October 1980). Munson et al. (1977) 
observed a dose-dependent suppression of hepatic phagocytosis in 
mice exposed to daily doses by gavage ranging up to 125 mg/kg. 

Bromodichloromethane was mutagenic in Salmonella typhimurium 
assay (Simmonet et al., 1978 in NAS, 1980). 

The teratogenicity of bromodichloromethane has not been 
demonstrated, but some fetal abnormalities were reported in 
experiments in which mice were exposed to 8,375 mg/m3 by 
inhalation for 7 hours/day during gestation days 6 to 15 
(Schwetz, et al., 1957 in EPA, October 1980). 

Toxicity to Wildlife and Domestic Animals 

Data regarding the toxicity of bromodichloromethane to aquatic 
or terrestrial biota were not available in the literature 
reviewed. 

2-BUTANONE (Clement Associates, Inc.) 

Health Effects 

MEK has not been adequately tested for carcinogenicity and has 
produced only equivocal evidence of mutagenicity in a few 
bacterial assays. MEK has been reported to cause retarded fetal 
development and some teratogenic effects (acaudia, imperforate 
anus, and brachygnathia) at air concentrations of 9,000 mg/m3. 
MEK is of relatively low toxicity, but at high doses it affects 
the nervous system and causes irritation of the eyes, nose, and 
skin. The oral LD50 value for the rat was 2,750 mg/kg. 

Although MEK is not strongly neurotoxic alone, it apparently 
strongly potentiates the neurotoxicity of n-hexane, and 
n-hexanone (methyl n-isobutyl ketone). 

Toxicity to Wildlife and Domestic Animals 

Only limited information was available on the toxicity of MEK to 
wildlife. LC50 concentrations for two freshwater fishes were 
around 5,600 ug/liter. MEK was toxic to brine shrimp at LC50 
levels of 1,950 mg/liter. 

No information on the toxicity of MEK to terrestrial wildlife or 
domestic animals was available. 

CADMIUM (Clement Associates, Inc., 1985) 

Health Effects 

There is suggestive evidence linking cadmium with cancer of the 
prostate in humans. In animal studies, exposure to cadmium by 
inhalation caused lung tumors in rats, and exposure by injection 
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produced injection-site sarcomas and/or Leydig-cell tumors. An 
increased incidence of tumors has not been seen in animals 
exposed to cadmium orally, but four of the five available 
studies were inadequate by current standards. 

The evidence from a large number of studies on the mutagenicity 
of cadmium is equivocal, and it has been hypothesized that 
cadmium is not directly mutagenic but impedes repair. Cadmium 
is a known animal teratogen and reproductive toxin. It has been 
shown to cause renal dysfunction in both humans and animals. 
Other toxic effects attributed to cadmium include 
immunosuppression (in animals), anemia (in humans), pulmonary 
disease (in humans), possible effects on the endocrine system, 
defects in sensory function, and bone damage. The oral LD50 in 
the rat was 225 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

Laboratory experiments suggest that cadmium may have adverse 
effects on reproduction in fish at levels present in lightly to 
moderately polluted waters. 

The acute LC50 for freshwater fish and invertebrates generally 
ranged from 100 to 1,000 ug/liter; salmonids are much more 
sensitive than other organisms. Saltwater species were in 
general 10-fold more tolerant to the acute effects of cadmium. 
Chronic tests have been performed and show that cadmium has 
cumulative toxicity and acute-chronic ratios that range from 
66 to 431. Bioconcentration factors were generally less than 
1,000 but were as high as 10,000 for some freshwater fish 
species. 

No adverse effects on domestic or wild animals were reported in 
the studies review. 

CARBON DISULFIDE 

Health Effects 

Toxic effects to humans via inhalation of carbon disulfide have 
been reported in the literature. Inhalation of 50 mg/m3 for 
7 years was associated with central nervous effects (Registry of 
Toxic Effects for Chemical Substances (RTECs), 1975 in 
NAS, 1977). The lowest reported lethal concentration in humans 
is 4,000 ppm in 30 minutes (RTECs, 1975 in NAS, 1977). Moderate 
chronic exposure at less than 65 mg/m3 for several years was 
reported to cause polyneuropathy (Cooper, 1976 in NAS, 1977). 

Oral administration of carbon disulfide in rats produced toxic 
effects at 1 ppm (Freundt et al., 1974 in NAS, 1977). One ppm 
in drinking water was nontoxic to rabbits; 70 ppm was lethal 
(Vinogradov, 1966 in NAS, 1977). 

In chronic studies, 6 mg/mg-day produced toxic effects in rats 
(Paterni et al., 1958 in NAS, 1977). Carbon disulfide applied 
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topically produced a higher incidence of anemia in female than 
in male rats, and teratogenic effects were observed (Gut, 1969 
in NAS, 1977). When rats inhaled carbon disulfide at 
10 mg/m3, abnormalities of the genitourinary and skeletal 
systems, disturbances of ossification and blood formation, and 
dystrophic changes in the and kidney were noted 
(Bariliak et al., 1975 in NAS, 1977). 

Carbon disulfide has been demonstrated to cause disturbances in 
reproduction as well as teratogenic effects in animals when 
inhaled (NAS, 1977). Bariliak et al. (1975) observed that 
inhalation of 10 mg/m3 was lethal to embryos before and after 
implantation. Bariliak et al. (1975) reported that inhalation 
of 10 mg/m3 by male rats before copulation by male rats resulted 
in embryo lethality (NAS, 1977). Inhalation of 2.2 g/m3 for 
4 hours/day proved embryotoxic if given to females during 
gestation (Salnikova and Chirkova, 1974). Inhalation of lower 
concentrations (0.34 mg/l for 210 days) caused disturbances 
during estrus (Rozcwiski et al., 1973 in NAS, 1977). 

Toxicity to Wildlife and Domestic Animals 

Data regarding the toxicity of carbon disulfide to aquatic and 
terrestrial biota were not available in the literature reviewed. 

CARBON TETRACHLORIDE (Clement Associates, Inc., 1985) 

Health Effects 

Carbon tetrachloride was carcinogenic in mice, rats, and 
hamsters; in all cases liver tumors were induced. In addition, 
mice also displayed a high incidence of tumors of the adrenal 
gland. Studies discussed by EPA on the mutagenic and 
teratogenic effects of carbon tetrachloride and its impact on 
reproduction are inconclusive. Carbon tetrachloride also causes 
both liver and kidney damage in animals and humans. One study 
in which guinea pigs were repeatedly exposed to carbon 
tetrachloride vapor for several months provided evidence of 
damage to the optic nerve and degeneration of the myelin sheath 
of the sciatic nerve. 

Toxicity to Wildlife and Domestic Animals 

Carbon tetrachloride has been shown to be acutely toxic to 
aquatic species at concentrations as low as 35 mg/liter. No 
data on chronic toxicity to aquatic life were reported in the 
literature reviewed. Fish bioconcentrate carbon tetrachloride 
by a factor of less than 50. No studies on the toxicity of 
carbon tetrachloride to domestic animals or terrestrial wildlife 
were found in the literature reviewed. 
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CHLOROBENZENE (Clement Associates, Inc., 1985) 

Health Effects 

A study of the carcinogenicity of chlorobenzene was recently 
completed by the National Toxicology Program and preliminary 
results show that chlorobenzene caused neoplastic nodules in the 
liver of male rats but was not carcinogenic in female rats or in 
mice. 

Occupational studies suggest that chronic exposure to 
monochlorobenzene vapor may cause blood dyscrasia, 
hyperlipidemia, and cardiac dysfunction in humans. Like many 
organic solvents, monochlorobenzene is a central nervous system 
depressant in overexposed humans, but no chronic neurotoxic 
effects have been reported. Animals exposed to chlorobenzene 
have exhibited liver and kidney damage and atrophy of the 
seminiferous tubules in the testes. The oral LD50 value for 
rats was 2,910 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

Chlorobenzene was acutely toxic to fish at levels greater than 
25 mg/liter and to aquatic invertebrates at levels greater than 
10 mg/liter. No chronic studies on the toxicity of 
chlorobenzene to aquatic life were found in the literature 
reviewed. Monochlorobenzene was shown to have a bioaccumulation 
factor of about 1,000 in freshwater species. No studies on 
terrestrial wildlife or domestic animals were reported in the 
literature reviewed. 

CHLORODIBROMOMETHANE 

Health Effects 

No data are available on the toxicity of chlorodibromomethane to 
humans. The oral and lethal dose for female and male Swiss ICR 
mice are 1,200 mg/kg and 800 mg/kg (NAS, 1980). Deaths occurred 
from 1 to 5 days after exposure. Effects reported include fatty 
infiltration of the liver, pale kidneys, and hemorrhaging of the 
adrenals (NAS, 1980). Chlorodibromomethane is mutagenic in the 
Salmonella typhimurium assay (Simmon et al., 1978). 

Toxicity to Wildlife and Domestic Animals 

Data regarding the toxicity of chlorodibromomethane to aquatic 
and terrestrial biota were not available in the literature 
reviewed. 

CHLOROMETHANE (EPA, October 1980) 

Health Effects 

Chloromethane is a central nervous system depressant. Toxic 
manifestations of inhalation exposure include blurred vision. 
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headache, nausea, loss of coordination, and personality changes. 
Systemic poisonings have involved hepatic and renal injury. 
Recovery is rapid after brief exposures. There are no reports 
of reproductive toxicity or teratogenicity in humans. Acute 
toxic effects from inhalation are reported at 1,032 mg/m3. 

Toxicity to Wildlife and Domestic Animals 

There is no information available on the toxicity of 
chloromethane on aquatic life. In animals, a variety of toxic 
effects have been observed in experimentally exposed animals. 
Many effects were consistent with human data, suggesting central 
nervous system involvement and altered metabolism. A 6-hour 
LC50 of 6,500 mg/m3 is reported for mice. 

CHLOROFORM (Clement Associates, Inc., 1985) 

Health Effects 

Chronic administration of chloroform by gavage is reported to 
produce a dose-related increase in the incidence of kidney 
epithelial tumors in rats and a dose-related increase in the 
incidence of hepatocellular carcinomas in mice. Epidemiological 
studies suggest that higher concentrations of chloroform and 
other trihalomethanes in water supplies may be associated with 
an increased frequency of bladder cancer in humans. However, 
these results are not sufficient to establish causality. An 
increased incidence of fetal abnormalities was reported in 
offspring of pregnant rats exposed to chloroform by inhalation. 
Oral doses of chloroform that caused maternal toxicity produced 
relatively mild fetal toxicity in the form of reduced birth 
weights. There are limited data suggesting that chloroform has 
mutagenic activity in some test systems. However, negative 
results have been reported for bacterial mutagenesis assays. 

Humans may be exposed to chloroform by inhalation, ingestion, or 
skin contact. Toxic effects include local irritation of the skin 
or eyes, central nervous system depression, gastrointestinal 
irritation, liver and kidney damage, cardiac arrhythmia, 
ventricular tachycardia, and brachycardia. Death from 
chloroform overdosing can occur and is attributed to ventricular 
fibrillation. Chloroform anesthesia can produce delayed death 
as a result of liver necrosis. 

Exposure to chloroform by inhalation, intragastric 
administration, or intraperitoneal injection produces liver and 
kidney damage in laboratory animals. The oral LD50 and 
inhalation LCLO values for the rat are 908 mg/kg and 
39,000 mg/m3 per 4 hours, respectively. 
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CHROMIUM (Clement Associates, Inc., 1985) 

Health Effects 

The hexavalent form of chromium is of major toxicological 
importance in higher organisms. A variety of chromate (Cr VI) 
salts are carcinogenic in rats, and an excess of lung cancer has 
been observed among workers in the chromate-producing industry. 
Cr VI compounds can cause DNA and chromosome damage in animals 
and humans, and Cr (VI) trioxide in teratogenic in the hamster. 
Inhalation of hexavalent chromium salts causes irritation and 
inflammation of the nasal mucosa, and ulceration and perforation 
of the nasal septum. Cr VI also produces kidney damage in 
animals and humans. The liver is also sensitive to the toxic 
effects of hexavalent Cr, but apparently less so than the 
kidneys or respiratory system. Cr III is less toxic than Cr VI; 
its main effect in humans is a form of contact dermatitis in 
sensitive individuals. 

Toxicity to Wildlife and Domestic Animals 

Chromium is an essential nutrient and is accumulated in a 
variety of aquatic and marine biota, especially benthic 
organisms, to levels much higher than in ambient water. Levels 
in biota, however, usually are lower than levels in the 
sediments. Passage of chromium through the food chain can be 
demonstrated. The food chain appears to be a more efficient 
pathway for chromium uptake than direct uptake from seawater. 

Water hardness, temperature, dissolved oxygen, species, and age 
of the test organism all modify the toxic effects of chromium on 
aquatic life. Cr III appears to be more acutely toxic to fish 
than Cr VI; the reverse is true in long-term chronic exposure 
studies. 

None of the plants normally used as food or animal feed are 
chromium accumulators. Chromium absorbed by plants tends to 
remain primarily in the roots and is poorly translocated to the 
leaves. There is little tendency for chromium to accumulate 
along food chains in the trivalent inorganic form. Organic 
chromium compounds, about which little is known, can have 
significantly different bioaccumulation tendencies. Little 
information concerning the toxic effects of chromium on 
mammalian wildlife and domestic animal species is available. 

DDT (Clement Associates, Inc., 1985) 

Health Effects 

DDT, DDE, and DDD have been shown to be carcinogenic to mice, 
primarily causing liver tumors, but also causing lung tumors an(i 
lymphomas,. DDT does not appear to be mutagenic, but it has 
caused chromosomal damage. There is no evidence that DDT is a 
teratogen; but it is a reproductive toxin, causing reduced 
fertility, reduced growth of offspring, and fetal mortality. 
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Chronic exposure to DDT causes a number of adverse effects, 
especially to the liver and central nervous system (CNS). DDT 
induces various microsomal enzymes and therefore probably 
affects the metabolism of steroid hormones and exogenous 
chemicals. Other effects on the liver include hypertrophy of 
the parenchymal cells and increased fat deposition. In the CNS, 
exposure to DDT causes behavioral effects such as decreased 
aggression and decreased conditional reflexes. Acute exposure 
to large doses or chronic exposure to lower doses causes 
seizures. The oral LD50 is between 113 and 450 mg/kg for the 
rat and is generally higher for other animals. 

DDT, DDD, and DDE are bioconcentrated and stored in the adipose 
tissues of most animals. 

Toxicity to Wildlife and Domestic Animals 

DDT has been extensively studied in freshwater invertebrates and 
fishes and is quite toxic to most species. The range of 
toxicities was 0.18 to 1,800 ug/liter, and the freshwater final 
acute value for DDT and its isomers was determined by EPA to be 
1.1 ug/liter.' Saltwater species were somewhat more sensitive to 
DDT; the saltwater final acute value for the DDT isomers was 
0.13 ug/liter. Only one chronic toxicity test on aquatic 
species was reported. This test indicated that the acute-
chronic ratio for DDT might be high (65 in the reported study), 
but the data were insufficient to allow calculation of a final 
acute-chronic ratio. DDT, DDD, and DDE are bioconcentrated by a 
factor of 103 to 105. 

DDT, DDD, DDE and the other persistent organochlorine pesticides 
are primarily responsible for the great decrease in the 
reproductive capabilities and consequently in the populations of 
fish-eating birds, such as the bald eagle, brown pelican, and 
osprey. DDT has also been shown to decrease the populations of 
numerous other species of waterbirds, raptors, and passerines 
significantly. 

1,2-DICHLOROETHANE (Clement Associates, Inc., 1985) 

Health Effects 

1,2-Dichloroethane is carcinogenic in rats and mice, producing a 
variety of tumors. When administered by gavage, it produced 
carcinomas of the forestomach and hemangiosarcomas of the 
circulatory system in male rats; adenocarcinomas of the mammary 
gland in female rats; lung adenomas in male mice; and lung 
adenomas, mammary adenocarcinomas, and endometrial tumors in 
female mice. It is mutagenic when tested using bacterial test 
systems. Human exposure by inhalation to 1,2-dichloroethane has 
been shown to cause headache, dizziness, nausea, vomiting, 
abdominal pain, irritation of the mucous membranes, and liver 
and kidney dysfunction. Dermatitis may be produced by skin 
contact. In severe cases, leukocytosis (an excess of white 
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blood cells) may be diagnosed; and internal hemorrhaging and 
pulmonary edema leading to death may occur. Similar effects are 
produced in experimental animals. 

Toxicity to Wildlife and Domestic Animals 

1,2-Dichloroethane is one of the chlorinated ethanes least toxic 
to aquatic life. For both fresh- and salt-water species, it is 
acutely toxic at concentrations greater than 118 mg/liter, while 
chronic toxicity has been observed at 20 mg/liter. 
1,2-Dichloroethane is not likely to bioconcentrate, as its 
steady-state bioconcentration factor was 2 and its elimination 
half-life was less than 2 days in bluegill. 

No information on the toxicity of 1,2-dichloroethane to domestic 
animals or terrestrial wildlife was available in the literature 
reviewed. 

1,1-DICHLOROETHANE (Clement Associates, Inc., 1985) 

Health Effects 

Limited toxicological testing of 1,1-dichloroethane has been 
conducted, although the literature indicates that 1,1-dichloro
ethane is one of the least toxic of the chlorinated ethanes. An 
NCI bioassay on 1,1-dichloroethane was limited by poor survival 
of test animals, but some marginal tumorigenic effects were 
seen. Inhalation exposure to high doses of 1,1-dichloroethane 
(over 16,000 mg/m3) caused retarded fetal development in rats. 
1,1-Dichloroethane was not found to be mutagenic using the Ames 
assay. 1,1-Dichloroethane causes central nervous system 
depression when inhaled at high concentrations, and evidence 
suggests that the compound is heptatoxic in humans. Kidney and 
liver damage was seen in animals exposed to high levels of 
1,1-dichloroethane. The oral LD50 value in the rat is 
725 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

No information on the toxicity of 1,1-dichloroethane to aquatic 
species was reported in the literature reviewed. However, the 
available information on the chloroethanes indicates that 
toxicity declines with decreases in chlorination and that the 
1,1,1-isomer is less active than the 1,1,2-isomer. Therefore, 
1,1-dichloroethane is probably no more toxic than 
1,2-dichloroethane, which is acutely toxic at levels of 
100-500 mg/liter and has a chronic toxicity beginning at about 
20 mg/liter. 

No information on the toxicity of 1,1-dichloroethane to 
terrestrial wildlife or domestic animals was found in the 
sources reviewed. 
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1,1-DICHLOROETHENE (Clement Associates, Inc., 1985) 

Health Effects 

1,1-Dichloroethene caused kidney tumors in males and leukemia in 
males and females in one study of mice exposed by inhalation, 
gave equivocal results in other inhalation studies, and gave 
negative results in rats and mice following oral exposure and in 
hamsters following inhalation exposure. 1,1-Dichloroethene was 
mutagenic in several bacterial assays. 1,1-Dichloroethene did 
not appear to be teratogenic but did cause embryotoxicity and 
fetotoxicity when administered to rats and rabbits by 
inhalation. Chronic exposure to oral doses of 1,1-dichloro
ethene as low as 5 mg/kg/day caused liver changes in rats. 
Acute exposure to high doses causes central nervous system 
depression, but neurotoxicity has not been associated with low-
level chronic exposure. The oral LD50 value for the rat is 
1,500 mg/kg, and for the mouse it is 200 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

1,1-Dichloroethene is not very toxic to freshwater or saltwater 
species, with acute LC50 values generally ranging from 80 to 
200 mg/liter. A chronic study in which no adverse effects were 
observed indicated that the acute-chronic ratio was less 
than 40; a 13-day study that produced an LC50 of 29 mg/liter 
indicated that the acute-chronic ratio is greater than 4. 

No reports of the toxicity of 1,1-dichloroethene to terrestrial 
wildlife or domestic animals were found in the literature 
reviewed. 

1,2-DICHLOROETHENE (Clement Associates, Inc.) 

Health Effects 

Very little information concerning exposure only to 1,2-DCE is 
available. There are no reports of carcinogenic or teratogenic 
activity by 1,2-DCE in animals or humans. It is reportedly 
nonmutagenic in a variety of test systems. Like other members 
of the chlorinated ethene series, 1,2-DCE has anesthetic 
properties. Exposure to high vapor concentrations has been 
found to cause nausea, vomiting, weakness, tremor, and cramps in 
humans. Repeated exposure via inhalation of 800 mg/m3 
(8 hours/day, 5 days/week for 16 weeks) was reported to produce 
fatty degeneration of the liver in rats. The intraperitoneal 
injection LD50 value for the rat is 7,536 mg/kg. 

Although nephrotoxic and cardiac sensitizing effects are 
associated with exposure to 1,1-DCE, the 1,2-DCE isomers have 
not been investigated with respect to this type of effect. 
1,2-DCE can inhibit aminopyrine demethylation in rat liver 
microsomes in vitro, and it may thus interact with the hepatic 
drug-metabolizing monooxygenase system. 
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Toxicity to Wildlife and Domestic Animals 

Practically no information concerning the toxicity of 1,2-DCE to 
wildlife and domestic animals exists. The reported 96-hour LC50 
value under static conditions is 135,000 pig/liter for the 
bluegill. Under the same test conditions, the LC50 value for 
1,1-DCE is 73,900 yig/liter. Recommended criteria for protection 
of aquatic life are based primarily on data concerning 1,1-DCE. 

DI-N-BUTYL PHTHALATE (EPA, October 1980b) 

Health Effects 

Most of the detailed toxicological studies for phthalates 
focused on BEHP. There is no evidence of carcinogenicity of 
DNBP. Rats fed 0.25 percent DNBP in their food experienced no 
adverse effects after 1 year. A dose of 1.25 percent resulted 
in death for 50 percent of the test population, while the rest 
grew normally. Rats exposed by inhalation to concentrations of 
0.98 mg/m3 experienced no behavioral changes or weight, but an 
increase in gamma globulin was found to be dose-related. The 
intraperitoneal LD50 for rats was found to be 3.05 g/kg. 

Toxicity to Wildlife and Domestic Animals 

Four fish and two invertebrate species were exposed to DNBP. 
The LC50 values ranged from 730 to 6,470 ug/l. Bluegills were 
found to be the most sensitive fish and the scud was the most 
sensitive invertebrate. 

ETHYLBENZENE (Clement Associates, Inc., 1985) 

Health Effects 

Ethylbenzene has been selected by the National Toxicology 
Program to be tested for possible carcinogenicity, although 
negative results were obtained in mutagenicity assays in 
Salmonella typhimurium and Saccharomyces cerevisiae. There is 
recent animal evidence that ethylbenzene causes adverse 
reproductive effects. Ethylbenzene is a skin irritant, and its 
vapor is irritating to the eyes at a concentration of 200 ppm 
(870 mg/m3) and above. When experimental animals were exposed 
to ethylbenzene by inhalation, 7 hours/day for 6 months, adverse 
effects were produced at concentrations of 600 ppm (2,610 mg/m3) 
and above, but not at 400 ppm (1,740 mg/m3). At 600 ppm, rats 
and guinea pigs showed slight changes in liver weight, and 
monkeys and rabbits experienced histopathologic changes in the 
testes. Similar effects on the liver and kidney were observed 
in rats fed ethylbenzene at 4-8 and 680 mg/kg/day for 6 months. 

Toxicity to Wildlife and Domestic Animals 

Ethylbenzene was accurately toxic to freshwater species at 
levels greater than 32 mg/liter. No chronic toxicity was 
reported, but the highest test dose (440 ug/liter) was only 
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one-hundredth of the 96-hour LC50 for the particular species 
being tested. No studies on the bioaccumulation of ethylbenzene 
were reported in the information reviewed, but a 
bioconcentration factor of 95 was calculated using the log 
octanol/water partition coefficient. No information on the 
toxicity of ethylbenzene to domestic animals and terrestrial 
wildlife was found in the sources reviewed. 

ISOPHORONE (ACGIH, 1980) 

Health Effects 

Exposure in the workplace to isophorone at concentrations of 40 
to 400 ppm resulted in eye, nose, and throat irritation, nausea, 
headache, dizziness, faintness, and inebriation. A time-
weighted average threshold limit value of 5 ppm (25 mg/m3) was 
recommended to prevent fatigue and malaise. No carcinogenic, 
mutagenic, or teratogenic effects are reported for humans. 

Toxicity to Wildlife and Domestic Animals 

No studies on the toxicity of isophorone to domestic animals or 
wildlife were found in the literature reviewed. 

LEAD (Clement Associates, Inc. 1985) 

Health Effects 

There is evidence that several lead salts are carcinogenic in 
mice or rats, causing tumors of the kidneys after either oral or 
parenteral administration. Data concerning the carcinogenicity 
of lead in humans are inconclusive. The available data are not 
sufficient to evaluate the carcinogenicity of organic lead 
compounds or metallic lead. There is equivocal evidence that 
exposure to lead causes genotoxicity in humans and animals. The 
available evidence indicates that lead presents a hazard to 
reproduction and exerts a toxic effect on conception, pregnancy, 
and the fetus in humans and experimental animals. 

Many lead compounds are sufficiently soluble in body fluids to 
be toxic. Exposure of humans or experimental animals to lead 
can result in toxic effects in the brain and central nervous 
system, the peripheral nervous system, the kidneys, and the 
hematopoietic system. Chronic exposure to inorganic lead by 
ingestion or inhalation can cause lead encephalopathy, and 
severe cases can result in permanent brain damage. Lead 
poisoning may cause peripheral neuropathy in adults and 
children, and permanent learning disabilities that are 
clinically undetectable in children may be caused by exposure to 
relatively low levels. Short-term exposure to lead can cause 
reversible kidney damage, but prolonged exposure at high 
concentrations may result in progressive kidney damage and 
possibly kidney failure. Anemia, due to inhibition of 
hemoglobin synthesis and a reduction in the life span of 
circulating red blood cells, is an early manifestation of lead 

033296 F-15 9013?i 



poisoning. Several studies with experimental animals suggest 
that lead may interfere with various aspects of the immune 
response. 

Toxicity to Wildlife and Domestic Animals 

Freshwater vertebrates and invertebrates are more sensitive to 
lead in soft water than in hard water. At a hardness of about 
50 mg/liter CaCOa, the median effect concentrations for nine 
families range from 140 mg/liter to 236,600 mg/liter. Chronic 
values for Daphnia magna and the rainbow trout are 12.26 and 
83.08 mg/liter, respectively, at a hardness of about 
50 mg/liter. Acute-chronic ratios calculated for three 
freshwater species ranged from 18 to 62. Bioconcentration 
factors, ranging from 42 for young brook trout to 1,700 for a 
snail, were reported. Freshwater algae show an inhibition of 
growth at concentrations about 500 mg/liter. 

Acute values for twelve saltwater species range from 
476 mg/liter for the common mussel to 27,000 mg/liter for the 
softshell clam. Chronic exposure to lead causes adverse effects 
in mysid shrimp at 37 mg/liter, but not at 17 mg/liter. The 
acute-chronic ratio for this species is 118. Reported 
bioconcentration factors range from 17.5 for the quahog clam to 
2,570 for the blue mussel. Saltwater algae are adversely 
affected at concentrations as low as 15.8 mg/liter. 

Although lead is known to occur in the tissue of many free-
living wild animals, including birds, mammals, fishes, and 
invertebrates, reports of poisoning usually involve waterfowl. 
There is evidence that lead, at concentrations occasionally 
found near roadsides and smelters, can eliminate or reduce 
populations of bacteria and fungi on leaf surfaces and in soil. 
Many of these microorganisms play key roles in the decomposer 
food chain. 

Cases of lead poisoning have been reported for a variety of 
domestic animals, including cattle, horses, dogs, and cats. 
Several types of anthropogenic sources are cited as the source 
of lead in these reports. Because of their curiosity and their 
indiscriminate eating habits, cattle experience the greatest 
incidence of lead toxicity among domestic animals. 

LINDANE (EPA, September 1984) 

Health Effects 

Ingestion of lindane caused liver tumors in mice, but other 
animal bioassays have been negative or equivocal. Several case 
histories link the development of aplastic anemia with exposure 
to lindane alone or in combination with DDT. Lindane is the 
most acutely toxic isomer of hexachlorocyclohexane and causes 
stimulation of the central nervous system. Chronic inhalation 
of lindane in the workplace resulted in liver changes and 
chronic pancreatitis. 
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Toxicity to Wildlife and Domestic Animals 

Cladocerans are the most resistant organisms tested^ with mean 
LC50 values of 460 to 676 ug/l. Crustaceans are the most 
sensitive, with LC50 values of 10 to 48 ug/l« Freshwater fish 
LC50S range from 2 to 141 ug/l with warmwater fishes generally 
more tolerant than the coldwater salmonids. 

4-METHYLPHENOL 

Health Effects 

Data regarding the subchronic and chronic oral toxicity of 
4-methylphenol (o-cresol) in humans or experimental animals were 
not available in the literature reviewed. Subchronic inhalation 
studies indicate that an exposure level of 9 mg o-cresol/m3, 
6 hours/day, 5 days/week for 2 months and then for 4 hours/day, 
5 days/week for 2 subsequent months, produced unspecifie<i 
changes in EKGs in guinea pigs and CNS and blood changes in rats 
(Uzhdavini et al., 1972 in EPA, September 1984). Rats exposed 
to a 0.05 mg/m3 mixture of three cresol isomers for 90 days 
exhibited CNS excitation, lung protein denaturation, and 
decreased body weight gain (Kurlyandskiy et al., 1975 in EPA, 
September, 1984). 

Toxicity to Wildlife and Domestic Animals 

Regarding the toxicity of 4-methylphenol to aquatic or 
terrestrial biota were not available in the literature reviewed. 

MERCURY (Clement Associates, Inc., 1985) 

Health Effects 

When administered by intraperitoneal injection, metallic mercury 
produces implantation site sarcomas in rats. No other studies 
were found connecting mercury exposure with carcinogenic effects 
in animals or humans. Several mercury compounds exhibit a 
variety of genotoxic effects in eukaryotes. In general, organic 
mercury compounds are more toxic than inorganic compounds. 
Although brain damage due to prenatal exposure to methylmercury 
has occurred in human populations, no conclusive evidence is 
available to suggest that mercury causes anatomical defects in 
humans. Embryotoxicity and teratogenicity of methylmercury has 
been reported for a variety of experimental animals. Mercuric 
chloride is reported to be teratogenic in experimental animals. 
No conclusive results concerning the teratogenic effects of 
mercury vapor are available. 

In humans, alkyl mercury compounds pass through the blood brain 
barrier and the placenta very rapidly, in contrast to inorganic 
mercury compounds. Major target organs are the central and 
peripheral nervous systems, and the kidney. Methylmercury is 
particularly hazardous because of the difficulty of eliminating 
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it from the body. In experimental animals, organic mercury 
compounds can produce toxic effects in the gastrointestinal 
tract, pancreas, liver, heart, and gonads, with involvement of 
the endocrine, immunocompetent, and central nervous systems. 

Elemental mercury is not highly toxic as an acute poison. 
However, inhalation of high concentrations of mercury vapor can 
cause pneumonitis, bronchitis, chest pains, dyspnea, coughing, 
stomatitis, gingivitis, salivation, and diarrhea. Soluble 
mercuric salts are highly poisonous on ingestion, with oral 
LD50 values of 20 to 60 mg/kg reported. Mercurous compounds are 
less toxic when administered orally. Acute exposure to mercury 
compounds at high concentrations causes a variety of 
gastrointestinal symptoms and severe anuria with uremia. Signs 
and symptoms associated with chronic exposure involve the 
central nervous system and include behavioral and neurological 
disturbances. 

Toxicity to Wildlife and Domestic Animals 

The toxicity of mercury compounds has been tested in a wide 
variety of aquatic organisms. Although methylmercury appears to 
be more toxic than inorganic mercuric salts, few acute or 
chronic toxicity tests have been conducted with it. Among 
freshwater species, the 96-hour LC50 values for inorganic 
mercuric salts range from 0.02 ug/liter for crayfish to 
2,000 ug/liter for caddisfly larvae. Acute values for 
methylmercuric compounds and other mercury compounds are only 
available for fishes. In rainbow trout, methylmercuric chloride 
is about ten times more toxic to rainbow trout than mercuric 
chloride, which is acutely toxic at about 300 ug/liter at lO^C. 
Methylmercury is the most chronically toxic of the tested 
compounds, with chronic values for Daphnia magna and brook trout 
of 1.00 and 0.52 ug/liter, respectively. The acute-chronic 
ratio for Daphnia magna is 3.2. 

Mean acute values for saltwater species range from 3.5 to 
1,680 ug/liter. In general, molluscs and crustaceans are more 
sensitive than fish to the acute toxic effects of mercury. A 
life-cycle experiment with the mysid shrimp showed that 
inorganic mercury at a concentration of 1.6 ug/liter 
significantly influences time of appearance of first brood, time 
of first spawn, and productivity. The acute-chronic ratio for 
the mysid shrimp is 2.9. 

Chronic dietary exposure of chickens to mercuric chloride at 
growth inhibitory levels causes immune suppression, with a 
differential reduction effect on specific immunoglobulins. 

METHYLENE CHLORIDE (Clement Associates, Inc., 1985) 

Health Effects 

Methylene chloride is currently under review by the National 
Toxicology Program. Preliminary results indicate that it 
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produced an increased incidence of lung and liver tumors in mice 
and mammary tumors in females and male rats. In a chronic 
inhalation study, male rats exhibited an increased incidence of 
sarcomas in the ventral neck region. However, the authors 
suggested that the relevance and toxicological significance of 
this finding were uncertain in light of available toxicity data. 
Methylene chloride is reported to be mutagenic in bacterial test 
systems. It also has produced positive results in the Fischer 
rat embryo cell-transformation tests. However, it has been 
suggested that the observed cell-transforming capability may 
have been due to impurities in the test material. There is no 
conclusive evidence that methylene chloride can produce 
teratogenic effects. 

In humans, direct contact with methylene chloride produces eye, 
respiratory passage, and skin irritation. Mild poisonings due 
to inhalation exposure produce somnolence, lassitude, numbness 
and tingling of the limbs, anorexia, and lightheadedness, 
followed by rapid and complete recovery. More severe poisonings 
generally involve correspondingly greater disturbances of the 
central and peripheral nervous systems. Methylene chloride also 
has acute toxic effects on the heart, including the induction of 
arrhythmia. Fatalities reportedly due to methylene chloride 
exposure have been attributed to cardiac injury and heart 
failure. Methylene chloride is metabolized to carbon monoxide 
in vivo, and levels of carboxyhemoglobin the blood are elevated 
after acute exposure. In experimental animals, methylene 
chloride is reported to cause kidney and liver damage, 
convulsions, and distal paresis. An oral LD50 value of 
2,136 mg/kg, and an inhalation LC50 value of 
88,000 mg/m3/30 minutes are reported for the rat. 

Toxicity to Wildlife and Domestic Animals 

Very little information concerning the toxicity of methylene 
chloride to domestic animals and wildlife exists. Acute values 
for the freshwater species Daphnia magna, the fathead minnow, 
and the bluegill are 224,000, 193,000 and 224,000 ug/liter, 
respectively. Acute values for the saltwater species, mysid 
shrimp and sheepshead minnow, are 256,000 and 331,000 ug/liter, 
respectively. No data concerning chronic toxicity are 
available. The 96-hour EC50 values for both freshwater and 
saltwater algae are greater than the highest test concentration, 
662,000 ug/liter. 

4-METHYL-2-PENTANONE (Clement Associates, Inc.) 

Health Effects 

No studies on the carcinogenicity, mutagenicity, reproductive 
toxicity, or teratogenicity of methyl isobutyl ketone were found 
in the literature reviewed. Kidney damage was observed in rats 
exposed to 400 mg/m3 of MIBK for 2 weeks but the damage appeared 
to be reversible. Methyl isobutyl ketone caused headache, 
nausea, vomiting, and eye irritation in a number of workers 
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exposed to concentrations of 200 to 2,000 mg/m3. The oral LD50 
for MIBK in the rat was 2,080 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

The only study on the toxicity of methyl isobutyl ketone to 
wildlife reported that the TL50 for brine shrimp was 
1,230 mg/liter. MIBK is probably also not very toxic to other 
aquatic species or to terrestrial animals. 

NICKEL (Clement Associates, Inc., 1985) 

Health Effects 

There is extensive epidemiological evidence indicating excess 
cancer of the lung and nasal cavity for workers at nickel 
refineries and smelters, and weaker evidence for excess risk in 
workers at nickel electroplating and polishing operations. 
Respiratory tract cancers have occurred in excess at industrial 
facilities that are metallurgically diverse in their operations. 
The nickel compounds that have been implicated as having 
carcinogenic potential are insoluble dusts of nickel subsulfide 
and nickel oxides, the vapor of nickel carbonyl, and soluble 
aerosols of nickel sulfate, nitrate, or chloride. Inhalation 
studies with experimental animals suggest that nickel subsulfide 
and nickel carbonyl are carcinogenic in rats. Evidence for the 
carcinogenicity of nickel metal and other compounds is 
relatively weak or inconclusive. Studies with experimental 
animals indicate that nickel compounds can also produce various 
types of malignant tumors in experimental animals after 
administration by other routes, including subcutaneous, 
intramuscular, implantation, intravenous, intrarenal, and 
intrapleural. Carcinogenic potential is not strongly dependent 
on route or site of administration but appears to be inversely 
related to the solubility of the compounds in aqueous media. 
Insoluble compounds, such as nickel dust, nickel sulfide, nickel 
carbonate, nickel oxide, nickel carbonyl, and nickelocene are 
carcinogenic, whereas soluble nickel salts such as nickel 
chloride, nickel sulfate, and nickel ammonium sulfate, are not. 

Mammalian cell transformation data indicate that several nickel 
compounds are mutagenic and can cause chromosomal alterations. 
The available information is inadequate for assessing 
teratogenic and reproductive effects of nickel in humans and 
experimental animals. 

Dermatitis and other dermatological effects are the most 
frequent effects of exposure to nickel and nickel-containing 
compounds. The dermatitis is a sensitization reaction. Most 
information regarding acute toxicity of nickel involves 
inhalation exposure to nickel carbonyl. Clinical manifestations 
of acute poisoning include both immediate and delayed symptoms. 
Acute chemical pneumonitis is produced, and death may occur at 
exposures of 30 ppm (107 mg/m3) for 30 minutes. Rhinitis, nasal 
sinusitis, and nasal mucosal injury are among the effects 
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reported among workers chronically exposed to various nickel 
compounds. Studies with experimental animals suggest that 
nickel and nickel compounds have relatively low acute and 
chronic oral toxicity. 

Toxicity to Wildlife and Domestic Animals 

In freshwater, toxicity depends on hardness; nickel tends to be 
more toxic in softer water. Acute values for exposure to a 
variety of nickel salts, expressed as nickel, range from 
510 ug/liter for Daphnia magna to 46,200 ug/liter for banded 
killifish at comparable hardness levels. Chronic values range 
from 14.8 ug/liter for Daphnia magna in soft water to 
530 ug/liter for the fathead minnow in hard water. Acute-
chronic ratios for Daphnia magna range from 14 in hard water to 
83 in soft water, and are approximately 50 in both hard and soft 
water for the fathead minnow. Residue data for the fathead 
minnow indicate a bioconcentration factor of 61. Freshwater 
algae experience reduced growth at nickel concentrations as low 
as 100 ug/liter. 

Acute values for saltwater species range from 152 ug/liter for 
mysid shrimp to 350,000 ug/liter for the mummichog. A chronic 
value of 92.7 ug/liter is reported for the mysid shrimp, which 
gives an acute-chronic ratio of 5.5 for the species. Reduced 
growth is seen in saltwater algae at concentrations as low as 
1,000 ug/liter. Bioconcentration factors ranging from 299 to 
416 have been reported for the oyster and mussel. 

POLYCHLORINATED BIPHENYLS (PCBs) 
(Clement Associates, Inc., 1985) 

Health Effects 

In humans exposed to polychlorinated biphenyls (PCBs) (in the 
workplace or via accidental contamination of food), reported 
adverse effects include chloracne (a long-lasting, disfiguring 
skin disease), impairment of liver function, a variety of 
neurobehavioral and affective symptoms, menstrual disorders, 
minor birth abnormalities, and probably increased incidence of 
cancer. Animals experimentally exposed to PCBs have shown most 
of the same symptoms, as well as impaired reproduction; 
pathological changes in the liver, stomach, skin, and other 
organs; and suppression of immunological functions. PCBs are 
carcinogenic in rats and mice and, in appropriate circumstances, 
enhance the effects of other carcinogens. Reproductive and 
neurobiological effects of PCBs have been reported in rhesus 
monkeys at the lowest dose level tested, 11 mg/kg body 
weight/day over a period of several months. 

Toxicity to Wildlife and Domestic Animals 

Polychlorinated biphenyls are bioaccumulated and can be 
biomagnified. Therefore, their toxicity increases with length 
of exposure and position of the exposed species on the food 
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chain. The toxicity of the various PCB mixtures is also 
dependent on their composition. Because of the complexity of 
PCB toxicity, only general effects will be discussed here. 

The 96-hour LC50 values for rainbow trout, bluegills, and 
channel catfish were around 20 mg/liter. The same species 
exposed for 10 to 20 days had LC50 values of about 0.1 mg/liter. 
Invertebrate species were also adversely affected, with some 
species having 7-day LC50 values as low as 1 mg/liter. In 
general, juvenile organisms appeared more susceptible to the 
effects of PCBs than either eggs or adults. 

Three primary ways in which PCBs can affect terrestrial wildlife 
are outright mortality, adversely affecting reproduction, and 
changing behavior. PCB doses greater than 200 ppm in the diet 
or 10 mg/kg body weight (bw) caused some mortality in sensitive 
bird species exposed for several days. Doses around 1,500 ppm 
(diet) or about 100 mg/kg bw caused extensive mortality in these 
sensitive species. They generally caused some mortality in all 
species, with the level being dependent on the length of 
exposure and the particular PCB mixture. Some mammalian species 
are especially susceptible to PCBs. For example, mink died when 
fed as little as 5 ppm in the diet (equivalent to less than 
1 mg/kg bw/day). PCBs caused lower egg production; deformities; 
decreased hatchability, growth, and survival; and some eggshell 
thinning in reproductive studies on chickens fed doses of 20 ppm 
in the diet (1 mg/kg bw). Mink fed 1 ppm in the diet (0.2 mg/kg 
bw) had lower reproductive success, and there are indications 
that an increased incidence of premature births in some marine 
animals was linked to PCB exposure. Behavioral effects on 
wildlife include increased activity, decreased avoidance 
response, and decreased nesting, all of which could 
significantly influence survival in the wild. 

No toxic effects on domestic animals other than chickens were 
reported in the sources reviewed, but susceptible species would 
probably be affected in a similar manner to laboratory animals 
and wildlife. 

POLYCYCLIC AROMATIC HYDROCARBONS 
(Clement Associates, Inc., 1985) 

Health Effects 

The potential for polycyclic aromatic hydrocarbons (PAHs) to 
induce malignant transformation dominates the consideration of 
health hazards resulting from exposure, because there often are 
no overt signs of toxicity until the dose is high enough to 
produce a high tumor incidence. 

No case reports or epidemiological studies concerning the 
significance of human exposure to individual PAHs are available. 
However, coal tar and other materials known to be carcinogenic 
to humans contain PAHs. 
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PAHs administered by various routes have been found to be 
carcinogenic in several animal species and to have both local 
and systemic carcinogenic effects. On oral administration, 
carcinogenic PAHs produce tumors of the forestomach in mice. 
Lung tumors are produced in hamsters after intratracheal 
administration and in mice after intravenous administration. In 
skin painting experiments with mice, carcinogenic PAHs produced 
skin carcinomas. Other observed effects include induction of 
local sarcomas and an increased incidence of lung adenomas in 
mice following single, subcutaneous injections. Studies in 
other species, while indicating the PAHs have universal 
carcinogenic effects, are less complete. Carcinogenic PAHs are 
reported to be mutagenic in a variety of test systems. The 
limited available information suggests that PAHs are not very 
potent teratogens or reproductive toxins. 

There is very little information regarding nonmalignant changes 
caused by exposure to PAHs. Application of carcinogenic PAHs to 
mouse skin is reported to cause destruction of sebaceous glands, 
hyperplasia, hyperkeratosis, and ulceration. Many carcinogenic 
PAHs also have immunosuppressive effects. Subcutaneous 
injections of some PAHs for several weeks reportedly caused 
hemolymphatic changes in the lymph nodes in rats. Workers 
exposed to PAH-containing materials have exhibited chronic 
dermatitis, hyperkeratoses, and other skin disorders. 

Toxicity to Wildlife and Domestic Animals 

There is very little information on the environmental toxicity 
of PAHs; they probably are not very toxic to aquatic organisms. 

1,1,2,2-TETRACHLOROETHANE (Clement Associates, Inc., 1985) 

Health Effects 

1,1,2,2-Tetrachloroethane is a liver carcinogen when 
administered orally to mice. lARC concludes that there is 
limited evidence for its carcinogenicity in experimental 
animals. This compound is mutagenic in at least two bacterial 
test strains. Administration of 300-400 mg/kg/day to mice 
during organogenesis is reported to produce embryotoxic effects 
and slightly increase the incidence of malformations. 

1,1,2,2-Tetrachloroethane produces acute and chronic toxic 
effects in laboratory animals exposed by various routes. Toxic 
action is primarily on the liver. However, effects on the 
central nervous system, kidneys, and other tissues are also 
reported; and acute exposure can be fatal. The oral LD50 in 
rats is 250 mg/kg. 

Numerous deaths in humans have been reported, primarily as a 
result of occupational exposure by ingestion, inhalation, or 
skin contact. Acute exposure produces central nervous system 
depression. Chronic effects include hepatotoxicity and 
gastrointestinal disturbances in addition to central nervous 
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system effects such as tremors, dizziness, headache, paralysis, 
and polyneuritis. 

Toxicity to Wildlife and Domestic Animals 

Acute values for freshwater species range from 9,320 ug/liter 
for an invertebrate species to approximately 20,000 ug/liter for 
two species of fish. An embryo-larval test conducted with the 
fathead minnow provides a chronic value of 2,400 ug/liter and an 
acute-chronic ratio of 8.5 for this species. Among saltwater 
species, acute values of 9,020 ug/liter for the mysid shrimp and 
12,300 ug/liter for the sheepshead minnow are reported. 
Exposure to 1,1,2,2-tetrachloroethane affects chlorophyll a and 
cell numbers of algae exposed to approximately 141,000 ug/liter 
in a freshwater species and 6,300 ug/liter in a saltwater 
species. The weighted average bioconcentration factor for the 
edible portion of all freshwater and estuarine aquatic organisms 
consumed by Americans is 5.0. 

TETRACHLOROETHENE (Clement Associates, Inc., 1985) 

Health Effects 

Tetrachloroethene was found to produce liver cancer in male and 
female mice when administered orally by gavage. Unpublished 
gavage studies in rats and mice performed by the National 
Toxicology Program (NTP) showed heptocellular carcinomas in mice 
and a slight, statistically insignificant increase in a rare 
type of kidney tumor. NTP is also conducted an inhalation 
carcinogenicity study. Elevated mutagenic activity was found in 
Salmonella strains treated with tetrachloroethene. Delayed 
ossification of skull bones and sternebrae were reported in 
offspring of pregnant mice exposed to 2,000 mg/m3 of 
tetrachloroethene and 7 hours/day on days 6-15 of gestation. 
Increased fetal resorptions were observed after exposure of 
pregnant rats to tetrachloroethene. Renal toxicity and 
hepatoxicity have been noted following chronic inhalation 
exposure of rats to tetrachloroethene levels of 1,356 mg/m3. 
During the first 2 weeks of a subchronic inhalation study, 
exposure to concentrations of 1,622 ppm (10,867 mg/m3) of 
tetrachloroethene produced signs of central nervous system 
depression, and cholinergic stimulation was observed among 
rabbits, monkeys, rats, and guinea pigs. 

Toxicity to Wildlife and Domestic Animals 

Tetrachloroethene is the most toxic of the chloroethenes to 
aquatic organisms but is only moderately toxic relative to other 
types of compounds. The limited acute toxicity data indicated 
that the LC50 value for saltwater and freshwater species were 
similar, around 10,000 ug/liter; the trout was the most 
sensitive (LC50 = 4,800 ug/liter). Chronic values were 840 and 
450 ug/liter for freshwater and saltwater species respectively, 
and an acute-chronic ratio of 19 was calculated. 
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No information on the toxicity of tetrachloroethene to 
terrestrial wildlife or domestic animals was available in the 
literature reviewed. 

TOLUENE (Clement Associates, Inc., 1985) 

Health Effects 

There is no conclusive evidence that toluene is carcinogenic or 
mutagenic in animals or humans. The National Toxicological 
Program is currently conducting an inhalation carcinogenicity 
bioassay in rats and mice. 

Oral administration of toluene at doses as low at 260 mg/kg 
produced a significant increase in embryonic lethality in mice. 
Decreased fetal weight was observed at doses as low as 
434 mg/kg, and an increased incidence of cleft palate was seen 
at doses as low at 867 mg/kg. However, other researchers have 
reported that toluene is embryotoxic but not teratogenic in 
laboratory animals. There are no accounts of a teratogenic 
effect in humans being linked to toluene exposure. 

Acute exposure to toluene at concentrations of 
357-1,500 mg/m3 produces central nervous system depression and 
narcosis in humans. However, even exposure to quantities 
sufficient to produce unconsciousness fails to produce residual 
organic damage. The rat oral LD50 value and inhalation 
LCLO value are 5,000 mg/kg and 15,000 mg/m3, respectively. 
Chronic inhalation exposure to toluene at relatively high 
concentrations produces cerebellar degeneration and an 
irreversible encephalopathy in mammals. 

Toluene in sufficient amounts appears to have the potential to 
significantly alter the metabolism and resulting bioactivity of 
certain chemicals. For example, coadministrations of toluene 
along with benzene or styrene have been shown to suppress 
metabolism of the benzene or styrene in rats. 

Toxicity to Wildlife and Domestic Animals 

Of five freshwater species acutely tested with toluene, the 
cladoceran Daphnia magna was most resistant. The EC50 and 
LC50 values for all species range from 12,700 to 
313,000 ug/liter. No chronic tests are available for freshwater 
species. The two freshwater algal species tested are relatively 
insensitive to toluene with EC50 values of 245,000 ug/liter or 
greater being reported. For saltwater species, EC50 and 
LC50 values range from 3,700 ug/liter for the bay shrimp to 
1,050 mg/liter for the Pacific oyster. The chronic value in an 
embryo-larval test for the sheepshead minnow is reported to be 
between 3,200 and 7,700 ug/liter, and the acute-chronic ratio is 
between 55 and 97. In several saltwater algal species and kelp, 
effects occur at toluene concentrations from 8,000 to more than 
433,000 ug/liter. 
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1,1,2-TRICHLOROETHANE (Clement Associates, Inc., 1985) 

Health Effects 

1,1,2-Trichloroethane induced heptacellular carcinomas and 
pheochromocytoma of the adrenal gland in male and female mice 
but did not produce a significant increase in tumor incidence in 
male or female rats. It was not mutagenic when tested using the 
Ames assay. No information was found concerning the 
reproductive toxicity or teratogenicity of 1,1,2-trichloro
ethane. No chronic studies were found on the toxicity of 
1,1,2-trichloroethane but single doses as low as 400 mg/kg 
caused liver and kidney damage in dogs. The oral LD50 value for 
1,1,2-trichloroethane in rats is 835 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

The acute LC50 values for 1,1,2-trichloroethane for freshwater 
aquatic organisms ranged from 18,000 to 81,700 ug/liter. One 
chronic test was conducted; this indicated that the acute-
chronic ratio for 1,1,2-trichloroethane was around 8.7. No 
information on the toxicity of 1,1,2-trichloroethane to 
saltwater species, terrestrial wildlife, or domestic animals was 
available in the literature reviewed. 

1,1,1-TRICHLOROETHANE (Clement Associates, Inc., 1985) 

Health Effects 

1,1,1-Trichloroethane was retested for carcinogenicity because 
in a previous study by NCI, early lethality precluded assessment 
of carcinogenicity. Preliminary results indicate that 1,1,1-TCA 
increased the incidence of combined hepatocellular carcinomas 
and adenomas in female mice when administered by gavage. There 
is evidence that 1,1,1-trichloroethane is mutagenic in 
Salmonella typhimurium and causes transformation in cultured rat 
embryo cells. These data suggest that the chemical may be 
carcinogenic. 

Other toxic effects of 1,1,1-TCA are seen only at concentrations 
well above those likely in an open environment. The most 
notable toxic effects of 1,1,1-trichloroethane in humans and 
animals are central nervous system depression, including 
anesthesia at very high concentrations and impairment of 
coordination, equilibrium, and judgment at lower concentrations 
(350 ppm and above); cardiovascular effects, including premature 
ventricular contractions, decreased blood pressure, and 
sensitization to epinephrine-induced arrhythmia; and adverse 
effects on the lungs, liver, and kidneys. Irritation of the 
skin and mucous membranes resulting from exposure to 
1,1,1-trichloroethane has also been reported. The oral 
LD50 value of 1,1,1-trichloroethane in rats is about 
11,000 mg/kg. 
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Toxicity to Wildlife and Domestic Animals 

The acute toxicity of 1,1,1-trichloroethane to aquatic species 
is rather low, with the LC50 concentration for the most 
sensitive species tested being 52.8 mg/l. No chronic toxicity 
studies have been done on 1,1,1-trichloroethane, but acute-
chronic ratios for the other chlorinated ethanes ranged from 2.8 
to 8.7. 1,1,1-Trichloroethane was only slightly bioaccumulated 
with a stea(iy-state bioconcentration factor of nine and an 
elimination half-life of 2 days. 

No information on the toxicity of 1,1,1-trichloroethane to 
terrestrial wildlife or domestic animals was available in the 
literature reviewed. 

TRICHLOROETHENE (Clement Associates, Inc., 1985) 

Health Effects 

Trichloroethene is carcinogenic to mice after oral 
administration, producing hepatocellular carcinomas. It was 
found to be mutagenic using several microbial assay systems. 
Trichloroethene does not appear to cause reproductive toxicity 
or teratogenicity. TCE has been shown to cause renal toxicity, 
hepatotoxicity, neurotoxicity, and dermatological reactions in 
animals following chronic exposure to levels greater than 
2,000 mg/m3 for 6 months. Trichloroethene has low acute 
toxicity; the acute oral LD50 value in several species ranged 
from 6,000 to 7,000 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

There was only limited data on the toxicity of trichloroethene 
to aquatic organisms. The acute toxicity to freshwater species 
was similar in the three species tested, with LC50 values of 
about 50 mg/liter. No LC50 values were available for saltwater 
species. However, a dose of 2 mg/liter caused erratic swimming 
and loss of equilibrium in the grass shrimp. No chronic 
toxicity tests were reported. 

No information on the toxicity of trichloroethene to domestic 
animals or terrestrial wildlife was available in the literature 
reviewed. 

VINYL CHLORIDE (Clement Associates, Inc., 1985) 

Health Effects 

lARC considers vinyl chloride to be a Category I human 
carcinogen, causing angiosarcomas of the liver and tumors of the 
brain, lung, and hemolymphopoietic system in humans. Vinyl 
chloride is carcinogenic in mice, rats, and hamsters; it 
produces tumors at several sites, including angiosarcomas of the 
liver, after oral or inhalation exposure. Vinyl chloride, both 
as a vapor and in solution, is mutagenic in several biological 
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assay systems. In addition, chromosome aberrations including 
fragments, dicentics and rings, breaks, and gaps have been found 
in workers occupationally exposed to vinyl chloride. The 
evidence on its teratogenic and reproductive effects is 
equivocal. Minor skeletal abnormalities and increased fetal 
death rates have been observed in the offspring of experimental 
animals exposed by inhalation to vinyl chloride. In humans, a 
significant increase in fetal deaths was seen in women whose 
husbands were exposed to vinyl chloride. Also, an excess number 
of central nervous system disorders and deformities of the upper 
alimentary tract, genital organs, and feet were observed in 
stillborn and live children born in cities with vinyl chloride 
facilities. However, further research is necessary before the 
link between vinyl chloride and these observed effects can be 
positively established. 

Acute occupational exposure to high concentrations of vinyl 
chloride can produce symptoms of narcosis in humans. 
Respiratory tract irritation, bronchitis, headache, 
irritability, memory disturbances, and tingling sensations may 
also occur. Chronic exposure to vinyl chloride is associated 
with multiple systemic disorders, including a sclerotic 
syndrome, acro-osteolysis, thrombocytopenia, and liver damage, 
consisting of damage to parenchymal cells, fibrosis of the liver 
capsule, periportal fibrosis associated with hepatomegaly, and 
splenomegaly. Concentrations encountered by workers in 
industries using or producing vinyl chloride are reportedly 
quite variable and may range from less than the limit of 
detection to several grams per cubic meter. 

Acute inhalation exposure of experimental animals to high 
concentrations of vinyl chloride can result in narcosis and 
death. The 2-hour LC50 value for rats is 390 g/m3. Chronic 
exposure of experimental animals can result in growth 
disturbances and histopathological and histochemical lesions in 
the liver, kidneys, spleen, and lungs. 

Toxicity to Wildlife and Domestic Animals 

No information is available concerning the toxicity of vinyl 
chloride to domestic animals or wildlife. 

XYLENES (Clement Associates, Inc., 1985) 

Health Effects 

The National Toxicology Program (NTP) is testing xylene for 
carcinogenicity by administering it orally to rats and mice. 
Although the results have not been finalized, it does not appear 
to be carcinogenic in rats. Results have not been reported for 
mice. Xylene was found not to be mutagenic in a battery of 
short-term assays. Xylene was not teratogenic but has caused 
fetotoxicity in rats and mice. Acute exposure to rather high 
levels of xylene affect the central nervous system and irritates 
the mucous membranes. There is limited evidence of effects on 
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other organ systems, but it was not possible to attribute these 
effects solely to xylene as other solvents were present. The 
oral LD50 value of xylene in rats was 5,000 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

Xylene adversely affected adult trout at concentrations as low 
as 3.6 mg/liter in a continuous flow system and trout fry 
avoided xylene at concentrations greater than 0.1 mg/liter. The 
LC50 value in adult trout was determined to be 13.5 mg/liter. 
LC50 values for other freshwater fish were around 30 mg/liter in 
a static system, which probably underestimated toxicity. Only a 
few studies have been done on the toxicity of xylene to 
saltwater species. These indicated that the m- and o-xylene 
isomers probably have similar toxicities and are probably less 
toxic than p-xylene, and that saltwater species are generally 
more susceptible than freshwater species to the detrimental 
effects of xylene (LC50 = 10 mg/liter for m- and o-xylene and 
LC50 = 2 mg/liter for p-xylene). However, it should be stressed 
that these generalizations are based on results from limited 
data. 

No information on the toxicity of xylenes to terrestrial 
wildlife and domestic animals was available in the literature 
reviewed. However, because of the low acute toxicity of 
xylenes, it is unlikely that they would be toxic to wild or 
domestic birds or mammals. 
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APPENDIX G 

RISK ASSESSMENT CALCULATIONS 

• Dermal Contact 

• Accidental Ingestion 

• Fugitive Dust Emissions 

• Volatile Emissions 

• Groundwater Use 
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RISK ASSESSMENT SPREADSHEET - DIRECT DERHAL CONTACT KITH SOIL 

SITE NANE: BVRDN BARREL AND DRUN SITE 
LOCATION: BVRON, NEN YORK 
DATE: APRIL 26, m t 

NAUNUN-CASE EIPOSURE SCENARIO 

RELEVANT EQUATION: 

ASSUHPTIONS: C 

SA 

DOSE > (C|I(S«|IIAD)I|AF|/|BH) 

CONCENTRATION IN SOIL SAHPIE lUG/KS) 

EIPflSED SURFACE AREA OF SKIN (SS CH) ADULT: 
ISCHAUH, NOVEHDER 1984) 

CHILD: 

2?50 

2J30 

AD = ADHERENCE FACTOR IK/SO CNI: 

RAF ' RELATIVE ABSWPTION VOCS: 
FRACTION (I/DAV) BNAS: 

NETALS: 

BNI < BODY NEI6HT CHILD IKGI: 
m = BODY NEI6HT ADULT (KS): 
ED - ADULT EIPOSURE DURATION (YEARS): 
EF = EIPOSURE FREQUENCY (DAYS/YEAR): 

1 

.1 lASSUHEDI 
.03 (ASSUNEDI 
.05 (ASSUNED) 

43 
70 
40 
30 

DETERNINE CONVERSION FACTORS: 
DOSE = |C)l(AF)i(IHG/100« UQIKl K6/I00O0O0 NGMISA SQ CNIKAD NG/SQ CH|I|EF DAYS/YEAR)I|1 YEAR/US DAYS)/(BN KBI 

DOSEcliJld = (Cfl|l(C)l(«F) 
DOSEadult = (CF2|I(CII(AF) 

CFl = 
CF2 = 

4.254e-9 
3.464e-9 



CD 
CD. 

RISK ASSESSMENT SPREADSHEET 
BYRON BARREL AND DRUM SITE 

- DIRECT DERMAL CONTACT NITH SOIL IPA8E TNOI 

N«nNUN-CASE EIPOSURE SCENARIO 
CALCULATE DOSES: 

CHEMICAL 

ACETONE 
2-BUTANONE 

4-HETHYL-2-PENTAN0NE 
BENZENE 
ETHYLBENZENE 
TOLUENE 
lYLENES 

CHLOROBENZENE 

t,2-DICHLOROBENZENE 

1,4-DICHLOROBENZENE 
PHENOL 

1,1,2-TRICHLOROETHANE 
1,1,1-TRICHLOROETHANE 
1,2-DICHLORETHAK 
1,1-OICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
l,t-DICHLOROETI€NE 
CARBON TETRACHLORIDE 
CHLOROFORM 
METHYLENE CHORIDE 
CHLORONETHANE 
BROHODICHLOROIKTHANE 
CHLORODIBROMOMETHANE 
BENZOIC ACID 
CARBON DISULFIDE 
BENZOIAIANTHRACENE 
BENZOIBIFLUORANTHENE 
BENZO(A)PYRENE 
POLYCHLORINATED BIPHENYLS 
N-NITROSODIPHENYLAHINE 
BIS(2-ETHYLHEIYL(PHTHALATE 
DI-N-BUTYLPHTHALATE 
LEAD 
CHROMIUM 

ABSORPTION YOUTH 

I (U6/K6I FRACTION DOSE IM6/K6/DAYI 

.1 0 

.1 0 

.1 0 

.1 0 

.1 0 

.1 0 

.1 0 

.1 0 

.03 0 

.03 0 

.05 0 
.1 0 

2 .1 8.51B-10 

.1 0 

.1 0 

7 .1 l . V l t ' l 
47 .1 2.000e-B 

.1 0 

.1 0 
2 .1 8.Sle-10 

.1 0 

.1 0 

.1 0 

.1 0 
490 .05 1.043e-7 

.1 0 
110 .05 2.341e-8 
240 .05 3.107e-8 
IOO .05 2.12Be-8 

.05 0 

.05 0 
530 .05 l.l70e-7 
67 .05 1.426e-8 

2720000 .05 5.788e-4 
804000 .05 1.71le-4 

0 
0 
0 
0 

ADULT 

DOSE IM6/K6/DAY) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6.93e-10 

0 
0 

2.425e-9 
1.628e-8 

0 
0 

6.93e-10 
0 
0 
0 
0 

B.486e-8 
0 

1.905e-8 
4.157«-8 
1.732e-8 

0 
0 

9.525»-8 
1.160e-8 
4.711B-4 
1.392e-4 

0 
0 
0 
0 

RFD 
(M6/K6/DAY) 

le-1 
5«-2 

5e-2 , 

le-i 
3e-l 
2eO 

3e-2 
4e-l 

6e-l 
4B-2 
9e-2 

le-1 
lB-2 

9B-3 

7»-4 
le-2 
tB-2 

2e-l 
4B0 
lB-1 

2e-2 
le-1 

1.4e-l 
IBO 

CPF 
(KG-DAY/M&I 

« 

2.9e-2 

2.4e-2 

5.7B-2 

9.le-2 
9.1B-2 
5.1B-2 
l.le-2 

6B-1 

1.3e-l 
6.1B-5 
7.5B-3 
1.3B-2 
1.5B-1 
B.4B-2 

1.54B-1 
9.2e-l 
I.l5e0 
7.7BO 

4.9B-3 

1.4e-2 



RISK ASSESSMENT SPREADSHEET - DIRECT DERHAL CONTACT NIIH SOIL (PAGE THREE) 
BYRON BARREL AND DRUM SITE 
MAIIMUN-CASE EIPOSURE SCENARIO 
DETERMINE HAZARD INDICES AND CANCER RISK: 

CHEMICAL 

ACETONE 

2-6UTAN0NE 

4-METHYL-2-PENTAN0NE 

BENZENE 

ETHYLBENZENE 

TOLUENE 

lYLENES 

CHLOROBENZENE 

1,2-DICHLOROBENZENE 

1,4-DICMLOROBENZENE 

PISNOL 

t , l ,2-TRICHLaR(ETHANE 

1,1,1-TRICHLOROETHAIK 

1,2-DICHlORETHANE 

1,1-DICHLOROETHANE 

TETRACHLOROETHENE 

IRICHLOROETi€NE 

1,1-DICHLOROETHENE 

CARBON TETRACHLORIDE 

CHLOROFORM 

NETHYLEIS CHLORIDE 

CaOROHEIHANE 

BROMODICHLOROMETHANE 

CHLORODIBROMOMETHANE 

BENZOIC ACID 

CARBON D I S a F I D E 

BENZOIAIANTHRACENE 

BENIO(BIFLUORANTHENE 

BENIOIAIPYRENE 

POLYCHLORINATED BIPHENYLS 

N-NITROSODIPHENYLAMINE 

BISI2-ETHYLHEIYL1PHIHALATE 

DI-N-BUTYLPHTHALATE 

LEAD 

CHROMIUM 

HAZARD INOEI 

YOUTH 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9.457B-9 

0 
0 

2.979B-7 

0 
0 
0 

8.311e-8 

0 
0 
0 
0 

2.607B-B 

0 
0 
0 
0 
0 
0 

5.852e-6 

1.426B-7 

4.134B-3 

1.71le-4 

0 
0 
0 
0 

HAZARD INDEI 

ADULT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7.697e-9 

0 
0 

2.425e-7 

0 
0 
0 

6.928B-8 

0 
0 
0 
0 

2.122e-8 
0 
0 
0 
0 
0 
0 

4.763e-4 
1.160B-7 

3.565B-5 

1.392e-4 
0 
0 
0 
0 

CANCER RISK 

LIFETIHE 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7.07B-11 

1.02e-10 

0 
0 

2.41B-12 

0 
0 
0 
0 
0 
0 

1.676e-9 

2. I85B-8 

1.13ae-8 

0 
0 

7.62B-10 

0 
0 
0 
0 
0 
0 
0 

t=^ 

m 
TOTAL 4.312B-3 3.509e-J 3.585e-B 



RISK ASSESSMENT SPREADSHEET - DIRECT DERMAL CONIACT NITH SOIL 

C3 

SITE NAME: BYRON BARREL AND DRUM SITE 
LOCATION: BYRON, NEN YORK 
OATE: APRIL 26, 1969 

AVERAGE-CASE EIPOSURE SCENARIO 

RELEVANT EQUATION: 

ASSUMPTIONS: C 

SA 

DOSE = IC|l(SA|t(AD|l(AF|/|BNI 

= CONCENTRATION IN SOIL SAMPLE (UG/KGI 

= EIPOSED SURFACE AREA OF SKIN (SQ CM) ADULT: 
(SCHAUM, NOVEMBER 19B4I 

CHILD: 

2950 

2330 

AD = ADHERENCE FACTOR (NG/SQ CMI: 

RAF = RELATIVE ABSORPTION 
FRACTION II/DAY I 

VOCS: 
BNAS: 
METALSi 

BNI ° BODY HEIGHT CHILD (KG): 
BN2 ' BODY HEIGHT ADULT (KG): 
ED ' ADULT EIPOSURE DURATION (YEARS): 
EF ' EIPOSURE FREQUENCY (DAYS/YEAR): 

1 

.1 (ASSUNEDI 
.05 (ASSUMED) 
.05 (ASSUMED) 

45 
70 
40 
30 

DETERMINE CONVERSION FACTORS; 
DOSE ' (C|I(AF|I(1HG/1000 UG)II1 KG/1000000 M6)t(SA SO CM)I(AD MG/SO CMIKEF DAYS/YEARIKI YEAR/36S DAYS)/(BN KG) 

DOSEchild = (CFIIIICIIIAF) 
DOSEidult = ICF2)I(C)IIAF) 

CFl = 

CF2 = 

4.256e-9 
3.464B-9 
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RISK ASSESSMENT SPREADSHEET 
BYRON BARREL AND DRUM SITE 

- DIRECT DERMAL CONTACT NITH SOIL 

AVERAGE-CASE EIPOSURE SCENARIO 
CALCULATE DOSES: 

CHEMICAL 

ACETONE 

2-BUTANONE 

4-METHYL-2-PENTANONE 

BENZENE 

ETHYLBENZENE 
TOLUENE 

lYLENES 

CHLOROBENZENE 

1,2-DICHLOROBENZEIK 
1,4-DICHLOROBENZENE 

PHENOL 

1,1,2-TRICHLOROETHANE 

1,1,1-TRICHLOROETHANE 
1,2-DICHLORETHflNE 

1,1-DICHlOROETHANI 

TETRACKLOROETHENE 

TRICHLOROETHENE 

1,1-DICHLOROETHENE 

CARBON TETRACHLORIDE 
CHLOROfORN 

METHYLENE CHLORIDE 

CHLORONETHANE 

BRONDDICHLOROHETHANE 

CHLORODIBROMOMETHANE 
BENZOIC ACID 

CARBON DISULFIDE 

BENZOIAIANTHRACENE 
BENZOIBIFLUORANTHENI 

BENIOIAIPYRENE 
POLYCHLORINATED BIPHENYLS 

N-NITROSODIPHENYLAHINE 

BIS(2-ETHYLHEIYLIPHTHALATE 

OI-N-BUTYLPHTHALATE 

LEAD 
CHROMIUM 

: (UG/KG) 

.0741 

.2593 

2 

.2593 

36.67 

4.074 

16 
3.703 

84.81 
17 

173200 
71240 

ABSORPTION 

FRACTION 

.1 

.05 

.OS 

.05 
.1 

.05 
.1 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 

(PAGE TNOI 

YOUTH 

DOSE (MG/KG/DAY) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.15e-ll 

0 
0 

I.IOe-lO 

fl.51e-10 

0 
0 

I.IOB-10 

0 
0 
0 
0 

1.206e-8 
0 

8.67B-10 

3.405e-9 
7.88B-10 

0 
0 

1.805e-8 
3.617e-9 

3.685e-5 
1.516e-5 

0 
0 
0 
0 

ADULT 
DOSE (MG/KG/DAY) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.57e-ll 

0 
0 

8.98e-U 

6.93B-10 
0 
0 

8.98B-11 
0 
0 
0 
0 

9.815B-9 

0 
7.06B-10 
2.771e-9 

6.41B-10 
0 
0 

1.469e-8 
2.944B-9 

3.000B-5 
1.234e-5 

0 
0 • 

0 
0 

RFD 
(MG/KG/DAY) 

le-1 
5B-2 

5e-2 

le-1 

3B-1 

2eO 
3e-2 

4B-1 

6e-l 

4B-2 

9e-2 

le-1 

lB-2 

9B-3 

7e-4 

le-2 
6e-2 

2e-l 
4eO 
le-1 

2B-2 

le-1 
1.4e-l 

leO 

CPF 
(KG-OAY/MSI 

11 

2.9e-2 

2.4e-2 

5.7e-2 

9.1e-2 
9. le-2 

5.1B-2 

l.le-2 

6«-l 
1.3e-l 
6.1e-3 

7.5B-3 

1.3e-2 

l.3e-l 

B.4e-2 

1.54e-l 

9.2e-I 
l.lSeO 
7.7eO 
4.9e-3 

1.4e-2 



RISK ASSESSMENT SPREADSHEET - DIRECT DERMAL CONTACT NITH SOIL (PAGE THREE) 
BYRON BARREL AND DRUM SITE 
AVERAGE-CASE EIPOSURE SCENARIO 
DETERMINE HAZARD INDICES AND CANCER RISK: 

{=rfO 

CHEMICAL 

ACETONE 

2-BUTANONE 

4-METHYL-2-PENTANONE 

BENZENE 

ETHYLBENZENE 
TOLUEtt 

lYLENES 

CHLOROBENZENE 

1,2-DICHLOROBENZENE 

1,4-DICHLOROBENZENE 

PHENOL 

1,1,2-TRICHLOROETHANE 

1,1,1-rRICHLORDETHANE 

1,2-DICHLaRETHANE 

1,1-DICHLOROETHANE 

TETRACHLOROETHENE 

TRICHLOROETHENE 

1,1-DICHLOROETHENE 

CARBON TETRACHLORIDE 

CHLOROFORN 

METHYLENE CHLORIDE 

CHLOROMETHANE 

BRONODICHLORONETHANE 

CM.ORODIBROMOMETHANE 

BENZOIC ACIO 

CARBON DISULFIDE 

BENZOIAIANTHRACENE 

BENZ0iB)FLUORANTHENE 

BENZO(A)PYRENE 

POLYCHLORINATED BIPHENYLS 

N-NITROSODIPMNYLAMIIE 

BIS(2-ETHYLKIYL)PHTHALATE 

DI-N-BUTYLPHTHALATE 

LEAD 

CHROMIUM 

HAZARD INDEI 

YOUTH 

0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 

3.30e-IO 

0 
0 

1.104B-8 
0 
0 
0 

1.104e-8 

0 
0 
0 
0 

3.015B-9 

0 
0 
0 
0 
0 
0 

9.023B-7 

3.617e-B 

2.632B-4 

l.516e-3 

0 
0 
0 
0 

HAZARD INDEI 

ADULT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.83B-I0 

0 
0 

8.982B-9 

0 
0 
0 

8.982B-9 

0 
0 
0 
0 

2.454e-9 

0 
0 
0 
0 
0 
0 

7.344e-7 

2.944e-8 

2.143B-4 

l.234e-5 

0 
0 
0 
0 

CANCER RISK 

LIFETIME 

0 
0 
0 
0 
0 
0 

« 
0 
0 
0 
0 
0 
0 
0 
0 

2.62e-12 

4.35S-12 

0 
0 

3.l3e-13 

0 
0 
0 
0 
0 
0 

6.21B-I1 

1.457B-9 

4.21B-10 

0 
0 

t . l8B-10 
0 
0 
0 
0 
0 
0 
0 

TOTAL 2.794e-4 2.274e-4 2.0t5e-9 



Accidental Ingestion 



RISK ASSESSMENT SPREADSHEET - ACCIDENTAL INGESTION OF SOIL 

SITE NAME: BVRON BARREL AND DRUM SITE 
LOCATION: BYRON, NEN YORK 
DATE: APRIL 26, 1989 

HAZARD INDICES AND INCREMENTAL CANCER RISKS ARE CALCULATED BY THIS SPREADSHEET. 
EIPOSURES TKROUHT PICA INGESTION ARE CONSIDERO. 
ASSUMPTIONS ARE OUTLINED BELON. 

NAIIHUM-CASE EIPOSURE SCENARIO 

REFERENCE: EPA, OCTOBER 1986 

RELEVANT EQUATION: DOSE = (C)I(IR)I(«F|/|BN) 

ASSUHPTIONS: ADOLESCENT AND ADULT RECEPTORS ARE SUBJECT TO EIPOSURE THRIJUGH THIS ROUTE 

C < CONCENTRATION IN SOIL SAMPLE (UG/KG) 

IR = AVERAGE SOIL INGESTION RATE (HANLEY, 19851 .1 
(G/DAY) 

BN ' BODY NEIGHT OF ADULT (KG): 70 

BN ' BODY NEIGHT OF CHILD (KG): 45 

DETERMINE CONVERSION FACTOR: 

DOSE = (C)l(l)t(lH6/1000 UG)I(1 KG/1000 G)I(IR G/DAYI/(BN KG) 

DOSEchild = (CF)IICI CFl = 2.222e-9 

DETERMINE TIME-NEIGHTED AVERAGE DOSE IFOR LONG TERM CARCINOGENIC RISK) 

40 YEARS OF EIPOSURE PER 70 YEAR LIFETIME 
30 DAYS Of EIPOSURE/YEAR 

TINE NEIGHTING FACTOR (DAYS OF EIPOSURE/YEAR): 8.219e-2 
TIME NEIGHTING FACTOR (YEARS OF EIPOSURE /70): 5.714e-l 

{=.<i> 



RISK ASSESSMENT SPREADSHEET - ACCIDENTAL INGESTION OF SOIL (PAGE TNG) 
BYRON BARREL AND DRUN SITE 
MAIIMUM-CASE EIPOSURE SCENARIO 
CALCULATE DOSES: 

CHEHICAL 

ACETONE 

2-BUTANONE 

4-METHYL-2-PENTANaNE 

BENZENE 

ETHYLBENZENE 

TOLUENE 

lYLENES 

CHLOROBENZENE 

1,2-DICHLDR08ENZENE 

1,4-DICHLOROBENZENE 

PHENOL 

1,1,2-TRICIfl.OROETHANE 

1,1,1-TRICHLOROETHANE 

1,2-DICHLORETHANE 
1,1-DICHLOROETHAHE 

TETRACHLOROETHENE 

TRICHLOROETHENE 
1,1-DICHLOROETHENE 
CARBON TETRACHLORIDE 

CHLOROFORN 

METHYLENE CHLORIDE 

CHLOROMETHANE 
BROMODICHLOROMETHANE 
CHLORODIBROMOMETHANE 
BENZOIC ACID 

CARBON DISULFIDE 
BENZOiA)ANTHRACENE 

BENZOIBIFLUORANTHENE 

BENZO(A)PYRENE 
POLYCHLORINATED BIPHENYLS 
N-NITROSODIPHENYLAMINE 
BIS(2-ETHYLHEIVL)PHTHALATE 
DI-N-BUTYLPHTHALATE 

LEAD 
CHROMIUM 

C (UG/KG) 

7 
47 

490 

110 
240 
100 

350 

67 

272000 
804000 

NEIGHTED CHILD 
DOSE (MG/KG/DAY) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.65e-10 

0 
0 

1.279B-9 

8.584B-9 

0 
0 

3.65B-10 

0 
0 
0 
0 

8.950e-8 
0 

2.009e-8 
4.384e-8 

1.826e-fl 
0 
0 

1.005e-7 

1.224e-a 
4.968e-5 

1.468B-4 
0 
0 
0 
0 

NEIGHTED ADULT 
DOSE IHG/KG/DAY) 

0 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.34e-10 

0 
0 

4.70B-10 

3.153B-9 
0 
0 

1.34B-10 
0 
0 
0 
0 

3.2B8e-8 
0 

7.380e-9 

1.610e-8 
6.710B-9 

0 
0 

3.690B-8 
4.495e-9 

1.B25B-5 

5.394B-5 
0 
0 
0 
0 

RFD 
(MG/KG/DAY) 

le-1 

5B-2 
5E-2 

le-1 

3B-1 

2eO 
5e-2 
4e-l 

6e-l 

4e-2 

9e-2 

lE-1 
le-2 

9e-3 

7B-4 

le-2 

6e-2 

2e-l 
4eO 
le-1 

2B-2 

lB-1 
1.4e-l 

leO 

CPF 
(KG-DAY/MGI 

2.9e-2 

2.4e-2 

5.7e-2 

9. le-2 

9.le-2 
5.le-2 

l.le-2 
6e-l 

1.3e-l 

6.1B-3 
7.5B-3 

1.3e-2 
1.3B-1 

B.4e-2 

1.54e-l 

9.2e-l 
I.15e0 

7.7eO 
4.9e-3 
1.4e-2 



RISK ASSESSMENT SPREADSHEET - ACCIDENTAL INGESTION OF SOIL (PAGE THREE) 

BYRON BARREL AND DRUM SITE 

MAIIMUM-CASE EIPOSURE SCENARIO 

DETERMINE HAZARD INDICES AND CANCER RISK: 

5S3 

CHEMICAL 

ACETONE 

2-BUTANONE 

4-MITHYL-2-PENTAN0NE 

BENZENE 

ETHYLBENZENE 

TOLUENE 

lYLENES 

CHLOROBENZENE 

1,2-DICHLOROBENZENE 

1,4-DICHLOROBENZENE 

PHENOL 

1,1,2-TRICHlOROETHANE 

1,1,1-TRICia.OROETHANE 

1,2-DICHLORETHAME 

1,1-DICHLOROETHANE 

TETRACHLOROETHENE 

TRICHLOROETHENE 

1,1-DICHLOROETHENE 

CARBON TETRACHLORIDE 

CHLOROFORM 

METHYLENE CHLORIDE 

CHLOROMETHANE 

BROMODICHLOROMETHANE 

CHLORODIBROMOMETHANE 

BENZOIC ACID 

CARBON DISULFIDE 

BENZOIAIANTHRACENE 

BENZ0(B)FLUORANTieNE 

BENZOIA)PYRENE 

POLYCHLORINATED BIPHENYLS 

N-NITROSOOIPHENYLAHINE 

BISI2-ETHYLHEIYL)PHTHALATE 

DI-N-BUTYLPHTHALATE 

LEAD 

CHROMIUM 

HAZARD INDEI 

CHILD 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4.059B-9 

0 

0 

1.279B-7 

0 

0 

0 

3.633B-8 

0 

0 

0 

0 

2.237e-8 

0 

0 

0 

0 

0 

0 

5.023e-6 

1.224e-7 

3.549B-4 

1.468e-4 

0 

0 

0 

0 

CANCER RISK 

LIFETIME 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.40e-ll 

3.47B-1I 

0 

0 

8.19B-13 

0 

0 

0 

0 

0 

0 

1.137B-9 

1.481B-8 

7.716e-9 

0 

0 

5.17B-10 

0 

0 

0 

0 

0 

0 

0 

TOTAL 5.070e-4 2.424B-8 



RISK ASSESSMENT SPREADSHEET - ACCIDENTAL INGESTION OF SOIL 

SITE NANE: BYRON BARREL AND DRUM SITE 
LOCATION: BYRON, NEN YORK 
DATE: APRIL 26, 1989 

HAZARD INDICES AND INCREMENTAL CANCER RISKS ARE CALCULATED BY THIS SPREAOSISET. 
EIPOSURES THROUGH PICA INGESTION ARE CONSIDERD. 
ASSUMPTIONS ARE OUTLINED BELON. 

AVERAGE-CASE EIPOSURE SCENARIO 

REFERENCE: EPA, OCTOBER 1986 

RELEVANT EBUATIDN: DOSE < (CII(IR)I|AF)/(BN) 

ASSUMPTIONS: ADOLESCENT AND ADULT RECEPTORS ARE SUBJECT TO EIPOSURE THROUGH THIS ROUTE 

I ' CONCENTRATION IN SOIL SAMPLE (UG/KG) 

IR = AVERAGE SOIL INGESTION RATE (HANLEY, 1985) .1 
IG/DAY) 

BN > BODY NEIGHT OF ADULT (KG): 70 

BN = BODY NEIGHT OF CHILD (KG): 45 

DETERMINE CONVERSION FACTOR: 

DOSE = (C)I(1)I(1HG/1000 UG)I(1 KG/1000 G)I(IR G/DAY)/(BH K6) 

DOSEchild = (Cf)l(C) CFl = 2.222B-9 

DETERMINE TIME-NEIGHTED AVERAGE DOSE (FOR LONG TERM CARCINOGENIC RISK) 

40 YEARS OF EIPOSURE PER 70 YEAR LIFETIME 
30 DAYS OF EIPOSURE/YEAR 

o 
^ TIME NEIGHTING FACTOR (DAYS OF EIPOSURE/YEAR): B.219e-2 i=-9. IIME NEIGHTING FACTOR (YEARS OF EIPOSURE /70): 5.714B-I 



RISK ASSESSMENT SPREADSHEET - ACCIDENTAL INGESTION OF SOIL (PAGE TNO) 
BYRON BARREL AND DRUM SITE 
AVERAGE-CASE EIPOSURE SCENARIO 
CALCULATE DOSES: 

CHEMICAL 

ACETONE 
2-BUTANONE 

4-METHYL-2-PEMTAN0NE 

BENZENE 
ETHYLBENZEIE 

TOLUENE 

lYLENES 

CHLOROBENZENE 

1,2-DICHLOflOBENZENE 

1,4-DICHLOROBENZENE 

PHENOL 

1,1,2-TRICHLaROETHANE 

1,1,1-TRICHlOROETHANE 

1,2-DICHLORETHANE 

1,1-DICHLOROETHAME 

TETRACHLOROETIKIK 

TRICHLOROETHENE 

1,1-DICHLOROETHENE 

CARBON TETRACHLORIDE 

CHLOROFORM 

METHYLENE CHLORIDE 

CHLORmETHAK 

BROMODICHLOROMETHANE 

CHLORODIBROMOMETHANE 

BENZOIC ACIO 

CARBON BISULFIDE 

BENZOIAIANTHRACENE 

BENZOIBIFLUORANTHENE 

BENZO(A)PYRENE 

POLYCHLORINATED BIPIKNYLS 

N-NITROSODIPHENYLAMINE 

BIS(2-ETHYLHEIYLIPHTHALATE 

DI-N-BUTYLPHTHALATE 

LEAD 

CHROMIUM 

C (UG/KG) 

.0741 

.2593 
2 

.2593 

56.67 

4.074 
16 

3.704 

84.81 

4.037 

173200 
71240 

1 ^ 

NEIGHTED CHILD 

DOSE (MG/KG/DAY) 

0 

0 

0 

0 
0 

0 
0 

0 

0 
0 
0 

0 

1.35e-ll 
0 
0 

4.74e-ll 
3.65e-10 

0 
0 

4.746-11 
0 

0 
0 

0 

1.035B-8 
0 

7.44B-10 

2.922B-9 
6.77B-10 

0 
0 

1.549B-8 

7.37e-10 

3.163e-5 
1.301e-5 

0 
0 
0 

0 

NEIGHTED ADULT 
DOSE (MG/KG/DAY) 

0 

0 

0 

0 
0 

0 
0 

0 

0 
0 
0 

0 
4.97e-l2 

0 

0 

1.74e-ll 
1.34B-10 

0 
0 

1.74B-11 
0 
0 
0 

0 
3.802e-9 

0 
2.73e-10 

1.074e-9 
2.49e-10 

0 
0 

5.690e-9 

2.71e-10 

1.162B-5 
4,7B0e-6 

0 
0 
0 
0 

RFD 

(MG/KG/DAY) 

le-1 

5e-2 
5e-2 

le-1 

3e-l 
2e0 

3e-2 

4e-l 

6e-l 
4e-2 
9e-2 

le-1 

le-2 

9e-3 
7e-4 

lB-2 
6B-2 

2B-1 

4e0 

IB-I 

2e-2 

le-1 

t.4e-l 
leO 

CPF 
(TtG-DAY/MG) 

2.9e-2 

2.4e-2 

5.7e-2 

9.1B-2 

9.le-2 

5.le-2 

l.le-2 

6e-l 
I.3B-1 
6.1B-3 

7.5e-3 

1.3fi-2 
1.36-1 

8.4e-2 

1.54B-1 

9.26-1 
1.15e0 
7.7eO 
4.9e-3 
1.4e-2 



RISK ASSESSMENT SPREADSHEET - ACCIDENTAL INGESTION OF SOIL (PAGE THREE) 
BYRON BARREL AND DRUM SITE 
AVERAGE-CASE EIPOSURE SCENARIO 
DETERMINE HAZARD INDICES AND CANCER RISK: 

fr«^ 

CHEMICAL 

ACETONE 
2-BUTANONE 
4-METHYL-2-PENTAN0NE 
BENZENE 
ETHYLBENZENE 

TOLUENE 

lYLENES 

CHLOROBENZENE 

1,2-DICHL0R08ENZENE 

1,4-DICHLOROBENZEIC 

PHENOL 

1,1,2-TRICHlOROETHANE 
1,1,1-TRICHLIWOETHANE 
1,2-DICHLORETHANE 
1,1-DICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
1,1-DICHLOROETHENE 
CARBON TETRACHLORIDE 
CHLOROFORH 
METHYLENE CHLORIDE 
CHLORONETHANE 
BROMODICHLOROMETHANE 
CHLORODIBROMOMETHANE 
BENZOIC ACID 
CARBON DISULFIDE 
BENZOIAIANTHRACENE 
BENZO(B)FLUORANTHENE 
BENZO(A)PYRENE 
POLYCHLORINATED BIPHENYLS 
N-NITROSODIPHENVLAMINE 
BIS(2-ETHYLHEIYL)PHTHALATE 
OI-N-BUTYLPHTHALATE 
LEAD 
CHROMIUM 

HAZARD INDEI 
CHILD 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.50e-10 
0 
0 

4.7366-9 
0 
0 
0 

4.736e-9 
0 
0 
0 
0 

2.588e-9 

0 
0 
0 
0 
0 
0 

7.7456-7 
7.374e-9 
2.260e-4 
1.3016-5 

0 
0 
0 
0 

CANCER RISK 
LIFETIME 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8.876-13 
1.486-12 

0 
0 

1.066-13 
0 
0 
0 
0 
0 
0 

4.21e-ll 
9.886-10 
2.866-10 

0 
0 

7.976-11 
0 
0 
0 
0 
0 
0 
0 

TOTAL 2.398e-4 1.39Be-9 



Fugitive Dust Emissions 



RISK ASSESSMENT SPREADSHEET - INHALATION OF FUGITIVE DUST 

SITE NAME: BYRON BARREL AND DRUM SITE 
LOCATION: BYRON, NEN YORK 
DATE: APRIL 26, 1989 

HAZARD INDICES AND INCREMENTAL CANCER RISKS ARE CALCULATED BY THIS SPREADSHEET. 
EXPOSURE THROUGH INHALATION OF FUGITIVE DUST IS CONSIDERED. 

IMXIHUH-CASE EXPOSURE SCENARIO 

REFERENCES; COUHERD, E T AL., 19B4 

RELEVANT EQUATIONS: Etc - 0.83tF«>(Ut)t(l-V>/PE/S0)l»2 

Ur = Ulln(7/Zo)/0.4 

P(UF) = 6.7»(UF - UT) 

RIO - ALPHAIClOtA 

X = QtFi 

0 = RtO/PR 

DOSE = X«BR«AF/BU 

F = 

V = 

UF = 

PE = 
UT = 

A = 
PR = 

F i = 
BRl == 

Bil2 = 
AF = 

BUI = 

W2 = 

TH = 

30 
0 

23.9 

110 
7.861296 

400 
.288 

3.423 
10 
20 
1 

10 
70 

.5714286 (40 yr /70 yr ) 

INTERMEDIATE CALCULATIONS: 

PlUt) = 107.4593 
ElO = 1.536C-4 

c ^ 



RISK ASSESSMENT SPREADSHEET - INHALATION OF FUGITIVE DUST (PAGE TUO) 

BYRON BARREL AND DRUM SITE 

NAXIHUN-CASE EXPOSURE SCENARIO 

CALCULATE DOSES: 

CHEHICAL 

ACETONE 
2-BUTANONE 
4-METHYL-2-PENTAN0NE 
BENZENE 
ETHYLBENZENE 
TOLUENE 
XYLENES 
CHLOROBENZENE 
1,2-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
PHENOL 
1,1,2-TRICHLOROETHANE 
1,1,1-TRICHLOROETHANE 
1,2-DICHlORETHANE 
1,1-DICHLOROETHANE 
TETRACHLOROETHENE 

TRICHLOROETHENE 
1,1-DICHLOROETHENE 
CARBON TETRACHLORIK 
CHLOROFORN 
METHYLENE CHLORIDE 
CHLOROMETHANE 
BRONODICHLORONETHANE 
CHLORODIBRONOHE THANE 

BENZOIC ACID 
CMBON DISULFIDE 
BENZOIAIANTHRACENE 
BENZOIBIFLUORANTHENE 
B£HZO(A)PYRENE 
POLYCHLORINATED BIPHEHYLS 

H-NITROSOPIPHENYLANINE 
BIS(2-ETHYLHEXYLIPHTHALATE 
DI-N-BUTYLPHTHALATE 

ARSENIC 
LEAS 

^ 
G J 

C (UG/KG) 

2 

7 
47 

2 

490 

110 
240 
100 

530 
67 

49100 
2720000 

ALPHA (NA! 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2e-» 

0 
0 

7»-9 

4.7e-8 
0 
0 

2e-» 
0 
0 
0 
0 

4.9e-7 
0 

l.Ie-7 
2.4e-7 

le-7 
0 
0 

5.5e-7 

6.7e-8 
4.?le-5 
2.72e-3 

0 

0 
0 
0 
0 

RIO (G/S) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.23e-10 
0 
0 

4.30e-10 

2.8fl7e-9 
0 
0 

1.23C-I0 
0 
0 
0 
0 

3.010e-8 
0 

4.757e-9 
1.4746-8 
6.143C-9 

0 
0 

3.378e-8 
4.116e-9 
3.016e-6 
1.671e-4 

0 
0 
0 
0 
0 

X (UG/M3) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.461B-9 
0 
0 

3.1146-9 

3.433e-B 
0 
0 

1.461e-9 
0 
0 
0 
0 

3.579e-7 
0 

e.036e-8 
1.733e-7 

7.305e-8 
0 
0 

4.018e-7 

4.894e-8 
3.587e-5 
1.9B7e-3 

0 
0 
0 
0 
0 

DOSE (HG/KG/DAY) 
CHILD 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.466-12 
0 
0 

5.11e-12 
3.436-11 

0 
0 

1.46C-12 
0 
0 
0 
0 

3.58e-10 
0 

8.04e-ll 
1.75e-10 
7.316-11 

0 
0 

4.026-10 
4.89e-ll 
3.5876-8 
1.987e-4 

0 
0 
0 
0 
0 

DOSE (NG/KG/DAT) 
ADULT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4.176-13 
0 
0 

1.466-12 
».Ble-12 

0 
0 

4.176-13 
0 
0 
0 
0 

1.026-10 
0 

2,30e-n 
S.Ole-ll 
2.096-11 

0 
0 

l.lSe-10 

1.40e-ll 
1.025e-8 
5.4776-7 

0 
0 
0 
0 
0 

BflSF (M6/K6/DAY) 
TIME-HEIGHTED 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.396-13 

« 
0 

8.35e-13 
3.416-12 

0 
0 

2.39e-13 
0 
0 
0 
0 

5.846-11 
0 

1.316-11 
2.84e-ll 

1.19e-ll 
0 
0 

4.546-11 

7.996-12 
5.854e-9 
3.244e-7 

0 
0 
0 
0 
0 



RISK ASSESSMENT SPREADSHEET - INHALATION OF FUGITIVE DUST (PAGE THREE) 
BYRON BARREL AND DRUN SITE 
MAXIMUM-CASE EXPOSURE SCENARIO 
CALCULATE HAZARD INDICES AND CANCER RISKS: 

CHEHICAL 

ACETONE 
Z-BUTANONE 

4-METHYL-2-PENTAN0NE 
BENZENE 
ETHYLBENZENE 
TAUENE 

XYLENES 
CHLOROBENZENE 

1,2-OICHLOROBENZENE 
1,4-DICaOROBENZENE 
PHENOL 
1,1,2-TRICHLOROETHANE 
1,M-TRICHLDR0ETHANE 
UZ-OICHLORETTMNE 
1,1-DICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
l.l-DICHLOROETHENE 
CARBON TETRACHLORIDE 
CHLOROFORM 

METHYLENE CHLORIDE 
CHLORONETHANE 
BROHODICHLOROMETHAtE 

CHLORODIBROMOMETHANE 

BENZOIC ACID 
CARBON DISULFIDE 
B£NZO(A)ANTHRACENE 
BENZOIBIFLUORANTHENE 

BENZOCAIPYRENE 
POLYCaORINATED BIPHENYLS 
H-NITROSODIPHENYLAHINE 
BIS(2-ErHYLHEXYLIPHTHALATE 
DI-N-BUTYLPHIHALATE 
ARSENIC 
LEAS 

<© 
g=j 
^ f * . 

DOSE 
CHILD 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.46e-12 
0 
0 

5.116-12 
3.436-11 

0 
0 

1.44e-12 
0 
0 
0 
0 

3.58e-10 
0 

B.04C-11 
1.75e-10 

7.3It-ll 
0 
0 

4.026-10 

4.896-11 
3.5876-8 
l.»87e-4 

0 
0 
0 
0 
0 

DOSE 
ADULT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4.17e-13 
0 
0 

1.446-12 

9.816-12 
0 
0 

4.176-13 

0 
0 
0 
0 

1.026-10 
0 

2.306-11 
5.01*-11 
2.0?e-ll 

0 
0 

I.15e-J0 
1.40e-ll 
1.0236-8 

5.477e-7 
0 
0 
0 
0 
0 

DOSE 
TIME-NEIOHIED 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.39e-l3 
0 
0 

8.336-13 
3.61e-12 

0 
0 

2.39e-13 
0 
0 
0 
0 

5.846-11 
0 

1.316-11 
2.846-11 
1.196-11 

0 
0 

4.S4e-ll 
7.996-12 
5.8546-9 

3.244e-7 
0 
0 
0 
0 
0 

RFD 
- (N6/KG/DAY) 

9e-2 
26-2 

leO 
46-1 
5e-3 
46-1 

3e-l 

le-l 

CPF 
(K6-BAY/MG) 

2.96-2 

5.76-2 

9.1t-2 

3.3*-3 
1.3e-2 
1.260 

1.3e-l 
B.le-2 

1.46-2 
4.36-3 

8.17e-2 
4.96-1 
4.160 

561 

HAZARD INDEX 
CHILD 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4.876-12 
0 
0 

5.116-11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5.406-11 

HAZARD INDEX 
ADULT 

1.39e 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-12 
0 
0 

1.446-11 

1.406 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-11 

CANCER RISK 
ADai 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.746-15 
7.296-14 

0 
0 

1.936-14 
0 
0 
0 
0 
0 
0 

1.076-12 
1.406-11 
7.286-11 

0 
0 
0 
0 

2.9286-7 

0 
0 
0 
0 
0 
0 

2.9296-7 

(i& 



RISK ASSESSMENT SPREADSHEET - INHALATION OF FUGITIVE DUST 

SITE NAME: BYRON BARREL AND DRUM SITE 
LOCATION! BYRON, NEU YORK 
DATE: APRIL 24, 1989 

HAZARD INDICES AND INCREMENTAL CANCER RISKS ARE CALCW.ATED BY THIS SPREADSHEET, 
EXPOSURE THROUGH INHALATION OF FUGITIVE DUST IS CONSIDERED. 

AVERAGE-CASE EXPOSURE SCENARIO 

REFERENCES: COUHERO, ET AL., 1934 

RELEVANT EQUATIONS: ElO = 0.83tF(P(Ut>l(l-V)/PE/50)t«2 

Ur = UHn(7/Zo)/0.4 

P(Ut) = 4.7«(UF - UT) 

RIO - ALPHAtElOtA 

X = QtFi 

Q ' RlO/PR 

DOSE ' XIBRtAF/BU 

F = 
V = 
Ut = 
PE = 
UT = 
A = 
PR = 
Fi = 
Bfil = 
BR2 = 
AF = 
BUI = 
BH2 ' 
TU = 

30 
0 

23.9 
110 

7.841294 
400 
.288 

3.423 
10 
20 
1 
10 
70 

.5714284 (40 yr/70 y t ) 

INTERMEDIATE CALCULATIONS: 

P(UF) = 107.4593 

ElO = 1,5346-4 



RISK ASSESSMENT SPREADSHEET - INHALATION OF FUGITIVE DUST (PAGE TUO) 

BYRON BARRa AND DRUM SITE 

AVERAGE-CASE EXPOSURE SCENARIO 

CALCULATE DOSES! 

CHEMICAL 

ACETONE 

2-BUTANONE 

4-METHYL-2-PENTAN0NE 
BENZENE 

ETHYLBENZENE 

TOLUENE 

XYLENES 

CaOROBENZENE 

1.2-DICM.OROBENZENE 

1,4-DICHLOROBENZENE 

PHENX 

1,1,2-TRICaOROErHANE 

M.l-rRICNLOROETHANE 

1,2-DiCHLORETHANE 

1,1-DICW.OROETHANE 

TETRACHLOROETHENE 

TRICHLOROETHENE 

1,1-DICaOROETHENE 

CARBON TETRACHLORIDE 

CHLOROFORN 

METHYLENE CaORIDE 

CHLORONETHANE 

BROMODICHLOROMETHANE 

CaORODIBROHOHETHANE 

BENZOIC ACID 

CARBON DISULFIDE 
BENZOIAIANTHRACENE 

BENZOIBIFLUORANTHENE 

BENZOIAIPYRENE 
POLYCaORINATED BIPHENYLS 

N-NITROSODIPHENYLAHINE 

BIS(2-ETHYLHEXYL)PHTHALATE 

DI-N-BUTYLPHTHALATE 

ARSENIC 

LEAD 

C (UG/KG) 

.0741 

.2593 

2 

.2593 

54 .47 

4 .074 

14 
3.704 

84.81 

4.037 

4182 

173200 

ALPHA (MA! 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7.416-U 

0 
0 

2.59e-10 

2e-9 
0 
0 

2.596-10 

0 
0 
0 
0 

5.4476-8 
0 

4.0746-9 

1.46-8 

3.704e-9 

0 
0 

8.4816-8 

4.0376-9 

4.1826-4 

1.732e-4 

0 

0 

0 

0 

0 

RIO (G/S) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4.55e-12 
0 
0 

1.596-11 

1.23e-10 

0 
0 

1.596-11 

0 
0 
0 
0 

3.4816-9 

0 
2.506-10 

9.836-10 

2.2Be-10 

0 
0 

5.2106-9 

2.486-10 

3.7976-7 

1.0446-5 

0 
0 
0 
0 
0 

X (UG/M3> 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5.416-11 

0 
0 

1.896-10 

1.441e-9 

0 
0 

1.896-10 

0 
0 
0 
0 

4.140e-B 
0 

2.974e-9 

1.1496-8 

2.7046-9 

0 
0 

4.195e-8 

2.949e-9 

4.5146-4 

1.245e-4 

0 
0 
0 
0 
0 

DOSE (MG/KG/DAY) 

CHILD 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5.416-14 

0 
0 

1.896-13 

1.446-12 

0 
0 

1.896-13 

0 
0 
0 
0 

4.146-11 
0 

2.986-12 

1.176-11 

2.716-12 

0 
0 

4.206-11 

2.95e-12 

4.5146-9 

1.2456-7 

0 
0 
0 
0 
0 

DOSE (HG/KG/DAY) 

ADULT 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1.556-14 

0 
0 

5.416-14 

4.176-13 

0 
0 

5.416-14 

0 
0 
0 
0 

1.18e- l l 

0 
8.506-13 

3.346-12 

7.73e-13 

0 
0 

1.776-11 

8.436-13 

1.2906-9 

3.415e-8 

0 
0 
0 
0 
0 

DOSE (HG/KG/DAY) 
TIME-UEIGHTED 

8.846-

3.096 

2.396 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-15 
0 
0 

-14 
-13 

0 
0 

3,09e-14 

0 
0 
0 
0 

4.74e-12 

4.84e-

0 
-13 

1.916-12 

4.42e 

l .Ole 

4.816-

7.37e-

-13 
0 
0 

11 
13 

-10 
2.0446-8 

0 
0 
0 
0 
0 



RISK ASSESSMENT SPREADSHEET - INHALATION OF FUGITIVE DUST (PAGE THREE) 
BYRON BARREL ANO DRUM SITE 
AVERAGE-CASE EXPOSURE SCENARIO 
CALCULATE HAZARD INDICES AND CANCER RISKS: 

CHEMICAL 

ACETONE 
2-BUTANONE 

4-METHrL-2-PENTAN0HE 

BENZENE 

ETHYLBENZENE 

TOLUENE 

XYLENES 
CHLOROBENZENE 

1,2-DICHLOROBENZENE 

1,4-DICHLOROBENZENE 

PHENOL 
1,1,2-TRICHLOROETHANE 

1,1,1-TRICaOROETHANE 

1,2-DICHLORETHANE 

1,1-DICHLOROETHANE 

TETRACHLOROETHENE 

TRICHLOROETHENE 

1,1-DICHLOROETHENE 

CARBON TETRACHLUtlDE 

CHLOROFORH 

METHYLENE CHLORIDE 
CHLORONETHANE 

BROMODICHLOROMETHANE 

CHLORODIBROMOMETHANE 

BENZOIC ACID 

CARBON DISULFIDE 

BENZOIAIANTHRACENE 

BENZOIBIFLUORANTHENE 

BENZO(A)PrRENE 

POLYCHLORINATED BIPHENYLS 

N-HITROSODIPHENYLAMINE 

BIS(2-ETHYLHEXYL)PHTHALATE 

DI-N-BUTYLPHTHALATE 

ARSENIC 

LEAD 

0 5 
^ 
0=^ 

c = ^ 

DOSE 

CHILD 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5.416-14 

l.B9e-

1.44c-

1.896-

0 

0 

13 

-12 

0 

0 

-13 

0 
0 

0 

0 

4.146-11 

2.98e-

1.176-

0 

12 

11 

2.7Ie-12 

0 

0 

4.206-11 

2.95e- 12 
4.514e-9 

1.245e-7 

0 

0 

0 

0 

0 

IHKJF 
ADULT 

1.55e-

5.416-

4.176-

5.416-

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 
0 

14 

0 

0 

14 

13 

0 

0 

14 

0 
0 

0 

0 

1.18e-ll 

8.50e-

3.346-

0 

13 

12 

7.736-13 

1.776-

8.436-

0 

0 

11 

13 
1.2906-9 

3.41Se-8 
0 

0 
0 

0 

0 

DOSE 

TIHE-UEIGHTED 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

8.846-15 

0 

0 

3.096-14 

2.396-13 

0 

0 
3.096-14 

0 

0 

0 

0 

4.74e-12 

0 

4.84e-13 

1.916-12 

4.426-13 

0 

0 

1.016-11 

4.816-13 
7.376-10 

2.0446-8 
0 

0 
0 

0 

0 

RFD 
(NG/K6/DAT) 

96-2 

26-2 

leO 

4e-I 

5e-3 

4e-l 

3e-l 

l 6 - l 

CPF 

(KG-OAY/HG) 

2.9e-2 

5.7e-2 

9.16-2 

3.3e-3 

1.3e-2 

1.260 

1.3e-l 

8.16-2 

1.4e-2 
4.36-3 

8.176-2 

4.96-1 

4.1e0 

56l 

HAZARD INDEX 

CHILD 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

1.80e-13 

0 

0 

1.896-12 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.076-12 

HAZARD INDEX 

ADULT 

5.14e-

5.416 

5.936-

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-14 

0 

0 

•13 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

-13 

CANCER RISK 

ADULT 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.026-14 

3.106-15 

0 

0 

2.506-15 

0 

0 

0 

0 

0 

0 

3.976-14 

9.356-13 

2.496-12 

0 

0 

0 

0 
3.4876-8 

0 

0 

0 

0 

0 

0 

3.4876-8 



Volatile Emissions 

OOlli: 



RISK ASSESSMENT SPREADSHEET - INHALATION Of VOLATILES EHIIIEB FROM SOIL 

SITE NAME: BYRON BARREL AND DRUM SITE 
LOCATION; BYRON, NEU YORK 
DATE; APRIL 24, 1989 

HAZARD INDICES AND INCREMENTAL CANCER RISKS ARE CALCULATED BY THIS SPREADSHEET. 
INHALATION OF VaATILES EMITTED FROM CONTAHINATED SOILS ARE CONSIDERED. 

MAXIMUM-CASE EXPOSURE SCENARIO 

REFERENCES: EPA, SEPTEMBER 1982 
TURNER, 1970 

RELEVANT EOUATIONS: 

II«IALATION: DOSE = (C X IR K AF)/BU S - Di K Csi X A x Pt»(4/3) x Hi/DSC 

UNERE: C = DOUNUIND (RECEPTOR) CONCENTRATION (HG/M3) 
IR - INHALATION RATE (N3/DAY) 
AF :: ABSORPTION FRACTION (DECIMAL FRACTION) 
BU = BODY HEIGHT (KG) 

C = 0/(Pi X SIGMAy x SIGHAz x U) 

UHERE: 0 = EMISSION RATE OF CONTAMINANT I (G/SEC) 
D = DIFFUSION COEFFICIENT OF CONTAMINANT IN AIR (CH2/SEC) 
Cs = SATURATION VAPOR CONCENTRATION OF CONTAMINANT (G/CM3) 
A = EXPOSED SURFACE AREA OF CONTAMINATED SOIL (CH2) 
Pt = TOTAL SOIL POROSITY (DIMENSIONLESS) 
Ni ^ MOLE FRACTION OF CONTAMINANT IN UASTE (DIMENSIONLESS) 
DSC = EFFECTIVE DEPTH Of SOIL COVER (CN) 

UHERE; Q = VOLATILE CHEHICAL EMISSSION RATE (MG/SEC) 
Pi = 3.14159 
SIGMAy = STD. DEV. OF HORIZ. DISTR. OF CONTAMINANT IN THE PLUME (M) 
SIGMA2 = STD. DEV, OF VERT. DISTR. OF CONTAMINANT IN THE PLUME (N) 
U = UIND SPEED (M/SEC) 

Di = [0.001 X T«tl.75 x SQRT(l/MUi t l/MUair)]/[Pair x (Vi»l/3 t Vair»l/3)«t2] 

UHERE; T = AMBIENT T£I«>ERATURE (K) 
HUi = MOLECULAR HEIGHT OF CONTAMINANT I (G/NOL> 
MUoir = MaECaAR HEIGHT OF AIR (G/Na) 
Pair = AMBIENT PRESSURE (ATM) 
Vi = MOLECULAR DIFFUSION VOLUME OF CONTAMINANT I (CN3/HaL) 
Voir = MOLECULAR DIFFUSION VOLUME OF AIR (CM3/N0L) 

ENTER INPUT PARAMETERS: 

INHALATION! 

IRi: 

BUi: 

IR2; 

BU2: 

AF: 
ED: 
LF: 
A; 

O ' " 
< & 
C-̂  
c^ 
0=i= 

20 
70 
10 
10 
1 

40 
70 
2e7 

3.141593 

T: 
MUair: 

Voir! 
Pair! 

R! 
SIGMAy! 
SIGHAz: 
U! 

298 
28.8 

20.1 
1 

42341 
2 

2.3 
2 

R! 
MUsoil! 

Pt! 
DSC! 

42341 

40.08 

.25 
1 



RISK ASSESSMENT SPREADSHEET 

DYRON BARREL AND DRUM SITE 
- INHALATION OF VOLATILES EMITTED FROM SOIL (PAGE TUO) 

NAXIHUM-CASE EXPOSURE SCENARIO 
CALCULATE DOSES! 

1 

CHEMICAL 

ACETONE 

2-BUTANONE 

4-METHYL-2-PENTAN0NE 
BENZENE 

ETHYLBENZENE 
TaUENE 

XYLENES 

CaOROBENZENE 
1,2-DICHLOROBENZENE 

1,4-DICHLOBOBENZENE 

PHENOL 

1,1,2-TRICaOROETHANE 

M.l-TRICHLOROETHANE 

1,2-DICaoRETHANE 

1,1-DICHLOROETHANE 

TETRACHLOROETHENE 

TRICaOROETHENE 
1,1-DICHLOROETHENE 

CARBON TETRACHLORIDE 

CaOROFORM 

METHYLENE CaORIDE 

CaOROMETHANE 

BROMODICHLOROMETHANE 

CaORODIBROMOHETHAlK 

BENZOIC ACID 

CARBON DIsaFIDE 

BENZOIAIANTHRACENE 

BENZO(B)FLU(K)ANTaa 

BENZO(A)PYRENE 

POLYCaORINATED BIPHENYLS 

N-NITROSODIPaNYLANINE 

BIS(2-ETHYLaXYL)PHTHALATE 

DI-N-BUTYLPHTHALATE 
ARSENIC 

LEAD 

© 

CONCENTRATION 
(UG/KG) 

2 

7 

47 

2 

490 

110 

240 

100 

550 
47 

NOLECaAR 

HEIGHT 

133.41 

145.83 

131.39 

119.38 

122.1 

228.3 

252.3 

252 

391 

278.3 

Vi 

(CM3/M0L) ( 

97 

111 

93 

77 

118 

321 

354 

354 

473 

309 

Pv 

n Hg) 

123 

14 

57.9 

150.5 

7.046-3 

2.26-8 

56-7 

5.4e-9 

26-7 

le-5 

Di 

(CM2/SEC) 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

8.210e-2 

0 

0 

7.4206-2 

8.3476-2 
0 

0 
9.1256-2 

0 

0 

0 

0 

7.4186-2 
0 

4.4196-2 

4.3846-2 

4.3846-2 

0 

0 

3.7346-2 

4.4546-2 
0 

0 

0 

0 

0 

0 

0 

Ei 

(G/S) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.0576-7 

0 

0 

7.4036-8 

2.319e-4 
0 

0 
2.797e-7 

0 

0 

0 

0 

2.474e-9 
0 

1.146-15 

5.346 -14 

2.506-14 

4.186 

3.186 

0 

0 
-14 

-13 

0 

0 

0 

0 

0 

0 

0 

C 

(NG/H3) 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

7.1146-4 

0 

0 

2.4316-4 

8.0236-5 
0 

0 

9.4776-4 

0 

0 

0 

0 

y.Z5»e-8 

0 

3.94e-14 

1.856-12 

8.456-15 

0 

0 

1.45e-12 

l.lOe-11 
0 

0 

0 

0 

0 

0 

0 



RISK ASSESSMENT SPREADSHEET - INHALATION OF VOLATILES EMITTED FROM SOIL (PAGE THREE) 

BYRON BARREL AND BRUM SITE 

MAXIMUM-CASE EXPOSURE SCENARIO 

CALCaATE HAZARD INDICES! 

• -

CaMICAL 

ACETONE 
2-BUTANONE 

4-NETHYL-2-PENIAN0NE 

BENZENE 

ETHYLBENZENE 

TaaNE 
XYLENES 

CaOROBENZENE 

1,2-DICaOROBENZENE 

1,4-DICaORflBENZENE 

PKNOL 

i,l,2-TRICaOROErHANE 

1,1,1-TRICaOROETHANE 
1,2-DICHLORETHANE 

1,1-DICaOROETHANE 

TETRACaOROEiaNE 

TRICaOROETaNE 

1,1-DicaoROETaa 

CARBON TETRACaORIDE 

CaOROFORN 

aTHYLENE CaORIDE 

CaOROHE THANE 

BROMODICaOROMETHANE 

CaORODIBROMOMETHAa 

BENZOIC ACID 
CARBON DISaFIDE 

BENZO(A)ANTHRACEa 
B£NZ0(B)FLUORANTaa 

B£NZO(A)PYRENE 

PaYCaORINATEO BIPaNYLS 

N-NITROSODIPHENYLAMia 

BIS(2-ETHYLaXYL IPHTHALATE 

DI-N-BUTYLPHTHALATE 

ARSENIC 

LEAD 

C 
(MG/M3) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7.1146-4 
0 
0 

2.431e-4 

8.023e-5 

0 
0 

9.477e-4 

0 
0 
0 
0 

9.259e-8 

0 
3.946-14 

1.85e-12 

8.456-15 

0 
0 

1.45e-12 

l . lOe-11 

0 
0 
0 
0 
0 
0 
0 

CHILD DOSE 
(MG/KG/DAY) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7.1146-4 
0 
0 

2.4316-4 

8.0236-5 

0 
0 

9.477e-4 

0 
0 
0 
0 

9.259e-8 
0 

3.946-14 

1.856-12 

8.4Se-15 

0 
0 

1.456-12 

l . lOe-11 

0 
0 
0 
0 
0 
0 
0 

ADULT DOSE 
(MG/KG/DAY) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.0336-4 
0 
0 

7.5176-7 

2.2926-5 
0 
0 

2.7456-4 

0 
0 
0 
0 

2.A45e-8 

1.136 
5.306 

2.476 

4.146-

0 
-14 
-13 
-15 

0 
0 

13 
3.146-12 

0 
0 
0 
0 
0 
0 
0 

REFERENCE 

DOSE INH. 

9e-2 

2e-2 

leO 
46-1 
5e-3 

4e- l 

36-1 

l e -1 

HAZARD INDEX 
CHILD 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 

2.3726-5 
0 
0 

2.4316-5 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

HAZARD INDEX 
ADULT 

0 
0 
0 
0 
0 
0 1 

0 
0 
0 1 

0 1 

0 . 

0 
4.7776-4 

0 
0 

7.517e-4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

TOTAL HAZARD INDEX 5.003e-5 1.429e-5 



RISK ASSESSMENT SPREADSHEET - INHALATION OF VOLATILES EMITTED FROM SOIL (PAGE FOUR) 

BYRON BARREL AND DRUM SITE 

MAXIMUM-CASE EXPOSURE SCENARIO 

CALCaATE INCKMENTAL CANCER RISK! 

CaMICAL 

ACETONE 
2-BUTAIfflN£ 

4-METHYL-2-PENTAN0NE 

BENZENE 

ETHYLBENZENE 
TauEa 
XYLEaS 

CaOROBENZEa 
1,2-DICaOROBENZENE 

1,4-DICaOROBENZENE 

PffiNOL 

1,1,2-TRICaOROETHANE 

1,1,1-TRICaOROETHAa 

1,2-DICaORETHAa 

1,1-DICaOROETHANE 

TETRACaiffiOETaa 

TRICaOROETaNE 

1,1-DicaoROETaa 

CARBON TETRACaORIDE 
CaOROFORM 

aiHYLENE CaORIDE 

CaOROMETHANE 

BROHODICaOROHETHANE 

CaORODIBROHOHETHANE 

BENZOIC ACID 

CARBON DISaFIDE 

BENZO(A)ANTHRACEa 

BENZO(B)FLUORANTaNE 

BENZO(A)PYRENE 

POLYCaORINATED DIPHENYLS 

N-NITROSODIPHENYLAHINE 

BIS(2-ETHYLaXYL)PHTHALATE 

DI-N-BUTYLPHTHALATE 

ARSENIC 

LEAD 

C 

(MG/N3) 

0 

0 

0 

0 
0 

0 

0 
0 

0 

0 

0 
0 

7.1146-4 

0 

0 

2.4316-4 

8.0236-5 
0 

0 

9.477e-4 

0 
0 

0 

0 

9.259e-8 
0 

3.94e-14 

1.056-12 

8.456-15 

0 

0 

I.45e-I2 

1.106-11 

0 

0 

0 

0 
0 

0 

0 

TIHE-UEIGHTED 

DOSE (HG/KG/DAY) 

0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 

1.1426-4 

0 

0 

4.2946-7 

1.310e-5 

0 

0 

1.580e-4 

0 

0 

0 

0 

!.512e-8 

4.43e 

3.036 

1.4te 

2.34e-

1.79e 

0 

-15 

-13 

-15 

0 

0 

•13 

12 

0 

0 

0 

0 
0 

0 

0 

POTENCY 

FACTOR INH. 

2.96-2 

5.76-2 

9.le-2 

3.36-3 

l,3e-2 

1.260 

1.3e-l 
8.16-2 

1.4e-2 
4.36-3 

8.176-2 

4.9e-l 

4.1eO 

56l 

CANCER 

RISK 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

1.4186-9 

1 .7036-7 

0 

0 
1 .280e-7 

0 

0 

0 

0 

0 
0 

5.25e-14 

1.486-13 

8.416-15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 5 = ^ 
cSt. . 
!r"=i>IOTAL RISK 2.997e-7 



RISK ASSESSMENT SPREADSHEET - INHALATION OF VOLATILES EMITTED FROM SOIL 

SITE NAME! BYRON BARREL AND DRUN SITE 
LOCATION! BYRON, a U YORK 
DATE! APRIL 24, 1989 

..HAZARD INDICES AND INCREaNTAL CANCER RISKS ARE CALCaATED BY THIS SPREADSaET. 
IIMALATION OF VaATILES EMITTED FROM CONTAMINATED SOILS ARE CONSIDERED. 

'AVERAGE-CASE EXPOSURE SCENARIO 

REFERENCES! EPA, SEPTEMBER 1982 
TIWNER, 1970 

aLEVANT EQUATIONS! 

INHALATION! DOSE = (C x IR x AF)/BU 

UHERE! C = DOUNUIND (KCEPTOR) CONCENTRATION (H6/H3) 
IR ̂  INHALATION RATE (H3/DAV) 
AF = ABSORPTION FRACTION (DECIMAL FRACTION) 
BU = BODY aiGHT (KG) 

C ' 0/(Pi X SIGMAy x SIGHAz x U) 

Q = Di X Csi X A X Pt«t(4/3) x Mi/DSC 

Wfta: Q = EMISSION RATE OF CONTAMINANT I (G/SEC) 
D = DIFFUSION COEFFICIENT OF CONTAMINANT IN AIR (CN2/SEC) 
Cs = SATURATION VAPOR CONCENTRATION OF CONTAMINANT (G/;CM3) 
A = EXPOSED SURFACE AREA OF CONTAMINATED SOIL (CM2) 
Pt = TOTAL SOIL POROSITY (DiaNSIOaESS) 
Mi = MOLE FRACTION OF CONTAMINANT IN UASTE (DIMENSIONLESS) 
DSC = EFFECTIVE DEPTH OF SOIL COVER (CN) 

UaRE! Q = VOLATILE CaMICAL EMISSSION RATE (NG/SEC) 
Pi = 3.14159 
SIGMAy = STD. DEV. OF HORIZ. DISTR, OF CONTAMINANT IN T W PLUME (M) 
SIGMAz = STD. DEV. OF VERT. DISTR, OF CONTAMINANT IN T W PLUME (M) 
U = UIND SPEED (H/SEC) 

Di = CO.OOl X TM1.75 x SORT(l/MUi t l/HUair)]/[Pair x (Vi»l/3 t Vairttl/3)H2] 

uaa: T = AMBIENT TEMPERATURE (K) 
NUi = MOLECaAR K I O I T DF CONTAMINANT I (G/Ma) 

MUoir ' MaECaAR aiGHT a AIR (G/Ma) 
Pair = AMBIENT PRESSURE (ATM) 

Vi = HaECaAR DIFFUSION V a U K OF CONTAMINANT I (CM3/Ma) 
Voir = MaECaAR DIFFUSION VaUME a AIR (CN3/M0L) 

ENTER INPUT PARAKTERS! 

INHALATION! 

IRI! 
BUI! 

IR2: 
BUZ! 

AF! 
ED! 
LF! 
A! 
Pi! 

20 
70 
10 
10 
1 
40 
70 
2*7 

3.141593 

T! 
HUoir! 

Voir! 
Pair! 

R! 
SIGMAy! 
SIGMAz! 

u: 

298 
28.8 
20.1 

1 
42341 

2 
2.3 
2 

R! 
MUsoil! 
Pt! 
DSC! 

42341 
40.08 
.25 
1 



RISK ASSESSaNT SPREADSHEET 
BYRON BARaL AND DRUM SITE 

- INHALATION a VaATILES EMITTED FROH SOIL (PAGE 

AVERAGE-CASE EXPOSURE SCENARIO 

CALCaATE DOSES! 

CaHICAL 

ACETONE 
2-DUTANOa 

4-aTHYL-2-PENTAN0NE 
BENZEa 

ETHYLBENZENE 

laaa 
XYLEaS 

CaOROBENZEa 

1,2-DICaOROBENZENE 

1,4-DICaOfiOBENZEa 

PaNOL 

1,1,2-TRICaORaTHANE 

1,1,1-TRicaoRaTHAa 

1,2-DICHLORETHAa 

1,1-DICaOROETHANE 

TETRAcaoRaiaa 

TRicaoRaiaa 

1,1-oicaoROETaa 

CARBON TETRACaORIK 
CHLOROFORH 

a i H Y L E a CaORIDE 

c a o R o a i H A a 

BROHODICaOROaTHANE 

CaORODIBROMOaiHANE 

BENZOIC ACID 

CARBON DISaFIDE 

BENZO(A)ANTHRACEa 

B£NZ0(B)FLUORANTaNE 

BENZO(A)PYaNE 

PaYCaORINATED BIPaNYLS 

N-NITROSODIPHENYLAMia 

BIS(2-ETHYLaXYL)PHTHALATE 

DI-N-BUTYLPHTHALATE 

ARSENIC 

OlLEAD 

o 
t ? - ^ 
[ i ^ 

t ^ 

CONCENTRATION 

(Uj/KG) 

.0741 

.2593 

2 

.2593 

54.47 

4.074 

14 

3.704 

84.81 

4.037 

MaECaAR 
aiGHT 

133.41 

14S.83 

131.39 

119.38 

122.1 

228.3 

252.3 

252 

391 

278.3 

Vi 

(CM3/M0L) 

97 

111 

93 

77 

118 

321 

354 

354 

473 

309 

TUO) 

Pv 

( n Hq) 

123 

14 

57.9 

150.5 

7.046-3 

2.2e-8 

56-7 

5.4e-9 

2e-7 

l6-5 

Oi 
(CH2/SEC) 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

8,210e-2 

0 

0 

7.4206-2 

8.3476-2 

0 

0 

9.1256-2 

0 

0 

0 

0 

7.4l8e-2 

0 

4.619e-2 

4.3846-2 

4.3846-2 
0 

0 
3.7346-2 

4.4566-2 
0 

0 

0 

0 
0 

0 

0 

Ei 

(G/S) 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

7.4206-9 

0 

0 
2.8176-9 

9.8476-8 

0 

0 
3.424e-8 

0 

0 

0 

0 

3.096-10 

0 

4.22e-17 

3.57e-15 

9.246-18 

0 

0 

4.456-15 

1,916-14 

0 

0 

0 

0 

0 

0 

0 

C 

(H6/M3) 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

2.4376-7 

0 

0 

9.744e-8 

3.4146-4 

0 

0 

1.2556-4 

0 

0 

0 

0 

1.0716-8 

0 

lJ44e-15 

1.'246-13 

3.'20e-14 

' 0 
0 

2.23e-13 

4.42e-13 

0 

0 

0 

0 

0 

0 

0 



RISK ASSESSMENT SPKADSaET - INHALATION a VOLATILES EMITTED FROM SOIL (PAGE THREE) 

DYRON BARREL AND DRUM SITE 

AVERAGE-CASE EXPOSURE SCENARIO 

. CALCaATE HAZARD INDICES! 

CHEMICAL 

ACETOa 

2-BUTANONE 

-4-aTHYL-2-PENTAN0NE 

BENZENE 

ETHYLBENZEa 

Taaa 
XYLEaS 

CHLOROBENZEa 

1,2-DICaOROBENZEa 

1,4-DICaOROKNZEa 

pana 
1,1,2-TRICaOROETHANE 

1,1,1-TRICaORKTHAa 

1,2-DICaORETHAHE 

1,1-DICHLOROETHAa 

TETRACaORKTaa 

T R i c a w K T a a 

1,1-DICaOfiOETaNE 

CARBON TETRACaORia 

caoRaoRH 

a i H Y L E a c a o R i K 

c a o R o a i H A a 

BfiOHODICaOROaTHANE 

CaORODIBRONOaiHAa 

BENZOIC ACID 
CARBON DISaFIDE 

BENZO(A)ANTHRACEa 

BENZO(B)FLUORANTaNE 

B£NZO(A)PYREa 

PaYCaORINATED BIPaNYLS 

H-NITROSODIPaNYLAMia 

BIS(2-ETHYLaXYL)PHIHALATE 

DI-N-BUTYLPHTHALATE 

ARSENIC 

LEAD 

3 

C 
(MG/N3, 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

2.4376-7 

0 

0 

9,7446-8 

3.414e-4 

0 

0 

1.2556-4 

0 

0 

0 

0 

1.0716-8 

1.44e-
1.24e-

0 

15 
13 

3.206-14 

0 

0 

2.23e- l3 

4.42e- 13 

0 

0 

0 

0 

0 

0 

0 

CHILD DOSE 
(MG/KG/DAY> 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

2.437e-7 

0 

0 

9.7446-8 

3.414e-4 

0 

0 

1.255e-4 

0 

0 

0 

0 

1.0716-8 
0 

1.446-15 

1.246-13 

3.206-14 

0 

0 

2.23e-13 

4.426-13 

0 

0 

0 

0 

0 

0 

0 

A D a i DOSE 
(HG/XG/DAY) 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

7.533e-8 

0 

0 

2.7856-8 

9.754e-7 

0 

0 

3.585e-7 

0 

0 

0 

0 

3.0596-9 
0 

4.17e-14 

3.536-14 

9.156-17 

0 

0 

4.386-14 

1.89e-13 

0 

0 

0 

0 
0 

0 

0 

REFEREMCE 

DOSE INH, 

9e-2 

26-2 

leO 

4e- l 

5e-3 

46-1 

36-1 

l e - l 

HAZARD INDEX 
CHILD 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

8.768e-7 

0 

0 

9.744e-7 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

HAZARD INDEX 
ADai 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

2.5116-7 

0 

0 

2.7856-7 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

DIAL HAZARD INKX 1.8536-4 5.2946-7 



RISK ASSESSaNT SPREADSaET - INHALATION Of VOLATILES EMITTED FROM SOIL (PAGE FOUR) 
BYRON BARREL AND DRUN SITE 
AVERAGE-CASE EXPOSUtE SCENARIO 
CALCaATE INCREKNTAL CANCER RISK! 

1-^ 

Ss3 
t ^ 

caMica 

ACETOa 

2-BUTANOa 

4-aTHYL-2-PENTAN0NE 

BENZEa 

ETHYLBENZENE 

l a a a 
XYLEaS 
CHLOROBENZENE 

1,2-DICaOROBENZENE 

1,4-DICaOROBENZEa 

PaNOL 
1,1,2-TRICaORKTHANE 

1,1,1-TRicaoRreTHAa 
1,2-DICaORETHAa 
1,1-DicaoRaTHAa 
TETRAcaoRa iaa 
TRICHLORaTHEa 
1,1-DicaoRaiaa 
CARBON TETRACaORIDE 
caofiaoRM 
aTHYLEa CHLORIDE 
caoRoaTHAa 
BROMODICantOaTHANE 
CaORODIBROMOaiHANE 
KNZOIC ACID 
CARBON DISaFIDE 
UNZO(A)ANTHRACEa 
B£Nzo(B)rLuaRANraa 

BENZD(A)PYRENE 

PaYCaORINATED BIPaNYLS 

N-NITROSODIPHENYLAMINE 

BIS(2-ETHYLHEXYL)PHTHALATE 

DI-H-BUTYLPHTHALATE 

ARSENIC 

LEAD 

TOTAL RISK 

C 
(MG/M3) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.437e-7 

0 
0 

9.744e-8 

3.4146-4 
0 
0 

1.2556-4 

0 
0 
0 
0 

1.071e-8 

0 
1.446-15 

l.24e-13 

3.20e-14 

0 
0 

2.23e-l3 
6.426-13 

0 
0 
0 
0 
0 
0 
0 

Tia-UEIGHTED 
ttfif. (MG/KG/DAY) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4.305e-8 
0 
0 

1.591e-8 
5.5746-7 

0 
0 

2.0486-7 
0 
0 
0 
0 

1.7486-9 

2.386-
0 

-14 
2.02e-I4 
5.236-

3.44e-
1.086 

-17 
0 
0 

-14 
13 
0 
0 
0 
0 
0 
0 
0 

POTEaY 
FACTOR INH. 

2.9e-2 

5.7e-2 

9.Ie-2 

3.3e-3 
1.36-2 
1.260 

1.3e-l 
8.16-2 
1.4e-2 
4.3e-3 

8.17e-2 
4.9e-l 
4.160 

Sel 

CANCER 

RISK 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5 . 2 5 e - l l 

7.2446-9 

0 
0 

1.4596-8 

0 
0 
0 
0 
0 
0 

1.956-17 

9.886-15 

3.196-14 

0 
0 
0 
0 
0 
0 

0 

0 

0 
0 

0 

2.389e-8 



Groundwater Use 
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u s t ASSfSSBENI Sf-BFArSHfFI • f iFOJI lPH 'HPiiMMI HimSFMni p iiSt M n(. i i im|.HHlK 

S i l t IIHNf.: Sif-ON (<AHifi WW DPiiH ? I I F 
inCAMON: foPON HFtI i m 
W I : Ni>' •*, US'? 

»Mm< IHPICfS AMD lllfPFHfNIAl (ANftP fclSf? i«.t CAKHI.OIFII hi THIS 5^PEAnSHFEI. 

TNO FIPOSURE LOUIES Af>F iflNSIDFHFD: INTiFillinN Of GROHNDNAIER MID IIIHAIAIION n^ 

vniAIILES PIIPING SHONEiilllG. ASSUHPIIGN; APF OUII INFD I<ELUII. 

EiPOSdkE srEAW<in i - NAI INUH CASF 

RFFFSFNCf?.: fF'd. OflDBFP 1986 

FOSIEP. f l A l . , 198' 

PONieiAH. El AL.. WIVEtlBFP. \<>(t\ 

EPA. JULY 29. 1986 

EPA, NOVENBEII 7 \ 19B!i 

INGESIION: DOSE = IC > IA < AFI'BN 

NaOE: C - GPQIINPMIER rOHCENIRAIIDN IMG'l I 

IP = INGESIION PA1E IIIIFRS'DAYI 

AF - ABSOPPIION f R A r i l O I I IHEriMAI FRACTIDNI 
BN = BODY WIGHT I f S ) 

INHAIAI ION: DOSE - IS t I R I ' I B N I Ra I inE6 l I IDs • E<PI-P« I D t l ' R i - E I P l R i > (Ds - D D I / R i ) 

WIERE: S - V M A I I I E ORGANIC raMICAL BEKRATION RATE lUG'CUBIC KTER/HINI 
IR « INHAIAIION PAIE aiTERS/SECI 
D< ' SHOHFR DURATION IHIN) 
P< >= AIR FiCHANGE RAIF 11'MINI 
D< = lOIAL DUPAIION IN SHONEP ROOM IHIN) 
BN - BODY NEIGHI 116) 

ENIER INPUT PARAWIEPS; 

INGESIION: A D I t l EIPOSURE 

l!=-a 

IR; 

AF: 

BN: 

INHAIAIION: 

] * : 

t»: 
(IS: 

Dl : 

Oi l 

SU: 

EO: 

i<: 

2 

1 
7i1 

AOIHI EIPOSURE 

V> 

' 0 

n 
2<i 

.(ifiB^ 

1? 

i'< 

.00'i«97 

rnNVFn<;iri*i 
FftflO* = 

d: 
l i 

H 

Is 

Ml 
H? 

1 : 

f l i 

. 0 7 8 " 14 

1 

2 
213 

'18 

.18? 

.616 

'tiy 

I I I 



HIS! ASSESfilENI SPffAOSHff I - HflllSfHm 0 HSE Of RHiMNrWIEP '(•AGE IKII I 

RVPON BAPPFI AMD PPIIN SHE 

FIPnSIIRE SCEANPIO I M u m m I K ( 

CAICIMAIE OOSFS: 

G) 
\ r ^ 

ci=Q 

t o 

CaHICAl 

ATEIPME 

?-P'/rMONE 

4 - a i H » l - ? - P E N l A N O a 

BENZEa 

EIHYIBEHZEa 

to iaa 
U L E M S 

CHLOROBENZEa 

l , ? - D I C a OROBENZENE 

1 . 4 - P I C a O R O K N l E a 

VINVl CaORIDE 

l . l . ? - I R I t H ( O R K T H A a 

l . l . l - I R I C H L O R W I H A a 

1.2-DICHlOREIHAa 

l . l - D I C H I O R a i H A a 

lEiRAcaoRKiaa 
ipicMORnEiaa 
l.l-DICHLORtfTaNE 
CARBON lETRACWORIDE 

rHinROFDRH 

W I H Y l E a CMORIDE 

moRf lw iHAa 

BRONODICMOPOaiHAa 

CHIDRODIBPOMOaiHAa 

2-CHlORWIHYIVINYLEiaR 

(ARBDN DISaFlOE 

BENIOIAIANTHRACEa 

BEHZOIBIFlUORANiaa . 

BENIO(A)PYPEa 

POI tCamilNATEP BiPaNYlS 

N NIIRfiSODIPaNYLAMia 

lilSI?-EIHViaYyilPH)HAIAIE 

CHPOMIIIM 

IFAIi 

tONrENTPAlION 

( H B ' L i 

.00A^ 

.001 

.003 

.00025 

.000076 

.00? 

.ftnfl06 

.0037 

4.4 

.0«( i« l 

.29 

.i>82 

? . ' 
.041 

.00051 

. i m t 

, tM<n 

.<X>'i\i 

.(I..2 

. 4 " 

.651 

noifriHAB 

WIGHT 

78,12 

9 2 . n 

106.17 

112.56 

147.01 

147.01 

62.5 

133.41 

135.41 

98.96 

98.96 

165.B3 

151,39 

96.94 

119.58 
84.94 

163.83 

208.3 

198.2 

HENDi; IAN 

CONSTAtn 

5 . 5 e - 3 

6 .666 -3 

4 . 3 3 e - 3 

3 .586 -3 

l . 9 3 e - 3 

3. le-3 

B.14e-2 
7.426-4 

3e-2 

9.14e-4 

4.26e-3 

1.5Je-2 

9.l«>-3 
1.9r-l 

2.886-3 

2.056-J 

?.4le-3 

9.9e-4 

6.66-4 

MASS IRANSFFR 

C a F F I C I F N I i r A I I 

0 

0 

0 

t . 8 8 8 4 e l 

0 

1.752161 

1.601061 

1.537J6I 

1.273961 

1.331661 

2.200VI 

1,129661 

l.49B3el 

1.376'el 

l.6566el 

l.3J33el 

1,481661 

1.770061 

0 

1.469)61 

1.683361 

0 

1.235061 

9.649«6« 
0 

A 

0 

0 

0 

0 

8.983660 

0 

0 

0 

0 

0 

0 

0 

0 

0 

INeESTION 

DOSE 

'1 

0 

0 

1.429e-5 

0 

2.8376-3 
8.5716-5 

7.l43e-6 
7.429e-7 

5,7l4e-5 

l . l | 4e -6 
1.0576-4 

l .257e-l 

l,171e-5 

B.2B6e-3 

2.343e-3 

9.4296-2 

1.1716-3 

0 

l.457e-5 
8e-5 

0 

6.571e-6 

4e-6 
0 

0 

0 

0 

0 

0 : 

5.7146-5 ; 

0 

0 

0 

1.3696-2 

0 

1.803e-2 

0 

0 
0 

INHAIAIION 

OOSE 

n 

/) 
0 

9.B46e-6 
0 

1.B656-5 

5,230e-5 

4.226e-6 

3,792e-/ 

3.02?e-5 

l.5l5e-6 

4.B94e-5 

',292e-2 

6.36le-6 

5.l8Be-3 

l,2«Oe-3 

5,422e-2 

7.703f-» 
(1 

B.325e-4 

V073e-5 

0 
3.2'2f-6 

l.62Je-6 

0 

0 

0 

0 

0 

(I 

2.182e-5 

0 

0 

0 
0 
0 

0 

0 

0 

c ^ 



MS» HS'^ESSNEIH SPREA05WE1 IfflHjf HOI |i li":! (iF nPOiiHiiHlilFP IFACF IHpFFi 

h.fnil eAliPEI NND (PUN El IE 

EKPOSIIPE SCfAMRlO 1 NA'IBMH FASE 

r « r i l l A I ( N«Î Af<!l (NlllCfS: 

^ - - f 

M> 

g\3 

rHFKICAl 

ATE 1 ONE 

2 WIIANOIIE 

» l(EIHi l-2-PEMIAN0HF 

FiFNTEIIE 

FIH.ieENIENE 

lo tnEa 

" l E W S 

CHIOPDBENIENE 

1.2-DirHIOPOeEU/Ea 

1.4-DirHIOIIOBENIFNE 

•'INII fHIOPlOE 

l.l,2-IRICM0«aiHAHE 

l. l .)-IP|(HI[ ipnETHAa 

l,2-DICHIfl|IErHANF 

1,1 D icaoPt t iHAa 

lETRACHIflRMTaNE 

iMrwopaiaa 
i.i-oirHioRKiaa 
rAPBON lEIRACHLORIDE 

CHI OROF OPN 

a i H Y i E a caoRioE 

rHLPPOaiHANE 

i<»OMOPI(HIOPQaTHAa 

CHlORODIBPOMOaiHAa 

2-(HtORaTH(h>IN«IEiaR 

fAPROH DISaFIOF 

BFNZOIAlANINRATEa 

BENIOIBIFltlORANiaa 
l>EN/OIAIPV«a 

Fm (rWORINAIED BIPaNVLS 

N HIIPOSPDIPaNYIAMia 

l<ISI7-ETHViaiYI IPHIHAIAIE 

rH»llN|IIN 

lEAO 

Il|i.f51irill 

f m 

1. 

., 
I I 

l , 4 ? « f ^ 

• p 

2.85'e 5 

B , " l e - 5 

' .H3P-6 

' . 4 2 9 f J 

V l | 4 e ^ 

l . / |4«-4 

l . 05>-4 

l .25!p-) 

l . l ' l e 5 

8.28'.i>-3 

2.343e-3 

^4?i l»-2 

I . P I » '• 

t.i 

1.4'i-e-S 

Be-5 
h 

6.5 ' le-6 

46-1. 
( t 

(1 

••• 

l l 

•1 

(1 

S.'|4»-5 

" 
•1 

I t 

i . W f - 2 
^1 

i.e('5^-.' 

M 

fllMHiMlUiH 

h m 

,, 
u 

', 
^.B4frp-^ 

l l 

l.8(l^<-^ 
S.25|if-S 

4.276e-6 
5.H2P-7 

3.02?e-S 

l .5l5e-6 

4,8146-^ 

' . ]V t -7 
6.36l f -6 

5.1(186-3 

1.241V 3 

5.422e-2 

T . i i i ^ r - l 

I I 

8,32V-6 

5.''^3e-5 
t ' l 

3,2'26-6 

1.6236-6 
0 

(1 

<> 
l> 

, 1 

n 

2.1826-5 

0 

0 

(1 

•> 

l 1 

r i 

0 

I I 

I I 

PEFEPEHfE 

iiQSE I M ; . 

| . | 
5e? 

V - 2 

Ip 1 

' p - l 

?p.i 

3 P 7 

4 e - l 

4»-? 

9e-2 

Ip- I 

le-2 

9»-3 

7e-4 

l e? 
6e-? 

2 » - l 

I f l 

?p-2 

3e-4 

5e-? 

leii 

3 . V 7 

I .4I-5 

2e-? 

lp-3 

2 P - I 

pfffPENfF 

nfiSF IHH. 

' • - ? 

i'e-? 

IPO 

4e 1 

"ie-3 

4e-l 

5e-l 

l e - l 

' 

le-4 

le-2 

HAIAPD 

INn. INfi. 

,, 
l l 

(1 

r i 

(1 

1.174? 5 

4.2866-5 

2.58le-4 

l.957e-6 
n 

11 

2.t43e-3 

I.3968e0 

n 
B.2B6e-2 

2.3436-1 

0 

1.30/6-1 

0 

1.457f-3 

1.3536-3 

(1 

0 

2f-5 

0 

(• 
0 

f l 

1) 

l l 

I'l 

0 

0 

0 

l.369e-2 
0 

l.2878el 

ft 

0 

MAIAPIl 

INF>. INH. 

1.84 V 

l.30Jp 

B.«5le 

9.480e 

2.43le 

11 

n 

1 ' 

1 . 

t l 

5 

-» 
-4 

-7 

(1 

I'l 

11 

-1 

I.I 

i l 

1.24fle-2 
0 

0 

I I 

0 

0 

(> 
0 

0 

(> 
{' 
t l 

(1 

I I 

0 

(1 

ft 

n 
ft 

0 

n 
0 

(1 

0 

(1 

HAiAPfi 

IKFifi 

•1 

11 

.'. 
( • . 

.1 

1.131(1-4 

i . ; ^ « - 4 

l.il83e-3 

:'.B(i5e-6 

(1 

ft 

2.643e-3 

l.6391eft 

0 

8.2B6e-2 

2.467e-l 

0 

1.3(i2e-l 

0 

1.457e-} 

l,333e-5 

0 

0 

2e-5 

') 
(1 

'1 

(1 

11 

t l 

ft 

0 

ft 

ft 

l.569e-2 

ft 

- l.2B7Bel 
ft 

ft 

0 

ifliAi HA;APD INDF< I .«11BP! 



PISI ASSESSMENI SPPEAHSHFFI HOnSf M(il ft iiSf iiF hFfiUNtni.>IEf 'FARE F i l \ i f i 

liyRON BAPPEI AND l^plin SI IF 

fiPOSIiPE SCEAWPin I - NA<IHIIH FASE 

CA ldUA lE INrREItENIAI C H N r F P P I f ^ l : 

<C3> 
O ) 

5 0 

CHfHIfAl 

ACEIIIME 

?-Bli1ANailf 

• -WIHVI-2-PENIAN0ME 

i<ENlENE 

E I H d BENZEa 

IDlllENE 

( r L E a S 

CHtONOBENZEa 

1,2-DICWOPOBENZEa 

l . 4 -D ICH(0RDMNZEa 

VJN l l CMORIDE 

1.1.2-iRicaofiaiHAa 
i.i.i-iPicaoRaiHAa 
1.2-DICaOREIHAa 
1.1 picaoftaiHAa 
lEFRACMORKiaa 
iPicaoRaiaa 
M-DiCHLOPaiaa 
CAPBON lETRACmORIDE 
CHLOPOFINm 
W I H Y L E a CWORIDE 
r M O R o a i H A a 

BROnODItNIOROaiHAa 

FHIODOf i lWOHOaiHAa 

2 C H l O R a i H i l V I N Y I E i a R 

CAPBON PISIHFIDE 

BENZOIAlANIHPACEa 

BENZOIBIFIUORANiaa 

RENIOIAIPYREK 

l>DIYrHtO«INATFt P I P a N Y I S 

N NITROSODIPaNYIAHia 

P i S I 2 - E I H » L a < I Y l IPHIHAIAIE 

rWONI'JH 

lEAD 

IIIBESIION 

onsE 

o 

ft 

0 

l . 4 2 1 e - 5 

6 

2 .8576-5 

B . 5 7 l e - 5 

7 . l 4 3 e - 6 

7.4296-7 

5 .7146-5 

1.7146-4 

l . 0 5 7 e - 4 

1.2576-1 

l . l ' l e - 5 

B.286e-3 

2.343P-3 

1.4796-2 

I , I 7 | . 3 

t i 

l . 4 M e - 5 

8e-5 

ft 

f i . S U r - t 

4p ^ 

t l 

ft 

ft 

ft 

I I 

ft 

5 , 7 H P - 5 

ft 

ft 

ft 

l , 3 6 l e - . ' 

ft 

I .Bf t3e-2 

0 

t> 

ft 

INHAIAIION 

(iQSE 

ft 

ft 

ft 

1.846P-6 

0 

l .B65e-5 

5 .2306-5 

4.2266-6 

3.7126-7 

3 .0226-5 

1.3156-6 

4.B94e 5 

' . 2 9 2 e - 2 

6 .5616-6 

5.1886-3 

1.24116-3 

5.422e-2 

7 , 7 ( I 3 P - 4 

0 

8 .3256-6 

5 ,073p-5 

ft 

3 , 2 7 2 p - t 

I .623P-6 

ft 

0 

ft 

ft 

l i 

l l 

2 .1826-5 

ft 

ft 

ft 

0 

0 

ft 

ft 

II 

(1 

POIEHF. 

f AC i n n INFi, 

2 .1P-2 

2 . 4 e - 2 

2 .3e0 

5 . i e - 2 

9 . 1 6 - 2 

« , | p - 2 

5 . I P - ? 

l . l p - 2 

6 e - l 

l . 3 e - l 

6 . l » - 3 

7 .5P-3 

I . 3P -2 

1,31.-1 

e . 4 p - ? 

I . 5 4 e - | 

9 . ? e - l 

I .15e0 

7.?6(i 

4 . 9 e - 5 

1.46-2 

POIENCV 

fACTOP INH, 

2 . l e - 2 

2 .956 -1 

5 . 7 e - ? 

9 .1P-2 

3 . 3 e - 3 

1,36-2 

1,?60 

I . 3 P - I 

8 . 1 6 - 2 

1 .46-2 

6 . J P - 3 

9 . | 7 e - 2 

4 . 9 e - | 

6 .160 

8 . 4 e - l 

CANCER 

PIS> ING. 

ft 

n 
ft 

2 .3676-7 

ft 

0 

0 

0 

» 
7.8376-7 

2 .253e-6 

3 .4456-6 

0 

6 . ( i91p-7 

4 .309e -4 

6 .8286-5 

5.927P-4 

4 .0166-4 

0 

5 .0796 -8 

5 .4296-7 

0 

4 .B826-7 

1.926-7 

ft 

ft 

0 

P 

0 

n 
1.66-7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CANCER 

RISI INH, 

ft 

(1 

ft 

1.632e-7 

ft 

ft • 

0 

0 

0 

0 

2 . 2 l 6 e - 7 

1.5946-6 

ft 

3 .3086-7 

0 

2 ,3316 -6 

4 . f t27e-4 

5.2B2P-4 

ft 

3 ,8536-7 

4 .059e-7 

0 

i | 

ft 

0 

ft 

A 

ft 

ft 

0 i 

0 

0 

0 

0 

0 

0 

ft 

0 

0 

ft 

CANCER 

PlSt 

ft 

0 

i l 

5 .111P- ' 

ft 

0 

ft 

ft 

ft 

7 .837e-7 

2.475P-6 

5 . 0 5 / 6 - 6 

ft 

1 , 3 9 1 P - 7 

»,5ft1e-4 

7 , 0 6 2 P - 5 

1.1 ' i4p-» 

1,218e-4 

I) 

4 . 3 6 I P - ' 

7 ,4B 'p -7 

ft 

«,882e-7 

l . l 2 e - 7 

ft 

(1 

0 

ft 

0 

0 

l . 6 e - ; 

0 

ft 

0 

ft 

0 

0 

0 

ft 

ft 

IPIAI PISI 2 .43Be-5 



u s t ASSESSHENT SPPEAPSHEEI Fit'OSIIpfS IHi-niiRH HI)nS£HfllIi II5C Of r,POi|»(PIIAIEP 

SHE NANE: PtRON DAPPEI AND PPIIN SHE 
(OCATION: BlRON. WN YOPF 
PAIE: MAl 5. 1989 

HAZARD INDICES AND l a P E U N I A I CAaER PISIS APE CALCUIAIEP BY IHIS SPREADSWEI. 
TNO EIPOSURE RWTES ARE CONSIDEREP: INGESIION W GROIINPMAIER AND INHAIAIION Of 
VOLAIILES CWING SHOaRING. ASSIMPIIONS ARE OUIIIWO BEI ON. 

EXPOSHPf SCENARIO ? - AVERAGE CASE 

PEFEaaES: EPA. OCTOBER 1986 
fOSIER. ET A l . . 1987 
DONIGIAN, ET A l . . NOVENBER. 1985 
EPA. tllKY 29. 1986 
EPA. Nff/EMKR 27, 1985 

INSESnOM: DOSE > IC « IR > A f l ' B H 

NaPE : C < GROHNDMIEP rONCENIPAIION ING'M 
IR ' INGESII f lN PAIE 11 I IEPS 'DAYI 
AF ' ABSORPI I IWFPAr i lOH IDECIMAl f R A r i l O N i 
BN - BODY a i G H I i rG I 

INHALAIIDNi DOSE - IS < IR I ' IBN I Ri I 10E6I • I D i < E<Pl -Ri I B U ' R i - E IPIRl I IDs - D t l l / R t ) 

u a a : S ° VOIAII IE ORGANIC CWMICAL K a R A I I O N RAIE (U6/CUBIC a iER/MIN) 
IR = INHAIAIION RAIE ILIIERS'SEC) 
Ds = SHOWR DURAIIDN (NIN) 
R< • AIR EICHANGE RATE l l / N I N I 
Dt < lOIAL DURATION IN SHOWN ROOM (MIN) 
BN > BODY WIGHI (KG) 

ENIER INPUI PARAWIERS: 

INGESIION: ADEN I EIPOSURE 

IR: 

Af: 

BN: 

INHALAIIPK: 

IR: 
AN: 

Of: 

P) | 

P»: 

5',': 

EP: 

f : 

' 2 
1 

70 

A D U I EIPOSURE 

? i t 

Jrt 

15 

2ft 

.ft' iB5 

12 
«' i 

.ftiiftiiB? 

CONVERSION 

FACTOR = 

If: 

Is 
I I 

1? 

HI 

It? 

I : 

FP 

.0285714 

1 
7 

293 

516 

.18? 

.616 

213 

I ft 



u s t AS5E5SHEHF SPPEAPSHEEI - HO»SEHOI 0 MSf i]f GPOUIIPNAIEP iPAf.E IHOi 

PifROH 8ARPEI AND PRIin f l l F 

ttPositPE sfEMAnn : A'/FPAGE CASE 

fAICIUAlE POSES: 

CHfMICAl 

AFEIONE 

2 RIIIANnilE 

4 HflHll-2-fEHIANONE 

BEH7EW 

EIHVI BENZENE 

101 HEW 

IVLEWS 

CHIDPOBFNZFW 

1.2-tlCHlOROBENZEW 

1,4 PiraOROBENZEW 

'.iiNvi raoPiDE 
t.l.2-TRirHI0R«IHAa 
l.l.l-IRICaORaiHAK 
1,2-PICHIOREIHAa 
1,1-PltHlOPKTHAW 
lEiPAcaoRaTaa 
iPicHioROEiaa 
M-DicaoRaiaw 
CARBON lEIPACaORIDE 

rHiopnroRti 
NEIHIilEa CaORIDE 

CHIORONEIHANF 

PROHODICaOPOaTMAa 

(HLORODIBPOMdaiHAW 

2-CHIORHINilVINYlETaR 

CAPBON PISIRf I K 

PEHZOlAlANIHRAFEa 

REUiniBlFIHORANTaNE 

BENlDIAlPYPEa 

POHEHLODINATED BIPaNl l S 

N-MIIROSODIPaNYLAMIW 

i i lSI7-EIHlTa>l l iPHTHAIAlE 

CHPONIIIM 

lEAP 

COIIfENIPAIIIlN 

iNti I i 

.ftfl(ift?5 

.00414 

.Oflft35 

.0000417 

.0000015 

,00001 

.iWtOOS 

.000113? 

.3812 

.01755 

.i)ft41 

.1665 

.0(1525 

.tMiOftft22 

t.ift? 

.ftft'A 

.11716 

HOI ECU! AP 
NEI6H1 

78.12 

92,13 
Ift6.|7 

112,56 

l<7,OI 

147.01 

62.5 

153.41 

133.41 

IB.96 

98.16 

165.83 

131,59 

96.94 

1I1.3B 

84.14 

163.83 

208.3 

HEtJPiS IAN 

C0N5IMI1 

5.5P-5 

6.66P-3 

4.33e-3 

5.586-5 

I.95P-5 

5.16-3 

8.146-2 

7.42e-4 

5e-2 

9.14P-4 

4.266-5 

1.556-2 

9.16-3 

1.96-1 

2.886-3 

2.056-5 

2.416-5 

9.1e-4 

6,66-4 

NASS IPANSFEP 

COEFF I f lEIll DAI I 

ft 

ft 

ft 

I ,B884P I 

ft 

I.752IP1 

l.6010pl 

1.5573el 

1.275961 

1.351661 

2.200561 

1.129661 

1.498561 

1,5769PI 

1.656861 

1.355561 

1.481661 

1.770061 

1) 

1.461361 

1.685561 

0 

I.2550PI 

9.6499eO 

0 

0 
ft 

0 
ft 

0 

B.9856eO 

0 

0 
fl 

0 
0 

ft 

0 
0 

INSfSIION 

DOSE 

INHAIAUnN 

POSE 

ft 

7.I43P-7 

ft 

4 P - 6 

lp-5 

l . | i l e - 6 

5 , 7 I 4 P - 8 

2 , B 5 7 P - 7 

8 , 5 M P - 8 

5.52P-6 

l . l l 2 e - 2 

0 

5 .0l4e-4 

l . l 7 l e - 4 

4.7576-3 

1.5e-4 

0 

2.7I4P-7 
ft 

ft 

6.2666-8 
(I 

ft 

ft 
ft 

ft 

0 

0 

5.7146-6 

0 

0 

ft 

2,5ft9e-3 

ft 

5.3706-5 
ft 

P 

0 

n 

4.125P-' 

ft 

2.6IIP-6 

•b.lft|e-6 

7 , 0 4 B P - 7 

l .Bi6e-e 

l ,51 le-7 

6 .5 '5e-8 

2,5556-6 

6,450p-5 

P 

3,l31e-4 

6,20)6-5 

2,735e-3 

1.863e-5 

0 

1.551P-7 
ft 

1. 

3.I30P-B 
ft 

ft 

(1 

ft 

ft 

ft 
ft 

2,lB2e-6 

0 

ft 
(1 

0 

ft 

0 

ft 

0 
ft 



PIS l AS5E55NEt(l SPPEAPSHEFF - linilSFHliI ft (iSf ftF r.Pft l lhntlAlf ' ' t^Anf lilPFF • 

BiPOII Î APPEL ANO PPttN SHE 

EiPOSilPF SrENAPKI 2 A'-'ERftRf FASF 

PAIClUAI f HAZAPP INPI IES: 

CWNi rA I 

ACE10NE 

7-6II1ANONF 

4 -«1HVL 2 PFNIANnHE 

BEN7EW 

E I H n P F N Z f W 

i n i i i Fa 

'(lEHES 

CHI OPORENIEW 

1.2-DICaOROBENIEa 

l.4-PICHia«0B(NIEW 

"IN'L CWOPIDE 

l.l,?-(PICHIOPnFT«ANf 

I . I . I IPIfHIORKIHAW 

1.2-PICNiniiETHANE 

I. I DICHtOPaTHAW 

lEiPATHiwaiaa 
ipicMPRKiaa 
I.I DiCHinRffiaa 
CAPBON lETRACMORIDE 

CHI DRW QRH 

a i N Y L E a CMORIDE 

raOPflMEIHANE 

BPOMODICaOROaiHAa 

rWOROOIBROMOaiHAW 

2 C I N O R a i H Y l V I N Y L E i a R 

CAPBON n i S I N f l D F 

RENZOlAlANIHRACEW 

BENIO IB IF IUORANiaa 

PENZOIAIPYREW 

PQUCaORINAIED BIPWNYIS 

N-NITRDSODIPaNTlANia 

B I S I 2 - E T H Y L a n i IPHIHAIAIE 

CHPOHItlM 

I f A D 
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t t lSt AE5ESSBENI SPPEAPSHEEI - HOMSEKOI 0 USE Of SfftUHPHAlEP (PAGE fOUPi 

PiPPN PAPPFl ANP PPMN SHE 

EIPOSURE 5CENAPI0 2 - AVERAGE CASE 

fA IC I l lA lE l a R E K N I A l rANIER P I S l : 

@ 
^ 

m 

raNiPAi 

ACEIOHf 

?-PM)ANOa 
4-l(EIHYI-2-PEN1AMnNC 

BEN!EW 

EIHyipENZEW 
11)1 U f a 

l i iEWS 

CHinROBENIEW 

l .?-PICHII)PQ»ENZEa 

l . t -DICmOROBENZFW 

VINYL CaORIDE 

i . i . 2 -TR icaoRa iHAa 

LL l - IR ICaORKIHAW 

1.2-DICaOREINAa 

L I - D l t M O P a i H A a 

l E i R A c a o R a i a w 

i R i c M O R a i a a 

1,1-DicaoRaTaNE 

CARBON lETPAraOPIDE 

taoRaopN 

a iHVLEa FHIORIDE 

CHIOROaTHAW 

BPOHODiraPPoaiHAa 

raORDDIBRONOaiHAW 

2-llftOROETHYLVINYLEiaR 

CARBON DISINFIBE 

PENZOlAlAHIHRArEW 

BENZOIBIflUQRAHiaa 

HNIOIAIPYREW 

POItrMOPINAIED HIPaNYlS 

N-NIIROSODIPaNnAMIW 

BISIZ-EIHUaiYMPHIHAIAlE 

rHPONIUM 

lEAP 

m i A l PISt 

INGESIION 

POSE 

ft 

ft 

l l 

7.145P-7 

t l 

46-6 
l»-5 

1.19)6-6 

5.7146-B 

2.8576-1 

8.57|e-8 
5.526-6 

l . l l 2e -2 
ft 

5.ftMe-4 

1.17)6-4 

4.757e-5 

1.56 4 
ft 

2.7I4P-1 
ft 

ft 

6 ,286P-B 

ft 

ft 
ft 

I I 

ft 
ft 

ft 

5 , 7 ) 4 P - 6 

ft 
li 

II 

; ' , 5 f t ip 1 

0 

3.37il«-3 

ft 
ft 

ft 

INHAIAIION 

fti'SE 

ft 

ft 

ft 

4.123P-7 

ft 

2. ' . l lp-(t 

6.tftle-ft 

7.0486-' 

I.B166-6 
1,51)6-7 

6,5736-8 

2,555e-6 

6.4506-3 

0 

3,1396-4 

6.201P-5 

2.755P-3 

9.8636-5 
0 

1.55)6-7 

0 
ft 

3.13fte-8 
ft 

t) 

l l 

ft 

ft 

ft 

ft 

2,l82e-6 

P 
ft 

ft 

ft 

ft 
A 

ft 

ft 

pniENFi 

fACIQP INK. 

2.1p-? 

7.46-7 
7.5eO 

5.7p-? 

9. le-2 

1.16-2 

5.1P-2 

l . le -2 

6P-1 

1.3P-1 

6.16-3 

7.5e-5 

1.5P-7 

l ,3e- l 

6.4P-? 

I.' i4»-I 

9 .2P 1 
l,|5pft 

7,7pO 

4.16-5 

1.4P-? 

POIENCY 

EACIOP IHH. 

? . 1 p - 2 

2 .956 -1 

5 . 7 6 - 2 

l . l p ? 

5.56-5 

1.56-2 

I.?e0 

1.36-1 

8.16-7 

1.46? 

6.3e-3 

6.|7p-2 

4,96 1 

6 . I P O 

.84 

CANffP 

RIS» INB. 

ft 

ft 

ft 

I. l84e 8 

ft 
ft 
0 

ft 
ft 

5.1I8P-9 
1.1276-7 

1.79BP-7 

ft 

ft 

2.6076-5 

5.4I4P-6 

?.99ftp-5 

3.1436-5 
ft 

9.466-10 

0 
0 

4.6696-9 

0 
ft 

ft 

ft 

n 

0 
0 

l.6e-8 

0 

0 
ft 

ft 

0 

0 

0 
0 

0 

CANCER 

PISt INH. 

9.15BP 

It 

ft 
ft 

-1) 

ft 
ft 

ft 
ft 

ft 

ft 

I . I O B P - 8 

B.5?Jp -6 
ft 

ft 
ft 

1.1616-7 

2.ft32p 

6.763e 

-5 
-5 

ft 

7 . | 7 f l p - 1 

ft 

ft 
ft 

ft 
ft 

ft 
ft 

ft 

0 
ft 

ft 

ft 
ft 

ft 

0 
ft 

0 

0 
ft 

ft 

CANCER 

P i s r 

ft 

ft 

ft 

I . io ip-B 
11 

ft 

ft 

ft 
ft 

3.116P-9 
I.237P-7 

2.63fte-7 

0 

0 

2.6ft7p-5 

5.55IP-6 

5,ft22e-5 

1.19)6-4 
ft 

8.)24e-1 
ft 

ft 
4.661e-1 

0 

ft 

ft 

ft 

ft 

ft 

ft 

1.66-6 

ft 
ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

l . l 1 3 e - 4 



fclSi itSSESSNEHI SFPEftPSHFEl i n f t ' i i p f - ^ IHPMiiiiH i l i in?tHl i i P USE HF ftpiiHMItKhlEP 
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PISl ASSfESnCNI SPPEAPSHEEI - HniiSEHdl P HSf IW BPOimPNAlEP IpflfiE UOi 

PVPCIN BAPPEI ANP PRIIN SHE 
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u s t ASSESSHFHI SPPEAPSHEEI - HOMSfHIU li HSf fti ftpiniHIiHAlfP iPAf.F IHPfF 

BiPON BAPPEI ANP PPIIN SHE 
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OlSr ASSESSWNI SPPEADSaEI - HDUSEHOID USE Of GPDUNDHAIER (PAGE FOIIP) 

BfPON BARREL AND DRUN SITE 

EIPOSURE SCENARIO 5 - RESIDENTIAL W L l R E S a i S 
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APPENDIX H 

FEASIBILITY STUDY CALCULATIONS 
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RISK ASSESSMENT SPREADSHEET - HOUSEHOLD USE OF GROUNDNATER (PflSE FIVE) 
BVRON BARREL ANO DRUN S H E 
EIPOSURE SCEANRIO 1 - nAUBUII CASE 
OETERHINE BROUNDNATER AND SOIL ACTION LEVELS; 
CARCINOGENIC RIS): ie-4 

NUMBER OF 
CHEHICAL CARCINOGENS 

ACETONE ft 
2-BUTANGNE 0 

4-l1ETHVL-2-PENTflN0NE 0 
BENZENE 1 
ETHYLBENZENE 0 
TOLUENE ft 
lYLENES ft 
CHLOROBENZENE 0 
1,2-DICHLOROBENZENE 0 
1.4-DICHLOROBENZENE 
VINYL CHLORIDE 
1,1,2-TRICHLOROETHANE 
1,1,1-TRICHLOROETHANE 
1,2-DlCHLORETHflNE 
1,1-DICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
1,1-DICHLOPOETHENE 
CARBON TETRACHLORIDE 
CHLOROFORN 
METHYLENE CHLORIDE 
CHLOROMETHANE 
BROnODICHLOROMETHANE 
CHLORODIBRONOHETHANE 
2-CHLOROETHYLVlNYLETHER 0 
CARBON DISULFIDE 0 

BENZO(A)ANTHRACENE ft 
BENZOIBIFLUORANTHENE ft 

BENZO(A)PYRENE 0 
POLYCHLORINATED BIPHENYLS 0 
N-NITROSODIPHENYLAMINE 1 
BIS(2-ETHYLHEI(YLIPHTHALATE 0 
MERCURY 0 

BARIUM 0 
CHROniUM 0 
COPPER 0 
LEAD 0 
NICKEL 0 

CSZAKflDIUli 0 
(g H N C 0 

TARGET 
RISK 

0 
0 
0 

6.667e-6 
0 
0 
0 
ft 
ft 

6.667e-6 
6.667e-6 
6.667e-6 

0 
6.667e-6 
6.667P-6 
6.667e-6 
6.667e-6 

6.667e-6 
647P-6 
667e-6 
667e-6 

ft 
667e-6 
667e-6 

0 
ft 

ft 
0 
0 
ft 

6.667e-6 
0 
ft 
ft 
0 
0 
ft 
0 
ft 
0 

NGESTIONAL 

DOSE 

0 
ft 
0 

9 .3796 -5 

0 
0 
0 
0 
0 

2.77Be-4 

2.483e-6 

3.7016-5 

0 
2.57Be-5 

7.326e-5 

1.165e-4 

1.984e-4 

2.749e-6 

1.815e-5 

4.5086-5 

2.254e-4 

ft 
5,1286-5 

7.937e-5 

0 
0 
0 
0 
0 
ft 

1.361e-3 

0 
0 
ft 
0 
ft 
ft 
ft 
0 
0 

6N ACTION LEVEL 

(KS/L) 

ft 
0 
ft 

3.2e3e-3 

ft 
ft 
ft 
ft 
ft 

9.7226-3 

B.691e-5 

1.295e-3 
ft 

9.024e-4 

2.564e-3 

4,077e-3 

6,943e-3 

9,622e-5 
6,352e-4 

1.578e-3 

7.889e-3 

ft 
1.795e-3 

2.778e-3 

ft 
0 
ft 
ft 
ft 
0 

4,762e-2 

0 
ft 
0 
ft 
ft 
0 
0 
ft 
ft 

'40TAL .0001 



RI5I! ASSES5HENI SPREADSHEET - HOUSEHOLD USE OF GROUNDHATER (PAGE FIVE) 
BVRON BARREL AND DRUN SITE 
EIPOSURE SCENARIO NUNBER 1 - DETERNINE GROUNDNATER CLEAN-UP GOALS llO-i CANCER RISK! 
DETERHIKE GROUNDKATER AND SOIL ACTION LEVELS: 
CARCI.mENIC RISK le-6 

CHEMICAL 

ACETONE 
2-BUIANONE 
4-HETHYL-2-PENTANDNE 
BENZENE 
ETHYLBENZENE 
TOLUENE 
lYLENES 
CHLOROBENZENE 
1,2-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
VINYL CHLORIDE 
1,1,2-TRICHLOROEIHANE 
1,1,1-IRICHLORDEIHANE 
1,2-DICHLORETHANE 
1,1-DICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
1,1-DICHLOROETHEa 
CARBON TETRACHLORIDE 
CHLOROFORH 
METHYLENE CHLORIDE 
CHLORONETHANE 
BRONODICHLOROHETHANE 
CHLORODIBRONOHETHANE 
2-CHLOROETHYLVINVLETHER 

CAPBON DISULFIDE 
BENZOIAIANTHRACENE 
BENZOIBIFLUORANTHENE 
BENZO(A)PYRENE 
POLYCHLORINATED BIPHENYLS 
N-NITROSODIPHENYLAMINE 
BISI2-ETHYLHEXVLIPHTHALATE 
DI-N-BUTVLPHTHALATE 

G* 

NUIIBER OF 
CARCINOGENS 

0 
ft 
ft 
1 
ft 
ft 
ft 
ft 
0 

ft 
ft 
0 
0 

0 
0 
1 
0 
ft 
0 
ft 
0 
ft 
0 
ft 
ft 

TARGET 
RISK 

ft 
0 
0 

6.667e-B 
0 
0 
0 
0 
0 

6.4676-6 
6,6676-8 
6,667e-8 

ft 
6.667e-8 
6,667e-B 
6.667e-8 
6,6676-8 
6.667e-8 
6,667e-8 
6,667e-8 
6.647e-8 

ft 
6,667e-8 
6,667e-8 

0 
ft 
0 
0 
ft 
ft 

6,647e-8 
ft 
0 
0 
ft 
ft 
ft 
ft 
ft 
0 

INBESTIONAL 
DOSE 

0. 
ft 
ft 

9,379e-7 
0 
ft 
0 
ft 
0 

2,778e-6 
2,4B3e-B 
3.7016-7 

ft 
2.578e-7 
7,326e-7 

1.165e-6 
1.984e-6 
2,749e-B 
l,815e-7 
4,5ftBe-7 
2,2546-6 

ft 
5,12Be-7 
7,937B-7 

0 
ft 
ft 
0 
0 
0 

1.361e-5 
ft 
0 
ft 
ft 
ft 
0 

0 
0 
ft 

6H ACTION LEVEL 

mil) 

ft 
ft 
ft 

5.283e-5 
ft 
ft 
0 
ft 
ft 

9.722e-5 
8.691e-7 
1.295e-5 

ft 
9.024e-6 
2,3646-5 
4.ft77e-5 
6,943e-5 
9.622e-7 
6,352e-6 
1.5786-5 
7,B89e-5 

ft 
1.795e-5 
2.778e-5 

0 
ft 
ft 
ft-
ft 
ft 

4.762e-4 

0 
0 
ft 
0 
0 
0 
ft 

ft 
0 

fOML le-6 



RISK AS5ESSHENT SPREADSHEET - HOUSEHOLD USE OF GROUNDNATER (PAGE S U ) 
BVRON BARREL AND DPUH SITE 
EIPOSURE SCENARIO NUHBER 1 - DETERNINE GROUNDNATER CLEAN-UP GOALS llft-6 CANCER RISK) 
DETERHINE GROUNDNATER ANC SOIL ACTION LEVELS; 
NONCARCIN. RISK = . 1 

CHEHICAL 

ACETONE 

2-BUrA.'fflNE 

4-HETHVL-2-PENTANaNE 
BENZENE 

ETHYLBENZENE 
TOLUENE 
lYLENES 

CHLOROBENZENE 
1,2-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 

VINVL CHLORIDE 
1,1,2-IRICHLOROETHANE 
1,1,1-TRICHLOROETHANE 

1,2-DICHLORETHANE 

1,1-OICHLOROETHANE 
TETRACHLOROETHENE 

TRICHLOROETHENE 
1,1-DICHLOROETHENE 
CARBON TETRACHLORIDE 
CHLOROFORH 
METHYLENE CHLORIDE 

CHLORONETHANE 
BROHODICHLOROHETHANE 

CHLORODIBROHOHETHANE 
2-CHLOROETHYLVINYLETHER 

CARBON DISULFIDE 

BENZOIAIANTHRACENE 
BENZOIBIFLUORANTHENE 

BENZOIAIPYRENE 
POLYCHLORINATED BIPHENYLS 
N-NITROSODIPHENVLAHINE 
BI5|2-ETHYLHEJYL)PHTHALAIE 

DI-N-BUTVLPHTHALATE 

NUHBER OF 

NONCARCINOGENS 

ft 
1 
ft 
ft 
0 

ft 
0 
1 
ft 
ft 
ft 
ft 
ft 
0 
ft 
ft 
ft 
ft 
ft 
0 
ft 
0 
ft 
ft 

TARGET 

HAZARD INDEI 

ft 
4.429e-2 

ft 
ft 
ft 

6,429e-2 
6,42?e-2 

6,429e-2 
6.429e-2 

ft 
ft 

6,42?e-2 
6,429e-2 

ft 
6.429e-2 

6,429e-2 
ft 

6.429e-2 
6,421e-2 

6,429e-2 

6,429P-2 

ft 
ft 

6,4275-2 

ft 
0 
ft 
ft 
ft 
ft 
ft 
0 
ft 
ft 
ft 
0 
ft 
ft 
ft 
ft 

INBESTIONAL 

DOSE 

0 
3,085e-3 

ft 
ft 
0 

l,613e-2 
3,174e-2 
4,239e-4 

l,7ft2e-2 

ft 
ft 

2.571e-3 
4,92Be-3 

ft 
6,421e-3 
6,lft5e-4 

ft 
5,7B6e-4 

4,5e-5 
6,429e-4 
3,857e-3 

ft 
0 

l,286e-2 
ft 
ft 
0 
ft 
ft 
ft 
ft 
ft 
0 
0 
ft 
0 
ft 
ft 
ft 
ft 

GN ACTION LEVEL 

(HG/L) 

ft 
l,ftBOe-l 

ft 
ft 
0 

5.645e-l 
Lllft'eft 
l,484e-2 

5,958e-l 

ft 
ft 

9e-2 

l,725e-l 
0 

2,25e-l 

2,137e-2 

ft 
2,ft25e-2 
l,575e-3 

2,25e-2 
l,35e-l 

ft 
ft 

4.5e-l 

ft 
ft 
ft 
0 
ft 
ft 
ft 
ft 
ft 
0 
ft 
ft 
ft 
ft 
ft 
ft 

TOTAL 9e-l 

C=i> 



RISK ASSESSHEHI SPREADSHEET - IHPAPT Of SOU. CONIAHINATION ON GPOUNBMATEP 

SITE HAME: BVPOH BARREL ANP OPIIH S H E 
LOCATION: BVPON. NEN VOR) 
DATE: NAY )5. 1181 

HAZARD INDICES ANO INCREHEHIAL CANCER RISKS ARE CALCIIIAIED BV THIS SPREADSHEET, 
INO EIPOSURE ROUTES ARE CONSIDERED: INGESTION OF 6ROUN0NATER ANP INHAIATION OF 
VOLATILES DURING SHONERING. ASSUNPIIOIIS ARE OUTlINEft BEIDN. 

EIPOSURE SCENARIO 2 - DF1ERN1HE SOU CIEAH-UP fiOAIS llft-4 CANCER PISH 

REFERENCES: EPA. OCIOPER HBt 
fOSIER, EI AL,, 1987 
DONIGIAN. El AL,. NOVENBER, H BJ 
EPA, JULY 21, llflfc 
EPA. NOVEHBER 27, 11B5 

INGESIION: POSE = IC y IP » AFi.'PH 

INHALA110N: 

NHEPE: C = BRftUHPNAIER COMCFNIPATION (HB/ll 
IP = IHSESTlOtt PAIE (IHERS.'DAyi 
AF = ABSOPPnON FRACIIOH IDECIHAI FRACTION! 
PU = RODV "EIGHI IKGI 

DOSE = IS X IPI'IBN I P9 I IftEi) < IDs » EiPl-Ra I Dtl'fla - EJPIRa I (Os - OtII'Ra) 

NHERE: S = VOI.ADLE ORGANIC CHENICAI BENERAHON PATE lUB/CUBIC NETER/HIN) 
IR = INHALATION RAIE IIHERS/SECI 
Ds = SHONER DURATION IHIN) 
Ra = AIR EICHANGE PATE H/HINI 
Dt = TOTAL DURATION IH SHONER POOH IHIHI 
B" = BOOi NEIGHT (K6| 

ENIER INPUT PARAHEIERS: 

INGESTION: ADULI EIPOSURE HODEL PARAMETERS: 

(© 
^ 

IR 

AF 

BN 

IHHAIAIIOH: 

IP 

BN 

Ds 

Dl 

Ra 
SV 

EO 

R: 

7 

I 
70 

APUII EiPftSUPE 

2ft 
Jft 

15 

2ft 

.ftftB3 

12 

Ift 

.ftftftftB? 

CftlWERSIOH 

FACTOR = 

."285714 

I 

2 

213 

318 

.1B2 

.616 

215 

Ift 

0 ICH'VEAR): 25.4 

Vd ICH'VEARI: ISftft 

I. ICN): 23ftO 

H i r n i : 3ft5 

Foe (KB CAPBOH'KG S O I I l : .ftft16 



PISr ASSESSHENF SPPEAftSHFEl IHPf l r i ftF s n i l COIIIAHIHAIIUII ftH fiMll i lMiHhlfP IpflHE lUP) 

BVPOM BAPPEI ANP PPMH SUE 

EIPOSURE SCENAPin 2 PEIEPMUIE SOU CIEAN-IIF SOAI S i l ' i 4 CAIICFP P I S H 

CALCUIAIE DOSES: 

CHENirAI 

ACEIOHE 

?-RUIANnHE 

4-MEIHVI -2-PfNIANnilF 

BENiEKE 

EIH i l BEN/ENE 

101 UENE 

KIEMES 

CHI OROBENZENE 

1,2-OlCHI OROBENZENE 

l,4-0ICHinR0BEN?ENf 

VINVL CHLORIDE 

1.1.2-IPirHIOPnFTHAHF 

1,1,1-IRICHLDROEIHAHE 

l.2-niCHL0RE1HAHE 

1,1-DICHIORnEIHANE 

TETPACHLOPOEIHENE 

IPICHLOPOEIHENE 

1,1-OICHLOROEIHEHE 

CAPBON lETPACHLORIDE 

FHI OROFOPH 

HE1HVIENE CHIOPIOE 

CHIOPDNEIHANE 

BPOItODirHLnpnHETHANE 

CHinpOPlPBOHOMEIHAHE 

2-CHLOROEIHVIVIHVIETHEP 

CARBON ftlSUIFIPE 

BEHZOIAIAHIHPACEHE 

PENZOIBIFLUORANIHENE 

PEHZOIAIPYRENF 

PnivCHIORINATEP PIPHEHV15 

H-NIIPOSOPIPHfNVLAMIHE 

8l5l2-ETHVi.HE»i' l. IPHIHAIAIE 

OI -H-BUI i lPHIHAlAIE 

PAP I MM 

CHPOHIUN 

COPPER 

I. EAD 

HirvEl 
VANAOmn 

ZINC 

Sftl l ffttlCEI.'I. 

(HG • IR I 

,11111) 

.53 

son sEFi. fins. GPniumtiAiEp 

rnFFf i t . CftNCFHiPAiinN 

.ftftftlftBfl 

.ft334»=r7 

.ft|ft7?7i:i 

ft 

/4R 

l ' i . ' .ftft34121 

364 

l?t 

.ft2221ft1 

.0527836 

ft 
ft 

HftI EClll AP 

NEIGHl 

58.ft9 

78.12 

I f t 6 . l 6 

12.13 

I f t 6 , l 7 

133,41 

133,41 

18.16 

165.83 

131.51 

16.14 

. 

278.3 

HEIIRVS LAN 

runs 1 ANT 

5,43e-5 

5,V-3 

6,fcp-3 

6,66e-3 

4,33e-3 

7.42e-4 

3e-2 

1.14P-4 

1.53e-2 

1.1e-3 

l . lp -1 

2.6P-7 

HASS IPANSFEP 

COEFflCIENI (KAH 

2.;5e4pft 

ft 
ft 

1.8BB4P1 

I . 6 3 l 7 e l 

l , 7 5 2 I p l 

l ,6 f t l f te l 

ft 
ft 
ft 

ft 

1.1216el 

1 , 4 1 B 3 P I 

l , 3761p l 

ft 

1.3333el 

I , 4 8 I 6 P I 

I ,77f t0pl 

ft 

ft 

ft 

ft 
ft 
ft 

ft 

ft 

ft 

ft 

ft 
ft 

0 

ft 

) , I 6 8 P - 2 

ft 
ft 

ft 
ft 

ft 

ft 

ft 

INGESIION 

DOSE 

ft 

ft 

ft 
ft 

3 . ) f t1p -6 

6 . 7 | 4 P - 4 

3,f t65e-4 

ft 
ft 

ft 

ft 

ft 
1,7516-5 

0 

ft 

6,369e-4 

l ,5 f tBp-3 

ft 
ft 

ft 

ft 
ft 

ft 
ft 

ft 

ft 
ft 

ft 

ft 
ft 

ft 

ft 

ft 
0 

ft 

ft 
ft 

ft 

ft 
ft 

INHft lAlIO 

DOSE 

ft 

ft 
ft 

ft 

1.125P-6 

4 , 3 8 2 P - 4 

I ,67f te-4 

ft 
ft 

ft 

ft 

ft 
5 , 6 5 6 P - 5 

ft 

ft 

3.372P-4 

8 , 6 7 2 P - 4 

ft 

ft 

ft 
ft 

ft 

0 
ft 

ft 

ft 
ft 

ft 
ft 

ft 

ft 
ft 

ft 

0 
0 

ft 
ft 

ft 

ft 
ft 

^ 



RISK ASSESSHENI SPREAPSHEfT - inPACI OF SOIL CONTflHINAIinN UN npniiNIHAlEP 'PAGE 1HPEE) 

BYRON BARREL AHD PflUH SITE 

EIPOSURE SCENARIO 7 - DEIEPHINE sn i l Cl EAN-UP GOALS l i f t -

CALCUIATE HAZARD INDICES; 

CHEHICAL 

ACETONE 

2-BIITANONE 

4-HETHVL-2-PEN1AN0NE 

PEN.'ENE 

ETHVIBEH/EHE 

TOLUENE 

IVLENES 

CHI OROBENZENE 

1,2-PlCHIOROBENIENE 

1.4-DICHL0R0BEH?EHE 

V I N i l CHLORIDE 

l , l .2-rRICHI.nP0EIHANE 

M. l - IRICHIOROEIHANE 

l.?-PICHinflFTHANE 

l.l-OICHLOPOETHANE 

IFIRArHIOPOETHENE 

IRICHLOROETHENE 

l,l-01CHI0R0E1HEHE 

CAPBON lEIPACW.ftPIDE 

CHI OROFftPH 

HE1HVLENE CHLORIDE 

CHLOROHETHAHE 

BROHOOICHIOPDHEIHANE 

CHLOROOIBROHOMEIHANE 

2-CHL0R0ETHVLV1HVI.E1HER 

CARBON OISUIFIDE 

BENZOIAIANIHRACENE 

BENZOIPIFLUORANTHEHF 

BENIOIAIPYRENE 

PPIVCHLORIHATEO BIPHENi'lS 

N-NITROSODIPHENiLAHINE 

PISI2-FTHVlHEI'i ' l)PHTHALATF 

DI-N-BUTVLPH1HAIA1E 

BARIMH 

rHPOHIUH 

COPPER 

lEAO 

NICKEL 

VANADIIIH 

ZINC 

lllGESUftN 

DOSE 

3.) f t9 i r -6 

6 .7 I4P -4 

J . f t f i p - ^ 

ft 

.5.561i 

l.SftBi 

i f l -4 CANCER RlSKt 

INHALATION 

DOSE 

ft 

ft 

ft 

l . 125e -6 

4.382P-4 

1.871)0-4 

ft 

ft 
ft 

ft 

5.^ ' i6«-S 

ft 
l l 

3,372e-4 

e , 6 ' 2 » - 4 

0 

ft 

ft 
[1 

ft 
ft 

ft 

ft 

REFERENCE 

DOSE ING. 

l e - l 

5p-2 

Se-2 

l e - l 

3P - I 

2eft 

3e-2 
4e-l 

4p-7 
lo-2 

le - l 

Ip-? 

1p-3 

7p-4 

le-? 

6P-2 

2P-1 

IP- I 

?p-2 

le-l 

5p-2 

Ipft 

3 .7P-7 

l . 4 » - 3 

2 P - 7 

I f - ; 

REFERENCE 

DOSE IHH. 

lp-2 

2P-? 

Ipft 

4e-l 

V - 3 

4p-| 

3ft-1 

l p - 1 

l p - 4 

l p - 7 

HAZARD 

IND. ING. 

ft 

ft 

ft 

ft 

3 . l f t 1p -5 

2.238P-3 

I , 5 3 2 P - 4 

ft 

ft 

ft 

ft 

ft 

l , f t83p-3 

ft 

ft 

6 ,561p-2 

ft 

0 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

HAZARD 

IND, INH. 

ft 

0 

ft 

ft 

ft 

4,382e-4 

4,67-ip-4 

ft 

ft 

ft 

ft 

ft 

I .8B5P-4 

ft 

ft 

3 . 5 7 2 P - 3 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

HAZARD 

INDEI 

ft 

ft 

ft 

ft 

3 , l f t 1p -5 

2 , 6 7 6 P - 5 

6,2ft7p-4 

ft 

ft 

ft 

ft 

ft 

l , 2?2e -3 

ft 

ft 

6,7f t6p-2 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

TOIAI HAZARD |HDE« 7 . U 6 P - 2 



RISK ASSESSHENT SPPEAPSHFET - IHFAr i nF SftH rOHIAMlMAIinH ON GpnilNnPAiFP iPAGE Fftllpl 

PVRON BARREL AND DPMH SMF 

EIPOSURE SCENARIO 2 - ftETEPHIHE Sni l f l F a i M I P r,n*l S I l ' i « CMir fP R I S t i 

fAICIIIATE ItlCREHENTAI CANCER P l f . t -

CHEHlCftl 

i i lGFSi in i i 

Pil^E 

I I IHSI f l l l i lN 

Tift-.F 

p f t iE i i r . 

F s n n p iHf i . 

pniFHCi 

FAFIftP INH. 

ff t i i rFP 

P I ' i l l l l f t . 

CaHCER 

RISK IHH. 

rftiiCEP 

PIS!' 

AFEIONE 

2-BIIIANOHF 

4-HEIHvL-?-F'EHIANnNE 

PfN!EHF 

E1HiTBFN!ENE 

i n i UENE 

i . lFHES 

FHIOPOBENZFHE 

I ,? DICHIOPOBENZEME 

l,4-DICIII0P0PEH?EIIE 

' ' IN t l CHLORIDE 

1,1,2-IRICHIOPOETHANE 

1,1,1-IRICHlOROEIHANE 

l,?-DICHIOPEIHAHE 

1.1-DICHLOPOETHANE 

TflRACHlOROEIHENE 

IPICHLOPOEIHENE 

M-OICHIOROEIHEHE 

CAPBON lETPACHLOPIDE 

CHI nPOFOPH 

HEIHVLENE CHLORIDE 

CHLOPOHEIHAHF 

PPOHODIFHLnpnnEIHAHE 

CHLOPODIPROHOHFTHAHE 

2-CHL0R0EIHVLUINtlEIHeR 

CARBOM niSUIFI I lE 

BENZOIAIANIHRACENE 

BENZOIBIFIUOPAIIIHENE 

BENZOIAIPYRENE 

POLVCHLORINAIEP P1PHEHVI5 

K-NIIPOSODIPHENYLAHINE 

BISI2-ETHYLHEIVL1PHTHAIATE 

DI-N-BUTVLPHIHAI.AIE 

BARIVm 

CHPOHIUH 

COPPER 

LEAD 

HICKEl 

VANADILM 

ZINC 

3.lft<?e-6 

f .714,1-4 

' . . . f . ' i o - t 

ft 

ft 

' > . ' ' ! ] ( - ' < 

i, 

f . . l f .1e-4 

1 . "iftBe- 3 

tl 

•1 

•t 

.1 

••• 

n 

u 

ft 

.> 
t't 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

ft 

i . 

ft 

l . ' P ' i p 

^ . ' B ? . ' 

1.8't'io 

^.( t '^ te 

3 . ' . 1 2 P 

S.t . '7e 

-6 

-4 

4 

" 

ft 

-5 

ft 

ft 

4 

-4 

ft 

ft 

ft 

I t 

ft 

fl 

ft 

ft 

M 

tl 

ft 

ft 

t ' l 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

?.4p- ! 

2.3i-ft 

• i . ' e - . ' 

l . l p - 2 

I . I P - 2 

5 . l e - 2 

l . l e - 2 

6 P - I 

l . 3 e - l 

6 . I P - 3 

' . " i p - ; 

1.3P-? 

I . o e - I 

B.4P-? 

I . 5 4 P - I 

' ' . 2 P - I 

I . ISpf t 

?,7pft 

4.1P-3 

I .4P-7 

2 . " e - l 

5 ,7p-? 

1 . )p -2 

; , 3 p - 3 

l . 3 e - 2 

l .2ef t 

l , 3 * - l 

8 , l p - 7 

l . 4 e - 2 

6.3P-3 

8 . I 7 P - 2 

4 . 1 - - I 

6 . left 

B.4P-I 

1.856P 

1.471P 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 
ft 

' -5 

' -6 

ft 
ft 

ft 

ft 
ft 

ft 
ft 

0 

ft 

ft 

ft 
ft 

ft 

ft 

ft 
ft 

ft 
ft 
ft 

ft 
ft 
ft 
ft 

6 , 3 5 8 P 

6,442e 

ft 

ft 

ft 

ft 

(-( 
ft 

(1 

ft 

ft 
ft 
ft 

-7 

- 6 

ft 

ft 

ft 

ft 

ft 

ft 
ft 

ft 

ft 

ft 

ft 

ft 

ft 
ft 

ft 
ft 

ft 

ft 

ft 
ft 

ft 
0 

ft 

ft 

(1 

M 

ft 

ft 

ft 

ft 

ft 
ft 

ft 

ft 

l ,12 f te -5 

I , 5 1 2 P - 5 

ft 

ft 
ft 
ft 

ft 
ft 
ft 
ft 

ft 
ft 

ft 

ft 

ft 

ft 

ft 

ft 
ft 
ft 
ft 
ft 

ft 
ft 
ft 

lOTAI PISl 3.512P-5 



PI5K ASSESSHENT SPREADSHEET - IMPACl OF s n i l rriHTAHINAIIOH OH t;pi)iiNritlAlfP (PAGE FIVE! 

BVRON BARREL ANO DRUM SI IF 

EXPOSURE SCENARIO 2 - DEIEPHINE Snil CLFAN-MP GOAIS 110-4 CANCEP PIS»i 

DETERHINE GROUNDNAIER AND SOU firilQN lE' . 'EIS: 

CARCINORENIC RISK I e - 4 

CHEHICAL 
NUMBER OF 
CAPCINOGEHS 

LARGE I 

RIS). 

INGESHONAI. 

DOSE 

6H Cl FAN-UP GOAL 

(MR.'I.) 

SOIL CLEAN-UP POAl. 

IHG/K61 

ACETONE ft 

2-BUIANONE ft 

4-HEIHVL-2-PENTAN0NE ft 

BENZENE 0 

ETHYLBENZENE 0 

101 IIEHf ft 

(iTENES ft 

CHLOPOBENIENE ft 

1,2-DICHLOROBENZENE 0 

l,4-0ICHinB0BEH;ENE ft 

»IHVL CHLORIDE '' 

l,l.2-TRICHL0R0ETHAHE ft 

1,1,1-IPICHI.OPOETHAHE ft 

l,?-DICHLOPEFHAHE ft 

M-DICHIOROEIHAHE ft 

TEIRACHI npUEIHENF I 

IPICHLOPOEIHENE I 

1,1-OICHIOROEIHENf 0 

CARBON lEIRACHIOPlOE ft 

CHlOflOFOPH ft 

HEIHiLENE CHIORIPE ft 

CHLOROHflHANf ft 

RROMODICHI.OPOHEIHANE 0 

CHLaRODIPROMOHEIHANE 0 

2-CHLOROEIHVLVINVLEIHER ft 

CARBON DISULFIDE 0 

BENZOIAIANTHRACENE ft 

BENZ0IR1FLII0PAN1HEHE 0 

PEHZDIAIPVPENE ft 

POIVCHIORIHATED BIPHENYLS ft 

H-NIIROSODIPHENVLAHIHE 0 

BISI?-E1H'LHE>VI.IPHIHAIA1F ft 

DI-N-BU1»LPHIHAIAIE 

PARIUH ft 

CHPOHIUH ft 

COPPER ft 

LEAD ft 

NICKEL ft 

VANADIIIH ft 

ZINC ft 

5p--i 

Sp-S 
6.7T1P-4 

l.4GRp-'V 

ft 

3.ft5fle-? 
5.2ft7p-2 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

B .367p- I 

4 . 1 3 3 e - l 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

TOIAI | p - 4 



RISK ASSESSHENI SPPEAPSHEEI - I H F A C T OF ^.nil rONIAHINAIIftN nil fipnuuOMAIEP IPAGE S H I 

BVRON BARREI AND PRIIH SITE 

EIPOSURE SCENARIO 2 - PEIFPHIMF SOU CIEAH-UP COAI S l i f t - 4 fAHCFP PlSKi 

DETERHINE GROUNDNATFR ANO SOU flriinil lEVEIR: 

NONCARCIN. RISK = .1 

CHEHICAl 

IIIIHBER UF lAPGET 

NnHCPRCIHOREMS HAJSPft INDEI 

UlfiESTinilAI 

OOSF 

RM r i EAN-UP RftAI 

IHR.'l I 

SOIL CLEAN-UP GOAL 

IHR'KGI 

ACEIOHE 

2-BIITAHftNE ft 

4-HEIH<l-/-PEHIAHftNE n 

BENZENE ft 

EIHYIBENZENE I 

TOIUEIIE I 

tiTENES I 

CHIORftBENZENE ft 

1.2-OICHI OROBENZENE ft 

1,4-DICHI OROBENZENE ft 

VINVI CHIOPIOE ft 

t , ! .2-TPICHI0P0EIHANE . ft 

1,1.1-IPICHLOPnETHAHE I 

1.7-OICHIOPEIHAHF ft 

1,1-ftlCHIOPOEIHANE 

lETRACHI OROETHENE I 

IRICHLOROETHENE 

1,1-OICHI OROETHENE ft 

CARBON TETRACHIORIDE ft 

CHIOROFOPH ft 

HETHVLENE CHLORIDE " 

CHLOROHETHANE ft 

BROHODICHIOPOHETHANE ft 

CHLORODIBRONOHETHANE ft 

2-CHL0R0ETHYLV1NVLETHEP 0 

CARBON OISUIFIDE ft 

BEHIOIAIANTHRACENE ft 

BEHIOIBIFIIIORANTHENf ft 

PEHZOIAIPVPENE ft 

POLYCHLORINATED BIPHFNVI.5 0 

N-HITR050PIPHENVLAH1NE ft 

6ISI2-ETHVLHEI'(| IPHIHAIAIE ft 

D IN-B I I IV I PHTHALATE ft 

BARIUH ft 

CHPOHIUH ft 

COPPER ft 

LEAD ft 

NICKEL ft 

VANADIUH 0 

ZINC ft 

1.81--1 

I . B P - I 

I . R i - l 

tt 

II 

ft 

ft 

ft 

i . f l e - l 

ft 

I . B P - 1 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

i i 

ft 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

fl 

ft 

ft 

ft 

ft 

l . f l f 

4 . S U P 

S . m : " 

1. .iGftp 

1.7Uip 

•7 

. 7 

-2 

ft 

ft 

ft 

u 

ft 

-7 

ft 

ft 

-3 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

4 . 3 e - l 

I.SRftSpft 

3. IIftt ioft 

ft 

ft 

ft 

ft 

ft 

4 .83 f tp - l 

ft 

0 

5 , 1 8 3 P - 7 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

(i 

^Jlftftpl 
3.S647PI 

s . iU ' ie l 
ft 

ft 

ft 

ft 

0 

5,5|1ftpft 

ft 

ft 

l ,6373pft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

0 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

TOTAL 



P|5V ASSESSHENI SPPEAItSUFfT - IHPAFT "F SOU r n i l U M l N A I UlN ftH ftPftlltiriWAIER 

SITE NANE; BVPftll BAPPEI ANft ilPMH SITF 

LOCAIION: RVPnil, MEM iftPK 

DATE; HAV l ' i , I 'B ' ' 

HAZARD INDICES AND IHCPFHFNIAI CAMCER RIStS APF CAl CUI ftlED Bi' IHIS SPPFAD5HEET. 

INO EIPOSIIPE ROUTES APE CONSIDERED: IHBESIIOn OF GPftUNDUATER AND INHALAIinN OF 

VOLATIIES DURING SHONERING. ASSIIHPI10N5 ARE Omi IWED KFLON. 

EIPOSURE SCENARIO I - DETERHINE SOIL Cl EAN-UP GOALS l l f t - 6 CANCER P I S l ! 

REFERENCES: EPA. OCIOBFR \ 9 U 

FOSIEP. El Al . , 1187 

DONIGIAN. EI A L . , NOVEHBEF, 1183 

EPA, .1111 f ? 1 , 1186 

EPA, NOVEHBER ?7, I 'B' t 

INGESIION; DOSE = IC y IP t AF).B« 

UHERE: C = 8P0UNDNAIEP CftHCFHIPAIiON IHB' I I 

IP = INGESTION PATE I I ITEPS 'nA i I 

AF = ABSPPPTION FRACIIOH lOEF lHAI F P A C I i n N l 

BU = Rnpv NEIGHl I I G I 

I N H A L A 1 I 0 N : DOSE = IS r I R l ' I R N I f i I I0E61 I IPs • E l p l - P i I D l i ' P s - ElPlPa I IDs - D t l W R a ) 

NHERE; S = Vf t lATI lE ORGANIC CHEMICAL GFHERATION RATE lUG'CUBIC HETER/HIN) 

IR = INHAIAIION PATE n.HERS.'SEC) 

DF = SHONEP DURATION (MINI 

Rs = AiP EICHANGE RAIE d . ' H I H I 

Dl - lOTAl DUPAIION IN SHONEP ROOM IHIHI 

BK = PODV NEIGHT l l G l 

ENTER INPMl PAPAHEIEPS; 

INGESTION: APUl I EIPOSURE 

o-
o 
5=^ 

IR 

AF 

BN 

INHAIAI ION: 

IR 

BN 

Os 

PI 

Pa 

SV 

ED 

R; 

2 

1 
7ft 

ADIIIT EIPOSURE 

2ft 

7ft 
15 

2ft 

.ftftR! 

1? 

Ift 

.ftftftftfl? 

CONVERSION 

FACTOR = 

d: 
1 = 

11 

1 ; 

Ml 

H? 
1; 

, f t2f l ' i7 l4 

1 

2 
2?^ 

3IP 

,18? 

.616 

;'63 

Ift 

HODEL PARAHEIERS: 

0 (CH'VEAR): 

Vll ICH'VEARI; 

L ICH); 

H (CH): 

Foe IK6 CARBON'KB SOIL) : 

25.4 

ISftft 

23ftft 

3ft5 

,ftft16 

^ 



RISK ASSESSHENI SPPEAD5HEEI - IHPACI HF SOIL rOHIftHlHAIinN OH GPnilNnUAlEP IPAGF IHOi 

BVRON BAPREI AND DRIIH SITF 

EIPOSURE SCENARIO I - DEIEPHIHE SOIL CIEAN-UP GOAI 5 n o - 6 CANCER RISM 

CAICIUAIE DOSES: 

CHEHICAl 

ACETONE 

2-pUTfiNOHE 

4-HETHVI-2-PENTANflME 

BEHZENE 

EIHilBEHZENE 

i n i UENE 

IVLENES 

CHLftPOPEHZEHF 

1,2-DirHI.OPOBEHZEHE 

l,4-DlfHinP0BFH?EHE 

VINVI CHIOPIOE 

1,1.2-IPICHIORnETHAHE 

l. l . l-TRICHLOPOEIHAHE 

1,2-DlCHIOREIHANE 

1,1-OICHIOROElHANE 

lEIRACHLOROEIHENE 

IPICHLOPOEIHENE 

I.I-D1CHIOR0E1HENE 

CAPBON TEIRACHI OPIOE 

CHLOROFORH 

HETHVLENE CHLORIDE 

CHLOROHETHAHE 

BROHODICHLOROHETHANE 

CHLORODIBROHOHETHANE 

2-CHlOROETHVLVINVLEIHER 

CARBON D1501 FIDE 

BENZOIAIANIHRACENE 

BENZ0IBIFLU0RAN1HEHE 

PENIOiAIPVRENE 

POLVCHI OPINATED BIPHENilS 

N-NIIROSODIPHENVLAHIHE 

BISI2-EIHVLHEIVL1PHTHAIATE 

Dl-N-PUTVI.PHIHAIATE 

BARIUH 

CHPOHIUH 

COPPEP 

I EAD 

NICKEL 

VANADIUH 

ZINC 

snil rniirPNl. 

i N G I G i 

Sftll SED. ADS. GPOUHDNATEP 

r r iEFF i r . CPUCfMIPAHOH 

t i f l 

;ft(. 

IS 

.MftftlftfP 

. 0 7 3 4 1 ' ! ' 

. i i l f t ! ? ; f t 

152 

364 

124 

ft 

.0034121 

ft 

ft 

,022?1f t i 

.ft527B36 

ft 

ft 

ft 

ft 

(1 

ft 

ft 

HOIECULAR 

HFIGHI 

•iB.ftS 

7B. I7 

Ift6.l6 

92. P. 
| f t6 .n 

133.41 

133,41 

18,96 

165,83 

131,39 

16,14 

278,3 

HENPVS LAN 

COHSIAHT 

•'.,43e-5 

5 ,5e-3 

6 ,6e-3 

6 , 6 6 P - 3 

4 . 3 3 e - ; 

7.42e-4 

3 P - 2 

1. I4P-4 

I , 5 3 P - 2 

1 . l e - 5 

l , 1 e - l 

2 , 8 P - 7 

HASS TRANSFER 

COEFFICIENT IKAI) 

2.?584eft 

ft 

ft 

I.8884P1 

l , 6317e l 

l . 7 5 2 l p l 

l .6 f t | f tp l 

ft 

ft 

ft 
ft 

1.121tp l 

l , 41B3e l 

l , J761p l 

ft 

l , 5333e l 

1,481661 

l .77f t f tp l 

ft 

0 
ft 

ft 
0 

ft 

ft 
ft 

ft 

ft 

ft 
ft 

ft 
ft 

l , 168e-2 

ft 

ft 

ft 
ft 

ft 
ft 

ft 

INGESTION 

DOSE 

3, I f t1p 

6 , 7 | 4 P 

3.ft65p 

1 ,75 le 

ft 

ft 

ft 

ft 

-6 

4 

-4 
ft 

ft 
ft 

ft 

0 

- 5 

ft 
0 

6,369e-4 

l ,5f t8e -3 

ft 
ft 

ft 

ft 

ft 
0 

ft 
ft 

ft 
ft 

ft 

0 

ft 

ft 
ft 

ft 
ft 

ft 

ft 

ft 

0 

ft 
ft 

INHALATIO 

DOSE 

ft 

ft 

ft 
ft 

1,9256-6 

4 , 3 B 2 P - 4 

l ,B7f te-4 

ft 

ft 
ft 

ft 

ft 
5,656e-5 

ft 

0 
3,372e-4 

e,672p-4 

ft 

ft 

ft 

ft 
ft 
ft 

ft 
ft 

ft 

0 
ft 

ft 
ft 

ft 

ft 

ft 

ft 

ft 
ft 

ft 

0 

0 
ft 



RISK ASSESSHENT SPREADSHEET 
BVRON BAPPEI AND DPUH S H E 

IHPACI OF soil. CONtANINAIIPN ON RpnUNnKAIFP IPAGf IHPEEI 

EIPOSURE SCENARIO 1 - DEIEPHINE 

CAICIUAIE HAZARD INDICES; 

CHEHICAL 

ACETONE 

2-BUIAHOHE 

4-HEIHVI -2-PENTANONE 

BEHZENE 

EIHYI BEHZEHE 

101 UENE 

IVLENES 

CHLOROBENZENE 

1,2-DICHLOPOBEHZEHE 

1,4-DICHLOROBENZENE 

VINVL CHLORIDE 

1,1,2-IRICHIOPnflHAHE 

1,1,1-IRICHLOPOETHANE 

l,?-DICHI0RE1HAHE 

1,1-DICHLOROETHANE 

IE1RACHL0R0ETHEHE 

TRICHLOROEIHEHE 

l.l-DICHLOROETHENE 

CARBON TEIRACHI OPIDE 

CHI OPOFPPM 

METHYLENE CHLORIDE 

CHI.OPOHETHANE 

PROHODICHLOROHEIHANE 

CHLORODIBROHOHEIHANF 

2-CHLOROEIHVI VINVI ETHER 

CARPftN DISUIFU'E 

BENZOIAIANTHRACENE 

BENZOIBIFLOORANIHENE 

BENZOIAIPYRENE 

POLICHIORINAIED PIPHENVI S 

N-NIIR050DIPHENVLAH1NE 

BISI2-EIHVLHEIVL IPHIHAIAIE 

DI-N-PUKIPHIHALAIE 

BARIUH 

CHROHILIH 

COPPEP 

LEAD 

NIOEI. 

VANADIUH 

ZINC 

sn i l CIEAH-UP GC 

INGESTION 

DOSE 

ft 

ft 

A 

ft 

3 . | f t 1e -6 

6 . 7 I 4 P - 4 

?.045e-4 

ft 

ft 

ft 

ft 

(1 

1.75 !e - - i 

ft 

0 

6.3.69e-4 

I.SftSe-3 

ft 

ft 

ft 

ft 

0 

ft 

ft 

I t 

t l 

ft 

ft 

ft 

ft 

f l 

ft 

ft 

ft 

1) 

fi 

ft 

ft 

II 

ft 

lALS l l f t - 6 CANCEP PISl 

INHAIAlIftN 

DOSE 

1 .1? ' i p 

4 .3B2P 

I.B7fte 

5.656e 

3 . 3 ' ? p 

8.67?e 

f. 

ft 

ft 

ft 

- 6 

-4 

-4 

f l 

ft 

ft 

ft 

ft 

- • i 

ft 

0 

t 

-̂  
ft 

0 

f l 

f l 

ft 

ft 

f l 

n 

ft 

ft 

fl 

ft 

ft 

ft 

f l 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

1 

PEFFPFNCF 

DOSE ING. 

l p - 1 

5 P - ? 

•ie-2 

| p - l 

3 e - l 

?pft 

3e-? 

4 e - l 

4P-2 

1p-2 

I P - I 

l e - 2 

1P-3 

' p - 4 

I p - ? 

6 P - 2 

?e-( 

I p - I 

2 P - ? 

l p - 1 

5 P - ? 

Ipft 

3.7P-2 

1.4e-3 

?»-? 

| p - 3 

? P - I 

REFERENCE 

DOSE INH. 

1p-2 

2e-2 

Ipft 

4 p - l 

5 P - 3 

4»-) 

3 P - I 

l e - l 

l p - 4 

l p - 2 

HAZARD 

IND. ING. 

fl 

ft 

ft 

0 

3 . l f t 1p -5 

2.23BP-3 

l . 53?e-4 

ft 

ft 

ft 

ft 

ft 

l . f t83p-3 

ft 

ft 

6..361e-2 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

HAZARD 

IND. INH. 

4.3B2P 

4,675e 

ft 

0 

ft 

ft 

ft 

-4 

- 4 

ft 

ft 

ft 

ft 

ft 

1,8856-4 

3.372e 

ft 

ft 

- 3 

ft 

ft 

ft 

ft 

0 

ft 

fl 

ft 

fl 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

fl 

t 

HAZARD 

INDEI 

ft 

ft 

ft 

ft 

3 , l f t1e-5 

2 . t 7 6 p - J 

6.2ft7p-4 

ft 

ft 

ft 

ft 

ft 

1.272P-3 

ft 

ft 

6.7ft6p-2 

ft 
ft 

ft 

ft 

ft 
ft 

0 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

ft 

lOIAL HAZARD INDEI 7.I66P-7 

O 

[=6 



RISK ASSESSHENI 5PREADSHEEI - IHPACI OF SOU (nil lAMINATIOH ON GPOIIHDNAIFP (PAGE F(ll ipi 

BVRON BARREI AHD DPUH SHE 

EIPOSURE SCENARIO I - riEIEPHIlIE SOU CIEAH-UP GOAI S i l'i 6 fAIICFP P ISH 

CALCUIAIE IHCREHENlAl CANCER RISK; 

CHEHICAl 

INGESIION 

DflSf 

INUALAIION 

DftSF 

PO'ENCV 

FAriOR ING. 

PniENCi 

FACTOR IHH. 

CANCEP 

RISK ING. 

CANCEP 

RISK IHH. 

CANCER 

RISt 

ACETONE 

2-BIIIANONE 

4-HEIHVI -J-PENTANONE 

BENZENE 

EIHf l BENZENE 

lOIUENF 

"LENES 

CHIOflOBEH'EHE 

1,2-DICHLORnBEHZENE 

1.4-PICHI OROBENZENE 

VINVI CHLORIDE 

l .1.?-TPICHI0R0fIHANF 

I . I . I - I P I C H I O P O E I H H H E 

1,2-DICHIOPEIHAHF 

l.l-DICHIOPOEIHANE 

lErPACHIOPDEIHEHE 

IRICHIOROEIHEIIE 

1,1-OICHIOROEIHFHF 

CAPBOH lEIRACHLORIDE 

CHlOflOFOPH 

HEIHVLENE CHIORIDE 

CHLOROHETHAHE 

BBOH0DICHLOR0HE1HANE 

CHL0P0DIBR0H0HE1HANE 

2-CHL0R0E1HVLVINVLETHER 

CARBON DISULFIDE 
BENZOIAIANTHRACENE 
PENZOIBiFIUORAHTHEHE 
PEHZDIAIPVPENE 
POIVCHIORINfllEO BIPHEH'fLS 

N-NIIPOSODIPHEHVIAHINE 

PISIZ-ETHfLHEIVI IPHIHfllATE 

ftl-N-BUIVLPHIHALATE 

BARIUH 

CHPOHIUH 

COPPER 

I EAD 

NICKEI 

•'AHADIUH 

Z I N C 

2.1P-7 

•;, ifltto-,-, 

6 . " ' l 4 i . - l 

'...'.611-4 

6..'.6?p-4 

I . ' i f tBe-? 

I .-.-•lo-/-. 

( . ' .R?P-4 

I .11'ftp-4 

• i .6 ' . tP-S 

ft 

3.3!?e-4 

8.t.'.'e-4 

2.4P-? 

2.;»» 

5.;e-? 

L i e ? 

I . l e ? 

S . I P ? 

I . le 2 

6P-I 

l ,3e-l 

6. le-3 

' .5p-3 

1.3P-? 

I.3P-I 

B.4P-2 

l . 5 4 e - l 

1 .2P-1 

r.l5eft 
7.7pfl 

4.1p-3 

1.4P-2 

2,15p-l 

: i .7p-2 

l . l e - 2 

3 . 3 p - ; 

l.3e-2 

I.2PO 

I.3P-I 

8.IP-2 

l.4e-2 

6.3P-3 

8.179-2 

4. Ip- I 

6,left 

8.4P-I 

ft 

ft 

ft 

).8.54e-5 

1.471P-6 

ft 

ft 

ft 

ft 

ft 

0 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

fl 

ft 

ft 

ft 

4.5-S8P-7 

6,442e-6 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

fl 

ft 

ft 

ft 

ft 

ft 

ft 

l , 92 f t p -5 

1.512P-5 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

fl 

ft 

TOTAI RISK 3 , 5 1 2 P - 5 



RISK ASSESSMENT SPREADSHEET - IHPACI OF SOU C0N1AHINA1I0H OH GPOUNDNAIEP (PABE F j V E l 

BVRON BARREL AHD DRIIH SITE 

EIPOSURE SCENARIO I - DETERHINE SOU Cl EAHUP GOALS 110-6 CANCEP RISK) 

DETERHINE BROIINDNATER AND SOU ACTION l E V E I S ; 

CARCINOGENIC RISK I P - 4 

CHEHICAl 

ACETONE 

7-BUTAHONE 

4-HETHVI -2-PENTANONE 

BENZENE 

ETHYLBENZENE 

TOIUENE 

I/LENE5 

CHI OROBENZENE 

1,2-DICHLOROBENZENE 

1,4-DICHLOROBENZENE 

VINVL CHLORIDE 

l , l . 2 - I R I C H L 0 R 0 E I H A N E 

1.1,1-IRlCHLOROETHAHE 

1.2-DICHLORETHANE 

1,1-DICHLOROETHANE 

TETRACHLOROETHENE 

TRICHLOROETHENE 

1,1-DICHLOROETHENE 

CAPBON TETRACHLORIDE 

CHLOROFORH 

HETHVLENE CHLORIDE 

CHLOROHETHAHE 

BROHODICHL0R0HE1HANE 

CHLORODIBROHOHETHANE 

2-CHLOPOETHVlVINVLEIHER 

CARBON PISUIEIPE 

BENZOIAIANTHRACENE 

BEHZOIBIFILIORANTHENE 

BENZOIAIPYRENE 

POIVCHLORINATEO BIPHENHS 

H-NITROSOPIFHENVLAHINE 

BISI2-ETHVLHEIYLIPHTHALATE 

DI-N-BUTVLPHTHALATE 

BARIUH 

CHROHILIH 

COPPER 

LEAD 

NICKEL 

'MNADIUH 

ZINC 

HUHPEP OF 

CAPCINOGEHS 

ft 

ft 

fl 

lARGEI 

RISK 

I'l / 

ft 

•ip-5 

•ip-S 

ft 

ft 

ft 

ft 

ft 

INGESIIONAL 

DOSE 

ft 

ft 

ft 

ft 

ft 

fl 

ft 

ft 

ft 

ft 
ft 
ft 

ft 

fl 

ft 

8 . 7 ; 6 P - 4 

I.488P-3 
ft 

ft 

ft 

ft 
fl 

fl 

fl 

ft 

ft 

ft 

fl 

ft 

ft 

ft 

ft 

ft 
ft 

ft 

ft 
fl 

ft 

ft 

ft 

GN CLEAN-UP GOAL 

IHG.'I! 

ft 
ft 
ft 
fl 

ft 
fl 

fl 

ft 

ft 

fl 

fl 

ft 
fl 

ft 

ft 

3.ft5Bp-2 

5.2ft7e-2 
ft 
fl 

ft 

ft 
ft 

ft 

ft 

ft 
ft 

ft 

ft 
ft 

ft 
ft 

ft 
ft 

0 

ft 

ft 
ft 

ft 

ft 

ft 

SOIL CLEAN-UP GOAL 

IH6/KG1 

ft 

ft 
ft 

ft 
ft 

ft 

ft 

ft 

ft 

ft 

ft 
ft 

ft 

ft 

ft 

8 .367P-1 

4 , 9 3 3 e - l 

0 

ft 

ft 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 
ft 

ft 

ft 

0 

0 

ft 

ft 

ft 

ft 

0 

TOTAL 



RISK ASSESSHEHI SPREADSHEET - IHPAri OF SOU nONIpHIHAIinN ON CPPUIIDNAIEP ipAGE S i n 
BYROH PARREL AND DPUH SITE 
EIPOSURE SCENARIO I DETERHINE SOU Cl EAN-UP GOAI S (10 t CANCER P I S H 
DETERHINE GROUNDNAIER AND SOIL ACTION IF"EIS; 
NONCARCIN. RISK = ."? 

CHEHICAl 

ACETONE 

2-BUIANnHF 

4-HEIHVL-2 PENIANONE 

PEHJEHE 

ETHVLBENZENE 

TOLUENE 

ii ' lENES 

CHI ORnfiEHZENF 

l , ? - D i r H I OROBENZENE 

1.4-DICHI.OROPENZfNE 

VINVI CHLORIDE 

1,1,7-IPICHIORnETHAHE 

I .KI- IRICHIOPOEIHAHE 

1.7-DICHIOPFTHANE 

1,1-DICHLOROETHANE 

lETRACHI OROETHENE 

IRICHLOROETHENE 

1,1-OICHLOPOETHEHE 

CARPOH lEIRACHLORIDE 

CHLOROFORM 

HEIHVLENE CHLORIDE 

CHLORONETHANE 

BPONODICHLOROHEIHAHE 

CHIORDDIPPOHOMETHAHE 

2-CHlOROETHVLVINVIErHEP 

CARBON DISULFIDE 

BENZOIAIANTHRACENE 

BENZOIBIFLUORANTHENE 

BEHZOIAIPVRENE 

POIVCHI OPINATED PIPHENVI S 

N-NITPOSODIPHENVLAHINE 

BISI7-ETHVIHEKVI. IPHIHAIAIE 

DI-N-BUTVLPHTHALATE 

BARIUH 

CHPOHIUH 

COPPER 

LEAD 

HICKEL 

VANADUm 

ZINC 

ft 

fl 

t l 

1 

t 

1 
ft 

ft 

fl 

ft 

ft 

1 

ft 
.1 

1 

ft 

h 

ft 

l l 

ft 

ft 

ft 

ft 

0 

fl 

ft 

fl 

ft 

ft 
fl 

ft 
ft 

ft 

ft 

ft 

It 

ft 

!• 

fl 

NUHBER OF lARGEI 

NONCAPCIHftGEHS HA/ARft \ H K I 

I.BP-I 

I.Rp I 
l.Pe-l 

I.Pe-l 

NGESIIONAI 

DOSE 

f, 

ft 

0 

f l 

l .Be -? 

1.5I6P ? 

8.9R7?-? 

ft 

ft 

f i 

6H Cl EAN-UP GOAI 

IMG' I I 

fl 

ft 

fl 

fl 

6.;e-i 

I.SSftSpfl 

3.1Ifl6pfl 
ft 

ft 

ft 

l.'.Gfte-? 4.B3fte-l 

. ' l f le-3 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 
ft 

(1 

ft 

fl 

fl 

ft 

ft 

fl 

fl 

ft 

ft 

•i.1B3e-? 
fl 

ft 

ft 
ft 

ft 
ft 

ft 
ft 

ft 

ft 

ft 

fl 

ft 
ft 

ft 
n 

ft 

fl 
fl 

fl 

ft 

ft 

ft 

SOIL CLEAN-UP GOAL 
IHG/KGl 

ft 

ft 
fl 

fl 

5.?|ftftpl 

3.5647el 

5. ' '?15e| 

fl 

fl 

ft 
fl 

ft 
5.5|1ftpft 

ft 

ft 

l ,6373pft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

rt 

ft 

ft 

ft 

ft 

ft 

10TAI 

gS5 



RISK ASSESSHENI SPPEADSHEET - IMPACT OF SOU CONTAHINATION ON GpnimDHATFP 

SHE NAHE; BVRON PAPPFI AND DRUM 51 IF 

LOCATION: BVRON, NFN TOpl 

DATE: HAV 15, l lR i f 

HAZARD INDICES AND INCREHEHIAL CANCFR RISKS APF CAICUIAIFD BV IHIS SPPEfiftSHFFT. 

INO EIPOSURE ROIIIES ARE CONSIPEPED; INGEST ION OF GRnilNDHAlFP AND IHHfll ATION OF 

' / f l tA f fZEs Oi imns s m t c R i N s . f i s s ' i H p r i w s A K m t m i ) w w . 

EIPOSURE SCENARIO 3 - PFIERHINE SOU CIEAN-UP GOAI fi IflPAP BASEpi 

REFERENCES: EPA, OCIOBER I ' B t 

FOSIEP, E l A L , , I 'B? 

DONIGIAN, EI A L . , NOVEMBER. 1183 

EPA. . m . l 2 1 , 1186 

EPA, NO'/EHBER ? ' . 1185 

INGESIION; DOSE = IC y IP ? AFl'PW 

NHERE; C = BR0UHDNA1ER CONCENTRATION IHB.'LI 
IR = INGESTION RATE IIITERS'DAVI 
AF = ABSORPTION FRACIION (DECIMAL FRACTIONI 
BN = BODV NEIGHT ItGl 

INHALATION: OOSE = IS i IPI'IBN I Pa I |ftE6) I IDs • EIPI-Ra I Dtl'Pa - EIPIRa I ID? - OUI.'Ra) 

NHERE; S = VOLATILE ORGANIC CHEHICAL GENERATION RATE lUG'CUBIC HETEfl/NIN! 
IR = INHALATION PATE ILIIERS'SECl 
Ds = SHONER DUPAIION IHINI 
Pa = AIR EICHANGE RATE D ' H I N ) 
Dt = TOTAL DURATION IN SHONEP POOH IHINl 
BN = BODi HEIGHT IKGI 

ENTER INPUT PARAHEIERS: 

INGESIION; ADUII EIPOSURE MODEL PARAHEIERS: 

IP 

AF 
RH 

INHAIAIION: 

IP 
BN 

D? 

Dl 

Pa 
SV 

ED 

P: 

2 
1 

7fl 

ADULT EIPOSURE 

2ft 
7ft 
IS 

?ft 

.ftftR3 

1,2 
4ft 

. ftftftftft',' 

CONVERSION 
FACinP = 

,ft7fl'i7|4 

I 
2 

213 
3IR 
.IB? 
.616 
213 
Ift 

0 ICH'VEARI: 25.4 
Vd ICH'VEARI; I5ftft 
L (CMI: 23ftft 
H (CMI: 3ft5 
Foe (KG CARBON'KG S O U I: ,ftft1t 

m 



RISK ASSESSMENT SPRfADSHFEf - mPACt Of SOU rOHrANfKArtOH ON GPllKNftWrfP iPAGE r « i ! 

BVRON BAPPEI AND DRUN SITE 

EIPOSIIPE SCENARIO 3 DFIFPHINF sn i l I IEAN-l iP GOAI S lAPAP-BASFfti 

CAICUIAIE DOSES: 

G 

CHEHICAl 

ACEIOHE 

2-BUlANONE 

4-HEIHVL-2-PENIANOHE 

BEHZENE 

ETHVLBEMZENE 

101 UENE 

I f lEHES 

CHIOPOBEHZENF 

I ,? OICHinPflPENZENE 

1.4 DICIILOROBENiENE 

'.'1N»L CHLORIDE 

1.1,2-IRICHinROEIHAHE 

l . l . l - IRICHLOPOEIHAHE 

1,2 DICHLOPEIHAHE 
l.l-DICHLOPOEIHAHE 

TEIRACHI OROfTHERE 

IRICHLOROETHENE 

1,1-DICHLOROETHENE 

CAPBON lEIRACHLORIDE 

CHLOPOFOPH 

HETHVLENE CHLORIDE 

CHLOROHETHANE 

BPOHODICHLOPOHEIHANE 

CHLORODIBROHOHETHANE 

2-CH10R0ElHVLVIN'LE1HEP 

CARBON DISULFIDE 

BENZOIAIANTHRACENE 

BENZOIBIFLIIORANTHEHE 

BENZOIAIPYRENE 

POLVCHIDRIHAIED BIPHENVI.S 

N-HIIPOSOBIPHENVI.AHIHE 

BIS(?-EIHV|HE»VI IPHTHALATE 

0I-N-6UTVI.PHIHALA1E 

BARIUH 

CHPOHIUH 

COPPER 

LEAD 

HICKEL 

VANADIIIH 

ZINC 

3011 CftHCEHT. 

IMG .'KG) 

.009 

.53 

SOU .SED. ADS. GPOUNDHAIEP 

CftEFFir. roNrEHIRfl l lOH 

24fl 

364 

!?6 

.ftftftlftBB 

.02341)97 

. f t |072 i f t 

ft 

ft 

.(1034121 

.0222909 

.0527836 

0 

ft 

ft 

ft 

ft 

0 

0 

ft 

fl 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

HOIECULAR 

NEIGHT 

59.ftB 

78.17 

106,16 

12,13 

Ift6.l7 

133,41 
133.41 

18.16 

165,83 

131.31 
16,14 

278,3 

HEHPV5 I AH 

CONSTANT 

3,43e-5 

5.5P-3 

t,6p-3 

6.66e-3 

4.33P-3 

7.42P-4 

3P-2 

1.I4P-4 

1.53P-2 

1.le-3 

l ,1e- l 

2 , 8 P - Z 

HASS IPANSFEP 

COEFFICIENT (KAI I 

2,7584eft 

ft 
ft 

<.B8B4el 

1.4317el 

1.7521el 

l . i f t l f t p l 

ft 
ft 
0 

fl 

I .1216PI 

l . 49B3e l 

1.3769pl 

ft 

I .5333PI 

1 . 4 8 I 6 P I 

l , 77 f l0e i 

ft 
ft 
ft 

ft 
ft 
ft 
ft 

ft 
ft 

ft 

ft 

ft 
ft 
ft 

1,1666-2 

ft 
ft 
ft 
fl 

ft 
ft 
fl 

INGESTION 

OOSE 

3, l f t1e 

6 , 7 l 4 e 

ft 

ft 
ft 

ft 

"6 
-4 

3.065P-4 

9.751P 

6,361p 

I,5ft8p 

ft 
fl 

ft 

0 

ft 

1-5 

ft 
ft 

-4 

-3 
fl 

ft 

ft 
0 

0 
ft 

ft 
ft 

ft 
ft 

0 

0 

0 
ft 

ft 

ft . i 
ft 
ft 

ft 
ft 

ft 

ft 
ft 

INHALATIO 

DOSE 

ft 

ft 

ft 
ft 

l , 925e -6 

4 , 3 8 2 P - 4 

l ,87f te-4 

ft 

ft 
ft 

ft 

ft 

5 , 6 5 6 P - 5 

ft 
ft 

3 , 3 7 2 P - 4 

8,672e-4 

ft 

ft 
ft 

ft 

ft 

ft 
ft 
ft 
ft 
ft 

0 
ft 

ft 
ft 
ft 
ft 

ft 
0 

ft 
ft 

ft 
ft 
ft 



OH 

RISK ASSESSHENT SPREAD5HEE1 - IHf f lC l Of SOU cnHTAHINAMON ON 6ROIIN0HAIEP (PAGE THPEEi 

BVRON BARREI AND DPUH 51 IF 

EIPOSIIPE SCENARIO 3 DEIEPHINE SOU CIEAN-UP GftAI S ifiRAP-BASFDl 

CAICUIAIE HAZARD INDICES: 

CHEHICAl 

ACETONE 

2-BUTANONE 

4-MEIHVL 2-FENTAHONE 

BENZENE 

EIHf l BENZENE 

101 UENE 

111 ENES 

CHLOROBENZENE 

1,2-DICHIOPOBENZEHE 

1,4-DICHLOROBENZENE 

VINVI CHLORIDE 

t , l ,2- IRlCHL0R0EIHANE 

!,I.1-TP1CHI,0R0EIHAHE 

).2-DlCH10RETHANE 

1,1-DICHLOROETHANE 

TEIRACHI OROETHENE 

1P1CHI OROETHENE 

1,1-DICHLDROETHEHE 

CARBOM lEIRACHLORIDE 

CHLOROFORH 

HETHVLENE CHLORIDE 

CHIOROHEIHAHE 

BROHODICHI.DROHEIHANE 

CHL0R0DIBR0H0HE1HAHE 

2-CHlOPnEIHiLVlNVlElHER 

CAPBOH DISUIEIDE 

BFNZOIAIANTHRACEHE 

BENZOIUFLIIORAHIHENE 

BENZOIAIPVPENE 

POIVCHI OPINATED BIPHENVIS 

N-NIIROSODIPHENVI.AMINE 

BIS(?-E1HVLHEIVL|PHTHAIAIF 

DI-N-BUZVIPHIHAIAZE 

BARIUM 

CHPOHIUH 

COPPER 

LEAD 

NICKEL 

VANADIIIH 

ZINC 

1 USES 11 OH 

pnSF 

ft 

f l 

•'. 

f. 

3, l05o-.s 

6 .7 I4P-4 

3.04Se-4 

fl 

.1 

ft 

ft 

fl 

= .7S|p-S 

ft 

0 

6.369e-4 

l . ' i f tBe-3 

fl 

ft 

ft 

11 

0 

l l 

' 1 

f. 

ft 

1'. 

I1 

fl 

.( 
ft 

ft 

fl 

11 

fl 

h 

ft 

fl 

ft 

INHAIATION 

D05F 

1.97'i.. 

4.387e 

l . f l ' f t e 

5.656e 

3.372P 

B . 6 ' 2 P 

fl 

f l 

ft 

ft 

-6 

-< 
-4 

ft 

0 

f. 

ft 

fl 

-5 

ft 

ft 

-4 

-4 

0 

ft 

0 

ft 

ft 

ft 

0 

ft 

ft 

f. 

fl 

ft 

ft 

.) 
fl 

ft 

ft 

0 

ft 

ft 

ft 

0 

fl 

PFFFPENCE 

DOSE ING. 

l e - l 

5 P - ? 

•ie-7 

l e - l 

3 p - | 

?eO 

3e 2 

4 e - l 

4e-2 

9e-2 

l e - l 

l p - 2 

1p-3 

7p-4 

l p - 2 

6P-? 

2 e - l 

l e - l 

2 P - ? 

l e - l 

5e-? 

left 

3 .7P-2 

I .4B-3 

2p-7 

l e - 3 

2P - I 

PEFEPENFE 

DOSE IIIH. 

9e-? 

2e-? 

Ipft 

4P"I 

5P-J 

4e-l 

3P-1 

Ip- I 

lp-4 

lp-2 

HAZARD 

IHD. IHG, 

ft 

ft 

ft 

fl 

3 .109e-5 

2 .?38e-3 

1.552P-4 

ft 

fl 

ft 

ft 

ft 

l . f t83p-3 

ft 

ft 

6 .361P-2 

ft 

ft 

ft 

0 

ft 

ft 

0 

ft 

0 

fl 

ft 

ft 

0 

ft 

fl 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

HAZARD 

IND. INH. 

4.382e 

4.675e 

fl 

fl 

fl 

ft 

ft 

-4 

-4 

ft 

ft 

ft 

ft 

ft 

l , 885e -4 

3,572e 

ft 
ft 

1-3 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 
ft 

ft 

ft 

ft 

ft 

HAZARD 

INDEI 

fl 

ft 

ft 

0 

3 . | f t9e-5 

2.676e-3 

6.207P-4 

ft 

ft 

ft 

ft 

fl 

l . 272e-3 

ft 

ft 

6.7f t6e-2 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

1) 

0 

ft 

ft 

fl 

ft 

ft 

ft 

0 

ft 

lOTAI HAZARD INDEI Z . I 6 6 e - 2 



RISK ASSESSHENT SPREADSHFET - IMPACl 

BVPON BARREI AND DRUM S H E 

EIPOSURE SCENARIO ^ DEIEPHINE SOU 

CALCULATE INCREHENTAL CANCEP P I S ) : 

CHEMICAL 

ACETONE 

2-BUTANDHf 

4-HEIHVI-7-PEHTANOHE 

BENZENE 

ETHYLBENZENE 

TOLUENE 

IVLENES 

CHLOROBENZENE 

l,?-DICHLOROBENZENE 

1.4-DlCHLOROBENZEHE 

VINYL CHLORIDE 

1,1.2-TRICHLOROETHANE 

1 ,1 ,1 - lP lCHLOROEIHANE 

1.7-DICHlORETHANE 

1,1-DlCHLOROETHANE 

lETRACHI OR0E1HEHE 

IRICHl.OROEIHEHE 

l . l -DICHLOROETHENE 

CARBON TETRACHLORIDE 

[HLOROFORH 

HETHVLENE CHLORIDE 

CHLOROHETHANE 

BROHODICHLOROHEIHANE 

CHLORODIBROHOHETHANE 

2-CHLOROETHVLVINVLETHEP 

CARBON OISUIF IDE 

BENZOIAIANTHRACEHE 

BEHZOIBIFIIIOPAHTHEHE 

BENZOIAIPVPENE 

POCVCHLORINAIED BIPHENVIS 

N-NIIROSODIPHENVLAHINE 

B1SI?-ETHVLHEKVL)PHTHALAIE 

DI-N-BI | I 'ZLPHTHALA1E 

BARIUH 

CHPOHIUH 

COPPER 

LEAD 

NICKEI. 

VANADIUH 

ZINC 

I OF ^ m \ nOHlAMINAt lON IIH GpnilNfiNAIFP IPAGE FOUR! 

CLEAN Up GOAI 5 

INGESTION 

DftSF 

fl 

f l 

f. 

3 , l f t l e - 6 

6 . 7 | 4 p - 4 

3 ,065e-» 

ft 

.1 

f. 

ft 

ft 

•=.7^10-1 

(. 
fl 

6.369P-4 

I .Sf lBe-3 

fl 

0 

fl 

ft 

fl 

fl 

f l 

ft 

ft 

ft 

ft 

fl 

fl 

0 

fi 

fl 

fl 

fl 

ft 

fl 

ft 

fl 

ft 

.APAP-BflSFftI 

INHAIAIION 

DOSE 

ft 

ft 

'1 

ft 

i . 9 2 5 e - 6 

4.3f l?p-4 

l . 8 ' f t e - 4 

ft 

f l 

ft 

ft 

ft 

s,6S6e-S 

ft 

ft 

3 .3^?p-4 

B .6 '?e -4 

fl 

ft 

ft 

ft 

ft 

fl 

fl 

fl 

ft 

0 

fl 

ft 

fl 

ft 
fl 

ft 

fl 

fl 

fl 

fl 

ft 

0 

fl 

fOIENCi 

FACTOR ING. 

2.9P-2 

7.4P-7 

2. 3efl 

5 .7p-2 

9 . l p - 2 

9 . l p - 2 

5 . I P - 2 

l . l e - 2 

6 P - 1 

l . 3 e - l 

6 .1P-3 

7.5P-3 

1.3e-? 

I . 3 e - I 

B.4P-? 

1 .54e- l 

9 , 2 e - l 

),15pft 

7.7eft 

4 ,9p -3 

l , 4 e - 2 

PftlENCI 

FACTOR INH. 

7.1P-7 

2 .15P-1 

' i . l p - ? 

I . I P - ? 

3 ,3p-3 

1 , 3 P - 2 

1.2pft 

l . 3 e - l 

8 , l p - 2 

l , 4 e - 2 

t . 3 p - 3 

8 .17e-2 

4 , 9 P - 1 

6 , le f t 

B , 4 p - I 

CAHCEP 

RISK ING, 

fl 

ft 

fl 

ft 

fl 

ft 

ft 
fl 

0 

ft 
ft 

ft 

fl 

ft 

0 

1.8566-5 

1,479p-6 

ft 
ft 

ft 

0 

ft 

ft 

ft 

0 

ft 

0 

ft 

ft 
ft 

0 

ft 

ft 
ft 

ft 

ft 
ft 

0 
ft 

ft 

CANCER 

RISK INH. 

6,358e 

4,442i! 

ft 

ft 

fl 

ft 

ft 
ft 

ft 

ft 
fl 

fl 

fl 

ft 

ft 

ft 

0 

1-7 

.-6 

ft 

ft 

ft 
ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 

, 

CANCER 

RISK 

ft 

ft 

ft 

ft 
ft 

ft 

ft 
ft 

ft 
ft 
fl 

ft 

ft 

0 

ft 

l ,12 f te -5 

l , 512e -5 

ft 
ft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 
ft 

ft 
ft 

ft 
0 

ft 

ft 

ft 

lOTAI RISK 3,512e-5 



RISK ASSESSMENT SPREADSHEET - IHPACI ftF SOU rONIAHIHAIIOH ON GROUNDNflTEP IPAGE FIVE) 

BVRON BAPPEI AHD DPUH SITF 

EXPOSURE SCENARIO 3 - DETERHINE SOU C| EAN-MF GOAI 5 it^PAP-BASEDi 

DETERHINE GROUNDNAIER AND SOU ACIION l E i ' F I S i 

CHEHICAl 

GH CLEAN-UP GOAL 

(HG'T i 

s o i l CIEAH-UP GOAI 

IHG,'KG I 

O 

ACEI ONE 

2-PIIIANONF 

4-MEIHfl.-?-PENIflN0NE 

BENZENE 

ETHVLPEHZEME 

101 UENE 

<iLENE5 

CHI OROBFNTFNE 

I.2-DICHLOROBENZENE 

1.4-DICHl OROBENZENE 

"INVI. CHLORIDE 

I. I ,?-IP1CHI0P0E1HAHE 

1.1,1-TRICHLOPOEIHANE 

1,2-DICHLOPEIHAHf 

1,1-DICHLOROETHANE 

TEIRACHI OROETHENE 

IPICHLOPOEIHENE 

1,1-DICHI.nPOEIHFNF 

CAPBON TETRACHIORIDE 

CHI OROFORM 

HEIHVLENE CHLORIDE 

CHLOROHETHAHE 

BBOHDDlCHLOROMETHANE 

CHLOROOIBROHOHEIHAHE 

2-CHIOPOEIHVI.VINVlEIHER 

CARBON niSUI.FIOE 

BENZOIAIANIHRACENE 

BENZOIBIFIIIOPANIHFNF 

BENZOlAlPlPENE 

FOI VCHI OPINATED PIPHENVI S 

N-HIIPOSODIPHEMVI AMINE 

BlS(2-fIH'(|HEVil IPHIHHIAIF 

DI-N-BI I I iLPHIHAlA lE 

BARIUM 

CHROMIUM 

COPPER 

I EAD 

HICKEl 

VANADIIIH 

ZINC 

6.81-1 

/eft 

4.4P-I 

fl 

fl 

ft 

0 

fl 

2e-l 

fl 

fl 

5e-3 

5P-3 

ft 

ft 

ft 

ft 

fl 

ft 

ft 

0 
fl 

(I 

ft 

ft 

5 . 6 2 3 4 P I 

4.51fl8pl 

8,2ft34pft 

ft 

ft 

fl 

ft 

2.2855eO 

ft 

ft 

l ,368e-l 

4,736e-2 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 

0 



«1S» iVSStSStl^EHl SPPEAKHEFl - I M P M I OF SOU C f t m n H l t l ^ i l l f D l m Htn im iWMlTP ITAGE 51 u , 

BVRON BARREI AHD DRUN S H E 

EXPOSURE SCENARIO '. DEIEPHINE s n i l 11 FAN up P P H I S lAPtiP hflSEPi 

DEIEPHINE GROUNDNAIER AND SOU ACIUIM I E ' ' E I 5 ; 

NONCARCIH. P I S l = .•= 

CHEHICAl 

NUHBER o r 

NOHCftPtIMOGENS 

lAPGEI 

HAZARD 1NDE.> 

INGESIIONAI 

DftSF 

GN CLEAN-UP GOAI 

IHG-'I I 

SOIL CLEAN-UP GOAI 

(HG'KGl 

ACETONE ft 

2 RIIIANOHE ft 

4 - H E I K i l 2-PENIANONf 0 

BEHZENE ft 

EIHd.BENZENE I 

TOLUENE I 

111 ENES I 

CHIOPOBEHZEHE 0 

1,2-DICHI.OROBENZENE ft 

1.4-DICHLOPOBEHZENE 0 

VINVL CHIORIDE 0 

l . l , 2 - T R I C H I O f l O E I H A N E 0 

1 . 1 , 1 - i P I C H l O P O E I H A H f I 

1 ,2 -DICHl f l f lE IHAHF 

I , 1 - 0 1 C H L 0 R 0 E 1 U H N E ft 

TEIRACHI O R O E T H E H E I 

IPICHLOPOEIHENE 

I , I - D I C H I OROETHENE 0 

CAPBON lEIRACHLORIDE 0 

CHLOROFORH '' 

HETHVIENE CHIORIDE <• 

CHLOROHETHAHE ft 

BROHODICHIOROHEIHAHE 0 

CHI OROOIBROMOMETHANE ft 

2-CI IL0R0EIH, 'LVINyLEIHEP 0 

CARBON D I S U I f I P E 0 

BENZPIAIANTHPACENE '< 

BENZOIBIFIUOPANTHENE 

BENZOIAIPVPENE 

POIVCHLORINATEO BIPHEHVI S 

N-NIIPOSODIPHENVLAMINE ft 

BISI2-ETHVLHEXYI.)PHTHALAIE ft 

DI-N-BUTVLPHTHALATE 0 

BARIUM ft 

CHPOHIUH ft 

COPPER 0 

LEAD ft 

NICKEL ft 

VANADIUH 0 

ZINC ft 

I . 8 H - I 

l . B e - l 

l , B e - l 

ft 

ft 

ft 

ft 

ft 

1.8e-t 

" 

I.B"-I 
f i 

0 

ft 

ft 

fl 

fl 

0 

fl 

ft 
fl 

fl 

ft 

fl 

fl 

0 

fl 

ft 
fl 

ft 

0 
u 

ft 

fl 

fl 

l . 8 e 

4 . 5 I 6 P 

B.BBZe 

1.3S0e 

l . Z l f t e 

-2 

-7 

-2 
fl 

rr 

ft 

fl 
1 

ft 
ft 

-•5 

fl 

ft 

fl 
f. 

fl 

fl 

fl 

ft 

ft 
ft 

fl 

fl 

fl 

ft 

ft 
ft 
fl 

ft 
fl 

fl 

fl 

ft 

fl 

0 

6 . 3 e - l 

1 . SSftSpfl 

3. l l f t6pO 

ft 

fl 

ft 

ft 
ft 

4.830P- I 

fl 

ft 

5.1B3P-? 

fl 

ft 

fl 

fl 

ft 

ft 
fl 

ft 

ft 
ft 

fl 

ft 

ft 

ft 
ft 

ft 

ft 

ft 

ft 

ft 
ft 

ft 

fl 

fl 

fl 

ft 

fl 

5.71ftOpl 

3. ' i647p| 

S.7115el 

ft 

ft 

ft 

0 

0 

5.5l9ftpf l 

ft 

ft 

1.6373pft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

TOTAI 



Soil Inpact on Groundwater 
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BYRON BARREL I. DRUM - SUBSURFACE SOILS 

SAMPLE NUMBER: 
TRAFFIC REPORT NUMBER: 
SAHPLINO POINT: 
LOCATION: 
DESCRIPTION: 
UNITS: 
DATE SAMPLED: 

BS-SS005-1H 
MOBILE LAB 
SOURCE 1 
4' 
TP-1 
UG/KG 
08/31/88 

BS-SS0a6-lM 
MOBILE LAB 
SOURCE 1 
6' 
TP-1 
UG/KG 
08/31/88 

BS-SS007-1M 
MOBILE LAB 
SOURCE 1 
1.5" - 2' 
TP-2 
UG/KG 
08/31/88 

BS-3S008-1M 
MOBILE LAB 
SOURCE 1 
4' 
TP-2 
UG/KG 
08/31/88 

BS-SS009-1M 
MOBILE LAB 
SOURCE 1 
6' 
TP-2 
UG/KG 
08/31/88 

BS-SSOll-LM 
MOBILE LAB 
SOURCE 1 
1.5" - 2' 
TP-2 
UG/KG 
08/31/88 

BS-SS012-1 . 

SOURCEH 
4' 
TP-2 
UG/KG 
08/31/88 

* * * VOLATILES «»« 

PP CAS NO COMPOUND 

4V 
86V 
38V 

IIV 
14V 
lOV 
85V 
B7V 
30V 
29V 
44V 
33VT 

67-64-1 
71-43-2 
108-88-3 
100-41-4 
95-47-6 
71-55-6 
79-00-5 
107-06-2 
127-18-4 
79-01-6 
156-60-5 
75-35-4 
75-09-2 
10061-02-6 

ACETONE 
BENiZENE 
TOLUENE 
ETHYLBENZENE 
TOTAL XYLENES 
1,1,1-TRlCHLOROETHANE 
1.1,2-TRICHLOROeTHANE 
1,2-DICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
TRANS-l,2-0ICHLO«OETHENE 
1,1-OICHLOROETHENE 
METHYLENE CHLORIDE 
TRANS-1,3-0ICHLOftOPROPENE 

J 10 

J 6 

3 19 3 10 

3 158 

3 1713 
3 & 

3 53 

3 608 

J 143 

J 10 

3 312 

J 2700 

3 223 

3 2669 
J 20 

J 1700 
3 150 

J 4400 
3 2800 

J 10 
J 25 

P ^ 



BYRON BARREL & DRUM - SUBSURFACE SOILS 

SAMPLE NUMBER: 
TRAFFIC REPORT NUMBER: 
SAMPLING POINT: 
LOCATION: 
DESCRIPTION: 
UNITS: 
OATE SAMPLED: 

BS-SS019-1H 
MOBILE LAB 
SOURCE 1 
6' 
TP-4 
UG/KG 
09/01/88 

BS-SS020-1M 
MOBILE LAB 
SOURCE 1 
1.5' - 2' 
TP-S 
U6/KG 
09/01/88 

BSrSSOaijl 

m u . i SOURCE 1 
4' 
TP-5 
UG/KG 
09/01/88 

BS-SS021-1M 
MOBILE LAB 
SOURCE 1 
4* 
TP-5 
UG/KG 
09/01/88 

BS-SS022-1M 
MOBILE LAB 
SOURCE 1 
6' 
TP-5 
UG/KG 
09/01/88 

BS-3S023-1M 
MOBILE LAB 
SOURCE 1 
1.5* - 2" 
TP-6 
UG/KG 
09/01/88 

BS-SS024-1M 
MOBILE LAB 
SOURCE 1 
1.5' - 2' 
TP-7 
UG/KG 
09/02/88 

»»» VOLATILES »*• 

PP CAS NO COMPOUND 

4V 
86V 
38V 

I I V 
14V 
lOV 
85V 
87V 
30V 
29V 
44V 
33VT 

67-64-1 
71-43-2 
108-88-3 
100-41-4 
95-47-6 
71-55-6 
79-00-5 
107-06-2 
127-18-4 
79-01-6 
156-60-5 
75-35-4 
75-09-2 
10061-02-6 

ACETONE 
BENZENE 
TOLUENE 
ETHYLBENZENE 
TOTAL XYLENES 
1.1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROE THANE 
1,2-DICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
TRANS-1,2-D1CHL0R0ETHENE 
1,1-DlCHLOflOETHENE 
METHYLENE CHLORIDE 
T RANS-1,3-0ICHLOROPROPENE 

J 11 3 1100 
J 33 
3 72 

J 610 
J 660 

J 35 

3 312 

©•3 



BYRON BARREL & DRUM - SUBSURFACE SOILS 

SAMPLE NUMBER: 
TRAFFIC REPORT NUMBER: 
SAMPLING POINT: 
LOCATION: 
DESCRIPTION: 
UNITS: 
DATE SAMPLED: 09/02/88 

BS-SS025-1M 
MOBILE LAB 
SOURCE 1 
4' 
TP-7 
UG/KG 
09/02/88 

SOURCE 1 
6' 
TP-7 
UG/KG 
09/02/88 

BS-SS026- IM 
MOBILE LAB 
SOURCE 1 
6' 
TP-7 
UG/KG 
09/02/88 

BS-SS027-1M 
MOBILE LAB 
SOURCE 1 
1.5' - 2' 
TP-8 
UQ/KG 
09/02/88 

SOURCE 1 
4' 
TP-8 
UQ/KG 
09/02/88 

BS-SS028-1M 
MOBILE LAB 
SOURCE 1 
4' 
TP-8 
UG/KG 
09/02/88 

*•• VOLATILES »»« 

PP CAS NO COMPOUND 

4V 
86V 
38V 

UV 
14V 
lOV 
85V 
87V 
30V 
29V 
44V 
33VT 

67-64-1 
71-43-2 
108-88-3 
100-41-4 
95-47-6 
71-55-6 
79-00-5 
107-06-2 
127-18-4 
79-01-6 
156-60-5 
75-35-4 
75-09-2 
10061-02-6 

ACETONE 
BENZENE 
TOLUENE 
ETHYLBENZENE 
TOTAL XYLENES 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
1,2-0ICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
T RANS-1,2-0ICHLOROETHENE 
l.l-DICHLOROETHENE 
METHYLENE CHLORIDE 
TRANS-1,3-DICHLOROPROPENE 

3 

3 
3 

3 
3 

J 

270 

700 
51 

410 
420 

66 

3 35 

41 

66 

30 
230 

J 5 

J 227 

J 17 

65 

7 

29 
46 



BYRON BARREL t. DRUM - SUBSURFACE SOILS 

SAMPLE NUHBER: 
TRAFFIC REPORT NUHBER: 
SAMPLING POINT: 
LOCATION: 
DESCRIPTION: 
UNITS: 
DATE SAMPLED: 

M Wf^ 
SOURCE 1 
6' 
TP-8 
UG/KG 
09/02/88 

BS^5!Sa2%-lA,; 
tiaiM*m:. * 
SOURCE 1 
6' 
DUP TP-8 
UG/KG 
09/02/88 

BS-SS029-1M 
MOBILE LAB 
SOURCE 1 
6' 
TP-8 
UG/KG 
09/02/88 

BS-SS030-1M 
MOBILE LAB 
SOURCE 1 
1.5' - 2' 
TP-9 
UG/KG 
09/02/88 

BS-SS031-1M 
MOBILE LAB 
SOURCE 1 
4' 
TP-9 
UG/KG 
09/02/88 

BS-SS032-1M 
MOBILE LAB 
SOURCE 1 
6' 
TP-9 
UG/KG 
09/02/88 

BS-SS033-1M 
MOBILE LAB 
SOURCE 1 
1.5' - 2' 
IP-10 
UQ/KG 
09/02/88 

•»» VOLATILES »•» 

PP CAS NO COMPOUND 

4V 
86V 
38V 

UV 
14V 
lOV 
85V 
87V 
30V 
29V 
44V 
33VT 

67-64-1 
71-43-2 
108-88-3 
100-41-4 
95-47-6 
71-55-6 
79-00-5 
107-06-2 
127-18-4 
79-01-6 
156-60-5 
75-35-4 
75-09-2 
10061-02-6 

ACE TONE 
BENZENE 
TOLUENE 
ETHYLBENZENE 
TOTAL XYLENES 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
1,2-DICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1,1-DICHLOROETHENE 
METHYLENE CHLORIDE 
TRANS-1,3-DICHLOROPROPENE 

17 

18 
37 

33 

45 

12 
79 

3 7 

J 11 J 10 

a 



BYRON BARREL t. DRUM SUBSURFACE SOILS 

SAMPLE NUMBER: 
TRAFFIC REPORT NUHBER: 
SAMPLING POINT: 
LOCATION: 
DESCRIPTION: 
UNITS: 
DATE SAMPLED: 

BS-SS034-1M 
MOBILE LAB 
SOURCE 1 
4' 
TP-10 
UG/KG 
09/02/88 

.'M^^S'S'i;;!?' =v 
: | ^ ^ ^ ^ f " | - * i ••;• .* 

SOURCE 1 
6' 
TP-10 
UG/KG 
09/02/88 

BS-SS035-1M 
MOBILE LAB 
SOURCE 1 
6' 
TP-10 
UG/KG 
09/02/88 

BS-SS036-1M 
MOBILE LAB 
SOURCE 1 
8' 
TP-10 
UG/KG 
09/02/88 

BS-SS037-1M 
MOBILE LAB 
SOURCE 1 
1.5' - 2' 

TP-0 
UG/KG 
09/02/88 

Q^p^SS^-
iw^K^-Vj 
SOURCE 1 
4' 
TP-0 
UG/KG 
09/02/88 

BS-SS038-1M 
MOBILE LAB 
SOURCE 1 
4' 
TP-0 
UG/KG 
09/02/88 

»•» VOLATILES *«» 

PP CAS NO COMPOUND 

4V 
86V 
38V 

IIV 
14V 
lOV 
85V 
87V 
30V 
29V 
44V 
33VT 

67-64-1 

71-43-2 
108-88-3 
100-41-4 
95-47-6 
71-55-6 
79-00-5 
107-06-2 
127-18-4 
79-01-6 
156-60-5 
75-35-4 
75-09-2 

ACETONE 
BENZENE 
TOLUENE 
ETHYLBENZENE 
TOTAL XYLENES 
1.1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
1,2-0ICHLOROETHANE 
TEIRACHLOROETHENE 
IRICHLOROETHENE 
TRANS-1.2-OICHLOROETHENE 
1,1-OICHLOROETHENE 
METHYLENE CHLORIDE 

10061-02-6 TRANS-1.3-DICHLOROPROPENE 

32 

8 
45 

47 

89 
12 

13 
120 

J 2 
41 

3 9 

©2) 

m 



BYRON BARREL & DRUM - SUBSURFACE SOILS 

SAMPLE NUMBER: 
TRAFFIC REPORT NUMBER: 
SAMPLING POINT: 
LCKATION: 
DESCRIPTION: 
UNITS: 
DATE SAMPLED: 

BS-SS039-1M 
MOBILE LAB 
SOURCE 1 
6' 
TP-0 
UG/KG 
09/02/88 

BS-SS040-1H 
MOBILE LAB 
SOURCE 1 
1.5' - 2' 
TP-11 
UG/KG 
09/02/88 

BS-SS041-1M 
MOBILE LAB 
SOURCE 1 
1.5' - 2' 
TP-12 
UG/KG 
09/02/88 

^K^ 
SOURCE 1 
4' 
TP-12 
UG/KG 
09/02/88 

BS-SSO-42-1M 
MOBILE LAB 
SOURCE 1 
4' 
TP-12 
UG/KG 
09/02/88 

jB̂ Ŝ̂ '̂S.-rJ:̂ ' 

'§^7^;f4" • 
SOURCE 1 
6' 

TP-12 
U6/KQ 
09/02/88 

BS-SS043-1M 
MOBILE LAB 
SOURCE 1 
6' 
TP-12 
UG/KG 
09/02/88 

•«• VOLATILES »*• 

PP CAS NO COMPOUND 

4V 
B6V 
38V 

U V 
14V 
lOV 
85V 
87V 
30V 
29V 
44V 

33VI 

67-64-1 
71-43-2 

108-88-3 
100-41-4 

95-47-6 
71-55-6 

79-00-5 
107-06-2 
127-18-4 

79-01-6 
156-60-5 
75-35-4 

75-09-2 
10061-02-6 

ACETONE 
BENZENE 
TOLUENE 
ETHYLBENZENE 
TOTAL XYLENES 
1.1,1-TRICHLOROETHANE 
1.1,2-TRICHLOROETHANE 
1.2-0ICHLOROETHANE 
TETRACHLOROETHENE 

TRICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
1.1-OICHLOROETHENE 

METHYLENE CHLORIDE 
TRANS-1.3-DICHLOROPROPENE 

16 

3 8 3 15 
J 3 
13 

190 

10 
53 

160 

o 
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RISr ASSESSHENI SPPEADSHEET - IHPACI DF 5011 CDNIANINAIION ON GPOUNONATER 

SITE MME: BYPON BARREL AND DPHN SITE 

LOCATlONt BYPDN. NEN YORt 

DATEi NAY 15. 1181 

HAZARD INDICES AND INCREHENTAl CANCfR PISIS ARE CALCULATED BY IHIS SPREADSHEET, 

INO EIPOSURE ROUTES ARE CONSIDERED: IN6ESTIDN OF BROIINDNATER AND INHAIATION OF 

VOLATILES DUflllK SH0NERIN6, ASSUNPIIDNS ARE OUTLINED BELON, 

EIPOSURE SCENARIO 2 - DETERHINE SOIL CLEAN-IP 60ALS (10-4 CANCER P I S H 

REFERENCES: EPA. OCIOBFR i l U 

FOSIER, E l A L . . 1107 

DONIGIAN, ET A L . . NOVENKR, 1183 

EPA, JULY 2 1 , 1986 

EPA, NOVEMBER 2 7 . 1485 

INGESIION: DOSE - IC « IR < AFI/BN 

NHERE: C • SROUHDNAIER COMCENTRATION IN6/LI 
IR < INGESTION RATE (1 ITERS/DAY I 
AF ' AOSOPPIION FRACIION IDECINAl FRACTIONI 
BN > BODY NEIGHI (KGl 

INHAIAIION: DOSE IS t I R I ' I B N I R< I I0E6) I IDs » EIP|-R< I D t l ' R i - EIP(R< I IDs - D t l j / R i ) 

NHERE: S < VOLATILE ORGANIC CHENICAI GENERATION RATE IU8/CUBIC NETER/NINI 

IR ' INHALATION RAIE ILITERS/SEC) 

Ds |> SHONER DURATION IHIN) 

R i ' AIR EICHANGE RATE IWHIN I 

Dt > TOTAL DURATION IN SHONER ROON (NINI 

BN - BODY NEIGHI IITG) 

ENTER INPUT PARAHEIERS; 

INGESTION: ADULI EIPOSIWE HODEL PARAHETERSt 

IR 
AF 
BN 

INHAIATION! 

IR 
6H 
Ds 
Dl 
Ra 
SV 
ED 
R: 

? 
I 

70 

ADULI EYPOSIIRE 

2ft 
7ft 
15 
20 

.0083 

12 
40 

.00<ift82 

CONVERSION 

FAtlOR = 

.0285714 

I s : 

111 

I s : 

HI : 

H2: 

I : 

F P : 

I 

2 

213 

318 

.182 

.(>I6 

213 

1ft 

0 ICH/YEAR): 25.4 

Vd ICH/YEAR 11 1500 

L (CH| : 2300 

N (CH): 305 

Foe (16 CARBON/IG SOIL l : .0016 



PISl ASSESSHENI SPPEA0SHEE1 IHPAri OF SOU CONIAniNAIlON ON OPOUMiNAlEP IPAfiE INOI 

BYRON BARREI AND DPMH SHE 

EIPOSIWF SCENAPin 2 DFIERNINE SOU CIEAN-UP GOAI S l l i i - 4 CANCER P I S n 

CAICUIAIE DOSES: 

o 
€S> 
0-^ 
C & i 

^ 

CHEHICAl 

ACETONE 

?-BUTANONE 

4-HEIHY1-2-PENIANONE 

BEHZENE 

E IH i l BENZENE 

IOIt«NE 

lYlENES 

CHI OROBENZENE 

1.2-DICHlOROBENZENE 

1.4-DICaOROBENZFNF 

VINYL CHLORIDE 

l . l . 2 - IP ICH10P0FIHA( t f 

l . l . l - IRICHLDROEIHAHE 

1.2-DICHlORETHANE 

l.l-DICHtOROETHANE 

lETRACHLOROtlHEHE 

IRICMOROETHENE 

l.l-DICHLOROETHENE 

CARBON lEIRACHLORIDE 

CHI OROFOPH 

HEIHYIENE CHIOPIDF 

CHLOROHETHANE 

BROHODICHinROHETHANE 

CHLOROD IRROHOHE THANE 

2-rHL0R0EIHVlV|NYl ETHER 

CARBON DISINFIDE 

BENZOIAIANTHRACENE 

BENZOIBIFLUORANTHENE 

BENZOIAIPYREHE 

POtYCHIORINATED BIPHENVIS 

N-NITPOSDDIPHENYLAHINE 

8I5I2-ETNY1.HEIYL IPHTHALATE 

DI-N-BUTVI PHTHALATE 

BARIIHI 

CHPOHIUN 

COPPER 

LEAD 

HICrEL 

VANADIUH 

ZINC 

s o n CONCENT. 

I H G ' I f i l 

. f 

, f l i i1 

,53 
.2 

,031 

.61 

.̂  

s o n SED, ADS. 

CnEEFIC, 

l l f t f t 

3nft 

24B 

152 

564 
126 

GROUNDNAIER 

CONCENIPAIION 

ft 

ft 

ft 

ft 

,ftOftlflBB 

.ft234112 

,ft l f t727ft 

ft 

ft 

ft 

ft 

ft 

.(1034121 
ft 

ft 

.0222101 

.ft527836 

0 

0 

ft 

ft 

0 
ft 

ft 

0 

ft 

ft 

0 

0 
ft 

ft 

0 

ft 

0 

0 

ft 

0 

0 

0 

0 

NniEcmAR 

NEIGHI 

58,08 

78,12 

106.16 

12.13 

106.17 

133.41 

133,41 

18,16 

165.83 

131.31 

16.14 

1 

278.3 

HENRYS LAN 

rmiSIANT 

3.43e-5 

5.5P-3 

6 , 6 P - 3 

6 , 6 6 P - 3 

4 ,33e-3 

7,42e-4 

3e-2 

1 . I4P-4 

1.5J«-2 

1.1e-3 

1 .1e - l 

2 . B f - 7 

HASS IPANSFEP 

COEFFICIENI I I A l ) 

2.7584pft 

0 

ft 

I.88B4P1 

l , 6317e l 

I .752IP1 

l ,601f tp l 

0 

0 

0 
ft 

1.1216el 

1 , 4 1 8 3 P I 

1.3761el 

0 

1.3333el 

1 .4e i6p l 

1 , 7 7 0 0 P 1 

ft 

ft 

ft 

0 
0 
0 
ft 

0 

0 

0 

0 

0 

0 

0 

I . I 6 B ( - 2 

0 

0 

ft 

0 

0 

0 

0 

INGESIION 

DOSE 

ft 

0 

0 

0 

3 .101e-6 

6 .7 I4P -4 

3.f t65»-4 

0 

0 

0 

ft 

0 

1 . 7 5 l » - 5 

0 

0 

6 , 3 6 9 P - 4 

l , 5 f t8e-3 

0 

ft 

0 

0 

0 

ft 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

INNALAIIO 

DOSE 

0 

0 

0 

0 

l . 925» -6 

4.3S2«-4 

I .B70* -4 

0 

0 

0 

0 

0 

5.656e-5 

0 

0 

3.372P-4 

8 . 6 7 2 f - 4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

0 
0 
0 
0 
0 



PIS l ASSESSHENT SPREADSHEET - INPACT DF SOIL CDNIAHINAHON ON OPOIIHIiNAIEP IPAGE THREE! 

BYim MPPEt u m i>nim s izf 

EIPOSURE SCENARIO 2 - DEIEPHINE SOU CIEAN-UP GOALS 110-4 CANCER R I S I I 

CALCUIATE HAZARD IHDICES: 

CHEHICAl. 

ACETONE 

2-BUTANOHE 

4-HETHYL-2-PENTANONE 

BEHZEHE 

ETHYLBENZENE 

TOLUENE 

lYLENES 

CHLOROBENZENE 

1,2-DICKLOROIENZENE 

1.4-DICHLSROBENZENE 

VINYt CHIORIDE 

l . l ,?-IRICHIOROETHANE 

l . l . l - IRICMOROETHANE 

1,2-DICHlORFTHANE 

1,1-DICHLOROETHANE 

TETRACW OROETHENE 

IRICHlOROETHEHE 

I.I-DICH1(»0ETHEHE 

CARBON lETRACMORIDE 

CHI ORDFORN 

HETHVLENE CMORIDE 

CHLORONETHANE 

BROHODICKIDRDNEIHANE 

CHLORODIBRONONEIHANE 

2-CHLOROEIHYLVINYLETHER 

CARBON DI5UFIDE 

BERZOIAIANTHRACEHE 

BENZOIBIFLUORANTHENE 

BENIOIAIPYRENE 

POIYCHLOPINAIED BIPHENVIS 

N-NITROSODIPHENVLANINF 

BISI2-ETHyLHEIYlIPHIHAIAIE 

DI-N-BUTYLPHTHAIATE 

BARIUH 

CHPOHIUH 

COPPER 

lEAD 

HICIEL 

VANADIIIH 

ZIHf 

INGESIION 

DOSE 

ft 

ft 

ft 

' ft 

3 . I 09B-6 

6.7l4»-4 

3.065«-4 

0 

0 

0 

0 
0 

1.751P-5 

ft 

ft 

6 .361P-4 

l .5 f tBp-3 

ft 

ft 

0 

0 

0 

0 

ft 

ft 

ft 

0 

ft 

ft 

ft 

ft 

ft 

INHALATION 

DOSE 

ft 

0 

ft 

fl 

1.125e-6 

4 .382e-4 

1.870e-4 

0 

0 

A 

0 

n 

5.656P-5 

ft 
ft 

3 .37?e-4 

6 ,672e-4 

0 

ft 

0 

0 

0 

0 

0 

ft 

0 

0 

0 

0 

ft 

ft 

0 

ft 

fl 

0 

ft 

0 

ft 

A 

REFERENCE 

DOSE ING, 

l p - 1 

5f-2 

5e-2 

l e - l 

3P-1 

2e« 

3P-2 

4e-l 

4p-2 

lR-2 

le - l 

le-2 

1p-3 

7p-4 

le-2 

6P-2 

2P-1 

Ip- I 

2P-2 

l e - l 

5p-2 

left 

3.7e-2 

I.4P-3 

2e-2 

lp-3 

REFERENCE 

DOSE I N H . 

»p-2 

2e-2 

I P O 

4 e - l 

V-3 
4e-l 

3H-I 

Ie-4 

le-2 

2 P - 1 

HAZARD 

IND. ING. 

ft 

fl 

3.l01e-5 

2.23Be-3 

1.532e-4 

0 

0 

ft 

0 

ft 

I.ft8Je-3 

0 

0 

6.361e-2 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

0 

0 

ft 

ft 

ft 

ft 

HAZARD 

IND. INH. 

0 

0 

ft 

ft 

ft 

4.3B2e-4 

4.675e-4 

0 

ft 

0 

ft 

ft 

1.885P-4 

0 

0 

3.J72e-3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

0 

0 

ft 

0 

ft 

0 

0 

HAZARD 

INDEI 

0 

0 

ft 

0 

3 .101e-5 

2 .676e-3 

6.207e-4 

ft 

ft 

ft 

ft 

0 

l.272e-3 

0 

ft 

6.706e-2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

0 

0 

0 

TOTAL HAZARD INDFV 7.166e-2 



RISK ASSESSHEHI SPREADSHEET - IHPACI OE 5011 CONIAHINATION ON OPniHinNAIFP IPAGE FOUR 

BYRON BARREL AND DRHH 51 IF 

EIPOSINIE SCENARIO 2 - DETERNINE SOU (1 FAN-UP GOAI S M 

C.AICUIATE INCREHEHTAl CANCEP RISI-

CHENICAI 

ACEIOHE 

2-BUTANONE 

4-HEIHYL-2-FENIAN0NE 

BENZENE 

ETHVlBFNZENE 

TOIUENE 

tilENES 

CHI OROBENZENE 

l.Z-DICHIOPOBFNZEHE 

1.4-DICHI OROBEHZEHE 

VINYL CMORIDE 

1.1.2-IRICHl OROEIHANE 

I.l.l-IRICHIOROEIHANE 

1.2-DICMORETHANE 

1.1-DICHLOROETHAME 

TETRACHLOROEIHEHE 

IRICHLOROETHENE 

I,l-DICW OROETHENE 

CARBON lETRACMORIDE 

CM OROFOPH 

HEIHYLENE CHLORIDE 

CHLOROHETHANE 

BPHWDICmORnMETHAHE 

CMORODIBROnOHETNANE 

2-CMOROETHYLVINYlETHER 

[ARBOH DISUIEIDE 

BENZOIAIANTHRACENE 

BENZOIBIFIUOPAIIIHENE 

BENZOIAIPYRENE 

POLYCW.OPINATED BIPHENYLS 

N-NIIROSODIPHENYLAflIHE 

fllSI?-ETHYLHEIYLlPHTHAlATE 

DI-N-BUTYLPHTHALAIE 

BARIUH 

CHPOHIUH 

COPPER 

I EAD 

HICIEL 

VANADIUH 

ZINC 

i i i n E S i i n u 

DOSE 

ft 

ft 

f ft 

3.l01»-6 

6.7|4»-4 

3.ii65e-4 

n 

ft 

0 
0 
0 

1.75le-5 
ft 

ft 

6.361P-4 

l , 5 0 B e - 3 
ft 

'1-4 CANCER P I S H 

INHAIAIION 

POSE 

f l 

fl 

l.125e-4 
4.387P-4 

l.87fte-4 
fl 

(I 

ft 

ft 

ft 

5.656P-5 

0 
ft 

3.372e-4 

8.672P-4 

ft 
ft 
ft 

ft 

ft 

0 
fl 

ft 
ft 

ft 
A 

ft 

ft 

ft 

ft 

ft 
ft 

ft 
0 
ft 

fl 

0 

fl 

POIENC. 

FACTOP ING. 

7.1P-7 

2.4P-2 

2.3pft 

5.7e-2 

l . l e -2 

9.le-2 

5.1e 2 

l . le -2 

6P-1 

l ,3e- l 
6, le-3 

7,5p-3 

t.Jp-2 

1.3e-l 

B.4e-2 

1.54P-I 

1.2P-1 

I.l5e0 

7.7eO 

4,1p-3 

l,4e-2 

POIENCi 

FATIflP INH. 

2.ip-? 

2.15P-1 

5,7e-2 

l . le -2 

3.3e-3 

1.3e-2 
I.ZeO 

1.3P-I 

8.le-2 

1.4e-2 

6.3e-3 

8.17--2 

4.1P-1 

6,left 

8.4e-l 

fANfEP 

PISl INIi. 

fl 

fl 

ft 

ft 
0 

0 

0 

ft 
ft 

0 
0 

0 

ft 

ft 
ft 

1.856e-5 

1.479e-6 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

ft 
0 

ft 
ft 

0 

0 

0 
0 

0 
0 

ft 

CANCER 

RISr IHH. 

fl 

0 

ft 

A 

ft 

fl 

0 

ft 

ft 

n 

0 

0 

0 

0 

ft 

6.358e-7 

6.442e-6 

0 

ft 

0 

0 

0 

0 

ft 

0 

0 

0 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

0 

CANCER 

PISl' 

ft 

ft 

ft 

0 

ft 

ft 

ft 

0 

ft 
0 

0 

ft 

0 

0 

0 

l.12«e-5 

l,512e-5 

0 

0 

0 

0 

ft 

0 

ft 
ft 

0 

ft 

ft 

0 

ft 

0 

ft 

0 

0 

ft 

0 

0 

ft 

0 

ft 

lOTAI R i s r 3.512e-5 

C=̂  

SO 



P I S l ASSESSHENI SPPEADSHEET - IHPACI OF SOIL CONTAHINATION ON 6P0IINDNAIEP (PAGE FIVE) 

BYRON BARREI AND DRUN SITE 

EIPOSURE SCENARIO 2 - DEIEPHINE SOU CLEANUP 60A1S 110-4 CANCER RISM 

DETERNINE GROUNDNAIER AHD SOIL ACTION 1EVE15: 

CARCINOGENIC R IS I l e - 4 

NUHBER OF 

CHEHICAL CARCINOGENS 

ACETONE fl 

2-BUTANONE 0 

4-HEIHYL-2-PENTAN0NE 0 

BENZENE ft 

ETHYLBENZENE ft 

lOlllENE ft 

lYLENES 0 

CHLOROBENZEHE 0 

1.7-DICHlOROBEHZENE ft 

I,4-DICHlOROBEHZEHE fl 

VIHYL CHIORIDE ft 

I,I.2-TRICHLOROETHANE 

1,1.1-TRICHlOROEIHAHE 

1.2-DICM.ORETHANE 

l.l-DICMOROETHANE 

TETRACHI OROETHENE 

TRICHLOPOETHENE 

I,l-DICMOROETHEHE 

CARBON lETRACMORIDE 

CHLOROFORH 

HEIHYLENE CHIORIDE 

CHLOROHEIHANE 

BROHODICHIOROHEIHAHE 

CHLORODIBRONOHETHANE 

2-CHlOROEIHYLVIHYLETHER 

CARBON DISUFIDE 

BENZOIAIANTHRACENE 

BENZOIBIFLUORANTHEHE 

BEHZOIAIPVRENE 

POIYCMORIHATED BIPHENYLS 

N-NI1R0S0DIPHENYLAHIHE 

BIS12-EIHVLHEIY1 IPHTHAIATF 

Dl-N-BUTYIPHTHALAIE 

BARIUH 

CHROHIUM 

COPPER 

LEAD 

NICKEL 

VANADIUH 

ZIHf 

lARGEI 

R IS I 

rt 

ft 

0 

0 

ft 

0 

ft 

0 

0 

ft 

ft 

A 

ft 

ft 

fl 

5e-5 
• ip-5 

ft 

ft 

0 

l l 

ft 

ft 

0 

f l 

ft 

ft 

ft 

ft 

ft 

ft 

ft 

I NGESTIONAL 

DOSE 

ft 
ft 
fl 

ft 
ft 

ft 
fl 

fl 

ft 
n 
ft 

ft 
ft 

ft 

ft 

8.736e-4 

l . 488e -3 

0 
ft 

ft 

0 
ft 

0 

ft 

0 

0 

0 

n 
ft 
ft 
ft 

ft 
ft 

ft 

ft 
ft 

ft 

0 

0 
fl 

GN CLEAN-UP GOAL 

(HGMI 

ft 
ft 

ft 
0 

ft 

ft 

0 

ft 
0 

ft 

ft 
0 

ft 
ft 

ft 

3.05BP-2 

5.207P-2 

0 

0 

0 
ft 

ft 

0 
ft 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 

ft 

ft 

ft 

SOU CLEAN-IIP GOAL 

ING' IGI 

ft 

0 

0 

0 

0 

0 

0 

ft 

0 

ft 

0 

0 

ft 

fl 

0 

8 . 3 6 7 e - l 

4 . 9 J J e - l 

0 

0 

0 

0 

0 

0 

ft 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ft 

ft 

TOTAI lM-4 



PIS l ASSESSHENT wPEAPSHffJ - i w A f z flf i f lz/ r o H } m m u m (w n m m n A U H ipi>si . m t 

BYRON BARREI AND DRIIH SHE 

EIPOSWE 5CFHAPI0 2 fiEIFPHINF SOU CIEAH-UP COAI 5 l i f t 4 CANCER RISI I 

DETERNINE GROIWDNATER AND SOU ACIION lEVFIS: 

MMCARCIN, PISl = , 1 

CHEHICAl 

ACFIONF 

2-BllTAHnNE 

4-HEIHtT-2-PEHIAN0NE 

BENZENE 

EIHYIBENZENE 

TOtUENE 

IVI ENES 

FM OROBENZENE 

1.2-DICHI OROBEHZEHE 
1.4-DICWOROBEHZEHE 

VINVI CHIORIDE 

I,I.2-IP/CHIOROfINANE 

1,1.1-IRICM.OPOEIHAHE 

1,2-DICWOREIHANF 

l.l-DICMOPOEIHAHE 

IFTRACMOROETNENE 

TRICHLOROETHEHE 

1 , l-DICW OROEIHEHE 

CARBON lETRACMORIDE 

CM ORDFORH 

HETHVLENE CMORIDE 

CMOROHETHANE 

BRONODICMOROHEIHANE 

CMORODIBRONOHETHAHE 

2-rHlOROETNYlWINYlETHER 

CARBON DISUFIDE 

BENZOIAIAMIWIACENE 

BEHIOIBIFLUORANIHEHE 

BENZOIAIPYRENE 

POIYCMORIHATED BIPHEHYLS 

H-NITROSDDIPHENYLAHINE 

BISIZ-ETHVLHEIYIIPHTHAIATF 

Dl-HBUIYI PHTHALATE 

BARIUH 

CHROHim 

COPPER 

LEAD 

HICIEL 

VANADIUH 

ZINC 

TOTAL 

NUHBER OF 

NONCARCINOGENS . 

fl 

ft 

ft ' 

ft 

1 
1 

1 
ft 
ft 

fl 

0 
ft 

1 
A 

fl 

1 
ft 

0 

0 
ft 

0 

A 

ft 

0 

ft 
0 

ft 

ft 

0 
ft 

ft 

ft 

0 
ft 

0 
ft 

ft 
ft 
ft 

ft 

TARGET 

HAZARD 

I .BP 

i.ee 

I .BP 

I ,BP 

l,Be 

INDEI 

„ 
ft 

0 

fl 

-1 
-1 

-1 
ft 

rt 

0 

0 
fl 

-1 
ft 
ft 

1 
0 
n 

ft 

ft 

0 

ft 

ft 
ft 
fl 

fl 

fl 

0 
fl 

0 

0 

ft 

ft 
0 

ft 

ft 

fl 
ft 
ft 

0 

IHGESIinilAl 

DOSE 

I.BP 

fl 

ft 
ft 

ft 

-7 
4.516P-7 

e,eB7p -2 
0 
ft 
fl 

fl 

ft 

l.38ftp-2 

ft 
ft 

l,Z10e-3 
ft 

ft 

0 

0 
0 

ft 

0 

ft 

0 
ft 

0 

0 
0 

A 

ft 
0 

ft 

ft 

0 

0 

0 
ft 

ft 

0 

ON Cl EAN-UP GOAI 

IHG.'ll 

ft 

ft 
ft 

fl 

6.3P-1 

I.5eft5pft 

3.lin6pfl 
fl 

0 

0 
0 

ft 

4,830e-l 

ft 

0 

5,185e-2 

ft 
0 

0 

0 

0 

0 
0 
0 

0 
0 

0 
0 
0 

ft 
0 

n 

ft 
0 

0 

0 
n 

0 
ft 

0 

SOIL CLEAN-IIP GOAL 

ING'IGI 

0 

0 

ft 

5.21ftftel 

3 . 5 6 4 7 P I 

5. '195pl 

0 

ft 

ft 

0 

A 

5,5l9fte« 

0 

0 

l,6373e« 

0 

0 

0 

0 

0 

0 

0 

0 

A 

0 

0 

0 

0 

A 

0 

ft 
0 

0 

0 

0 

0 

0 

0 

0 

l e - l 



Theoretical Leachate Concentations 
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H E N R Y ' S L A W 

In a gas/liquid system, a contaminant will partition itself between the gas 
and liquid phases. According to Henry's Law, the concentration of the con
taminant in the gas above the solution is propoY-t ional to the concentration 
of the contaminant in the solution. Henry's Law is only valid for relative
ly dilute contaminant concentrations, and for systems which are at equili
brium. The proportionality constant, Henry's constant, is expressed in dif
ferent forms, depending on the units chosen for expressing the contaminant 
concentrations. Throughout AIRSTRIP, we will use the following form: 

A = H * C with 

A = contaminant concentration in air (gram per cubic meter) 
H = Henry's constant (dimension 1 ess) 
C = contaminant concentration in water (gram per cubic meter) 

The following alternative form of Henry's Law is commonly encountered in the 
chemical literature: 

PP = Ha * MF with 

PP = partial pressure of contaminant in air (atmospheres) 
Ha = Henry's constant (atmospheres) 
MF = mole fraction of contaminant in solution (dimensionless) 

This form of Henry's constant is related to the one used in AIRSTRIP by: 

H = Ha / (Co • R * (T + £73. £) ) = 13. £19 * Ha / (T + £73. £) 

Co = molar density of water = 55.6 mole per liter 
R = universal gas constant = 0. i38£0& liter, atm per mole. Kelvin 
T = water temperature in degrees Celsius 

Like all equilibrium constants, Henry's constant H is strongly influenced by 
temperature - H increases as the temperature rises. The relationship be
tween H at two different teaperatures is: 

H£ HI • 113'̂-C C D / R ] * C 1 / (T1+S73. 2) 1 / (T£+£73.£) ] > 

HI 
H£ 
D 
R 

H at temperature Tl (dimensionless) 
H at temperature T£ (dimensionless) 
enthalpy change upon dissolution in water 
universal gas constant 

1.987 cal / degrees Kelvin.mole 
water temperature (degrees Celsius) 

(cal / mole) 
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E Q U I L I B R I U M C O N D I T I O N S 

In a countercurrent aeration tower, where water flows down from the top and 
air is pumped up from the bottom, a mass balance on the contaminant yields: 

Q(water) • C C(in) - C(out) 3 Q(air) * C A(out) - A(in) 1 

where the C s and the A's are the water and air concentrations of the conta
minant, and the Q's a r e the volumetric flow rates. 

Ideally, the contaminant will be completely stripped, or C(out) = iZi. The 
incoming air will be practically contaminant-free, or A(in) = iZi. Also, at 
the top of the tower where outgoing air meets incoming water, the applica
tion of Henry's Law yields: 

A ( o ut) = H * C ( i n ) 

With these substitutions, the mass balance on the contaminant simplifies to: 

Q(water) = H • a(air) 

The above expression can be re-arranged to: 

H * (A/W ratio) = 1 

where A/W ratio is the dimensionless volumetric air/water ratio. The terra 
on the left is also the expression for the stripping factor R. 

This simple derivation is only valid for ideal, equilibrium conditions. In 
practical terms, it gives the minimum fi/W ratio that will completely strip 
the contaminant from the water with an infinitely tall tower. In order to 
strip a substantial fraction of the contaminant with a tower of reasonable 
height, a higher A/W ratio (or stripping factor) will be required. 

0014' 
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S T R I P P I N G F A C T O R 

The s t r i p p i n g f a c t o r R was p r e v i o u s l y d e f i n e d by t h e e x p r e s s i o n : 

R = H * (A/W r a t i o ) 

In the screen dealing with "Equilibrium Conditions", R = 1 was derived for 
the special case when the contaminant was totally stripped in an infinitely 
tall tower. If R ( 1, complete stripping cannot occur, even with an infini
tely tall tower. If R > 1, then complete stripping becomes possible with a 
tower of finite size. 

In practice, complete stripping is seldom required and tower height is limi
ted to a few meters. With these conditions, substantial stripping only be
comes possible if R > £. At R < £, the stripping process is limited by the 
capacity of the air to carry the contaminant away. 

If R > 5, however, there is little to be gained with further increase of the 
A/W ratio, because stripping will be essentially complete. The ideal design 
condition, therefore, will exist with the stripping factor somewhere between 
£ and 5. 

Practical A/W ratios vary from about 5 - Ii2i0. Above 100, the energy require
ment for pumping the air makes the process uneconomical. The stripping fac
tor is, therefore, limited by the practical A/W ratio. If the Henry's con
stant H is between about 0.0£ and 1.00, the optimum R can be reached simply 
by adjusting the A/W ratio. If the Henry's constant H is higher than 1.00, 
then stripping will be essentially complete, even at very low A/W ratios. 

If the Henry's constant H is less than about 0.0£, the compound is not very 
volatile and stripping will be become poorer with lower H. In these cases, 
the designer has no other option than to select the highest practical A/W 
ratio and to increase the tower height, or consider an alternative process. 

001491 
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M A S S T R A N S F E R E Q U A T I O N 

The basic mass transfer equation for countercurrent aeration towers is: 

Z = HTU * NTU where Z = tower height 
HTU = height of transfer units 
NTU = number of transfer units 

The following symbols will be used in its derivation: 

G = volumetric flow rate H = Henry's constant 
L = areal liquid loading rate J = mass transfer rate per tower volume 
w = unit mass of water Kla = mass transfer rate constant 
B = cross-sectional tower a r e A R = stripping factor 
C = concentration in water i = suffix denoting "in" 
A = concentration in air o = suffix denoting "out" 
dz = infinitesimal height incr. $ = suffix denoting "at equilibrium" 

For any infinitesimal tower element of height dz, the mass transfer rate is 

J = C Q(water) * dC 3 / C B * dz D 

For the same element, another expression for J is available from the concen
tration gradient across the water/air interface: 

J = K l a * C C $ - C : 

(C$ is the water concentration that would have been in equilibrium with the 
air at that point. The difference between C$ and the actual concentration 
C provides the driving force for the mass transfer.) 

Setting these two expressions equal, and substituting L/w for Q(water)/B, 
yields the expression at the top of the next screen: 

L dC 
dz = * 

w * Kla ( C$ - C ) 

Integration of the left hand term across the tower height simply yields the 
overall tower height Z. The first factor on the right is unaffected by in
tegration, because it contains nothing that varies over the tower height. 
This factor is called the HTU (height of transfer units). 

The second factor on the right must be integrated between the concentration 
limits of the contaminant in the water, i.e. from C(in) to C(out). This 
integration will be developed in a moment. Once integrated, it is called 
the NTU (number of transfer units). The final expression for the mass 
transfer equation, in shorthand, becomes: 

HTU * NTU 

00149? 
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To simplify the integrand in the expression for the NTU, the term C$ needs 
to be expressed as a function of the variable C. First apply Henry's Law at 
the element dz: 

A = H * C* 

Now take a mass balance from the bottom of the tower up to element dz: 

Q ( a i r ) * ( A - A i ) = Q(water) * ( C - Co) 

Eliminate A from these two expressions, set Ai = 0 (because the incoming air 
is contaminant-free), 
grat e: 

R 
NTU = 

R - 1 

solve for C$, substitute into the integrand and inte-

( R - 1 ) * ( Ci / Co ) + 1 

R 

•C 

In -C 
y 
y 
> 

T W O F I L M T H E O R Y 

The Whitman Two-film theory provides a conceptual basis for modeling mass 
transfer between a liquid and a gas. The bulk liquid and the bulk gas 
phases are turbulent, but where they meet, there are two laminar layers, 
one of each phase: 

)))))))))))))))))))) 
))))) turbulent )))) 
))))) air )))) 
)))))))))))))))))))) 

laminar 
air 

(((((((((((((((((((( 
laminar (((( turbulent ( ( ( ( ( 
liquid (((( liquid ((((( 

(((((((((((((((((((( 

The transfer of a volatile contaminant from water to air, in terms of this 
theory, requires two distinctly different steps - diffusion through the 
laminar layer of water first, and then diffusion through the laminar air 
layer. The higher the diffusional resistance in either or both of the la
minar layers, the lower the overall mass transfer rate. 
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O V E R A L L M A S S T R A N S F E R C O E F F I C I E N T 

In the mass transfer equation, the mass transfer coefficient appeared as the 
single term Kla. In reality it reflects the combined effects of three quite 
different parameters, which are (1) the mass transfer properties of the la
minar air layer, (£) the mass transfer properties of the laminar water film 
and (3) the total a r e a of the air/water interface. In this section, the 
relationship between the overall mass transfer rate constant Kl and the mass 
transfer rate constants kl and kg (for the laminar water and air films, res
pectively) will be derived. 

CONCENTRATION PROFILE ACROSS THE TWO-FILM INTERFACE 
* * * * * * * * * * * * * . I 

C 1 *. I 
I *. I Ai 
I * 

Bulk Water I Ci I * 
I I 

Bulk Air 

A , C* 
* * * * * * * * * * * * 

Three expressions for the mass transfer rate J follow from the concentration 
profile .just given: 

Through the water film : 
Through the air film : 
Through both films : 

J = k l * a * ( C - C i ) 
J = k g * a * ( A i - A ) 
J = K l * a # ( C - C $ ) 

From equations (1) and (3), the following expression can be derived: 

kl * ( C - Ci ) = Kl * ( C - Ci ) + Kl * ( Ci - C$ ) 

(1) 
(£) 
(3) 

(4) 

By applying Henry's Law at the interface, and in the bulk air, the following 
relationship is found: 

( Ci - C$ ) = ( Ai - A ) / H (5) 

Combine equations (1) and (£) to find another expression for ( fti - A ) : 

( A i - A ) = ( C - C i ) » k l / k g (6) 

Substitute equation (6) into (5): 

( Ci - C* ) = ( C - Ci ) » kl / ( H • kg ) (7) 

Substitute equation (7) into (4), cancel the ( C - Ci ) terms and divide 
through by ( Kl * kl) : 

1 / Kl 1 / kl 1 / ( H * kg ) (8) 

Equation (8) is the final expression for combining the mass transfer rate 
constants of the water and air films into the overall mass transfer rate 
constant Kl. 
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M O D E L I N G A P P R O A C H E S 

The r e l a t i o n s h i p between t h e d i f f e r e n t mass t r a n s f e r r a t e c o n s t a n t s was e a r 
l i e r d e r i v e d a s : 

1 / K l = 1 / k l + l / ( H * k g ) 

For highly volatile contaminants (large H ) , the contribution of the air film 
rate constant kg is very small and may be safely ignored. If the contami
nant is only slightly volatile (small H), the diffusional resistance in the 
air layer will obviously become more significant. 

The SHERWOOD-HOLLOWAY relationship ignores the effects of the air film and 
estimates the overall mass transfer coefficient only on the basis of the 
diffusional resistance in the water film. It will work fine for the highly 
volatile contaminants, but falls short for the less volatile contaminants. 

The ONDA and SHULMAN models are more explicit - they estimate kl, kg and the 
interfacial area a with three separate correlations, which can be combined 
into an overall mass transfer coefficient. These relationships are, there
fore, valid for a wider range of contaminants, regardless of volatility. The 
SHULMAN model, however, uses a procedure for estimating the interfacial area 
which is not amenable to computer applications. 

For the SHERWOOD-HOLLOWAY model, the properties of the tower packing a r e en
tered as a set of specially derived empirical packing constants, which makes 
it tough to apply it to a new type of packing. The ONDA and SHULMAN models 
use packing properties which are relatively easy to measure. 

AIRSTRIP uses the ONDfl correlations throughout. Their validity has been re
peatedly verified by a number of studies reported in the environmental engi
neering literature. The model has emerged as a standard basis for counter-
current packed tower design. 
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D E S I G N T E M P E R A T U R E 

Temperature is the single most important factor affecting the performance of 
stripping towers. It has dramatic effects on two key variables - Henry's 
constant, and the mass transfer coefficient. The lower the temperature, the 
slower the mass transfer at the air/water interface. To be on the safe side, 
stripping towers should be designed for the coldest expected temperature. 

The derivation of the mass transfer equation implicitly assumed isothermal 
operation, i.e. both air and water remain at a common, constant temperature 
throughout the height of the tower. In practice, however, air and water en
ter the tower at different temperatures, and the water is cooled by its 
slight evaporation. 

Simple thermodynamics allow us to estimate the effect of widely different 
air and water temperatures. The heat capacity of water is 75 kJ/mol.K, and 
that of air £9 kJ/mol.K. A volumetric A/W ratio of 30 (a typical value for 
full-scale applications) is equivalent to a molar ratio of 0.0£4. 

A heat balance then shows that there will be a 11 degree Celsius change in 
air temperature for every 0.1 degree Celsius change in water temperature. 
For even the widest conceivable difference in air and water temperatures, 
the final equilibrium temperature (assuming it could be reached in the 
tower) would be within 0.3 degrees Celsius of the incoming water 
t emperat ure. 

Evaporative cooling effects are also very small. At very low air tempera
ture (which a re likely to occur during the critical winter months), the 
moisture-carrying capacity of air is also at its lowest. 

For practical purposes, the critical design temperature can, therefore, 
assumed to be equal to the coldest expected water temperature. 

be 
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T R A N S F E R R A T E C O N S T A N T I N A I R 

The ONDA correlation for the mass transfer rate constant kg through the la-
m inar air film is: 

kg 

CON 
factor 1 
factor 2 
factor 3 
factor 4 

CON factor 1 factor £ factor 3 factor 4 

constant depending on packing size 
•C G / C a * vis (air) ] > ••• (0.7) 
•C vis(air) / C den(aii-^) * D(air) ] 
<. a * dp > ••• (-£) 

-C a * D(air) > 

(1/; 

The explanation of symbols and their units appear on the next screen. This 
correlation was derived with various packing shapes in the gas flow range 
0.014 to 1.7 kg/s.m'"£, with packing sizes between 4 and 50 mm. 

The following symbols were used in the correlation on the previous screen: 

kg 
CON 
CON 
den 
vis 
G 
a 
D 
dp 

mass transfer rate constant 
5.£3 if dp > 15 mm or larger 
£.00 if dp ( 15 mm 
densit y 
absolute viscosity 
areal air loading rate 
total specific packing area 
molecular diffusivity of contaminant 
nominal packing size 

m / s ) 
- ) 
- ) 
kg / m"'3 ) 
kg / m . s 
kg / m"'£ . 
m-"£ / m""'3 ) 
m''£ / 5 ) 
m ) 
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T R A N S F E R R A T E C O N S T A N T I N W A T E R 

The ONDA correlation for the mass transfer rate constant kl through the la
minar water film is: 

kl 0.0051 factor 1 fact or factor 3 factor 4 

factor 1 
factor £ 
factor 3 
factor 4 

< den(wat er) 
< L / C aw * 
< vis(wat er) 
•C a * d p > ••'•• 

/ C vis(wat er) 
vis(wat er) 1 > 
/ C den(wat er) 
(£/5) 

g : > •••• 

(£/3) 
D(wat er) 

(-1 / 3) 

: > (-l/£) 

The explanation of symbols and their units appear on the next screen. This 
correlation was derived from data collected with various packing shapes such 
as rings, spheres, rods and saddles. The nominal sizes ranged from 4 to 50 

mm, and the liquid loading rate from 0.8 to 43 kg/s.m"£. The accuracy of 
the estimates is given as plus/minus 2S>%. 

The following symbols were used in the correlation on the previous screen: 

kl 
den 
vis 
g 
L 
a 
aw 
D 
dp 

mass transfer rate constant 
density 
absolute viscosity 
gravitational acceleration 
areal liquid loading rate 
total specific packing area 
wetted specific packing area 
molecular diffusivity of contaminant 
nominal packing size 

m / s ) 
kg / m---3 ) 
kg / m . s ) 
9.81 m / s'-E ) 
kg / m-"£ . s ) 
m'-£ / m'-3 ) 
m--£ / ffl-"-3 ) 
m'̂ £ / s ) 
m ) 
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W E T T E D P A C K I N G A R E A 

The ONDA correlation for the specific interfacial area (wetted packing area) 
is given by: 

aw = a •»• -C 1 - exp C factor 1 * factor £ * factor 3 * factor 4 3 > 

factor 1 = - 1,45 * C est (packing) / st (water) ] •••• (3/4) 
factor £ = < L / C a - * vis(water) ] > •••• (0.1) 
factor 3 = -C L-'£ * a / C den (wat er) ••'•£ * g ] > •••• (-0.05) 
factor 4 = -C L-£ / C den(water) * st (water) * a : > •••• (1/5) 

The explanation of symbols and their units appear on the next screen. This 
correlation was derived for packing made of different materials such as cer
amic, glass, plastic and wax-coated packing. The accuracy of the estimates 
is plus/minus £0'/.. 

The following symbols were used in the correlation on the previous screen: 

aw = specific wetted packing at^ea 
a = total specific packing area 
est(packing) = critical surface tension 
st(water) = surface tension 
vis = absolute viscosity 
den = density 
L = areal liquid loading rate 
g = gravitational acceleration 

ra-£ / 
m--£ / 
kg / 
kg / 
kg / 
kg / 
kg / 
9 . 8 1 

m--3 ) 
m--3 ) 

s - £ ) 
s - £ ) 
m . s ) 
m"3 ) 
m-"£ . s ) 
m / s - £ ) 
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M O L E C U L A R D I F F U S I V I T Y I N A I R 

A I R S T R I P u s e s t h e e s t i m a t i o n m e t h o d p u b l i s h e d by W i l k e a n d L e e : 

K * T - ( 3 / £ ) * M r - - ( l / £ ) 

P * CL--£ * CI 
D (a i r-) 

D = m o l e c u l a r d i f f u s i v i t y (m"£/s) 
K •= 0.0001 * C 0. 0 0 £ 1 7 - 0 . 0 0 0 5 0 * Mr---(l/£) 3 
T = air temperature (deg K) 
Mr = 1 / £3.95 -f- 1 / Mw (cont am i nant) 
Mw = molecular weight (gram/mo 1) 
P = air pressure (atmospheres) 
CL = characteristic length (also called collision radius) 
CI = collision integral 

The characteristic length is also known as the collision radius and is the 
arithmetic mean of the molecular radii of air and the contaminant: 

CL = C Mr(air) + Mr(contaminant) 3 / 0.£ 

Mr = molecular radius (nra or nanometer) 
Mr(air) = 0.3711 (nm) 

(CL in Angstrom) 

The molecular radius of the contaminant (in nm) is separately estimated: 

Mr (contaminant) = 1.18 * C Vm--(l/3) 3 

Vm = molal volume at boiling point (liter/mol) 

The estimation of the collision integral is a multistep calculation: 

CI = a / (Ts--b) + c / exp(Ts*d) + e / exp(Ts*f) + g / exp(Ts*h) 

a = 1.06036 
b = 0.15610 

c = 0.19300 
d = 0.47635 

e = 1.03587 
f = 1.5£996 

g = 1.76474 
h = 3.89411 

Ts is a dimensionless intermediate parameter: 

Ts = T / -C C E(air) * E (contaminant) 3-(l/£) > 

T = air temperature (deg K) 

E = function of molecular attraction and Boltzmann constant 
E(air) = 78.6 (deg K) 

E(contaminant) = 1.15 • Tb 
Tb = boiling point of contaminant (deg K) 

1\ 
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M O L E C U L A R D I F F U S I V I T Y I N- W A T E R 

The molecular diffusivity in water can be calculated with a correlation de
veloped by Wilke and Chang: 

D(wat er) 

D 
A 

Mw 

T 
vis 
Vm 

1. 173 * 10--(-16) * 
( A * Mw )--0.5 * ( T -I- £73. £ ) 

vis (water) * Vm-'-0.6 

molecular diffusivity, square meter per second 
association parameter, dimensionless 
£,£6 for water, according to Hayduk and Laudie 
molecular weight of water 
18 mole / lite)-" 
water temperature, degrees Celsius 
absolute viscosity, kilogram per meter.sec 
molar volume of the contaminant as a liquid at 
boiling point, liter per mole 

P H Y S I C A L P R O P E R T I E S 0 F A I R 

Density of atmospheric air (expressed in kilogram per cubic meter) 

l.£93 P 
= * 

1 + 0.00367 • T 101. 3 

A b s o l u t e v i s c o s i t y of a i r ( e x p r e s s e d i n k i l o g r a m p e r m e t e r . s e c ) 

1 .7 • 10-'--7 « (T + £ 7 3 . £) ••••0.818 
T = air temperature expressed in degrees Celcius 
P = Ambient air pressure expressed in kiloPascal 

per square meter or kiloPascal 

P H Y S I C A L P R O P E R T I E S O F W A T E R 

Density of water (expressed in kilogram per cubic meter) 

999.84 + 16.945 » T - 7.9870 » 10^--3 » T̂'-fi - 4.6171 * 10-"-5 * T'^3 

1 + 1.68799 * 10--£ * T 

Absolute viscosity of water (expressed in kilogram per meter.sec) 

= 1.7868 * 10-'̂ -3 - 5.8573 * 10--—5 * T + 1.1951 • 10-"-6 * T--£ 

- 1. 1146 * 10^^-8 * T--3 

Surface tension of water (expressed in kilogram per second squared) 

= 7.5583 * 10̂ '--£ - 1.3143 * 10^-—4 * T - 4.7616 * 10-—7 • T-£ 

Q-Ql§Oe 
In all three cases, T is the water temperature expressed in degrees Celsius 
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P R O P E R T I E S O F T O W E R P A C K I N G 

The NOMINAL PACKING SIZE roughly corresponds to the overall dimension of 
a packing piece and is ultimately determined by the manufacturer. AIRSTRIP' 
does not consider nominal sizes smaller than £5 mm, because it is not prac-
t i c a1. 

The PACKING TYPE relates to the design of the packing, for example RASCHIG 
and PALL rings, TELLERETTES, BERL and INTALOX saddles, TRIPAC, etc. 

The P'ACKING MATERIAL simply denotes what the packing is made of, and could 
be glass, ceramic, steel or plastic. AIRSTRIP limits itself to plastic (al
most exclusively used for full-scale applications) and ceramic (sometimes 
used for laboratory studies). 

The CRITICAL SURFACE TENSION determines the physical interaction between the 
packing and the water. It is a function of the packing material only, and 
not of the packing shape or size. AIRSTRIP uses the following values: 

Plastic 0.033 kg/s-"'£ 
Ceramic 0.061 kg/ŝ '"£ 

The AIR FRICTION FACTOR determines the pressure gradient when air is pumped 
through the tower. It is a dimensionless parameter which is used in a stan
dard graphical procedure for determining the air pressure gradient. 

1 ! 
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A I R P R E S S U R E G R A D I E N T 

The air pressure gradient through packed towers is normally read from a set 
of empirical curves which a re reproduced in a number of standard textbooks 
on chemical engineering. These curves a re valid if the air pressure gradient 
is between 50 and 1£00 Pa/m. The curves have recently been digitized into a 
set of equations, which is used in AIRSTRIP'. The multistep computation is 
tedious and reversed, i.e. it treats the air pressure gradient as the inde
pendent vaY-iable. The air pressure gradient, therefore, is most easily cal
culated by iteration. 

!='irst calculate the intermediate values F, A0, Al and A£: 

F = logP ( P i s t h e a i r pressure gradient in Pa/m) 
A0 = -6.6599 + 4. 3077*F - 1. 3503*F-£ -i- 0. 15931*F '̂  
Al = 3.0945 - 4.351£*F + 1. 6£40*F-£ - 0. £0a55*F--3 
A£ = 1.7611 - £. 3394*F + 0. 899 l*F-"£ - 0. 11597*F-3 

Calculate the intermediate value E from: 

E = - log C (A/W) • (S - S-̂ -£)--0.5 3 

with A/W = dimensionless volumetric air/water ratio 
S = dimensionless air/water density ratio 

Use the intermediate values A0, Al, A£ and E to calculate M: 

M = 10 -• ( A0 + A1*E + ft£«E-£ ) 

Calculate the air flow rate from: 

Q(air) = -CM • Cden (wat er)-den (air) 3 / Cden (air) *Cf»vi s (water) ••••0. 13 > -' 0.5 

The symbols and units in the preceding equation a r e : 

Q (air) = mass air loading rate, kg/m'-'E". s 
M = internsdiate value, dimensionless 

den = density kg/iB-̂ 3 
vis = yiscosity kg/m.s 
Cf = dl«ensionless air friction factor 

(see "packing properties") 

The above calculation sequence is only valid within certain bounds: 

1. The air pressure gradient must be between 50 and l'£00 Pa/m, 
£. (A/W) • (S - S'̂ "£) "•0. 5 must be less than 33, and 
3. M must be greater than 0.0015. 

Q01 
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T O W E R F L O O D I N G 

Air and water flow in opposite directions through the packed tower. If the 
air and/or liquid loading rates reach a certain level, there will be insuf
ficient open space in the tower to allow the free and uninterrupted flow of 
each phase. This will lead to tower flooding, which is an unstable condi
tion characterized by bubbling, surging and water blowout at the top of the 
tower. This can obviously not be tolerated during regular operation. 

The onset of flooding is dependent on . 
rate and the properties of the packing, 
termine the air pressure gradient. " 
lated to the air pressure gradient. 
pressure gradient exceeds 1£00 F'ascal per meter. 

the air flow rate, the liquid loading 
which a r e the same factors that de-

Tower flooding is therefore closely re-
Flooding will only start if the air 

Tower flooding should not be a concern in full-scale water/wastewater strip
ping applications. Practical designs usually end up with a pressure gradient 
of less than 100 Pascal per meter (see "most economical design"). 

S E L E C T I O N 0 F P A C K I N G S I Z E 

The designer has to consider a number of issues when picking the nominal to
wer packing size: 

o The specific surface area of the packing increases as its size decreases. 
Smaller packing will result in more efficient mass transfer. 

o The air pressure gradient increases as the size decreases. Blower opera
ting costs will be lower for larger packing. 

o The chances of tower flooding are higher if a small packing size is used. 
For small packing, lower air and water loading rates will be necessary. 

o Pr^ecipitates may form in some applications because of air oxidation. 
Small packing will clog more rapidly than larger packing. 

o Large packing in a small-diameter tower will lead to excessive channel
ing because of wall effects. A minimum tower diameter of twelve times 
the packing ciaaneter is one suggested practical rule of thumb. 

AIRSTRIP will allow you to appreciate most of these (often conflicting) ef
fects as you play around with different packing sizes. Together with the 
packing cost data for your specific project, you should be able to determine 
the feasible size range relatively quickly. 

15 
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C H A N N E L I N G 

Unless special precautions are taken, water will tend to flow down the 
packing closest to the walls of a packed tower, and the air will tend to 
flow through the center portion. This phenomenon is known as channeling. 

Channeling can be minimized if proper attention is given to the following: 

o A packing size that is not too large (see "P'acking Size"), 

o A carefully designed water distribution system at the top of the tower, 
such as a weir-trough arrangement to ensure an even d i st Ŷi but i on onto the 
top of the packing, and 

o The use of of intermediate packing support plates at regular intervals 
throughout the tower. These support plates should be designed for the 
redistribution of the water at intervals varying from 3 to 10 times the 
tower diameter. 

S A F E T Y F A C T O R S 

The designer can apply safety factors to almost any of the many input para
meters. Because the calculation sequence is long and involved, it is not 
easy to appreciate the effects on eventual cost and removal efficiency if, 
for example, the water temperature is taken as 3 degrees Celcius below the 
expected minimum. The most direct way of providing a margin of safety is to 
simply add additional packing over and above the theoretical minimum height 
required. The output format of AIRSTRIP is designed to directly show the 
effect of packing height on removal efficiency. 

Although AIRSTRIP does not allow the explicit use of safety factors, you can 
also apply a safety factor by reducing the Henry's constant - this approach 
has been reported in the literature. In this case, the contaminant proper
ties must be copied into another disk file and stored with an appropriately 
reduced Henry's constant. 

Two factors may make a stripping tower design safer than theoretical calcu
lations will show: 

0 Some stripping of the contaminant will take place while the incoming wa
ter is being distributed above the packing and while the outgoing water 
is being collected below the packing. This stripping is collectively 
known as the "end effects". There a re no mathematical models available 
for estimating the end effects, because they differ from one design to 
the next. Unless they are specifically measured and accounted for in a 
pilot study, they simply form part of the safety factor. 

o. It has been reported in the literature that pilot studies on small-diame
ter towers yield experimental mass transfer coefficients that are lower 
than those measured in comparable large-diameter towers. Full-scale fa
cilities that are designed on the basis of pilot-scale results, will thus 
include an inherent safety factor. ^ ^ 
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M O S T E C O N O M I C A L D E S I G N 

The published cost optimization studies all concur that the air pressure 
gradient, more than anything else, determines the total treatment cost. Dif
ferent optimizations have shown the optimum air pressure gradient to be be
tween 5'0 and 60 Pa/m. If it is much higher, blower operating costs shoot 
up sharply; if it is too low, an excessive volume of packing is required. 

Total treatment costs a r e relatively insensitive to small deviations from 
the optimum design, but costs increase rapidly if design conditions too far 
ai.vay from the optimum a r s chosen. Treatment costs incr'ease linearly with 
decreasing temperature - design temperatures should not be chosen with unne
cessary conservatism. Tower packing should be selected on the basis of its 
pressure loss properties rather than on the basis of its capital cost. In 
general, however, the total treatment cost is more sensitive to the capital 
cost than to the operating cost. AIRSTRIP does not optimize a design for 
minimum treatment cost, but does provide all the necessary operating infoi— 
mation for the designer to calculate the site-specific optimum design. 

P I L O T S T U D I E S 

Most parameters in the mass transfer equation are values that are readily 
available, e.g. air and water flow rates, and influent and effluent contami
nant concentrations. The two exceptions are Henry's constant H and the 
overall mass transfer coefficient Kla. Henry's constant has to be obtained 
from chemical references, and the mass transfer coefficient from empirical 
correlations such as those of ONDA. Before these "textbook" values were ge
nerally accepted for full-scale applications, designers were virtually com
pelled to conduct pilot tests for verification. 

ft pilot tower is normally operated with different combinations of air and 
water loading and the influent and effluent concentration is measured once 
steady state is achieved for every combination. With a number of such data 
points available, a combination of H and Kla can be mathematically found 
which will give the best agt^eement between theoretically calculated and ex
perimentally measured values. 

.DO 1511 
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ft I R F ' O L L U T I O N 

Air stripping does not change or destroy the contaminant, but simply trans
fers it from the incoming water to the outgoing air. Regulatory agencies 
will normally require some documentation to p rowe that air quality standards 
a r s not violated by the exhaust air from the stripping tower. 

.AIRSTRIP will present you with the exhaust air concentration right at the 
tower, but you will have to estimate the dispersion of the contaminant plume 
yourself with one of the available two- or three-dimensional dispersion mo
dels, specifically fo'r you'r particular site. In some cases it may be neces
sary to design an exhaust air scrubber to remove the contaminant before the 
exhaust air is released into the atmosphere. 

Note that the contaminant concentration in the air will be highest when the 
sbripping is most effective. The critical design condition for air pollu-
lution is therefore when the water temperature reaches its highest expected 
level. 

T H E O R E T I C A L L I M I T A T I O N S 

AIRSTRIP is based on theory which is commonly and successfully used in prac
tice. Some assumptions have been implicitly made in the earlier derivations 
that warrant explicit attention: 

o The contaminant is entirely strippable. Some reports have indicated that 
there may be an unstrippable contaminant fraction, but no theoretical ex
planation has been advanced. If the designer wants to incorporate an un
strippable fraction into the mass transfer equation, it is readily done. 

0 The contaminant is unreactive. Some compounds, such as carbon dioxide or 
ammonia, maintain an equilibrium with other chemical species in the wa
ter. AIRSTRIP will not be applicable to these contaminants. 

o The ONDA correlations a r e based on experimental data which was collected 
with packing 50mm and smaller. They appear to work fairly well for 
packing up to 75om, but no explicit verification has been published. 

151: 
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W A T E R Q U A L I T Y S T A N D A R D S 

In 1986 the US Congress passed a number of amendments to the Safe Drinking 
Water Act. A total of 33 unregulated contaminants were listed, of which 
at least £5 had to be regulated by 1991. A large percentage of these conta
minants a r e organic chemicals. The USEPA has subsequently taken a number of 
steps, and the current (August 1987) position for organic chemicals is: 

FINAL STANDARDS: Trichloroethylene 
Carbon tetrachloride 
Vinyl chloride 
1,£-Dichloroethane 
Benz ene 
para-Dichlorobenzene 
1,1-Dichioroethylene 
1, 1, 1-Trichloroethane 

5 
5 
C 

5 
5 

75 
7 

00 

-ig/ i_ 

-ig/L 
-ig/L 
-ig/L 
-ig/L 
-ig/L 
-ig/L 
-ig/L 

CANDIDATES FOR FUTURE REGULATION: 

Dibromomethane 
£,4-Dinitrotoluene 
Chloroform 
Dibromochloromethane 
Chlor0methane 
Bromomethane 
1,1,1,£-Tetrachloroethane 
o-Ch1or o t o1ue n e 
Hexach1oroethane 
1,3-Dichloropropene 
Halogenated acids 
Halogenated aldehydes 

Chloropicrin 
1,3-Dichloropropane 
Bromodichloromethane 
Bromoform 
Bromobenzene 
1,£,3-Trich1oropropane 
£,£-Dichloropropane 
p-Chlorotoluene 
Hexachlorobutadiene 
Aery Ionitri1e 
Halogenated alcohols 
Halogenated ketones 

901513 
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NON-CANDIDATES AT PRESENT, BUT MONITORING REQUIRED FOR ALL SYSTEMS: 

Chlorobenzene 
m-Dichlorobenzene 
trans-l,£-Dichloroethylene 
Dichloromethane 
1,1-Dich1oropropene 
Ethyl benzene 
1,1,£-Trich1oroethane 
Tatrachloroethylene 
p-Xy1ene 
m-XyIene 
Ethylene dibromide 
1, £-Di bromo-3-Ch1oropropane 

Chloroethane 
o-Dichlorobenzene 
cis-1,£-Dichloroethylene 
1,1-Dichloroethane 
1,£-Dich1oropropane 
St yrene 
1,1,£,£-Tetrach1oroethane 
Tolu ene 
o-XyIene 

monitoring required for 
vulnerable systems only 

NON-CANDIDATES AT PRESENT, BUT MONITORING MAY BE REQUIRED AT STATE LEVEL: 

Bromochloromethane 
n-Butylbenzene 
Dichlorodifluoromethane 
Fluorotrichloromethane 
Hexach1orobutadiene 
Isopropyl benzene 
p-Isopropyltoluene 
Naphthalene 

n-Propy1 benzene 
Secbutylbenzene 
Tertbutylbenzene 
1,£,3-Trichlorobenzene 
1,£,4-Trichlorobenzene 
1,£,3-Trimethyl benzene 
1,3,5-Trimethyl benzene 

.001514 
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U N I T S O F M E A S U R E M E N T 

Air stripping theory is relatively new to sanitary engineering. Most of the 
theory has been borrowed from the chemical engineering literature and from 
basic chemistry, with a wide assortment of units as a result. Many of these 
units have no established equivalents in sanitary engineering yet. Earlier 
papers in the Journal of the American Water Works Association, for example, 
utilized metric units, whereas more recent papers have attempted to demetri-
size the subject. 

There is no question that metric units greatly facilitate the calculations 
and derivations required for stripping tower design. (If you do not agree 
with this, try working through the ONDA correlations once with non-metric 
units!) AIRSTRIP uses metric units internally, and all the formulas and de
rivations on these screens are given in metric units. 

Where well established non-metric equivalents are available, they a re acces
sible through the F10 function key, which acts as a units toggle. 

C O P Y R I G H T R E Q U I R E M E N T S 

AIRSTRIP is registered as a fully copyrighted program. It is not copypro
tected and backup copies can be made without any restriction. A program can 
be freely used by ONE institution at ONE location without violation of copy
right. At the time of purchase, the name of the institution will be entered 
on one of the introductory screens, and will appear on the printed reports. 
If an institution has multiple locations (different buildings or cities), 
one PURCHASED copy will be required for every location where AIRSTRIP is 
used. 

The AIRSTRIP' demonstration disk is not copyrighted and may be copied and 
shared without restriction of any kind. You a re encouraged to share the 
demo disk with your colleagues or branch offices. If you do, please make 
sure that all of the files a re copied. 

001515 
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Any comments or complaints from registered users are welcomed, and should be 
sent to the address listed under "Customer Support". 

C U S T O M E R S U P P O R T 
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ĉ  
fn 

1̂ 
c) 

0 
X 
m 

S.'-^ s 
^ < 

^ s 
C~-i 
c^^ 
^., 
Ct\ 

---n 

0 
J l 

Fi 

2 
1 -
m 
Z 
P 

r^ 
- \ 
fV> 
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day I £6 3,-, r</r>oie day 

sjjd^t p.-odoced d"^ Ih 3al 

S.3H lb 1 O.ojb" day 

ort r^'i^irtd 

NUS 1SSA REVISED 0285 

day 

6"^ lb fe.(oW)^ [ S I gn OH /r^ol<: 

day 
_ 33 IbGrt 

lO l gn r « ^ 0 H ) j / ^ 4 e (;l£;;,y 

001! 



NUS CORPORA TION A N D SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT: 
(JS^IVT QecAo^ H 

FILE NO.: L l l S " BY: i^cr PAGE '-j Of~J 

SUBJECT: ^ CHECKED BY: DATE: 

L e a d c - i o H i^^),} - 0 - o 5 lb f b /daV 

P\o (OH)^ p.-adviced Q.o5 (b Pb 

doy 

JMl .g,̂  Ph(<3it)2/.̂ nic __ 0.O61 lb Pb6rt)z 

i c " ! cjv-i P b / r n o l t do 7 

\̂vjdcje p r j d u c t d 0 . 0 6 lb 3 a\ ^ _ o« 3 gc l̂ 
day 1 8 .3 i ib | o . o i s c\cx\j 

OH"req^>fed Q .Q^ \b PbCo^ili U H S'̂  o''^/'^<lc ^ 0 . 0 0 8 it>(3H' 

doy JS\ (j^, Pb(oH)2/rv,ak doy 

Ma^Agsigr^ i O b . o o ^ a j f * Sds lb /day 

M^Cort)i prid^ctd 5^_l^_^ 

d a y 

•S^gi^ <M3(rdli)t/^)(> ^ , 3 ^ lb /^g^erjz 

J i jr i M^ /rvioie (day 

day 

Ci|C-\ 

S . 3 i lb 
^ 6 M 7 _ 3 O 4 

0 . 0 2 5 day 

<::?rt rccjvAirtd 13:^ lb M^ CQH)^ I 3)H 3-^ <3H /fvv»k ^ 7*7 Ibor t ' 

d a y ) ^3<A Mg(oit)2,/(v,oic d a y 

Ma>>^aocse. 3.(l5 fv>»j/-? =• (."i l b / d a y 

M<^(ori)2. produced l . q tb /M/̂  

do-'̂  

3.1 ib /MAC'3rt)2 

d<j y 

s\>.>dtje jOroduc e d J . I lb I g ^a. \ f£"cac;.\ 

day 8..3i Ib \ o . o z S 
^ ^ 

d a ^ 

Ort recjaired 3 .1 ib ,M/̂ (:0H)e l 3 ^ g.^oH/^^ie ^ t . 2 Ib Qjj 

d a y 1 SS r̂̂  tAn(on)i/r^ok do^j 

XsJife.' 

NUS 1S5A REVISED 0285 

file:///o.ozS


NUS CORPORA TION A N D SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT: F l L £ N 0 . . ^ - , 2 i -

SUBJECT: 

'"^kcr 
CHECKED BY: 

PAGE t ) O F ' 7 

DATE; , ^ 

M i c W e l O •C'li:*^ rv,a /-j^ ^ o - o i T lb /day 

Mi {oct)! produced o.o:S ib Ni [ 7 3 g/-̂  ) : )^ \Mi jfi^oS^ _ O . Q 6 lb ^)l^OfiJ^ 

day 1 ^ ^ S'"" '^•/•^"ie day 

Slodi^^ p r . d o c e d . 0.08 lb I ̂ <^ 
0.0 2i" doy d a y i 5-3S l*o 

OH" r e p a i r e d Q.Q^ 'b ^JiCoiilz JBI 9 ^ Q^ / ^ ^ ^ ^ O . 0 3 lb OH' 

Po tg^iiu'-^ 7 .7 ^ 3 / - I - H J lb/day 

Rort pr^dv^ced s . | I b k j 5 6 g^ koM /^a 'g ^ S . ^ ib KOH 

day 

doNy 

3 ^ gn K/rv,otC day 

2.3H lb O.Ol^ ' J a y 

O U ' r f f u i r e d S ^ i ^ i io\k I '7g.^ Ot\ ' l (^a\t _ ( .g Ifci (3_H " 

d a y '667^0 t<0\\j(^o\t day 

2io_c 0 .73s rv^^/i * 0 . 4 ^ itj/day 

2 n C o r t \ produced O.^'^WiT.r, I 7 ^ 3--' 2 'Xo i i \ I ^Q\ t ^ o . - fS Ib ZoCortk 

cdo-^ I ^ ^ ^ M 2^J(^o\z. (d<5N 

SiUd^t pr-doced Q'75 lb 

day 

0̂,1 

S.3-1 Ib Q.QZS " ( jQ^ i 

OH~ rquired O ' l S {̂3 2^(OH]Z 

d a y 

3W ^^ Q^i//v.Je O.Z6 I^Qrt 
7^ M̂ l^Mz/f^clc cio^ 

001521' 
NUS 1SSA REVISED 0285 



NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT: ^ _^ FILE NO.: ^ ^ ^ ^ BY VcT PAGE G o f l 

SUB. JECT: ^ , 

ietvjy /Metal ,X<r.'V\o'Jal 

Totcxi s.\jdae Drcd'J^\\c'^ <2 ( 3 / ^ 7 ^ Scjiids =̂  i ^ Od g p d 

CHECKED BY: 

p>\ 

fia 

C r 

Coc 

Fc 
pb 

374 3 p d 

3 ^ p d 

O . - i ^ ^d . 

/ gpa 

331 gpd 

0 . 3 2 p d 

M ^ 

yMo 

AJ' 

K 
2o 

6 M 7 ^pd. 

/iT c^pd 

O.Hgfjd 

QQ <̂ {>d. 

3.<:»gp^ 

Tot<^i OH rcc^uir^ne^-t - /<i)7 ib/day 

/^l 

fta 

Cr-

Cu. 

Fe 

Pb 

SI lb/day 

0 . i 2 Ib/dcy 

o.oH lb/day 

a.o7!o|day 

33 lb/day 

o.ocS lb/day 

M ^ 

M ^ 

/o i 

K 
2 o 

77 lb/day 

1-2 lb/day 

o . o 3 ib/doiy 

1-8 Ibjday 

0 -2 i . ib/day 

°"f^-8^ 

M o o H rec^uirenen^^- l(o7 lb Ort- \ 40 g-^ MaoH/iyyale 

day i l <3.^ OH / .V is i t 

a i € So% MacH ( 12. o- ib /ga l ) 

.3^3 IbAkot^ 

(J a 1 

gai 

;2..3' lb day 

3']3 lb KlaO^ 

day 

Hi^o- idosa^ -fo louuCf- /oH- •V"''liou.-i5 byd/"ox)dc Z)reclpiifadic;^ 

r>-t->\ 

3.7S^#1 

3 < ^ 
IHMO t*,Oi 

d a \ 

Lfer 

HSHjOOO/w^ 

'^'^9015; 
NUS 155A REVISED 0285 



NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULATION 
SHEET 

CLIENT: 
U ^ ( = h Qec '̂io-̂  HI 

FILE NO.: 
L12S 

BY: 
/^er PAGE "7 OF 7 

SUBJECT CHECKED BY: 

-f̂  
Tcdt-f s l j d ^ * /}rod^cfiC/-i H O H g p d ^ 9 ' ^ ' U Sol 'd j 

I'-yp^ <̂ c3> 18 . 3 ^ lb C.oj:^' ^^ad^ |̂ >i'dg _ 31*5 lb 6 n ^ ' ' d ^ 

d o y I ' ^ \ Ito 5Ud5< d o / 

J^S ib dry ^cid^ 1 1 ifa dod'oC cĉ Vc I ^ ^ 
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c2S5i..''Vi€ ovcr.V̂ o(Aj rc'de. d-i- 6x)0 ctpd/it ^ I ' l o r - 3. b r i 

u)^^ O ^ i M i O (wrri 

rvii>^ I ^ ^ 

i i l d ^ , i06 -?t^ Ci^ l l ^̂ -
6oo c^ 

r\ -1 

Cb ;p^^- 7 0 ^ ^ __ 7 ?-i- ^ 2' F / i - 9^ -1 - "̂̂  ^ y /£ r r (ailouo 

IOO H ^ extra, ^Udjt ca/'acily ) 

7. 5Lua<;e POMPS 

/ 

a ^ -'<35 gp' 

v= a a o q j '7^ ;tP /u i^^ /^ <^y j s o GMU 

/ I - AciD r^Fo sy^r fh - "̂  g M --f^ec"^ Jn3r- (d<"'^w/coi5«yj./e^' 

jOuiv,pj ' 0-I3. Qph 

001531 
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NUS CORPORA TION A N D SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT: FILE NO.: ^ - ^ 2 ^ 

SUBJECT: , '^ < / I J 

^"^cr 
CHECKED BY^ 

PAGE 3 0 F 3 

DATE: 

-J-l^-Sf 

H4 ^ P F 15 \ \ ^ ^i.<. 'v ' of? c ^ H ' f -P i l fe r 

'^f-' 

6acW6ua^k -ta^L Ldu^oj-^ r o i ^ /oogf l4/p-t^ K / ̂  ^t ^ - /i'"c'0 ^ c J 

F i ^ c t e e d p>J.-̂ pi H î oipr-y - Sai\f QS ofiiC' |(fe^ au/v,ai 

|M. \ ; ^ o ^ pioas^ Co^bcvx A d ^ o o f i o ^ ^ / ^ ^ ^ ^ 

i 5 . (SAC Sy.ster-\ ( fc i i Per C a l j o n j 

yMob *o0^i?ao 

Carbon "̂  H i . o o i l y r ( y < l [ ' 2 ) ( IH lb/i<Too ^ a \ ) 

l(^ . (SAC -f'eqd P^/npi - SQ f^c Q ' ^ O'l'W^ ^ W a j / v /3iro/?j 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULATION 
SHEET 

[CLIENT: FILE NO.: ^ 

u 7 2 r 
SUBJECT: 

I 3 n i j E j o i J ^ < ( \ F T p s cclAhAG/^'^ 

BY: 

CHECKED BY: 

PAGE / OF y 

T-i-'-s? 

de. Qty Co i ' ^ r v i f o t s 

/^Au; to^rgiC Feec> fl.,H/^2 

t ^ \ ^ i ^ G T P i i ^ i ^ ^ w i G l L 

NJa0 4 fS^ ' -^ Pc^?'-^ 

p 4 c^<i '^oy- S y i f S M 

F1-OCC0..A Tit^NJ T A N I I < -

poi-ViuCie. Fcco sy3r6iv\ 

C L A . ' ? . * ' ^ > C I ^ 

^LUii&e Pu.wips 

aH AajoiTMe^N— T A M K -

ACtO. f = 6 s : i /'O/M.OS 

Aifs. <>r(?ii°ps'e Feeo PUMPS 

VAP<^^ Pi-ift^e CAeaoNj /\Cii>oR,'^TioiJ 

F' l i - re / i F e s o PO.VAPJ 

lSAClCU)^i^^ T(^NJ< 

CPiRiic.-.j AQ5o(?Pri0fO S y ^ r ^ M -Mo6)n.i?<*rioM 

C>CMa6ii-(?>*Tio»J 

F(<-re(t p.?es5 

Fi<.r6i2. PiCtss F^fio /3uMP.3 

/ 

I 

/ 

2. 

;2 
I 

I 

/ 

I 
I 

2 
Z 

y 

z 
z 
I 

z 

z 
I 

X 

/$oo C/\L. 

3 h HP 

J So ^-^ i -

/ /g /VP 

/ ^ o o (S/ii. 

0 . 2 G°t4 

l l F r O/z^M 

;?So G^c 

i/a tip 

0.2 GP4 

/ ^ O i G/1L 

>22S" cSPM 

C'-£o<3.<'«> Sea J /Ag^;jS/=0^ 

1§ 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

1 CLIENT: FILE NO.: _ ^ -

U"72b 
SUBJECT: 

\ 3/^sf fo o-N DieAFr Fs CO.-MMFNJT^ 

^ " / ^ C T -

CHECKED BY: 

PAGE / O F / 

DATE: 

1-11-87 

Pi-cir-i.V 

U?c--tS » I 

5^07^ AJC< o H -3i o j a / / day — l l , 3 / o ^<x] j y r V'? i-2c 

i olN/r^er- 0 . 5 6 l b /day ~ 

o6"6^ 'WzS(Js^ 7 ^ ^ i / d i y -

75" /b/y^ 7fti-2o 
^^ £ • £ - 5 ' ^ ^ / / f " V ^ C ^ o 

Ti'^'iea't' 

;A>f|-U i* 1 

i(Z \ ^ 2 } 0 

/z? I - . 3 0 

Lease Carb<-v\ Adi>or-pfiaT Sy3^^.-l - f 5 6 ; W o o / y i 

Gra^-la^ /^cfiJ</ded <î a-loc7^ ^t'-^'-ljOoo / y r 

y.e I - 2 

V« 1-2^ 

y-z 1 -2 . 

V« l-3<:3 

16S y d ^ l y r {\\ci70'J ="̂ -i ov.>5o/r ) 

^ V /c / i do r cyoiatc (fc>q^-6o^J^ 

1 ! 
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Aquifer Restoration Tines 

001535 



NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT: 
USEPA fJQSfonJL 

FILE NO.: 
U25" 

BY: 
Î JH PAGE ) 0 F 9 

SUBJECT CHECKED BY: 
\(cr 

Objective - cI^^«frn»'^c TAeorcT»'ORl aQu»T?«" resTora+)'er> Tini< 
bas€c(on maximum ccnramiwcinT Gcnno?«î "'UT»c/n$, 

DATE: ^ ^ 

6-10-89 

cpp 

oncl n^sk'looseJ cleanup goals parji^roirMVxj |}c+w«eo 
Soil a/\J qnoci/ndioaf^r^ ana aaui'fc'^pampurw -hm^j^ 

noacK ' Q siVwpli^^iw mass Dplaoc^ approach uoAl loe usttcx 

t 
Qoat 

v/̂  S : 

Accumula"lî c3rt - Mass I n - HasJ Oat 

AccuwuWi'on (rerooval) - cnanq^ m mass ulr-fk rcrprcT+o 

UaiSfn - 0 CosviifnQ^^aT Qrou/rJ^iAHiTtrcuAsim'i^hcf 
COM+ammaT?/ Zot>^ has no OiafaminarVTf; 

portrcns o f "f^e a<}aiT?r arc Komfl4coow onef 

ac{u«oas MU'-fer |r\crfriV<?s is r^v/ersrWc cuod 
ihsfann^ncoos. 0015^ 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULATION^ 

CLIENT: n - — , ^ ^ ^ _ FILE NO. 

TIVKVC +0 Acl\iw« AQUITF'^ Berrcraffcv) 

BY: 

B J 4 PAGE X O F ^ 

SUBJECT CHECKED BY: Her I ATE: 

HO-83 

TJT^ CdfiTGrnmanf mass m +Kc aoa*^ ' ' a i + 1 ^ / 6 = 0 c&nsists 
o-f VK^ 4t>+»l mars iVi +lie wa.iT?r ^nd "Wî  TDT*/ maaiv i4n^ 
sor(. "TK? mass m -Htp Ua+rr 1 j ar -tHot^Js: 

Mass^- O V C ^ w 

wKere: 0 »'s "Hic pOfr)Si4y o f VryQ a<jU'^r rhatnVC Cclc<»)̂ al 
•f/ac+i'en) , r 

V »'s +iie foTal \/o(ume cn cpn+ammATea Q/ounJuwfif r 
and sa+ura+e<^ saksur-faoe saW Or+ers) 

GjvO fs f l ^ ^ younjItvoiTer c(Mĉ AT/o.T«to»̂  OT | n ^ 
-' ccf\\actimaf\i o t iy\4?rerl" ^ ^ ^ / h - k r ) 

Th? mass in -f'fv<? sor l maw Ix? ctcwn^mpt:/as-ft/loH/x'. 

Massac ( l ' e ) V C s / > s 

ojk^re'. Cs I's t h e scil ooncp/tTTarî fr̂ i «+ •mc> ccnTOmimAr 

Z>S Ts +hi? oteosrhjro-f W e soi^ ( k ^ / | i " f ? 0 

T l i e soi'l concenT/aT»>»i aAcI i K e v o a W cpnjpAf<^aT<v*i rii<\y 

Cj = KaLw ^ -Jocnoc'CvJ 

lolicrel -fee 1^ -Kw? Tiraja^'c^c^ oronfM'c carbon c»r>T '̂̂ T 
o^ +K(? S0»7 (kjor^aio^e <»rlo^/icc| ?oi^lJ 
l ^ Cs +h^ sor(7s«iii^C'^"':adsoOT;i>^ cceW«ci)?/\T 

(uq /kQ Oi^ni'C carhcY) j tĵ a j l i ' W Wai^r) 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULATION 
SHEET 

CLIENT: 
USEffl Regn^X 

FILE NO.: 
1115-

BY: 
^ ^ PAGE 3 OF 3 

CHECKED BY: 
l^c-r divyw +0 Adii«v>^ ff<|ui7e^ îesTor<xit)7A 

ThorQixirz^ -^^Q rf)asi e a / a n c e moy k eJfj?rFSSea a s ' 

(A'C 

dt 

DATE: 

6-/0-89 

-QGu; 

SncQ J^ ^ ; / ^ ; ^ ; Q^<^ kiDC ar<? ccns-fanfs^ -flte orcdoflA^ 
dcnVaTive rnay te G>̂ pf̂ s5c?cl a s : 

Separtxl̂ iovi o+ va/^'^abtj ^^l^(rfs '. 

d-.i^ 
Caw dx {j©v - K t ' ©)^s fcck'cc J 

J C j w K t J\pV+a-^)V^j:focl<i>cJ 

loliere: k I's a ccnslanf o f )K)teflmtii»i 

NUS 155A REVISED 0285 
J L i 



NUS CORPORATION AND SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT \^s£?^ ^isfo^m 112S FILE NO.:, BY: imi PAGE t| OF3 

s u B J E ^ ^ ^ ^ ^ AcAi^eNAZ A < \ u P r ? ^ 1 ? < » ^ » ' C L 4 I ^ 
CHECKED BY: f^c-r DATE: 

6- 10-89 

^ r -Q-fc 7 
= K CXp Lt.©y-tO-©)\^itck<icjJ 

<i Wj = C o <?X 

+alcinft MKQ na-tu'-Al (ojarrfni^ ^ f i^fA ^Adirr. 

(j) -t = 

cleaoitp aoal CCgvJ) (\mrt OJA mTî f̂ cwc^rw ' * ' ^ of 
Cot 

j i . 1 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT 
USEPARg<yioAX|" L125" 

FILE NO. '"KrM PAGE S T O F ^ 

SUBJECT: CHECKED BY: 
k'c-r 

DATE: 

6-10-83 

Th(? fo la l Volur^^ o f fne coirttammaAr ^(umes C^̂ J * ^ ^ / 
h? d(?+emn*oecf as TOHOIA)S ! 

Sourc<? A fca I " A-srur>j<?lr^S 

Plume rs Gldyri'c^l iv> sHage. 
MafcTT o î-s ra) - 22sr ^ f 

Arca^tTai) - 1TC:i2s-Xiro;̂  It^C^S-fl^ 

S ^ r a W f l\ixl<ners *̂  ;iO rfeef 

Koin-W/tonce 6aflai«^5 Source - AssunY«''<5»iS 

Plume tt oroAljoir\v\ shape. 

V ^ aoifrdofcasafl'^J =- (<^iniG.7 rff^ 

V ' \MISl/6).7 J^^ |z8 .32 l i4gr j = 4.00 X lo'' |,4ers 

^ lylO^ Ii4erj. 1! 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT 

USEPAB^ fPflU 
FILE NO 

L7;?r 
BY: 

«JH PAGE 6OF3 

" t̂vmo +0 AttiW<? AcjUiff'' BpSTio/at 

AcWif tnJ AsiUMpfiWS *• 

© CpcrosAy) « O.X ddWs HiO/(r-fer ft^i.^-r) 
ACdcas(f/) - aO<gsad/l«-ferS«iD 

"Ifcc- 9.fc X lO"' C Kg dr». corbcA / ko sor/) (bosjei on TOC r^sulls) 
Wx va(tjies ar^ sumwan ' ^^ ih "fat l« S'\ o-f fl>e R I ^V^IumcX) 
Q ^ H^ afvn - 1^7 Ir-ha HTO/mih (feauery well jyj"leM design) 

SsimpledlcalaTrcy); 

(irnfoumd of iy\Tfrfs+ - 1̂  /̂  \--frick lorce-f^ooe 

KoiLiVnurvi G*\Q?nfraTrcn CCo) - ^^^00 j u ^ l ic^er 
TorjQ'f Conc«nw4i'ev\ CCjw) r /^O^ j ^ i ^ / d f e r 
Koc - i r a > ^ / ICQ org, cor ton ^ Q [ ^ i f c r l-/i 

TnjHA.!parQm<74eri :fcr (ron I are as fitlcias: 

e V = 0':^ lifors 14,01IX10^ lifgcytiftM'^r « X(?x\o''l»4efS 

>^/Vc4erH^0 

== - In raQQuyi.Wlr(a.OXto'^4;.33SXlQ^)lr|grsM / g ^ (/^^^ 

' H.̂ 9 X 10^ min 

r. M.fe3 X iQ^m.'ni hour l _ i » i - , l . - : i £ g ^ ẑ  B3^<^ors 

CHECKED BY: «!ct- DATE: ^ ^ 

6-(0-83 

CHCL) 

<y^' 

t-

li41 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULATION^ 

CLIENT;, - ^ ^ y . « _ „ FILE NO U5Em B g w IT I nir BY: 
RTI-I PAGE TOFS 

SUBJE CHECKED BY: l^cT HO-89 \\m9 fo Ao\i'e\;e Aomfer jc^rlofaf Of 

Ti^n? Pe^jui'^ed TO ireniove "me (?mam\na ccnTammaA-TJ î s 
summan-q^ed iv\ +lvc artaci^e<^ sf<Teadxlteef 

Xn aJjIrf-vv^^- 4fic rexidual conccATrccp^r afre*- a x o ^ t a r 
Operaf'CM^I pen^d f-hif̂ <?' "fe »^e^4 -f^e deanup goa/ -fer PCE) 
arc also s a m m a n ' ^ d . 

Tke ortacfiecl n^k ossessmeAf s p r e a d s ^ r rfcows MyA "Me 

ujh»xii safTt i^s j / i c rQi?u«^'rteAr -/Aof pj lc/ ar^ fo// •Hiui 

Asî tw*>n OA -rtic sprcocisiieeT repair iV̂ ^ affa»AA^.af o f Gwĉ A-f/ici 
t v o u l d KiMUi^e C(f fnr f . t ' 

Asi^Uon OA -rtic S|»r<?o<fe(ieet re ĵfuinV^a affami^ 
+it*ts corr«ĵ #v>diAA 4& a lO"^ ftsk^ I T would 
ma-n?!^ 50 >/earr; 

00154; 
NUS 155A REVISED 0285 



Seteriine Aquifer Restoration Tine; 

Site H m e : 

Date: 
Byron Barrel and Drun 
June m i 

Relevant Equation: 

t = -(Vl[n • |l-n)pltd)/0 I ln[Cg»/Co] 

Hhere: t is the tiae to achieve reaediation lainutes) 
V is the total voluae of the contaainated aquifer (liters) 

n is the porosity of the aquifer latrii (deciaal fraction) 

p is the bull, density of the soil aatrii (kq/liter) 
Foe is the fractional inorganic carbon content of the soil (kq/lgl 
l̂ oc is the soil/sediaent adsorption coefficient of the contaainant (uq/lg/ug/ll 
Q is the recovery aell puaping rate ll/ain) 
Ccu is the groundiiater cleanup goal luq/ll 
Co is the groundNater concentration at t = 0 |ug/l) 

Enter Input Paraaeters; 

V = 
n = 

Foe = 
Q = 

leS 
.2 
2 

,00?6 
167 

Enter Contaainant Specific Inforaation; 

Contaainant Co (ug/l) Ccu (ug/l) Hoc (ug/lg/ug/1) t (ain) t (years) 

m 
( ^ 
Ci9 

benzene 
broaodichloroaethane 
2-butanDne 

carbon tetrachloride 
chlorobenzene 
chlorodibroaoaethane 
chlorofora 
1,2-dichlorabenzene 
1,4-dichlorobenzene 
I,l-dichloroethane 
1,2-dichloroethane 
l.l-dichloroethene 

aethylene chloride 
N-n i trosod i pheny laiine 
tetrachloroethene 

toluene 
1,1,1-trichloroethane 
1,1.2-trichloroethane 

trichloroethene 
vinyl chloride 
xylenes 

.5 
.23 

3000 
290 

,25 
.14 
.51 

.026 
2 

290 
.41 
41 

2,6 

2 
92 

1 
4400 
3,7 

3300 
,06 
3 

5 
100 
170 
100 

488 
100 
100 
620 
75 
5 
5 
7 

100 

4,9 
5 
5 

200 
5 
5 
2 

440 

65 
84 
17 

439 
330 
84 
44 

1700 
1700 
30 
14 
65 

8,8 
648 
364 

300 
152 
56 
126 
8,2 
248 

0 
0 

7,9262e5 
4,4265e6 

0 
0 
0 
0 
0 

l,6067e6 
0 

l,2685e6 
0 
0 

9.7001e6 
0 -̂  

4.6916e4 
0 

8.3014e6 
0 
0 

0 
0 

1,508031 
9.421888 

0 
0 
0 
0 
0 

3,056832 
0 

2,413399 

0 
0 

18.45529 
0 

8.92612B 
0 

15.79406 
0 
0 

Tiae to Achieve Restoration for Host Difficult Contaainant: 18.5 (years) 



Deteraine Residual Concentrations After T Years of Operation: 
T = 20 

Cheaical Residual Concentration (uq/1) 

benzene 
broaodichlorcaethane 

2-butanone 
carbon tetrachloride 
chlorobenzene 
chlorodibroaoaethane 

chlorofora 
1,2-dichlorobenzene 
1,4-dichlorobenzene 
1,1-dichloroelhane 
1,2-dichloraethane 
1,1-dichloroethene 

aethylene chloride 
N-nitrosodiphenylaaine 
tetrachloroethene 
toluene 
1,1,1-trichloroethane 
1,1,2-trichloroethanB 
trichloroethene 
vinyl chloride 
xylenes 

2,173e-7 
l,761e-6 
8,78e-14 
2,3137el 
B,931e-3 
l,072e-6 
l,006e-9 
l,33«e-2 
l,0263e0 
8.41e-10 
1.75e-19 
1.782e-5 
5.01e-23 
3,549e-l 
3,9563e0 
2,596e-2 
4,3212eO 
2,381e-7 

8,874e-l 
2,44e-25 
3,763e-2 

CD 

t ^ 



RISK ASSESSHENT SPREADSHEET - EXPOSURES THROUGH HOUSEHOLD USE OF 6R0UNDNATER 

SITE NAHE: BVRON BARREL AND DRUM SITE 
LOCATION: BYRON, NEN YORK 
DATE; NAY 5, 1999 

HAZARD INDICES AND INCREHENTAL CANCER RISKS ARE CALCULATED BY THIS SPREADSHEET, 
TNO EIPOSURE ROUTES ARE CONSIDERED; INGESTION OF GROUNDNATER AND INHALATION OF 
VOLATILES DURING SHONERING, ASSUHPTIONS ARE OUTLINED BELON, 

DETERHINE RESIDUAL RISK AFTER ATTAINHENT OF ARARS 

REFERENCES; EPA, OCTOBER 1996 
FOSTER, ET AL,, 1987 
DONIGIAN, ET AL,, NOVEMBER, 1983 
EPA, JULY 29, 19B6 
EPA, NOVEHBER 27, 19B5 

INGESTION; DOSE (C X IR X flF)/BN 

UHERE: C = GROUNDNATER CONCENTRATION (HG/L) 
IR = INGESTION RATE (LITERS/DAY) 
AF = ABSORPTION FRACTION (DECIHAL FRACTIONI 
BN = BODY NEIGHT (KG) 

INHALATION: DOSE = (S « IR|/(BN K Ra II 10E6) I (Ds « EXP(-Ra I Dtl/Ra - E>P(Ra I (Ds - Dt))/Ra) 

NHERE: S = VOLATILE ORGANIC CHEHICAL GENERATION RATE (UG/CUBIC HETER/HIN) 
IR = INHALATION RAIE (LITERS/SEC) 
Ds = SHONER DURATION (HIN) 
Ra = AIR EICHANGE RATE ll/HIN) 
Ot = TOTAL DURATION IN SHONER ROOH (HlNl 
BN = BODY NEIGHT (KG) 

ENTER INPUT PARAHETERS; 

INGESTION; ADULT EXPOSURE 

[=1=6 

IR 
AF 
BN 

INHALATION; 

IP 
BN 
Ds 
Dt 
Ra 
SV 
ED 
R; 

2 
1 
70 

ADULT EXPOSURE 

20 
70 
15 
20 

,0083 
12 
40 

,000082 

CONVERSION 
FACTOR '= 

d; 

Ts: 
Tl: 
Ts: 
HI: 
H2: 
T: 
FR; 

,0295714 

1 
2 

293 
318 
,982 
.616 
293 
10 



RISK ASSESSHENT SPREADSHEET - HOUSEHOLD USE OF GROUNDNATER (PAGE TNO) 
BYRON BARREL AND DflUH SITE 
DETERHINE RESIDUAL RISK AFTER ATTAINHENT OF ARARS 
CALCULATE DOSES; 

CHEHICAL 

ACETONE 
2-BUTANONE 
4-nETHYL-2-PENTAN0NE 
BENZENE 
ETHYLBENZENE 
TOLUENE 
XYLENES 
CHLOROBENZENE 
1,2-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 

VINYL CHLORIDE 
1,1,2-TRICHLOROETHANE 
1,1,1-TPICHLOROETHANE 
1,2-DICHLORETHANE 
1,1-DICHLOROETHANE 

TETRACHLOROETHENE 
TRICHLOROETHENE 
1,1-DICHLOROETHENE 
CARBON TETRACHLORIDE 
CHLOROFORH 
HETHYLENE CHLORIDE 
CHLOROHETHANE 
BROHODICHLORDHETHANE 
CHLORODIBROHOHETHANE 
2-CHLOROETHYLVINYLETHER 
CARBON DISULFIDE 
BENZ0(A1ANTHRACENE 

BENZOIBIFLUORANTHENE 
BENZ0(A1FYRENE 

POLYCHLORINATED BIPHENYLS 
N-NITROSODIPHENYLAHINE 

BIS(2-ETHYLHEXYL)PH'HALATE 

HERCURV 
BARIUH 

CHROHIUn 
COPPEP 

LEAD 
NICKEL 
VANADIUH 

ZINC 

CONCENTRATION 

(HB/L) 

B.7Be-17 

2,17e-10 

2,596e-5 
3,763e-5 
8,931e-6 
l,334e-5 
I.026e-3 
2.44e-28 
2,39e-10 
4.321e-3 
l,75»-22 
8,41e-13 
3,956e-3 
8,B74e-4 

l,782e-8 
2.314e-2 
l,01e-12 
5,01e-26 

l,761e-9 
l,072e-9 

3.549e-4 

. HOLECULAR 
NEIGHT 

72,1 

78.12 

92.13 
106.17 
112.56 
147.01 
147.01 
62,5 

133.41 
133.41 
98.96 
98.96 
165,83 
131,39 
96,94 
153,82 
119,38 
94.94 

163.93 
208,3 

198,2 

HENRYS LAN 
CONSTANT 

2.0Be-5 

5.5e-3 

6.66e-3 
4,33e-3 
3,58e-3 
l,93e-3 
3,le-3 
8,14e-2 
7,42e-4 

3e-2 
9,14e-4 
4,26e-3 
l,53e-2 
9,le-3 
l,9e-l 
2.3e-2 

2,e9e-3 
2,03e-3 

2,4lB-3 
9,9e-4 

4,6B-4 

HASS TRANSFER 
COEFFICIENT (KAII 

0 
1.5760e0 

0 
1.8884el 

0 
l,7521el 
l,6010el 
1.5373el 
l,2739el 
l,3316el 
2,2005el 
l,1296el 
l,4983el 
1.3769el 
l,6568el 
l,3333el 
l,4816el 
l,7700el 
l,391Bel 
l,4693el 
l,6955el 

0 
l,2350el 
9,6499e0 

0 
0 
0 
0 
0 
0 

B,9956eO 
0 
0 
0 
0 
0 
0 
0 
0 

•* 0 

INGESTION 
DOSE 

0 
2,51e-18 

0 
4,21e-12 

0 
7.417e-7 
l,075e-6 
2.552e-7 
3,911e-7 
2,932e-5 
6,97e-30 

6,80e-12 
l,235e-4 

5e-24 
2.40e-14 
1.130e-4 
2.535e-5 
5.09e-10 
6.611e-4 
2.97e-H 
l,43e-27 

0 
5,03e-U 
3.06e-ll 

0 
0 
0 
0 
0 
0 

1.014e-5 
0 
0 
0 
0 
0 
0 
0 
0 
0 

INHALATION 
DOSE 

0 
l,99e-19 

0 
4,28e-12 

0 
4.B41e-7 
6,540e-7 
l,510e-7 
l,946e-7 
l,551e-5 
5,35e-30 
3,15e-12 
7,161e-5 
2,72e-24 
l,50e-14 
5.984e-5 
1.45Be-5 
3.35e-10 
3.620e-4 
l,64e-14 
9.08e-28 

0 
2.51e-ll 
1.24e-U 

0 
0 
0 
0 
0 
0 

3.872e-6 
0 
0 
0 
0 
0 
0 
0 
0 
0 



RISK ASSESSHENT SPREADSHEET - HOUSEHOLD USE OF GROUNDNATER IPAGE THREE) 

BVRON BARREL AND DRUH SUE 
DETERHINE RESIDUAL RISK AFTER ATTAINHENT OF ARARS 
CALCULATE HAZARD INDICES; 

INGESTION 
CHEHICAL DOSE 

ACETONE 0 
2-BUTANONE 2,51e-19 

4-HEIHVL-2-FENTAN0NE 0 
BENZENE 4,21e-12 
ETHYLBENZENE 0 
TOLUENE • 7,417e-7 
XYLENES l,075e-6 
CHLOROBENZENE 2,552e-7 
1,2-B!CHLQR0BENZENE 3.Blle-7 
1,4-DICHLOROBENZENE 2,932e-5 
VINVL CHLORIDE 6,97e-30 

1,1,2-TRICHLOPOETHANE 6,80e-12 
1,1,1-TRICHLOROETHANE 1.235e-4 
1,2-DICHLORETHANE 5e-24 
1,1-DICHLOROETHANE 2.40e-14 
TETRACHLOROETHENE 1.130e-4 
TRICHLOROETHENE 2.535e-5 
1,1-DICHLOROETHENE 5.09e-10 
CARBON TETRACHLORIDE 6.611e-4 
CHLOROFORH 2.87e-14 
HETHYLENE CHLORIDE l,43e-27 
CHLOROHETHANE 0 
BROHODICHLORDHETHANE 5.03C-11 
CHLORODIBROHOHETHANE 3.06e-ll 
2-CHLOROETHYLVlNYLETHER 0 
CARBON DISULFIDE 0 
FENZO(A)ANTHFACENE 0 
BENZ0(B1FLU0RANTHENE 0 
BENZ0{A1PYPENE 0 
POLYCHLORINATED BIPHENYLS 0 
N-NITROSODIPHENYLAHINE 1.014e-5 
BIS(2-ETHVLHEXYL)PHTHALATE 0 
HERCURV 0 
BARIUH 0 

CHROHILIH 0 

COPPER 0 
LEAD 0 
NICKEL 0 
VANADIUH 0 
ZINC 0 

INHALATION 

DOSE 

0 
1.99e-19 

0 
4,28e-12 

0 
4.941e-7 

6,560c-7 
1.510e-7 
l,946e-7 
l,551e-5 
5,35e-30 
3.15e-12 
7,161e-5 
2,72e-24 
l,50e-14 
5,984e-5 
l,458e-5 
3,35e-10 
3,620e-4 
l,64e-14 

9,09e-28 
0 

2,51e-ll 
l,24e-ll 

0 
0 
0 
0 
0 
0 

3,972e-6 
0 
0 
0 
0 
0 
0 
0 
0 
0 

REFERENCE 

DOSE ING, 

le-l 
5e-2 
5e-2 

le-l 
3e-l 
2»0 
3e-2 
4e-l 

4e-2 

9e-2 

le-l 
le-2 

9e-3 
7e-4 
le-2 

6e-2 

2e-l 

le-l 

2e-2 
3e-4 

5e-2 
leO 

3,7e-2 
l,4e-3 
2e-2 
le-3 
2e-l 

REFERENCE 
DOSE INH, 

9e-2 

leO 
4e-l 
5e-3 
4e-l 

3»-l 

le-l 

le-4 

le-2 

HAZARD 

IND, INB, 

5,02e-17 
0 

0 
0 

2,472e-6 
5,376e-7 
8,506e-6 
9.529e-7 

0 
0 

l,70e-10 
l,372e-3 

0 
2.40C-13 

1.130e-2 
0 

5.657e-8 
9.444e-l 
2.B7e-12 
2.39e-26 

0 
0 

l,5.3e-10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

HAZARD 
IND, INH. 

2.10e-lB 
0 
0 
0 

4.941e-7 
1.640e-6 
3,019e-5 
4,964e-7 

0 
0 
0 

2,397e-4 
0 
0 

5,994e-4 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

c 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

HAZARD 
INDEX 

0 
5,23e-17 

0 
0 
0 

2,956e-6 
2,179e-6 
3,970e-5 
l,439e-6 

0 
0 

1.70e-10 
1.611e-3 

0 
2.40e-13 
l,190e-2 

0 
5,457e-B 
9,444e-l 
2,87e-12 
2,39e-26 

0 
0 

l,53e-10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

QIJAL HAZARD INDEX 

C3r 
9.579e-l 

c=^ 



RISK ASSESSHENT SPREADSHEET - HOUSEHOLD USE OF GROUNDKATER (PAGE FOUR) 
DYRON BARREL AND DRUH SITE 
DETERHINE RESIDUAL RISK AFTER ATTAINHENT CF ARARS 
CALCULATE INCREHENTAL CANCER RISK: 

CHEHICAL 

ACETONE 
2-BUTANONE 

)-HETHVL-2-PENTANDNE 
BENZENE 
ETHYLBENZENE 
TOLUENE 
XYLENES 
CHLOROBENZENE 

1,2-DICHLOROBENZENE 
1.4-DICHLOROBENZENE 
VINVL CHLORIDE 
1,1,2-TRICHLOROETHANE 
1,1,1-TRICHLOROETHANE 
1,2-DICHLORETHflNE 
1,1-DICHLOROETHANE 
TETRACHLOROETHENE 
TRICHLOROETHENE 
1,1-DICHLOROETHENE 
CARBON TETRACHLORIDE 
CHLOROFORH 
HETHYLENE CHLORIDE 
CHLOROHETHANE 
BROHODICHLOROHEIHANE 
CHLORODIBROHOHETHANE 
2-CHLOROETHYLVINVLETHER 
CARBON DISULFIDE 
BENZOIAIANTHRACENE 
BENZO(B)FLiJORANIHENE 

BENZ0(A1PYRENE 
POLYCHLORINATED BIPHENYLS 

N-NITROSODIPHENYLAHINE 
BIS(2-ETHYLHEXVL)PHTHALATE 
HERCURV 
BARIUH 
CHROHIUH 

COPPER 
LEAD 
NICKEL 
VANADIUH 
ZINC 

INGESTION 
DOSE 

0 
2,51e-18 

0 
6,21e-12 

0 
7,417e-7 
l,075e-6 
2.552e-7 
3,911e-7 

2.932e-5 
6,97e-30 
6,90e-12 
1.235e-4 

5e-24 
2,40e-14 
1.130e-4 
2,535e-5 
5.09e-10 
6,611P-4 

2,97e-14 
l,4.3e-27 

0 
5,03e-ll 
3.06e-ll 

0 
0 
0 
0 
0 
0 
•5 

0 
0 
0 
0 
0 
0 
0 
0 
0 

l,014e 

INHALATION 
DOSE 

0 
l,89e-19 

0 
4.29e-12 

0 
4.941e-7 
6,560c-7 
l,510e-7 
l,946e-7 

h551e-5 
5,35e-30 

3.15e-12 
7.161e-5 
2,72e-24 

l,50e-14 
5,984e-5 
l,45Be-5 
3,35e-10 
3.620e-4 
l,64e-14 
9.09e-28 

0 
2,51e-ll 
l,24e-ll 

0 
0 
0 
0 
0 
0 

3.972e-6 
0 
0 
0 
0 
0 
0 
0 
0 
0 

POTENCY 
FACTOR 1N( 

2,9e-2 

2.4e-2 
2,3e0 
5.7e-2 

9,le-2 
9,le-2 
5,le-2 
l,le-2 

6e-l 
1.3e-l 
6,le-3 
7,5e-3 
l,3e-2 
l,3e-l 
9,4e-2 

l,54e-l 
9.2e-l 
l,15eO 

7,7e0 
4,9e-3 
l,4e-2 

POTENCY 
FACTOR INH, 

2,9e-2 

2.95e-l 
5,7e-2 

9,le-2 

3,3e-3 
l,3e-2 
l,2eO 

l,3c-l 
8.le-2 
l,4e-2 
6,3e-3 

8,17e-2 

4,9c-l 

CANCER 
RISK ING, 

0 
0 
0 

l,03e-13 
0 
0 
0 
0 
0 

4,021e-7 
9,16e-30 
2,22e-n 

0 
2,6e-25 
l,25c-15 
3,294e-6 
l,594e-7 
1.75e-10 
4,911e-5 
l,00e-16 
6,13e-30 

0 
3,74e-12 
1.47e-12 

0 
0 
0 
0 

6.1eO 

9,4e-l 

2,939e-9 
0 
0 
0 
0 
0 
0 
0 
0 
0 

CANCER 
RISK INH, 

0 
0 
0 

7,09e-14 
0 
0 
0 
0 
0 
0 

9.01e-31 
1.03e-13 

0 
1.41e-25 

0 
1.129e-7 
1.093e-7 
2.30e-10 
2.689e-5 
7,60e-16 
7.26e-30 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

CANCER 
RISK 

0 
0 
0 

l,74e-13 
0 
0 
0 
0 
0 

4.021e-7 
l.Ole-29 

3,24e-13 
0 

4,01e-25 
l,25e-15 
3,407e-6 
2,477e-7 
4,04e-10 
7,600e-5 
8,60e-16 
l,34e-29 

0 
3,74e-12 
l,47e-12 

0 
0 
0 
0 
0 
0 

2.839e-B 
0 
0 

0 
0 
0 
0 
0 
0 
0 

TOTAL RISK B.Olle-5 



Deteraine Aquifer Restoration Tiaes (10-6 Risll 

Site Naae: 
Date: 

Byron Barrel and Drua 
June 1989 

Relevant Equation; 

t = -{Vl[n t (l-n)pK())/Q I ln[Cgi«/Co] 

Nhere; t is the tiae to achieve reaediation lainutes) 
V is the total voluae of the contaainated aquifer (liters) 
n is the porosity of the aquifer uatrix (deciaal fraction) 
p is the bull density cf the soil aatrix (kg/liter) 
Foe is fhe fractional inorganic carbon content of the soil (kg/kg) 
Koc is the soil/sediaent adsorption coefficient of the contaainant (uq/kq/ug/I) 
0 is the recovery Hell puaping rate (1/ain) 
Ccij is the groundaater cleanup goal (ug/l) 
Co is the qroundxater concentration at t = 0 (ug/l) 

Enter Input Paraaeters; 

V = 

n = 

P = 
Foe = 
0 = 

leB 
.2 
2 

.0096 
167 

Enter Contaainant Specific Inforaation; 

Contaainant Co (ug/l) Ccu (ug/l) Koc luq/kq/ug/11 t (ain) t (years) 

benzene 
broaodichloroiethane 
2-butanone 
carbon tetrachloride 
chlorobenzene 
chlorodibroaoaethane 
chlorofora 
1,2-dichlorobenzene 
1,4-dichlorobenzene 
1,1-dichloroethane 
1,2-dichlDroethane 
1,1-dichloroethene 
aethylene chloride 
N-nitrosodiphenylaaine 

^tetrachloroethene 
W o l u e n e 
£3,1,1-tr ichloroethane 
^5-di, 1,2-trichloroethane 
f-^ichloroethene 
^ n y l chloride 
••^^lenes 

,5 
,23 

290 

,14 
,51 

2 
290 
,41 
41 
2,8 
2 
82 

3,7 
3300 
,06 

3.28e-2 
1.795e-2 

6,352c-3 

2,778e-2 
l,57Be-2 

9,722e-2 
2,564e-2 
9,024e-3 
9,622e-4 

7,889e-2 
_4,762e-l 
4,077e-2 

l,295e-2 
6,943e-2 
8,491e-4 

65 
84 
17 
439 
330 
84 
44 

1700 
1700 
30 
14 
65 
8,8 
648 
364 
300 
152 
56 
126 
8,2 
248 

l,9549e4 
2.2740e6 

0 
4.4404e7 

0 
l,4433e4 
l,8229e6 

0 
4,7644e7 
3,6931e6 
9.4945e5 
7,6496e6 
7,1435e5 
9.7250e4 
2,4377e7 

0 
0 

3,589Be4 
l,3770e7 

8,2651e5 
0 

3.719339 
4.330320 

0 
84,96619 

0 
2,746019 

3,448138 
0 

90,44424 
7,024514 
1.904507 

,̂ 14.55394 
1.342921 
14,40015 

50,19492 
0 
0 

4,929844 
26.19873 
1,572515 

0 

Tiae to Achieve Restoration for Host Difficult Contaainant; 90.6 (years) 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT: _ ^ 

UseFA e«5nm u : 
SUBJECT: 

A»r Bmi'sSi^o^ i " ' 

FILE NO.: . 

i4r»we'-

'' m 
CHECKED BY: - -

PAGE ( OF 2 . 

DATE: , 

PromcakdiworoeTnaoe Oi2-5 
dUonsbeo-fc^/ie 0,25" 
cKU>fodit5rom6rY«Hifinc (?.I4 
civlorc-fen^ OaS"! 
l ^ i - c f ' ^ / dbeo^^ / i ^ 0.024 
l^i<-didU6a3l«AteAe 2 . 0 
1̂  I 'clr<Jvt><oe4We :^90 

I, I - d l cKUTDeliaeAe HI 
m«IAy|«AC cklonxU. 1*% 
M-niTA>sod>'pJieAy|flinjA^ 2.0 
4"ef<radviorTocliieA<2 8 L 
-fdi^itrte 1.0 
1̂  l̂  I --fAc^o-^efAoA e H^HOO 
l^l^i-'}r»cU>foe-Ma/)€ 3.1 

ridku?nie-Ht«Ae 3.S00 
vm>/l cklo^rde 0.0^ 
x>(leAe^ J.o 
31-bahlAone 600 
carbon -Wmck londe 290 

-hH&li 9^oaO 

00151 
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NUS CORPORATION AND SUBSIDIARIES STANDARD CALCULATION 
SHEET 

CLIENT: 
USEPft î g t̂bn p : 

FILE NO,: 
Lns-

BY: 
P.JH PAGE 2 OF 2. 

SUBJECT: CHECKED BY: KcT OS-/JI/83 

' " ' ' ' ' ' * - ^ removal 7r:fiCt^/lCKj o i ivw ,«^ H M <:]all<^j/»>\«>^M,f?. A-S.5urTim« ^ removal e^i»cr«/?fy o r ^ O O V o , 

>5 
ik 

^ % 

=. O.OH ll?s/li-

001§i 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULATION 
SHEET 

" ' ^ " USEPA f3»i««ff 
SUBJECT: _ 1 

FILE NO.: ^ ^ ^ 

'A»r5+/'«jp^y 

" V J H 
CHECKED B Y : ^ ^ - - . 

PAGE 1 OF 2 . 

DATE: _ 

Qbj^ l i ve - de+ervAiAe smck concen't'ra'neJAS -fer a i r s h * ' f > ^ r s . 

b/WAc>ditWoro/n^+Acuie 
d\lonoben%9/ie 
cklorodi*b/<ffVAOMff+ho/ie 

I, z-di t /UotobfA*?oe 
i,M-ditJd<jro b^/i-e^'ne 
^^ l -d i tWoroc fJ ione 
), 2 - d itkloroc-Hiart e 
i,j-di^K(oA5etKene 
nrwIWv^lcnQ ckloA'de 
Kl'ni4/'osodijplw«>^Umirte 
"nTTracklo focrn^ Ae 

) ; l ; l - - ( r i tk loroc+f \one 
\Aj2" f/'t'cMo^oe+Kancz 
-nritkl<;ro^"|-Keo<? 
v/ihN ĵ ckk r i ' de 
xyle/>e« L 
;2-buiraAo«e_l 
oarben +errackk<i 'de_. 

0.S-

o.a^ 
o.as 
0»W 

zeio 
o.m 
Ml 

a.o 
©a 

1.0 

2.0 

;?9o 

0.0OO5" 
6.065X 
0.0013 

OaOcaC) 
O.floo5 
0.0Z 
o.r 
0.095-
o.oo^ 
O.OHI 

o.a. 
COM 
o.ooa 
U7 

0.S6 

^0.OOO| 

o.fioM 
570 

'<ro.oQo/ 

-^0.0001 

'<O.0flO| 

0.003 
-<:o.oool 
^OdflOOi 
O.C)00[ 
^o.o l 
0.6035" 
<^0.00| 
cooof 
0.007 

-<o.ooo( 
-^0,/ 
0.013 
^o.osr 
<O,O06| 
<o.oool 

SSO 

^ \ HM ^ 
«:2. H*4 

^ i r P l^u . fc-W Cc-fpQ 

moo 
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NUS CORPORATION AND SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT: 
U5EPA 9 f i ^ l l 

FILE NO, L i z r BY: 
R J M PAGE 2. OF 2. 

SUBJECT CHECKED BY: 

lcmitin?A taws - f^lrShfof^rf 

jfTlttSS emt'tigd from Qirstrippgr t i l Cben^rK?)j^ 

Slock coAcgA-l-nptTi'crt;_ 

K'cr 
DATE: 

-T-ir-es 

= S.8I 
miv i 

^ 

s.ai 4«9 
nfX^ ff̂  

ipj^ I 200/+'10,0^833. m5 
I.OS >*3l '"" 

Chemical 
ben?:ene 
b/oModi^loromettvine 
ck(orobpo^<eî e 
cklo/odi'bfiwiowefkane 
ckloro-fo/"!^ 
i^2,-ditk(proben*erte 
i,^-drck(fl<'obe/\^e/>e 
i^-di^lo^De+korte 
f,z-djtkldrt»rhQne_^ 
l^l-di'cklofl3e+he/)C 
vn<?H\Njle/iec/ilo^»)Jlt? 
K-n4r9Sodi)f^rtylamine 

-foluertp 
y^ I -+n'ck loa)«f kone 
U,2-+o*dilo^eHidne 
rrickloroefhe/w* 
vrn\j I ckknde 
)C>/le/\eJ 

GOTbô  -feT/Jadilo îde 

^•t-rVffgr t i l 
1.03 
QAl 
o.s» 

i.oM 
0.0 r 
M.0̂  
53^ 
0.4)9 
84.1 
S.̂ (> 

m 
a.os 
9,030 

O.IX 

595" 

o.sl 
oM 
0.^6 
O.H 
O.SCl 
0.0S 
2,0^ 
298 
O.HZ 
H5.I 
2M1 

8H 

3.16 

3,390 
0/36 
3.08 
si.a 
;»8 

1554 
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NUS CORPORA TION AND SUBSIDIARIES STANDARD CALCULA TION 
SHEET 

CLIENT 

USEPA^ ggyeo U 
FILE NO.: 

L7ZS-
BY: 

RJH PAGE I OF I 

SUBJECT: 
Air £mi^$io«s - Tlicr»n«»l Ovsorp^ie^ 

CHECKED BY: 
K^-i 

DATE 

05-/31/89 

C7nccATrak«î 5 = i k e moit/mum ol?sf i /^ Satsu'^mce^ 
soil conĉ zn r̂cuWcA^ C'Tab(<?H-*f,̂ m fk<? R t (^pcr t ) . 

Crtgrni^g 

ac<2fcAe 

Toluene 

x>| len<z5 

l,l,l-+ritivlon)efi^aAC 
1.1̂  1 - firrdvlofo ef^one 

-fn^ddoro orken e. 
\^\''^\ dvli ro^\ke^Q 

c QnceATnxTtcyi (iUî  //^j ) 

270 
19 

2,700 
S / 

1,700 
ss-i 
12-

Z;800 
IO 
22. 
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COST ESTIMATES 
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• Alternative 1 

No Action with Monitoring 
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BRYON BARREL k DRUM SITE 
Bryon, New York 
No Action With Monitoring 
Alternative No. 1 
Post Reaedial Monitoring 
(O&MBBDl) 

Annual Costs 

$ t * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
ITEM * ITEM $ « ITEM $ * 

* ANNUAL * ANNUAL * 
* SAMPLING * SAMPLING * NOTES 

* t t * * * * * * * * * * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
1. Sampling * 3000.00 * 3000.00 * 5 monitoring 4 5 residential well 

« * * samples I 40 nanhours per sampling 
* * * period(annual) plus travel, 
* » * living & sample shipping costs. 

2. Analysis * 9600.00 * 9600.00 * 12 samples per sampling period 
* * * (annual) (inc. blank and 
« * * duplicate) Volatile Organics 

3. Reporting * 950.00 * 950.00 * 20 manhours per annual report 
* * » plus other direct costs. 

4. Analysis Review * * 20000.00 * Analysis Review perforaed for 
* * * years 5,10,15,20,25,30 

* * t Post Remedial monitoring will 
TOTAL ANNUAL * « * be perfor»ed annually for years 

COST * 13550.00 * 33550.00 * 1 thru 30 

J3. I 



BYRON BAHItEL k DRUN SITE 
Bryon, Net* York 
No Action With Nonitoring 
Alternative No. 1 
(PWABBDl) 
265 

COST COMPONENT 

1. CAPITAL COST 
2. 0 4 M COSTS 
3. ANNUAL COSTS 
4. ANNUAL DISCOUNT 8ATE=5X 

0 

0 

0 
1 

1 

13.6 
•13.6 
.952 

»»«PRESENT WORTH ANALYSIS*** 

COST/YEAR COST OCCURS ($000'SI 
2 3 4 5 6 

13.6 13.6 13.6 33.6 13.6 
.907 .864 .823 .784 .746 

7 

13.6 
.711 

8 

13.6 
.677 

9 

13.6 
.645 

10 

33.6 
.614 

11 

13.6 
.585 

PRESENT WORTH := 13 12 12 11 26 10 10 21 

0 & N COSTS 

12 13 14 15 16 17 18 19 20 21 22 23 

lUNT RATE=5X 

PRESENT WORTH = 

13.6 
.557 

8 

13.6 
.53 

7 

13.6 
.505 

7 

33.6 
.481 

16 

13.6 
.458 

6 

13.6 
.436 

6 

13.6 
.416 

6 

13.6 
.396 

5 

33.6 
.377 

13 

13.6 
.359 

5 

13.6 
.342 

5 

13.6 
.326 

4 

0 t N COSTS 
RATE=5X 

lENT WORTH = 

24 

13.6 
.31 

4 

25 

33.6 
.295 

10 

26 

13.6 
.281 

4 

27 

13.6 
.268 

4 

28 

13.6 
.255 

3 

29 

13.6 
.243 

3 

30 

33.6 
.231 

8 

TOTAL 
PRESENT 
WORTH 
(OOO'S) 

265 

o 



• Alternative 

Deed and Groundwater Use Restrictions 

1 ! 



BYRON BARREL k DRUN SITE 
Bryon, New York 
Deed And Groundwater Use Restrictions 
Alternative No. 2 
(BBDSla) 

I tea 

1) lapleaent Institutional Controls 

Burden 9 13X of Labor Cost 
Labor 9 15X of Labor Cost 
Material t 5X of Material Cost 
Subcontract 9 lOX of Sub. Cost 

Total Direct Cost 
Indirects 9 75X of Total Direct Labor Cost 
Profit 9 lOX Total Direct Cost 

Total Field Cost 
Contingency • 20X of Total Field Cost 

TOTAL COST THIS PAGE 

4ty Unit Sub. 

LS 10000.00 

Unit Cost Total Coat Total 
Direct 

Mat. Labor Equip. Sub. Hat. Labor Ecjuip. Cost 

10000 10000 

10000 0 0 0 10000 
0 0 
0 0 

0 0 
1000 lodo 

11000 0 0 0 11000 
0 0 

1100 

12100 
2420 

14520 

Coaaents 

©1! 



BRYON BARREL 4 DRUM SITE 
Bryon, New York 
Deed And Groundwater Use Restrictions 
Alternative No. 2 
Post Remedial Monitoring 
(O&MBBDla) 

Annual Costs 

t*****s*******************************************************************************tt** 
ITEM * ITEM $ * ITEM $ * 

* ANNUAL * ANNUAL * 
* SAMPLING * SAMPLING * NOTES 

1. Sampling * 3000.00 * 3000.00 * 5 monitoring k 5 residential well 
* * * samples, 40 manhours per sampling 
* * * period(annual) plus travel, 
* * * living & sample shipping costs. 

2. Analysis » 9600.00 * 9600.00 * 12 samples per sampling period 
* * * (annual) (inc. blank and 
* * * duplicate) Volatile Organics 

t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
3. Reporting * 950.00 * 950.00 * 20 manhours per annual report 

* * * plus other direct costs. 
t * * * * * * * * * * * * * * * * * * * * * * * * * t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
4. Analysis Review * * 20000.00 * Analysis Review performed for 

* * * years 5,10,15,20,25,30 

* * * Post Remedial aonitoring will 
TOTAL ANNUAL » * * be performed annually for years 

COST * 13550.00 « 33550.00 « 1 thru 30 

oor 
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BYRON BARREL li DRUN SITE 
Bryon, New York 
Deed And Groundwater Use Restr 
Alternative No. 2 
(PWABBOla) 
279 

COST COMPONENT 

1. CAPITAL COST 
2. 0 4 H OaSTS 
3. ANNUAL COSTS 
4. ANNUAL DISCOUNT RATE=5X 

PBESENT WORTH = 

ictions 

0 

14.5 

14.5 
I 

IS 

1 

,13.6 
13.6 
.952 

13 

*«* PRESENT 

COST/YEAR 
2 3 

13.6 
,907 

12 

13.6 
.864 

12 

WORTH ANALYSIS*** 

COST OCCURS ($000' 
4 5 

13.6 
.823 

11 

33.6 
.784 

26 

1 

S) 
6 

13.6 
.746 

10 

7 

13.6 
.711 

10 

8 

13.6 
.677 

9 

9 

13.6 
.645 

9 

10 

33.6 
.614 

21 

11 

13.6 
.585 

8 

0 4 N CQSTS 

12 13 14 15 16 17 18 19 20 21 22 23 

lUNT RATE=5X 

PRESENT WORTH = 

13.6 
.557 

8 

13.6 
.53 

7 

13.6 
.505 

7 

33.6 
.481 

16 

13.6 
.458 

6 

13.6 
.436 

6 

13.6 
.416 

6 

13.6 
.396 

5 

33.6 
.377 

13 

13.6 
.359 

5 

13.6 
.342 

5 

13.6 
.326 

4 

24 25 26 27 28 29 30 

0 4 H COSTS 
ANNUAL DISCOUNT RATE=5X 

PRESENT WORTH = 

13.6 
.31 

4 

33.6 
.295 

10 

13.6 
.281 

4 

13.6 
.268 

4 

13.6 
.255 

3 

13.6 
.243 

3 

33.6 
.231 

8 

TOTAL 
PRESENT 
WORTH 
(OOO'S) 

BS=S===XS 

• 279 
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• Alternative 3 

Deed Restrictions 
Groundwater Pumping, Treatment, and Discharge to Surface 

Water 

i' 
1 K\ 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Onsite Groundwater Treatnent, 
Discharge To Surface Water 
.Alternative No. 3 
(BBDS2S) 
Page 1 of 4 

I tem 

1) EQUIPMENT 
2) PIPING & INSTRUMENTATION 
3) FOUNDATION & STRUCTURAL 
•n ELECTRICAL 

Burden S 13% of Labor Cost 
Labor $ 15% of Labor Cost 
Material 9 5% of Material Cost 
Subcontract 9 10% of Sub. Cost 

Total Direct Cost 

Indirects 9 75% of Total Direct Labor Cost 
Profit 9 10% Total Direct Cost 

Total Field Cost 

Sub. Mat. 

SUMMARY 

Labor Equip. 

91400 
0 

11520 
0 

102920 

10292 

113212 

t 

278850 
68438 
16065 
78800 

442153 

22108 

464261 

55900 
51569 
29750 
59000 

196219 

25508 
29433 

251160 

188370 

0 
12370 
1785 

0 

14155 

14155 

426150 
132377 
59120 
137800 

755447 

25508 
29433 
22108 
10292 

842788 

188370 
84279 

1115437 

Contingency 9 20% of Total Field Cost 
Engineering 9 15% of Total Field Cost 

Total Cost This Page 

223087 
167316 

1505840 



BRYON BARREL i DRUM SITE 
Bryon, New York 
Extraction, Onsite Groundwater Treatnent, 
Discharge To Surface Hater 
Alternative No. 3 
(BBDS2) 
Page 2 of 4 

I tern 

EQUIPMENT 
1) Extraction Wells 
2) Extraction Well Pumps 

3) Equalization Tank 
4) Equalization Tank Mixer - 3/4 HP 
5) Raw Water Feed Pumps 
6) Rapid Mix Tank 
7) Rapid Mix Tank Mixer - 1/4 HP 
8) Caustic Soda Feed Pumps 
9) Flocculation Tank 
10) Polyner Feed System 
11) Clarifier 
12) Sludge Transfer Pumps 
13) PH .Adjust Tank 
14) PH Adjust Tank Mixer - 1/4 HP 
15) Acid Feed Pumps 
16) Air Stripper Feed Pumps 
17) Air Stripping System ind. 

Stripping Tower, Packing, 
Blowers 

18) Vapor Phase Carbon Adsorption System 
19) Filter Feed Pumps 
20) Sand Filters 
21) Backwash Tank 
22) Backwash Pumps 
23) Carbon Filter Feed Pumps 
24) Carbon Filters (Leased) 
25) Sludge Tank 
26) Filter Press Feed Pumps 
27) Filter Press 
28) Effluent Pumps 

O 

Qty Unit Sub. 

140 
4 

1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
2 
1 

Unit Cost 

Mat. Labor Equip. 

LF 160.00 
1500.00 

2500.00 
1750.00 
2000.00 
600.00 
1500.00 
1000.00 
6000.00 
2000.00 

32400.00 
4500.00 
600.00 
1500.00 
1000.00 
2000.00 

25000.00 

4000.00 
2000.00 
40000.00 
2500.00 
4000.00 
2000.00 

65000.00 
2500.00 
4000.00 

65000.00 
2000.00 

400.00 

500.00 
400.00 
400.00 
200.00 
200.00 
200.00 
1500.00 
400.00 

4800.00 
600.00 
200.00 
200.00 
200.00 
400.00 

12500.00 

400.00 
4000.00 
500.00 
600.00 
400.00 

500.00 
600.00 

16000.00 
400.00 

Sub. 

Total 

Mat. Labor Equip. 

Total 
Direct 
Cost 

22400 
6000 

4000 

1600 

2500 
1750 
4000 
600 
1500 
2000 
6000 
2000 
32400 
9000 
600 
1500 
2000 
4000 

25000 

500 
400 
800 
200 
200 
400 
1500 
400 

4800 
1200 
200 
200 
400 
800 

12500 

65000 

91400 

4000 
80000 
2500 
8000 
4000 

2500 
8000 
65000 
4000 

278850 

800 
8000 
500 
1200 
800 

500 
1200 

16000 
800 

55900 

22400 
7600 

3000 
2150 
4800 
800 
1700 
2400 
7500 
2400 
37200 
10200 
800 
1700 
2400 
4800 

37500 

4000 
4800 

88000 
3000 
9200 
4800 
65000 
3000 
9200 

81000 
4800 

426150 

Comments 

7 9 20' 
2 e 18 gpm 
2 @ 26 gpm 
1500 gal 

44 gpm 
250 gal 

3 gph 
lOOOgal 
0.2 gph 
12' dia 
25 gpm 

250 gal 

0.2 gph 
44 gpm 
44 gpm 

44 gpm 
4' dia 
1500 gal 
225 gpm 
44 gpm 

Mob/Demob 
1500 gal 

44 gpm 
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BRYON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 3 
(BEDS2) 
Page 3 of 4 

Item 

PIPING Sc INSTRUMENTATION 
1) Extraction Wells to Treatment Plant 

A) Piping 
a) 1" 
b) 1-1/2" 
c) 2" 

B) Excavation, Backfill, Compaction 
a) 2' wide x 4' deep 

C) Pipe Bedding 
a) 2' wide ( 1 Layer) 

D) Revegetation 
2) Equal. Tank to Mix Tank - 2" 
3) Mix Tank to Floe Tank - 4" 
4) Floe Tank to Clarifier - 4" 
5) Caustic Soda Feed Piping - 1/2" 
6) PH Control System 
7) Clarifier Sludge Piping - 2" 
8) Clarifier to PH Adjust Tank - 4" 
9) Acid Feed Piping - 1/2" 
10) PH Adjust Tank to Air Strip Sump - 4" 
11) Standpipe to Air Stripper - 2" 
12) Air Piping 

a) 4" 
13) Air Stripper to Filter - 2" 
14) Filter Backwash Piping - 4" 
15) Filter to Carbon Filter - 2" 
16) Filtrate Return Piping - 2" 
17) Effluent Piping - 2" 

a) Excavation, Backfill, Compaction 
b) Pipe Bedding 

18) Plug Valves 
a) 1/2" 
b) 1" 
c) 2" 

19) Check Valves 
a) 1/2" 
a) 2" 

20) Butterfly Valves 
a) 4" 

Qty Unit 

140 
1100 
100 

LF 
LF 
LF 

1200 LF 

1200 
12 
100 
100 
100 
100 
2 

200 
100 
100 
100 
50 

100 
100 
200 
100 
200 
1650 
1650 
1650 

8 
4 
28 

4 
14 

LF 
MSF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 

Sub. 

Unit Cost 

Mat. Labor Equip. Sub. 

Total Total 
Direct 

Mat. Labor Equip. Cost 

6.00 
6.00 
5.60 

3.75 
3.75 
4.00 

.15 

.15 

.15 

.75 

80.00 

4.62 

70.00 

840 
6600 
560 

525 
4125 
400 

21 
165 
15 

1386 
10890 
975 

4.14 900 

1.12 
54.00 
13.00 
26.00 
26.00 
3.25 

5000.00 
13.00 
26.00 
3.25 
26.00 
13.00 

26.00 
13.00 
26.00 
13.00 
13.00 
5.60 
.75 

1.12 

45.00 
60.00 
120.00 

60.00 
150.00 

1.55 
11.20 
7.00 
14.00 
14.00 
1.75 

2000.00 
7.00 
14.00 
1.75 
14.00 
7.00 

14.00 
7.00 
14.00 
7.00 
7.00 
4.00 
4.62 
1.55 

25.00 
30.00 
50.00 

25.00 
50.00 

10.20 

.15 
4.14 

5544 4968 11412 

1344 
648 
1300 
2600 
2600 
325 

10000 
2600 
2600 
325 
2600 
650 

2600 
1300 
5200 
1300 
2600 
9240 
1238 
1848 

360 
240 
3360 

240 
2100 

320 

0 68438 

1860 
134 
700 
1400 
1400 
175 

4000 
1400 
1400 
175 
1400 
350 

1400 
700 

2800 
700 
1400 
6600 
7623 
2558 

200 
120 
1400 

100 
700 

280 

51569 

122 

248 
6831 

12370 

3204 
905 
2000 
4000 
4000 
500 

14000 
4000 
4000 
500 
4000 
1000 

4000 
2000 
8000 
2000 
4000 
16088 
15692 
4406 

560 
360 

4760 

340 
2800 

600 

132376 

Comments 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 3 
(BBDS2) 

Page 4 of 4 

Item 

FOUND.ATION & STRUCTURAL 

1) Equalization Tank Foundation 
2) Rapid Mix Tank Foundation 
3) Flocculation Tank Foundation 
4) Clarifier Foundation 
5) PH Adjust Tank Foundation 
6) Air Stripper Foundation 
7) Sand Filter Foundation 
8) Carbon Filter Foundation 
9) Control Building 
10) Control Building Foundation 
11) Filter Press Support 

Qty 

8 
3 
5 
20 
3 
15 
8 
30 
288 
22 
5 

Unit 

CY 
CY 
CY 
CY 
CY 
CY 
CY 
CY 
SF 
CY 
CY 

Sub. 

40.00 

Unit 

Mat. 

135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 

135.00 
135.00 

Cost 

Labor 

250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 

250.00 
250.00 

Equip. 

15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 

15.00 
15.00 

Sub. 

11520 

Total 

Mat. 

1080 
405 
675 
2700 
405 
2025 
1080 
4050 

2970 
675 

Labor 

2000 
750 
1250 
5000 
750 

3750 
2000 
7500 

5500 
1250 

Equip. 

120 
45 
75 
300 
45 
225 
120 
450 

330 
75 

Total 
Direct 
Cost 

3200 
1200 
2000 
8000 
1200 
6000 
3200 
12000 
11520 
8800 
2000 

Comments 

11520 16065 29750 1785 59120 

ELECTRICAL 
1) Motor Starters 

a) #1 
2) Disconnect Switches 
3) Feeder Cable 
4) Conduit, Cable, Control 

a) #1 
5) Grounding 
6) Miscellaneous Wiring 
7) Outdoor Lighting 

32 
32 

1200 

32 

FT 

LS 
LS 
LS 

1000.00 
200.00 

1.00 

350.00 
8000.00 
6000.00 
4000.00 

450.00 
75.00 
1.50 

450.00 
8000.00 
16000.00 
2000.00 

32000 
6400 
1200 

11200 
8000 
16000 
4000 

14400 
2400 
1800 

14400 
8000 
16000 
2000 

46400 
8800 
3000 

25600 
16000 
32000 
6000 

0 78800 59000 137800 

CD 



BYRON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Groundwater Treatment, 
Discharge To Surface Water 
.Alternative No. 3 
(0&MBBD2a) 

Annual Costs - (24 hr/day - 365 days/year) 

* * * * * 
* * * * * 

ITEM * QTY * UNIT * UNIT$ * ITEM $ * NOTES 

1. Energy * * * * * 
a. Electric * 241696 * Kw-hr * .085 * $20544 * Treatment Plant 

* * * * * 
t * * * * * * * * * * * * * * * * * * * : t f t t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ 
2. Maintenance * * « * $32600 * 3% of Capital Cost 

* # * * * 

3. Operator * 1.5 * EA * 40000.00 * $60000 * 1 Operator - 1st Shift 
* # * * * 

4. Chemicals * * * * * 
a) Caustic Soda * 71 * TON * 300.00 * $21300 * 50% 
b) Polymer * 95 * LB * 3.50 * $333 * 
c) Sulfuric Acid * 20 * TON * 150.00 * $3000 * 66 Baume 

5. Vapor Phase Carbon * * * * * 
a) Replacement * * * * $3000 * 
b) Hauling * 1 * LD * 1400.00 * $1400 * 
c) Incineration * .5 * TON * 250.00 * $125 * Bridgeport N.J. 

6. Sludge Disposal * * * * t 
a) Hauling * 9 * LD * 240.00 * $2160 * 
b) Disposal * 180 * TON * 188.00 * $33840 * Model City, N.Y. 

7. Carbon Filter * * * * * 
a) Rental * * * « $56400 * Year No. 1 & 2 Only 
b) Carbon Replaceme * * * * $144000 * Year No. 1 & 2 Only 

* * * * * 
TOTAL ANNUAL * * * * t 

COSTS » * * « $378702 * Years 1 and 2 

* * * * * 
TOTAL ANNUAL * * * * * 

COSTS * * * * $178302 * Years 3 thru 20 

00157: 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 3 (Present Worth No. 1) 
Post Remedial Monitoring 
(0&MBBD2) 

Annual Costa 

ITEM * ITEM $ * ITEM $ * ITEM $ * ITEM $ * 
* MONTHLY & ANNUAL * MONTHLY & ANNUAL * MONTHLY & ANNUAL * MONTHLY & ANNUAL * 
* SAMPLING * SAMPLING * SAMPLING * SAMPLING * NOTES 

YEARS 1 THRU 20 YEARS 1 THRU 20 YEARS 21 THRU 30 YEARS 21 THRU 30 

1. Sampling * 3000.00 * 3000.00 * 3000.00* 3000.00* 5 monitoring & 5 residential well 
* * * * * samples, 40 manhours per sampling 
* « * * * period(annual) plus travel, 
* * * * * living & sanple shipping costs. 

«4:***********************************4:***«***********************************«********************************************»************ 

2. Sampling " * 9600.00 * 9600.00 * .00* .00* 1 effluent sample, 
* * * * * 8 manhours per sampling 
* * * * * period(monthly) plus travel, 
* * * * * living & sample shipping costs. 

*»*»*«»*««4:*4:***********«**«*«*«**^**«*****«**«««*****«««*«**»*************************«***********************«*****»****«************ 

3. Analysis * 9600.00 * 9600.00 * 9600.00* 9600.00* 12 samples per sampling period 
* * * « » (annual) (inc. blank and 
* * * * * duplicate) Volatile Organics 

**»**:): 4:*4:*****«***************«*«**«**:«:**************4:***«***************«***********************«************************************* 

4. Analysis * 28800.00 * 28800.00 * .00* .00* 3 samples per sampling period 
* * * * * (monthly) (inc. blank and 
* * * * * duplicate) Volatile Organics 

******4:*****************««*****«************«*******»********************»**************«****«*********«******************************* 

5. Reporting * 950,00 * 950.00 * 950.00* 950.00* 20 manhours per annual report 
* » * * » plus other direct costs. 

4:«*«**«««»**4[*^*«*«4[*«*»4:«*4:4:««4:*t***********«*****************«*********************************************************************** 

6. Reporting * 2400.00 * 2400.00 * .00* .00* 4 manhours per monthly report 
* * * * • plus other direct costs. 

*************»«*«:t:***^******««******«4:****************«****************************«*******************«****************«*****«******** 
7. Analysis Review * * 20000.00 * * 20000.00* Analysis Review performed for 

* * * * * years 5,10,15,20,25,30 
:t:*«**«*«4:***4:*****************»******««******«*********************************«********«********************************************** 

* » * » * Post Remedial monitoring will 
TOTAL ANNUAL * * * * * be performed monthly & annually 

COST * 54350.00 * 74350.00 * 13550.00* 33550.00* as noted for years 1 thru 30 
^*«*««4:**********#^*4:*****4:*************»********************************************************************************************** 

CD 
CD 
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BYRON BARREL & DRUM SITE 
Bryon, New York 
E x t r a c t i o n , Groundwater T r e a t m e n t , 
D i scha rge To Su r f ace Water 
A l t e r n a t i v e No. 3 
P r e s e n t Worth No. 1 
(PWABBD2) 

4874 »**PRESENT WORTH ANALYSIS*** 

COST COMPONENT 0 

1. CAPITAL COST 1505.8 
2. 0 & M COSTS 
3 . .ANNUAL COSTS 1 5 0 5 . 8 
4 . ANNUAL DISCOUNT RATE=5% 1 

433.1 
433.1 
.952 

COST/YEAR COST OCCURS ($000'S) 
2 3 4 5 6 10 

433.1 
.907 

232.7 
.864 

232.7 
.823 

252.7 
.784 

232.7 
.746 

232.7 
.711 

232.7 
.677 

232.7 
.645 

252.7 
.614 

11 

232.7 
.585 

PRESENT WORTH 1506 412 393 201 192 198 174 165 158 150 155 136 

12 13 14 15 16 17 18 19 20 21 22 23 

O & M COSTS 
ANNUAL DISCOUNT RATE=5% 

232.7 232.7 232.7 252.7 232.7 232.7 232.7 232.7 252.7 13.6 13.6 13.6 
.557 .53 .505 .481 .458 .436 .416 .396 .377 .359 .342 .326 

PRESENT WORTH = 130 123 118 122 107 101 97 92 95 

O & M COSTS 
ANNUAL DISCOUNT RATE=5% 

PRESENT WORTH 

24 

13.6 
.31 

25 26 27 28 

33.6 
.295 

10 

13.6 
.281 

13.6 
.268 

13.6 
.255 

29 

13.6 
.243 

30 

33.6 
.231 

TOTAL 
PRESENT 
WORTH 
(OOO'S) 

4874 

m 
m 



• Alternative 4 

Soil Capping 
Groundwater Pumping, Treatment, and Discharge to Surface 

Water 
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BRYON BARREL 4 DRUM SITE 
Bryon, New York 
Capping, Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 4 
(BBDS3S) 
Page 1 of 4 

Item 

1) EQUIPMENT 
2) PIPING & INSTRUMENT.ATION 
3) FOUNDATION & STRUCTURAL 
4) ELECTRICAL 
5) CAPPING 

SUMMARY 

Sub. Mat. Labor Equip. 

Burden 9 13% of Labor Cost 
Labor 9 15% of Labor Cost 
Material 9 5X of Material Cost 
Subcontract 9 10% of Sub. Cost 

Total Direct Cost 

Indirects 9 75% of Total Direct Labor Cost 
Profit 9 10% Total Direct Cost 

Total Field Cost 

91400 
0 

11520 
0 

18000 

120920 

12092 

133012 

;t 

278850 
68438 
16065 
78800 
17418 

459571 

22979 

482550 

55900 
51569 
29750 
59000 
26034 

222253 

28893 
33338 

284484 

213363 

0 
12370 
1785 

0 
47682 

61837 

61837 

426150 
132377 
59120 
137800 
109134 

864581 

28893 
33338 
22979 
12092 

961882 

213363 
96188 

1271434 

Contingency 9 20% of Total Field Cost 
Engineering 9 15% of Total Field Cost 

Total Cost This Page 

254287 
190715 

1716435 

twi 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Capping, Extraftion, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 4 
(BBDS3) 
Page 2 of 4 

1 ten 

EQUIPMENT 
1) Extraction Wells 
2) Extraction Well Pumps 

3) Equalization Tank 
4) Equalization Tank Mixer - 3/4 HP 
5) Raw Water Feed Pumps 
6) Rapid Mix Tank 
7) Rapid Mix Tank Mixer - 1/4 HP 
8) Caustic Soda Feed Pumps 
9) Flocculation Tank 
10) Polymer Feed System 
11) Clarifier 
12) Sludge Transfer Pumps 
13) PH Adjust Tank 
14) PH Adjust Tank Mixer - 1/4 HP 
15) Acid Feed Pumps 
16) Air Stripper Feed Pumps 
17) Air Stripping System ind. 

Stripping Tower, Packing, 
Blowers 

18) Vapor Phase Carbon Adsorption System 
19) Filter Feed Pumps 
20) Sand Filters 
21) Backwash Tank 
22) Backwash Pumps 
23) Carbon Filter Feed Pumps 
24) Carbon Filters (Leased) 
25) Sludge Tank 
26) Filter Press Feed Pumps 
27) Filter Press 
28) Effluent Pumps 

Qty Unit Sub. 

140 
4 

1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
2 
1 

Unit Cost 

Mat. Labor Equip. Sub. 

Total 

Mat. Labor Equip. 

LF 160.00 
1500.00 

2500.00 
1750.00 
2000.00 
600.00 
1500.00 
1000.00 
6000.00 
2000.00 

32400.00 
4500.00 
600.00 
1500.00 
1000.00 
2000.00 

25000.00 

4000.00 
2000.00 

40000.00 
2500.00 
4000.00 
2000.00 

65000.00 
2500.00 
4000.00 

65000.00 
2000.00 

400.00 

500.00 
400.00 
400.00 
200.00 
200.00 
200.00 
1500.00 
400.00 

4800.00 
600.00 
200.00 
200.00 
200.00 
400.00 

12500.00 

400.00 
4000.00 
500.00 
600.00 
400.00 

500.00 
600.00 

16000.00 
400.00 

22400 
6000 1600 

2500 
1750 
4000 
600 
1500 
2000 
6000 
2000 
32400 
9000 
600 
1500 
2000 
4000 

25000 

500 
400 
800 
200 
200 
400 
1500 
400 

4800 
1200 
200 
200 
400 
800 

12500 

4000 

65000 

4000 
80000 
2500 
8000 
4000 

2500 
8000 
65000 
4000 

800 
8000 
500 
1200 
800 

500 
1200 

16000 
800 

Total 
Direct 
Cost 

22400 
7600 

3000 
2150 
4800 
800 
1700 
2400 
7500 
2400 

37200 
10200 
800 
1700 
2400 
4800 
37500 

4000 
4800 

88000 
3000 
9200 
4800 
65000 
3000 
9200 

81000 
4800 

Comments 

7 e 20' 
2 e 18 gpm 
2 9 26 gpm 
1500 gal 

44 gpm 
250 gal 

3 gph 
lOOOgal 
0.2 gph 
12' dia 
25 gpm 

250 gal 

0.2 gph 
44 gpm 
44 gpm 

44 gpm 
4' dia 
1500 gal 
225 gpm 
44 gpm 

Mob/Demob 
1500 gal 

44 gpm 

91400 278850 55900 426150 

o 



BRYON BARREL & DRUM SITE 

Bryon, New York 
Capping, Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 4 
(BBDS3) 
Page 3 of 4 

Item 

1) 

B) 

C) 

D) 

20: 

O 

PIPING & INSTRUMENTATION 
Extraction Wells to Treatment Plant 
A) Piping 

a) 1" 
b) 1-1/2" 
c) 2" 
Excavation, Backfill, Compaction 
a) 2' wide x 4' deep 
Pipe Bedding 
a) 2' wide ( 1 Layer) 
Revegetation 

Equal. Tank to Mix Tank - 2" 
Mix Tank to Floe Tank - 4" 
Floe Tank to Clarifier - 4" 
Caustic Soda Feed Piping - 1/2" 
PH Control System 
Clarifier Sludge Piping - 2" 
Clarifier to PH Adjust Tank - 4" 
Acid Feed Piping - 1/2" 
PH Adjust Tank to Air Strip Sump - 4 
Standpipe to Air Stripper - 2" 
Air Piping 
a) 4" 
Air Stripper to Filter - 2" 
Filter Backwash Piping - 4" 
Filter to Carbon Filter - 2" 
Filtrate Return Piping - 2" 
Effluent Piping - 2" 
a) Excavation, Backfill, Compaction 
b) Pipe Bedding 
Plug Valves 
a) 1/2" 
b) 1" 
c) 2" 
Check Valves 
a) 1/2" 
a) 2" 
Butterfly Valves 
a) 4" 

2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
10) 
11) 
12) 

13) 
14) 
15) 
16) 
17) 

18) 

19) 

tn 

Qty Unit Sub. 

140 
1100 
100 

LF 
LF 
LF 

1200 LF 

Unit Cost 

Mat. Labor Equip. 

Total 

Sub. Mat. Labor 

Total 
Direct 

Equip. Cost Comments 

6.00 
6.00 
5.60 

3.75 
3.75 
4.00 

.15 

.15 

.15 

.75 4.62 

80.00 70.00 

4.14 

1200 
12 
100 
100 
100 
100 
2 

200 
100 
100 
100 
50 

100 
100 
200 
100 
200 
1650 
1650 
1650 

8 
4 
28 

4 
14 

LF 
MSF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 

1.12 
54.00 
13.00 
26.00 
26.00 
3.25 

5000.00 
13.00 
26.00 
3.25 
26.00 
13.00 

26.00 
13.00 
26.00 
13.00 
13.00 
5.60 
.75 

1.12 

45.00 
60.00 
120.00 

60.00 
150.00 

1.55 
11.20 
7.00 
14.00 
14.00 
1.75 

2000.00 
7.00 
14.00 
1.75 
14.00 
7.00 

14.00 
7.00 
14.00 
7.00 
7.00 
4.00 
4.62 
1.55 

25.00 
30.00 
50.00 

25.00 
50.00 

10.20 

.15 
4.14 

840 
6600 
560 

525 
4125 
400 

21 
165 
15 

1386 
10890 
975 

900 5544 4968 11412 

1344 
648 
1300 
2600 
2600 
325 

10000 
2600 
2600 
325 
2600 
650 

2600 
1300 
5200 
1300 
2600 
9240 
1238 
1848 

360 
240 
3360 

240 
2100 

320 

0 68438 

1860 
134 
700 
1400 
1400 
175 

4000 
1400 
1400 
175 
1400 
350 

1400 
700 

2800 
700 
1400 
6600 
7623 
2558 

200 
120 
1400 

100 
700 

280 

51569 

122 

248 
6831 

12370 

3204 
905 
2000 
4000 
4000 
500 

14000 
4000 
4000 
500 
4000 
1000 

4000 
2000 
8000 
2000 
4000 
16088 
15692 
4406 

560 
360 
4760 

340 
2800 

600 

132376 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Capping, Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 4 
(BBDS3) 
Page 4 of 4 

Item 

FOUNDATION & STRUCTURAL 
1) Equalization Tank Foundation 
2) Rapid Mix Tank Foundation 
3) Flocculation Tank Foundation 
4) Clarifier Foundation 
5) PH Adjust Tank Foundation 
G) Air Stripper Foundation 
7) Sand Filter Foundation 
8) Carbon Filter Foundation 
9) Control Building 
10) Control Building Foundation 
11) Filter Press Support 

Qty 

8 
3 
5 
20 
3 
15 
8 
30 
288 
22 
5 

Unit Sub 

CY 
CY 
CY 
CY 
CY 
CY 
CY 
CY 

Unit 

Mat. 

135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 

SF 40.00 
CY 
CY 

135.00 
135.00 

Cost 

Labor 

250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 

250.00 
250.00 

Equip. 

15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 

15.00 
15.00 

Sub. 

11520 

11520 

Total 

Mat. 

1080 
405 
675 

2700 
405 

2025 
1C80 
4050 

2970 
675 

16065 

Labor 

2000 
750 
1250 
5000 
750 

3750 
2000 
7500 

5500 
1250 

29750 

Equip. 

120 
45 
75 
300 
45 
225 
120 
450 

330 
75 

1785 

Total 
Direct 
Cost 

3200 
1200 
2000 
8000 
1200 
6000 
3200 
12000 
11520 
8800 
2000 

59120 

Comments 

ELECTRICAL 
1) Motor Starters 

a) #1 
2) Disconnect Switches 
3) Feeder Cable 
4) Conduit, Cable, Control 

a) #1 
5) Grounding 
6) Miscellaneous Wiring 
7) Outdoor Lighting 

32 
32 
00 

32 

FT 

LS 
LS 
LS 

1000.00 
200.00 

1.00 

350.00 
8000.00 
16000.00 
4000.00 

450.00 
75.00 
1.50 

450.00 
8000.00 
16000.00 
2000.00 

32000 
6400 
1200 

11200 
8000 
16000 
4000 

14400 
2400 
1800 

14400 
8000 
16000 
2000 

46400 
8800 
3000 

25600 
16000 
32000 
6000 

0 78800 59000 137800 

CO 

o 
tn 

CAPPING 
1) Dismantle Building 
2) Filter Fabric 
3) Synthetic Membrane 
4) Sand - 12" 

a) Place & Spread 
5) Clean Soil - 30" 

a) Place, Spread & Compact 
6) Topsoil - 6" 

a) Place & Spread 
7) Revegetation 

50000 
2222 
20000 
741 
741 
1852 
1852 
370 
370 
20 

CF 
SY 
SF 
CY 
CY 
CY 
CY 
CY 
CY 
MSF 

.90 
1.20 

7.50 

3.50 

6.00 

24.60 

.06 

.30 

2,70 
.63 

2.70 
.84 

2.70 
.63 

5.60 

.08 

7.43 
.57 

7.43 
2.67 
7.43 
.57 

4.45 

18000 

18000 

2666 

5558 

6482 

2220 

492 

17418 

15000 
667 

2001 
467 

5000 
1556 
999 
233 
112 

26034 

20000 

5506 
422 

13760 
4945 
2749 
211 
89 

47682 

35000 
3333 
18000 
13064 
889 

25243 
6501 
5968 
444 
693 

109134 

50 mil 
20 mi. R.T. 

20 mi. R.T. 
Sheepsfoot Roller 

20 mi. R.T. 



BYRON BARREL & DRUM SITE 
Bryon, New York 
Capping, Extraction, Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 4 
(0&MBBD3a) 

Annual Costs - (24 hr/day - 365 days/year) 

**************************************************************************************** 
* * * * * 
* * * * * 

ITEM * QTY * UNIT * UNIT$ * ITEM $ * NOTES 
********************************************************************************************* 
1. Energy * * * * * 

a. Electric * 241696 * Kw-hr * .085 * $20544 * Treatment Plant 
* * * * * 

********************************************************************************************* 
2. Maintenance * * * * $37300 * 3% of Capital Cost 

* * * * * 
********************************************************************************************* 
3. Operator * 1.5 * EA * 40000.00 * $60000 * 1 Operator - 1st Shift 

* * * * * 
********************************************************************************************* 

4. Chemicals * * * * * 
a) Caustic Soda * 71 * TON * 300.00 * $21300 * 50% 
b) Polymer * 95 * LB * 3.50 * $333 * 
c) Sulfuric Acid * 20 * TON * 150.00 * $3000 * 66 Baume 

********************************************************************************************* 

5. Vapor Phase Carbon * * * * * 
a) Replacement * * * * $3000 * 
b) Hauling * 1 * LD * 1400.00 * $1400 * 
c) Incineration * .5 * TON * 250.00 * $125 * Bridgeport N.J. 

********************************************************************************************* 

6. Sludge Disposal * * * * * 
a) Hauling * 9 * LD * 240.00 * $2160 * 
b) Disposal * 180 * TON * 188.00 * $33840 * Model City, N.Y. 

********************************************************************************************* 

7. Carbon Filter * * * * * 
a) Rental * * * * $56400 * Year No. 1 & 2 Only 
b) Carbon Replaceme * * * * $144000 * Year No. 1 & 2 Only 

********************************************************************************************* 
* * * * * 

TOTAL ANNUAL * * * * * 
COSTS * * * * $383402 * Years 1 and 2 

********************************************************************************************* 
* * * * * 

TOTAL ANNUAL * * * * * 
COSTS * * * * $183002 * Years 3 thru 20 

********************************************************************************************* 

001581 



C3> 

J\3 

BRYON BARREL & DRUM SITE 
Bryon, New York 
Capping, Extraction, Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 4 (Present Worth No. 1) 
Post Remedial Monitoring 
(0&MBBD3) 

Annual Costs 

*************************************************************************************************************************************** 

ITEM * ITEM $ * ITEM $ * ITEM $ * ITEM $ * 
* MONTHLY & ANNUAL * MONTHLY & ANNUAL * MONTHLY & ANNUAL * MONTHLY & ANNUAL * 
* SAMPLING * SAMPLING * SAMPLING * SAMPLING * NOTES 
YEARS 1 THRU 20 YEARS 1 THRU 20 YEARS 21 THRU 30 YEARS 21 THRU 30 

*************************************************************************************************************************************** 
1. Sampling * 3000.00 * 3000.00 * 3000.00* 3000.00* 5 monitoring & 5 residential well 

* * * * * samples, 40 manhours per sampling 
* * * * * period(annual) plus travel, 
* * * * * living & sample shipping costs. 

*************************************************************************************************************************************** 

2. Sampling * 9600.00 * 9600.00 * .00* .00* 1 effluent sample, 
* * * * * 8 manhours per sampling 
* * * * * period(monthly) plus travel, 
* * * * * living & sample shipping costs. 

******«**********»******»********«******************************4i***********»********************«***«********************************* 

3. Analysis * 9600.00 * 9600.00 * 9600.00* 9600.00* 12 samples per sampling period 
* * * * * (annual) (inc. blank and 
* * * * . * duplicate) Volatile Organics 

*************************************************************************************************************************************** 
4. Analysis * 28800.00 * 28800.00 * .00* .00* 3 samples per sampling period 

* * * * * (monthly) (inc. blank and 
* * * * * duplicate) Volatile Organics 

*************************************************************************************************************************************** 
5. Reporting * 950.00 * 950.00 * 950.00* 950.00* 20 manhours per annual report 

* * * * * plus other direct costs. 
*************************************************************************************************************************************** 
6. Reporting * 2400.00 * 2400.00 * .00* .00* 4 manhours per monthly report 

* * * * * plus other direct costs. 
*************************************************************************************************************************************** 
7. Analysis Review * * 20000.00 * * 20000.00* Analysis Review performed for 

* » * » * years 5,10,15,20,25,30 
*************************************************************************************************************************************** 

* * * * * Post Remedial monitoring will 
TOTAL ANNUAL * * * * * be performed monthly 4 annually 

COST * 54350.00 * 74350.00 * 13550.00* 33550.00* as noted for years 1 thru 30 
*************************************************************************************************************************************** 



BYRON BARREL & DRUM SITE 
Bryon, New York 
Capping, Extraction, Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 4 
Present Worth No. 1 
(PWABBD3) 
5143 ***PRESENT WORTH ANALYSIS*** 

COST COMPONENT 
COST/YEAR COST OCCURS ($000'S) 
2 3 4 5 6 10 11 

1. 
2. 
3. 
4. 

CAPITAL COST 
O & M COSTS 
ANNUAL COSTS 
ANNUAL DISCOUNT RATE=5% 

1716.4 

1716.4 
1 

437.8 
437.8 
.952 

437.8 
.907 

237.4 
.864 

237.4 
.823 

257.4 
.784 

237.4 
.746 

237.4 
.711 

237.4 
.677 

237.4 
.645 

257.4 
.614 

237.4 
.585 

PRESENT WORTH = 1716 417 397 205 195 202 177 169 161 153 158 139 

12 13 14 15 16 17 18 19 20 21 22 23 

O & M COSTS 
ANNUAL DISCOUNT BATE=5% 

237.4 237.4 237.4 257 .4 237.4 237 .4 237.4 237.4 257.4 13 .6 13.6 13.6 
.557 . 53 .505 .481 .458 .436 .416 .396 .377 .359 .342 .326 

PRESENT WORTH = 132 126 120 124 109 104 99 94 97 

O & M COSTS 
ANNUAL DISCOUNT RATE=5% 

PRESENT WORTH = 

24 

13.6 
.31 

4 

25 

33.6 
.295 

10 

26 

13.6 
.281 

4 

27 

13.6 
.268 

4 

28 

13.6 
.255 

3 

29 

13.6 
.243 

3 

30 

33.6 
.231 

8 

TOTAL 
PRESENT 
WORTH 
(OOO'S) 

5143 

{=1=6 

m 
Q3> 



• Alternative 5 

Soil Excavation and Offsite Disposal 
Groundwater Pumping, Treatment, and Discharge to Surface 

Water 



BRYON BARREL & DRUN SITE 
Bryon, New York 
Excavation Contaminated Soil, Offsite Disposal 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 5 
(BBDS4S) 
Page 1 of 4 

Item 

1) EQUIPMENT 
2) PIPING & INSTRUMENTATION 

FOUNDATION & STRUCTURAL 
ELECTRICAL 

3) 
4) 
5) OFFSITE DISPOSAL 

Sub. 

SUMMARY 

Mat. Labor Equip. 

Burden 9 13X of Labor Cost 
Labor 9 15% of Labor Cost 
Material 9 5X of Material Cost 
Subcontract 9 lOX of Sub. Cost 

Total Direct Cost 

Indirects 9 75% of Total Direct Labor Cost 
Profit 9 10% Total Direct Cost 

Total Field Cost 

91400 
0 

11520 
0 

1317736 

1420656 

142066 

1562722 

It 

278850 
68438 
16065 
78800 
17062 

459215 

22961 

482176 

55900 
51569 
29750 
59000 
34138 

230357 

29946 
34554 

294857 

221143 

0 
12370 
1785 

0 
70609 

84764 

84764 

426150 
132377 
59120 
137800 
1439545 

2194992 

29946 
34554 
22961 
142066 

2424518 

221143 
242452 

2888113 

Contingency 9 20% of Total Field Cost 
Engineering 9 15% of Total Field Cost 

Total Cost This Page 

577623 
433217 

3898952 

o 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Offsite Disposal 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 5 
(BBDS4) 
Page 2 of 4 

1 tem 

EQUIPMENT 
1) Extraction Wells 
2) Extraction Well Pumps 

3) Equalization Tank 
4) Equalization Tank Mixer - 3/4 HP 
5) Raw Water Feed Pumps 
6) Rapid Mix Tank 
7) Rapid Mix Tank Mixer - 1/4 HP 
8) Caustic Soda Feed Pumps 
9) Flocculation Tank 
10) Polymer Feed System 
11) Clarifier 
12) Sludge Transfer Pumps 
13) PH Adjust Tank 
14) PH Adjust Tank Mixer - 1/4 HP 
15) Acid Feed Pumps 
16) Air Stripper Feed Pumps 
17) Air Stripping System ind. 

Stripping Tower, Packing, 
Blowers 

18) Vapor Phase Carbon Adsorption System 
19) Filter Feed Pumps 
20) Sand Filters 
21) Backwash Tank 
22) Backwash Pumps 
23) Carbon Filter Feed Pumps 
24) Carbon Filters (Leased) 
25) Sludge Tank 
26) Filter Press Feed Pumps 
27) Filter Press 
28) Effluent Pumps 

Qty Unit Sub. 

140 
4 

1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
2 
1 

Unit Cost 

Mat. Labor Equip. Sub. 

Total 

Mat. 

LF 160.00 
1500.00 400.00 

2500.00 
1750.00 
2000.00 
600.00 
1500.00 
1000.00 
6000.00 
2000.00 
32400.00 
4500.00 
600.00 
1500.00 
1000.00 
2000.00 
25000.00 

4000.00 
2000.00 

40000.00 
2500.00 
4000.00 
2000.00 

65000.00 
2500,00 
4000.00 
65000.00 
2000.00 

500.00 
400.00 
400.00 
200.00 
200.00 
200.00 
1500.00 
400.00 
4800.00 
600.00 
200.00 
200.00 
200.00 
400.00 

12500.00 

400.00 
4000.00 
500.00 
600.00 
400.00 

500.00 
600.00 

16000.00 
400.00 

Labor Equip. 

Total 
Direct 
Cost 

22400 
6000 1600 

2500 
1750 
4000 
600 
1500 
2000 
6000 
2000 
32400 
9000 
600 
1500 
2000 
4000 

25000 

500 
400 
800 
200 
200 
400 
1500 
400 

4800 
1200 
200 
200 
400 
800 

12500 

4000 

65000 

4000 
80000 
2500 
8000 
4000 

2500 
8000 

65000 
4000 

800 
8000 
500 
1200 
800 

500 
1200 

16000 
800 

22400 
7600 

3000 
2150 
4800 
800 
1700 
2400 
7500 
2400 

37200 
10200 
800 
1700 
2400 
4800 
37500 

4000 
4800 
88000 
3000 
9200 
4800 

65000 
3000 
9200 

81000 
4800 

Comments 

7 e 20' 
2 e 18 gpm 
2 e 26 gpm 
1500 gal 

44 gpm 
250 gal 

3 gph 
lOOOgal 
0.2 gph 
12' dia 
25 gpm 

250 gal 

0.2 gph 
44 gpm 
44 gpm 

44 gpm 
4' dia 
1500 gal 
225 gpm 
44 gpm 

Mob/Demob 
1500 gal 

44 gpm 

91400 278850 55900 426150 

CO 
CD 

in 
OS) 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Offsite Disposal 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 5 
(BBDS4) 
Page 3 of 4 

Item 

PIPING & INSTRUMENTATION 
1) Extraction Wells to Treatment Plant 

A) Piping 
a) 1" 
b) 1-1/2" 
c) 2" 

B) Excavation, Backfill, Compaction 
a) 2' wide x 4' deep 

C) Pipe Bedding 
a) 2' wide ( 1 Layer) 

D) Revegetation 
2) Equal. Tank to Mix Tank - 2" 
3) Mix Tank to Floe Tank - 4" 
4) Floe Tank to Clarifier - 4" 
5) Caustic Soda Feed Piping - 1/2" 
6) PH Control System 
7) Clarifier Sludge Piping - 2" 
8) Clarifier to PH Adjust Tank - 4" 
9) Acid Feed Piping - 1/2" 
10) PH Adjust Tank to Air Strip Sump - 4' 
11) Standpipe to Air Stripper - 2" 
12) Air Piping 

a) 4" 
13) Air Stripper to Filter - 2" 
14) Filter Backwash Piping - 4" 
15) Filter to Carbon Filter - 2" 
16) Filtrate Return Piping - 2" 
17) Effluent Piping - 2" 

a) Excavation, Backfill, Compaction 
b) Pipe Bedding 

18) Plug Valves 
a) 1/2" 
b) 1" 
c) 2" 

19) Check Valves 
a) 1/2" 
a) 2" 

20) Butterfly Valves 
^ a) 4" 

Qty Unit Sub. 

140 
1100 
100 

LF 
LF 
LF 

1200 LF 

Unit Cost 

Mat. Labor Equip. Sub. 

Total 

Mat. Labor 

Total 
Direct 

Equip. Cost Comments 

6.00 
6.00 
5.60 

3.75 
3.75 
4.00 

.15 

.15 

.15 

.75 4.62 

80.00 70.00 

840 
6600 
560 

525 
4125 
400 

21 
165 
15 

1386 
10890 
975 

4.14 900 

1200 
12 
100 
100 
100 
100 
2 

200 
100 
100 
100 
50 

100 
100 
200 
100 
200 
1650 
1650 
1650 

8 
4 
28 

4 
14 

LF 
MSF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 

1.12 
54.00 
13.00 
26.00 
26.00 
3.25 

5000.00 
13.00 
26.00 
3.25 

26.00 
13.00 

26.00 
13.00 
26.00 
13.00 
13.00 
5.60 
.75 

1.12 

45.00 
60.00 
120.00 

60.00 
150.00 

1.55 
11.20 
7.00 
14.00 
14.00 
1.75 

2000.00 
7.00 
14.00 
1.75 
14.00 
7.00 

14.00 
7.00 
14.00 
7.00 
7.00 
4.00 
4.62 
1.55 

25.00 
30.00 
50.00 

25.00 
50.00 

10.20 

.15 
4.14 

5544 4968 11412 

1344 
648 
1300 
2600 
2600 
325 

10000 
2600 
2600 
325 
2600 
650 

2600 
1300 
5200 
1300 
2600 
9240 
1238 
1848 

360 
240 
3360 

240 
2100 

320 

0 68438 

1860 
134 
700 
1400 
1400 
175 

4000 
1400 
1400 
175 
1400 
350 

1400 
700 

2800 
700 
1400 
6600 
7623 
2558 

200 
120 
1400 

100 
700 

280 

51569 

122 

248 
6831 

12370 

3204 
905 
2000 
4000 
4000 
500 

14000 
4000 
4000 
500 
4000 
1000 

4000 
2000 
8000 
2000 
4000 
16088 
15692 
4406 

560 
360 
4760 

340 
2800 

600 

132376 

c=^ 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Offsite Disposal 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 5 
(BBDS4) 
Page 4 of 4 

Item 

FOUNDATION & STRUCTURAL 
1) Equalization Tank Foundation 
2) Rapid Mix Tank Foundation 
3) Flocculation Tank Foundation 
4) Clarifier Foundation 
5) PH Adjust Tank Foundation 
6) Air Stripper Foundation 
7) Sand Filter Foundation 
8) Carbon Filter Foundation 
9) Control Building 
10) Control Building Foundation 
11) Filter Press Support 

Qty Unit Sub. 

8 
3 
5 
20 
3 
15 
8 
30 
288 
22 
5 

CY 
CY 
CY 
CY 
CY 
CY 
CY 
CY 
SF 
CY 
CY 

Unit Cost 

Mat. Labor Equip. 

40.00 

135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 

135.00 
135.00 

250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 

250.00 
250.00 

15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 

15.00 
15.00 

Total 

Sub. Mat. Labor 

Total 
Direct 

Equip. Cost 

11520 

1080 
405 
675 

2700 
405 

2025 
1080 
4050 

2970 
675 

11520 16065 

2000 
750 
1250 
5000 
750 

3750 
2000 
7500 

5500 
1250 

29750 

120 
45 
75 

300 
45 

225 
120 
450 

330 
75 

1785 

3200 
1200 
2000 
8000 
1200 
6000 
3200 
12000 
11520 
8800 
2000 

59120 

Comments 

ELECTRICAL 
1) Motor Starters 

CS* 
o [ ,^ 

tn 
m 

2) 
3) 
4) 

5) 
6) 
7) 

1) 
2) 
3) 
4) 
5) 
6) 

7) 

8) 

a) #1 
Disconnect Switches 
Feeder Cable 
Conduit, Cable, Control 
a) #1 
Grounding 
Miscellaneous Hiring 
Outdoor Lighting 

OFFSITE DISPOSAL 
Dismantle Building 
Excavate Contaminated Soil 
Hauling - 20 CY Truck 
Disposal Landfill 
Closure Testing 
Backfill New Soil 
a) Place, Spread & Compact 
Topsoil - 6" 
a) Place & Spread 
Revegetation 

32 
32 

1200 

32 

250000 
4100 
14760 
6642 

4100 
4100 
370 
370 
20 

FT 

LS 
LS 
LS 

CF 
CY 
MI 
TON 
LS 
CY 
CY 
CY 
CY 
MSF 

4, 
188. 

10000, 

.00 

.00 
,00 

1000.00 
200.00 

1.00 

350.00 
8000,00 
16000,00 
4000,00 

3.50 

6.00 

24.60 

450.00 
75,00 
1,50 

450,00 
8000.00 
16000,00 
2000.00 

.06 

.80 

2,70 
.84 

2.70 
.63 

5.60 

1 

7 
2 
7, 

4. 

.08 

.50 

.43 
,67 
.43 
.57 
.45 

0 

59040 
1248696 
10000 

1317736 

32000 
6400 
1200 

11200 
8000 
16000 
4000 

78800 

14350 

2220 

492 

17062 

14400 
2400 
1800 

14400 
8000 
16000 
2000 

59000 

15000 
3280 

11070 
3444 
999 
233 
112 

34138 

0 

20000 
6150 

30463 
10947 
2749 
211 
89 

70609 

46400 
8800 
3000 

25600 
16000 
32000 
6000 

137800 

35000 
9430 
59040 

1248696 
10000 
55883 
14391 
5968 
444 
693 

1439545 

60 mi. 
Model City, N 

20 mi. R.T. 
Sheepsfoot Rol 

20 mi. R.T. 



BYRON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Offsite Disposal 
Extraction, Groundwater Treatment, 
Discharge To Surface Water 
Alternative No, 5 
(0&MBBD4a) 

Annual Costs - (24 hr/day - 365 days/year) 

********************************************************************************************* 
* * * * * 
* * * * * 

ITEM * QTY * UNIT * UNIT$ * ITEM $ * NOTES 
********************************************************************************************* 
1, Energy * * * * * 

a. Electric * 241696 * Kw-hr * ,085 * $20544 * Treatment Plant 
* * * * * 

********************************************************************************************* 
2, Maintenance - * * * * $85700 * 3% of Capital Cost 

* * * * * 
********************************************************************************************* 
3, Operator * 1,5 * EA * 40000,00 * $60000 * 1 Operator - 1st Shift 

* * * * * 
********************************************************************************************* 
4, Chemicals * * * * * 

a) Caustic Soda * 71 * TON * 300.00 * $21300 * 50% 
b) Polymer * 95 * LB * 3.50 * $333 * 
c) Sulfuric Acid * 20 * TON * 150.00 * $3000 * 66 Baume 

********************************************************************************************* 
5, Vapor Phase Carbon * * * * * 

a) Replacement * * * * $3000 * 
b) Hauling * 1 * LD * 1400.00 * $1400 * 
c) Incineration * .5 * TON * 250,00 * $125 * Bridgeport N.J, 

********************************************************************************************* 
6, Sludge Disposal * * * * * 

a) Hauling * 9 * LD * 240,00 * $2160 * 
b) Disposal * 180 * TON * 188.00 * $33840 * Model City, N.Y. 

********************************************************************************************* 
7, Carbon Filter * * * * * 

a) Rental * * * * $56400 * Year No. 1 & 2 Only 
b) Carbon Replaceme * * * * $144000 * Year No. 1 & 2 Only 

********************************************************************************************* 
* * * * * 

TOTAL ANNUAL * * * * * 
COSTS * * * * $431802 * Years 1 and 2 

********************************************************************************************* 
* * * • * * 

TOTAL ANNUAL * * * * * 
COSTS * * * * $231402 * Years 3 thru 20 

********************************************************************************************^ 

00,1S8S 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Offsite Disposal 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 5 
Post Remedial Monitoring 
(0&MBBD4) 

Annual Costs 

*********************************************************************************************** 
ITEM * ITEM $ * ITEM $ * 

* MONTHLY & ANNUAL * MONTHLY & ANNUAL * 
* SAMPLING * SAMPLING * NOTES 

*********************************************************************************************** 
1. Sampling * 3000.00 * 3000.00 * 5 monitoring k 5 residential well 

* * * samples, 40 manhours per sampling 
* * * period(annual) plus travel, 
* * * living & sample shipping costs. 

*********************************************************************************************** 
2. Sampling * 9600.00 * 9600.00 * 1 effluent sample, 

* * * 8 manhours per saapling 
* * * period(monthly) plus travel, 
* * * living k sample shipping costs. 

*********************************************************************************************** 
3. Analysis * 9600.00 * 9600.00 * 12 samples per sampling period 

* * * (annual) (inc. blank and 
* * * duplicate) Volatile Organics 

*********************************************************************************************** 
4. Analysis * 28800.00 * 28800.00 * 3 samples per sampling period 

* * * (monthly) (inc. blank and 
* * * duplicate) Volatile Organics 

*********************************************************************************************** 
5. Reporting * 950.00 * 950.00 * 20 manhours per annual report 

* * * plus other direct costs. 
*********************************************************************************************** 
6. Reporting * 2400.00 * 2400.00 * 4 manhours per monthly report 

* * * plus other direct costs. 
*********************************************************************************************** 
7. Analysis Review * * 20000.00 * Analysis Review performed for 

* * * years 5,10,15,20,25,30 
*********************************************************************************************** 

* * * Post Remedial monitoring will 
TOTAL ANNUAL * * * be performed monthly k annually 

COST * 54350.00 * 74350.00 * as noted for years 1 thru 30 
*********************************************************************************************** 

l i 



BYRON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Offsite Disposal 
Extraction, Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 5 
Present Worth No, 1 
(PWABBD4) 
7929 ***PRESENT WORTH ANALYSIS*** 

COST COMPONENT 
COST/YEAR COST OCCURS ($000'S) 
2 3 4 5 6 10 11 

1. 
2. 
3. 
4. 

CAPITAL COST 
O & M COSTS 
ANNUAL COSTS 
ANNUAL DISCOUNT RATE=5X 

PRESENT WORTH = 

3899 

3899 
1 

3899 

486.2 
486.2 
.952 

463 

486.2 
.907 

441 

285.8 
.864 

247 

285.8 
.823 

235 

305.8 
.784 

240 

285.8 
.746 

213 

285.8 
.711 

203 

285.8 
.677 

193 

285.8 
.645 

184 

305.8 
.614 

188 

285.8 
.585 

167 

12 13 14 15 16 17 18 19 20 21 22 23 

O & M COSTS 
ANNUAL DISCOUNT RATE=5X 

285.8 285,8 285,8 305.8 285.8 285.8 
.557 .53 .505 .481 .458 .436 

85.8 
.416 

285.8 
.396 

305.8 
.377 

13.6 
.359 

13.6 
.342 

13.6 
.326 

PRESENT WORTH = 159 151 144 147 131 125 119 113 115 

O & H COSTS 
ANNUAL DISCOUNT RATE=5X 

PRESENT WORTH = 

24 

13.6 
.31 

25 26 27 28 

33.6 
.295 

10 

13.6 
,281 

13.6 
.268 

13,6 
.255 

29 

13.6 
,243 

30 

33.6 
.231 

TOTAL 
PRESENT 
WORTH 
(OOO'S) 

7929 

t-^ 



• Alternative 6 

Soil Excavation and Thermal Treatment 
Groundwater Pumping, Treatment, and Discharge to Surface 

Water 

Jl. tio' tvj fe' 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Thermal Treatment, Onsite Disposal 
Extraction, Onaite Groundwater Treatment, 
Discbarge To Surface Water 
Alternative No, 6 
(BBDS5S) 
Page 1 of 4 

Item 

1) EQUIPMENT 
2) PIPING & INSTRUMENTATION 
3) FOUNDATION & STRUCTURAL 
4) ELECTRICAL 
5) THERMAL TREATMENT 

SUMMARY 

Sub, Mat. Labor Equip. 

Burden 9 13X of Labor Cost 
Labor 9 15% of Labor Cost 
Material 9 5X of Material Cost 
Subcontract 9 lOX of Sub, Cost 

Total Direct Cost 

Indirects 9 75X of Total Direct Labor Cost 
Profit 9 lOX Total Direct Cost 

Total Field Cost 

91400 
0 

11520 
0 

1006300 

1109220 

110922 

1220142 

;t 

278850 
68438 
16065 
78800 
2712 

444865 

22243 

467108 

55900 
51569 
29750 
59000 
28029 

224248 

29152 
33637 

287037 

215278 

0 
12370 
1785 

0 
51093 

65248 

65248 

426150 
132377 
59120 
137800 
1088134 

1843581 

29152 
33637 
22243 
110922 

2039536 

215278 
203954 

2458767 

Contingency 9 20X of Total Field Cost 
Engineering 9 15X of Total Field Cost 

Total Cost This Page 

491753 
368815 

3319336 

o 

m 



BRYON BARREL & DRUN SITE 
Bryon, New York 
Excavation Contaminated Soil, Thermal Treatment, Onsite Disposal 
Extraction, Onaite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No, 6 
(BBDS5) 
Page 2 of 4 Unit Cost 

Item 

EQUIPMENT 
1) Extraction Wells 
2) Extraction Well Ehjmps 

3) Equalization Tank 
4) Equalization Tank Mixer - 3/4 HP 
5) Raw Water Feed Pumps 
6) Rapid Mix Tank 
7) Rapid Mix Tank Mixer - 1/4 HP 
8) Caustic Soda Feed Pumps 
9) Flocculation Tank 
10) Polymer Feed System 
11) Clarifier 
12) Sludge Transfer Pumps 
13) PH Adjust Tank 
14) PH Adjust Tank Mixer - 1/4 HP 
15) Acid Feed Pumps 
16) Air Stripper Feed Pumps 
17) Air Stripping System ind. 

Stripping Tower, Packing, 
Blowers 

18) Vapor Phase Carbon Adsorption System 
19) Filter Feed Pumps 
20) Sand Filters 
21) Backwash Tank 
22) Backwash Pumps 
23) Carbon Filter Feed Pumps 
24) Carbon Filters (Leased) 
25) Sludge Tank 
26) Filter Press Feed Pumps 
27) Filter Press 
28) Effluent Pumps 

Qty Unit Sub, 

140 
4 

1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
2 
1 

Mat, Labor Equip, Sub, 

Total 

Mat, Labor Equip, 

Total 
Direct 
Cost 

LF 160.00 
1500.00 400.00 

2500.00 
1750.00 
2000.00 
600,00 
1500,00 
1000.00 
6000,00 
2000.00 

32400.00 
4500.00 
600.00 
1500.00 
1000,00 
2000,00 

25000.00 

4000.00 
2000,00 
40000.00 
2500.00 
4000,00 
2000.00 

65000.00 
2500.00 
4000.00 

65000.00 
2000.00 

500.00 
400,00 
400.00 
200.00 
200.00 
200.00 
1500.00 
400.00 

4800.00 
600,00 
200,00 
200,00 
200.00 
400.00 

12500.00 

400.00 
4000.00 
500.00 
600.00 
400.00 

500,00 
600,00 

16000.00 
400.00 

22400 
6000 

4000 

1600 

2500 
1750 
4000 
600 
1500 
2000 
6000 
2000 

32400 
9000 
600 
1500 
2000 
4000 
25000 

500 
400 
800 
200 
200 
400 
1500 
400 

4800 
1200 
200 
200 
400 
800 

12500 

65000 

91400 

4000 
80000 
2500 
8000 
4000 

2500 
8000 
65000 
4000 

278850 

800 
8000 
500 
1200 
800 

500 
1200 
16000 
800 

55900 

22400 
7600 

3000 
2150 
4800 
800 
1700 
2400 
7500 
2400 

37200 
10200 
800 
1700 
2400 
4800 

37500 

4000 
4800 
88000 
3000 
9200 
4800 
65000 
3000 
9200 

81000 
4800 

Comments 

7 « 20' 
2 e 18 gpm 
2 « 26 gpm 
1500 gal 

44 gpm 
250 gal 

3 gph 
lOOOgal 
0.2 gph 
12' dia 
25 gpm 

250 gal 

0.2 gph 
44 gpm 
44 gpm 

44 gpm 
4' dia 
1500 gal 
225 gpm 
44 gpm 

Mob/Demob 
1500 gal 

44 gpm 

426150 

o 
CD 

tn 
t ^ 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Thermal Treatment, Onsite Disposal 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 6 
(BBDS5) 
Page 3 of 4 

Item 

1) 
PIPING i INSTRUMENTATION 

Extraction Wells to Treatment Plant 
A) Piping 

a) 1" 
b) 1-1/2" 
c) 2" 

B) Excavation, Backfill, Compaction 
a) 2' wide x 4' deep 

C) Pipe Bedding 
a) 2' wide ( 1 Layer) 

D) Revegetation 
2) Equal. Tank to Mix Tank - 2" 
3) Mix Tank to Floe Tank - 4" 
4) Floe Tank to Clarifier - 4" 
5) Caustic Soda Feed Piping - 1/2" 
6) PH Control System 
7) Clarifier Sludge Piping - 2" 
8) Clarifier to PH Adjust Tank - 4" 
9) Acid Feed Piping - 1/2" 
10) PH Adjust Tank to Air Strip Sump - 4" 
11) Standpipe to Air Stripper - 2" 
12) Air Piping 

a) 4" 
13) Air Stripper to Filter - 2" 
14) Filter Backwash Piping - 4" 
15) Filter to Carbon Filter - 2" 
16) Filtrate Return Piping - 2" 
17) Effluent Piping - 2" 

a) Excavation, Backfill, Compaction 
b) Pipe Bedding 

18) Plug Valves 
a) 1/2" 
b) 1" 
c) 2" 

19) Check Valves 
a) 1/2" 
a) 2" 

20) Butterfly Valves 

=-, a) 4" 

CD 

Qty Unit Sub. 

140 
1100 
100 

LF 
LF 
LF 

1200 LF 

1200 
12 
100 
100 
100 
100 
2 

200 
100 
100 
100 
50 

100 
100 
200 
100 
200 
1650 
1650 
1650 

8 
4 
28 

4 
14 

LF 
MSF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 

Unit Cost 

Mat. Labor Equip. Sub. 

Total Total 
Direct 

Mat. Labor Equip. Cost Comments 

6.00 
6.00 
5.60 

3.75 
3.75 
4.00 

.15 

.15 

.15 

.75 

80.00 

4.62 

70.00 

840 
6600 
560 

525 
4125 
400 

21 
165 
15 

1386 
10890 
975 

4.14 900 

1.12 
54.00 
13.00 
26,00 
26,00 
3.25 

5000.00 
13.00 
26.00 
3.25 

26.00 
13.00 

26.00 
13.00 
26.00 
13.00 
13.00 
5.60 
.75 

1.12 

45.00 
60.00 
120,00 

60,00 
150,00 

1,55 
11.20 
7.00 
14.00 
14.00 
1.75 

2000.00 
7.00 
14.00 
1.75 
14.00 
7.00 

14.00 
7.00 
14.00 
7.00 
7.00 
4.00 
4.62 
1.55 

25.00 
30.00 
50.00 

25.00 
50,00 

10.20 

.15 
4.14 

5544 4968 11412 

1344 
648 
1300 
2600 
2600 
325 

10000 
2600 
2600 
325 

2600 
650 

2600 
1300 
5200 
1300 
2600 
9240 
1238 
1848 

360 
240 
3360 

240 
2100 

320 

0 68438 

1860 
134 
700 
1400 
1400 
175 

4000 
1400 
1400 
175 
1400 
350 

1400 
700 

2800 
700 
1400 
6600 
7623 
2558 

200 
120 
1400 

100 
700 

280 

51569 

122 

248 
6831 

12370 

3204 
905 
2000 
4000 
4000 
500 

14000 
4000 
4000 
500 
4000 
1000 

4000 
2000 
8000 
2000 
4000 
16088 
15692 
4406 

560 
360 
4760 

340 
2800 

600 

132376 

m 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Thermal Treatment, Onsite Disposal 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 6 
(BEDS5) 
Page 4 of 4 

Item 

FOUNDATION & STRUCTURAL 
1) Equalization Tank Foundation 
2) Rapid Mix Tank Foundation 
3) Flocculation Tank Foundation 
4) Clarifier Foundation 
5) PH Adjust Tank Foundation 
6) Air Stripper Foundation 
7) Sand Filter Foundation 
8) Carbon Filter Foundation 
9) Control Building 
10) Control Building Foundation 
11) Filter Press Support 

Qty 

8 
3 
5 
20 
3 
15 
8 
30 
288 
22 
5 

Unit 

CY 
CY 
CY 
CY 
CY 
CY 
CY 
CY 
SF 
CY 
CY 

Sub. 

40.00 

Unit 

Mat. 

135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 

135.00 
135.00 

Cost 

Labor 

250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 

250.00 
250.00 

Equip. 

15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 

15.00 
15.00 

Sub. 

11520 

Total 

Mat. 

1080 
405 
675 

2700 
405 

2025 
1080 
4050 

2970 
675 

Labor 

2000 
750 
1250 
5000 
750 

3750 
2000 
7500 

5500 
1250 

Equip. 

120 
45 
75 
300 
45 
225 
120 
450 

330 
75 

Total 
Direct 
Cost 

3200 
1200 
2000 
8000 
1200 
6000 
3200 
12000 
11520 
8800 
2000 

Comments 

11520 16065 29750 1785 59120 

ELECTRICAL 
1) Motor Starters 

a) #1 
2) Disconnect Switches 
3) Feeder Cable 
4) Conduit, Cable, Control 

a) #1 
5) Grounding 
6) Miscellaneous Wiring 
7) Outdoor Lighting 

32 
32 

1200 

32 

FT 

LS 
LS 
LS 

1000.00 
200.00 

1.00 

350.00 
8000.00 
16000.00 
4000.00 

450.00 
75.00 
1.50 

450.00 
8000.00 
16000.00 
2000.00 

32000 
6400 
1200 

11200 
8000 
16000 
4000 

14400 
2400 
1800 

14400 
8000 
16000 
2000 

46400 
8800 
3000 

25600 
16000 
32000 
6000 

0 78800 59000 137800 

CD 

THERMAL TREATMENT 
1) Dismantle Building 
2) Excavate Contaminated Soil 
3) Thermal Treatment 
4) Closure Testing 
5) Backfill Treated Soil 

a) Place, Spread & Compact 
6) Topsoil - 6" 

a) Place & Spread 
7) Revegetation 

250000 
4100 
6642 

4100 
4100 
370 
370 
20 

CF 
CY 
TON 
LS 
CY 
CY 
CY 
CY 
MSF 

150.00 
10000.00 

6.00 

24.60 

.06 

.80 

1.21 
.84 

2.70 
.63 

5.60 

.08 
1.50 

2.67 
2,67 
7.43 
.57 

4.45 

996300 
10000 

1006300 

2220 

492 

2712 

5000 
3280 

4961 
3444 
999 
233 
112 

20000 
6150 

10947 
10947 
2749 
211 
89 

35000 
9430 

996300 
10000 
15908 
14391 
5968 
444 
693 

1 mi. R.T. 
Sheepsfoot Roller 

20 mi. R.T. 

28029 51093 1088134 



BYRON BARREL k DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Thermal treatment, Onsite Disposal 
Extraction, Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 6 
(0&MBBD5a) 

Annual Costs - (24 hr/day - 365 days/year) 

********************************************************************************************* 
* * * * * 
* * * * * 

ITEM * QTY * UNIT * UNIT$ * ITEM $ * NOTES 
********************************************************************************************* 
1. Energy * * * * * 

a. Electric * 241696 * Kw-hr * .085 * $20544 * Treatment Plant 
* * * * * 

********************************************************************************************* 
2. Maintenance * * * * $49600 * 3% of Capital Cost 

* * * * * 
********************************************************************************************* 
3. Operator * 1.5 * EA * 40000.00 * $60000 * 1 Operator - 1st Shift 

* * * * * 
********************************************************************************************* 
4. Chemicals * * * * * 

a) Caustic Soda * 71 * TON * 300.00 * $21300 * 50% 
b) Polymer * 95 * LB * 3.50 * $333 * 
c) Sulfuric Acid * 20 * TON * 150.00 * $3000 * 66 Baume 

********************************************************************************************* 
5. Vapor Phase Carbon * * * * * 

a) Replacement * * * * $3000 * 
b) Hauling * 1 * LD * 1400.00 * $1400 * 
c) Incineration * .5 * TON * 250.00 * $125 * Bridgeport N.J. 

********************************************************************************************* 
6. Sludge Disposal * * * * * 

a) Hauling * 9 * LD * 240.00 * $2160 * 
b) Disposal * 180 * TON * 188.00 * $33840 * Model City, N.Y. 

********************************************************************************************* 
7. Carbon Filter * * « * * 

a) Rental * * * * $56400 * Year No. 1 & 2 Only 
b) Carbon Replaceme * * * * $144000 * Year No. 1 & 2 Only 

********************************************************************************************* 
* * * * * 

TOTAL ANNUAL * * * * « 
COSTS * * * * $395702 * Years 1 and 2 

********************************************************************************************* 
* * * * * 

TOTAL ANNUAL * * * * * 
COSTS * * * * $195302 * Years 3 thru 20 

********************************************************************************************* 

D I 



BRYON BARREL k DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Thermal Treatment, Onsite Disposal 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 6 
Post Remedial Monitoring 
(0&MBBD5) 

Annual Costs 

*********************************************************************************************** 
ITEM * ITEM $ * ITEM $ * 

* MONTHLY k ANNUAL * MONTHLY & ANNUAL * 
* SAMPLING * SAMPLING * NOTES 

*********************************************************************************************** 
1. Sampling * 3000.00 * 3000.00 * 5 monitoring k 5 residential well 

* * * samples, 40 manhours per sampling 
* * * period(annual) plus travel, 
* * * living & sample shipping costs. 

*********************************************************************************************** 
2. Sampling * 9600.00 * 9600.00 * 1 effluent sample, 

* * * 8 manhours per sampling 
* * * period(monthly) plus travel, 
* * * living 4 sample shipping costs. 

*********************************************************************************************** 
3. Analysis * 9600.00 * 9600.00 * 12 samples per sampling period 

* * * (annual) (inc. blank and 
* * * duplicate) Volatile Organics 

*********************************************************************************************** 
4. Analysis * 28800.00 * 28800.00 * 3 samples per sampling period 

* * * (monthly) (inc. blank and 
* * * duplicate) Volatile Organics 

*********************************************************************************************** 
5. Reporting * 950.00 * 950.00 * 20 manhours per annual report 

* * * plus other direct costs. 
*********************************************************************************************** 
6. Reporting * 2400.00 * 2400.00 * 4 manhours per monthly report 

* * * plus other direct costs. 
*********************************************************************************************** 
7. Analysis Review * * 20000.00 * Analysis Review performed for 

* * * years 5,10,15,20,25,30 
*********************************************************************************************** 

* * * Post Remedial monitoring will 
TOTAL ANNUAL * * * be performed monthly k annually 

COST * 54350.00 * 74350.00 * as noted for years 1 thru 30 
*********************************************************************************************** 

jQ. ( j ^ 5 ^ I 



BYRON BARREL & DRUM SITE 
Bryon, New York 
Excavation Contaminated Soil, Thermal Treatment, Onsite Disposal 
Extraction, Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 6 
Present Worth No. 1 
(PWABBD5) 
6899 ***PRESENT WORTH ANALYSIS*** 

COST COMPONENT 
COST/YEAR COST OCCURS ($000'S) 
2 3 4 5 6 10 11 

1. 
2. 
3. 
4. 

CAPITAL COST 
O & M COSTS 
ANNUAL COSTS 
ANNUAL DISCOUNT RATE=5X 

3319.3 

3319.3 
1 

450.1 
450.1 
.952 

450.1 
.907 

249.7 
,864 

249.7 
.823 

269.7 
.784 

249.7 
.746 

249.7 
.711 

249.7 
.677 

249.7 
.645 

269.7 
.614 

249.7 
.585 

PRESENT WORTH = 3319 428 408 216 206 211 186 178 169 161 166 146 

12 13 14 15 16 17 18 19 20 21 22 23 

O & M COSTS 
ANNUAL DISCOUNT RATE=5% 

249.7 
.557 

249.7 
.53 

249.7 
.505 

269.7 249.7 249.7 249.7 
.481 .458 .436 .416 

249.7 
.396 

269.7 
.377 

13.6 
.359 

13.6 
.342 

13.6 
.326 

PRESENT WORTH = 139 132 126 130 114 109 104 99 102 

24 25 26 27 28 29 30 

O & M COSTS 
ANNUAL DISCOUNT RATE=5% 

PRESENT WORTH = 

13.6 
.31 

4 

33.6 
.295 

10 

13.6 
.281 

4 

13.6 
.268 

4 

13.6 
.255 

3 

13.6 
.243 

3 

33.6 
.231 

8 

TOTAL 
PRESENT 
WORTH 
(OOO'S) 

6899 



• Alternative 7 

In-Situ Soil Vapor Extraction 
Groundwater Pumping, Treatment, and Discharge to Surface 

Water 

ooieo 



BRYON BARREL & DRUM SITE 
Bryon, New York 
In-situ Soil Vapor Extraction 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 7 
(BBDS7S) 
Page I of 4 

Item 

1) EQUIPMENT 
2) PIPING & INSTRUMENTATION 
3) FOUNDATION & STRUCTURAL 
4) ELECTRICAL 
5) IN-SITU SOIL VAPOR EXTRACTION 

Burden 9 13% of Labor Cost 
Labor 9 15% of Labor Cost 
Material 9 5% of Material Cost 
Subcontract 9 10% of Sub. Cost 

Total Direct Cost 

Indirects 9 75% of Total Direct Labor Cost 
Profit 9 10% Total Direct Cost 

Sub. Mat. 

SUMMARY 

Labor Equip. 

91400 
0 

11520 
0 

149000 

251920 

25192 

277112 

t 

278850 
68438 
16065 
78800 
1295 

443448 

22172 

465620 

55900 
51569 
29750 
59000 
1310 

197529 

25679 
29629 

252837 

189628 

0 
12370 
1785 

0 
3737 

17892 

17892 

426150 
132377 
59120 
137800 
155342 

910789 

25679 
29629 
22172 
25192 

1013462 

189628 
101346 

Total Field Cost 1304436 

Contingency 9 20% of Total Field Cost 
Engineering 9 15% of Total Field Cost 

Total Cost This Page 

260887 
195665 

1760988 

CD 

[=5. 



BRYON BARREL & DRUM SITE 
Bryon, New York 
In-situ Soil Vapor Extraction 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 7 
(BBDS7) 
Page 2 of 4 

Item 

EQUIPMENT 
1) Extraction Wells 
2) Extraction Well Pumps 

3) Equalization Tank 
4) Equalization Tank Mixer - 3/4 HP 
5) Raw Water Feed Pumps 
6) Rapid Mix Tank 
7) Rapid Mix Tank Mixer - 1/4 HP 
8) Caustic Soda Feed Pumps 
9) Flocculation Tank 
10) Polymer Feed System 
11) Clarifier 
12) Sludge Transfer Pumps 
13) PH Adjust Tank 
14) PH Adjust Tank Mixer - 1/4 HP 
15) Acid Feed Pumps 
16) Air Stripper Feed Pumps 
17) Air Stripping System incl. 

Stripping Tower, Packing, 
Blowers 

18) Vapor Phase Carbon Adsorption System 
19) Filter Feed Pumps 
20) Sand Filters 
21) Backwash Tank 
22) Backwash Pumps 
23) Carbon Filter Feed Pumps 
24) Carbon Filters (Leased) 
25) Sludge Tank 
26) Filter Press Feed Pumps 
27) Filter Press 
28) Effluent Pumps 

Qty Unit Sub. 

140 
4 

1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
2 
1 

Unit Cost 

Mat. Labor Equip. Sub. 

Total 

Mat. Labor Equip. 

LF 160.00 
1500.00 400.00 

2500.00 
1750.00 
2000.00 
600.00 
1500.00 
1000.00 
6000.00 
2000.00 
32400.00 
4500.00 
600.00 
1500.00 
1000.00 
2000.00 

25000.00 

4000.00 
2000.00 
40000,00 
2500.00 
4000.00 
2000.00 

65000.00 
2500.00 
4000,00 

65000.00 
2000.00 

500.00 
400.00 
400.00 
200.00 
200.00 
200.00 
1500.00 
400.00 
4800.00 
600.00 
200.00 
200.00 
200.00 
400.00 

12500.00 

400.00 
4000.00 
500.00 
600.00 
400.00 

500.00 
600.00 

16000.00 
400.00 

22400 
6000 1600 

2500 
1750 
4000 
600 
1500 
2000 
6000 
2000 
32400 
9000 
600 
1500 
2000 
4000 
25000 

500 
400 
800 
200 
200 
400 
1500 
400 

4800 
1200 
200 
200 
400 
800 

12500 

4000 

65000 

91400 

4000 
80000 
2500 
8000 
4000 

2500 
8000 
65000 
4000 

278850 

800 
8000 
500 
1200 
800 

500 
1200 

16000 
800 

55900 

Total 
Direct 
Cost 

22400 
7600 

3000 
2150 
4800 
800 
1700 
2400 
7500 
2400 

37200 
10200 
800 
1700 
2400 
4800 

37500 

4000 
4800 

88000 
3000 
9200 
4800 

65000 
3000 
9200 

81000 
4800 

426150 

Comments 

7 e 20' 
2 e 18 gpm 
2 § 26 gpm 
1500 gal 

44 gpm 
250 gal 

3 gph 
lOOOgal 
0.2 gph 
12' dia 
25 gpm 

250 gal 

0.2 gph 
44 gpm 
44 gpm 

44 gpm 
4' dia 
1500 gal 
225 gpm 
44 gpm 

Mob/Demob 
1500 gal 

44 gpm 

C3) 

cn 



BRYON BARREL & DRUM SITE 
Bryon, New York 
In-situ Soil Vapor Extraction 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 7 
(BEDS7) 

G> 
O 

m 
o 

Page 3 of 4 

1) 

2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
10) 
11) 
12) 

13) 
14) 
15) 
16) 
17) 

18) 

19) 

20) 

Item 

PIPING & INSTRUMENTATION 
Extraction Wells to Treatment Plant 
A) Piping 

a) 1" 
b) 1-1/2" 
c) 2" 

B) Excavation, Backfill, Compaction 
a) 2' wide x 4' deep 

C) Pipe Bedding 
a) 2' wide ( 1 Layer) 

D) Revegetation 
Equal. Tank to Mix Tank - 2" 
Mix Tank to Floe Tank - 4" 
Floe Tank to Clarifier - 4" 
Caustic Soda Feed Piping - 1/2" 
PH Control System 
Clarifier Sludge Piping - 2" 
Clarifier to PH Adjust Tank - 4" 
Acid Feed Piping - 1/2" 
PH Adjust Tank to Air Strip Sump - 4" 
Standpipe to Air Stripper - 2" 
Air Piping 
a) 4" 
Air Stripper to Filter - 2" 
Filter Backwash Piping - 4" 
Filter to Carbon Filter - 2" 
Filtrate Return Piping - 2" 
Effluent Piping - 2" 
a) Excavation, Backfill, Compaction 
b) Pipe Bedding 
Plug Valves 
a) 1/2" 
b) 1" 
c) 2" 
Check Valves 
a) 1/2" 
a) 2" 
Butterfly Valves 
a) 4" 

Qty 

140 
1100 
100 

1200 

1200 
12 
100 
100 
100 
100 
2 

200 
100 
100 
100 
50 

100 
100 
200 
100 
200 
1650 
1650 
1650 

8 
4 
28 

4 
14 

4 

Unit Sub, 

LF 
LF 
LF 

LF 

LF 
MSF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 

Unit 

Mat. 

6.00 
6.00 
5.60 

.75 

1.12 
54.00 
13.00 
26.00 
26.00 
3.25 

5000.00 
13.00 
26.00 
3.25 
26.00 
13.00 

26.00 
13.00 
26.00 
13.00 
13.00 
5.60 
.75 

1.12 

45.00 
60.00 
120.00 

60.00 
150.00 

80.00 

Cost 

Labor 

- 3.75 
3.75 
4.00 

4.62 

1.55 
11.20 
7.00 

14.00 
14.00 
1.75 

2000.00 
7.00 

14.00 
1.75 

14.00 
7.00 

14.00 
7.00 
14.00 
7.00 
7.00 
4.00 
4.62 
1.55 

25.00 
30.00 
50.00 

25.00 
50.00 

70.00 

Total 

Equip. Sub. Mat. 

.15 

.15 

.15 

4.14 

10.20 

.15 
4.14 

-

840 
6600 
560 

900 

1344 
648 
1300 
2600 
2600 
325 

10000 
2600 
2600 
325 
2600 
650 

2600 
1300 
5200 
1300 
2600 
9240 
1238 
1848 

360 
240 
3360 

240 
2100 

320 

0 68438 

Labor 

525 
4125 
400 

5544 

1860 
134 
700 

1400 
1400 
175 

4000 
1400 
1400 
175 
1400 
350 

1400 
700 
2800 
700 
1400 
6600 
7623 
2558 

200 
120 
1400 

100 
700 

280 

51569 

Equip. 

21 
165 
15 

4968 

122 

248 
6831 

12370 

Total 
Direct 
Cost 

1386 
10890 
975 

11412 

3204 
905 
2000 
4000 
4000 
500 

14000 
4000 
4000 
500 
4000 
1000 

4000 
2000 
8000 
2000 
4000 
16088 
15692 
4406 

560 
360 
4760 

340 
2800 

600 

132376 

Comments 



BRYON BARREL & DRUM SITE 
Bryon, New York 
In-situ Soil Vapor Extraction 
Extraction, Onsite Groundwater Treatment, 
Discharge To Surface Water 
Alternative No, 7 
(BBDS7) 
Page 4 of 4 

Item 

FOUNDATION & STRUCTURAL 
1) Equalization Tank Foundation 
2) Rapid Mix Tank Foundation 
3) Flocculation Tank Foundation 
4) Clarifier Foundation 
5) PH Adjust Tank Foundation 
6) Air Stripper Foundation 
7) Sand Filter Foundation 
8) Carbon Filter Foundation 
9) Control Building 
10) Control Building Foundation 
11) Filter Press Support 

Qty 

8 
3 
5 
20 
3 
15 
8 
30 
288 
22 
5 

Unit Sub, 

CY 
CY 
CY 
CY 
CV 
CY 
CY 
CY 

Unit 

Mat. 

135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 

SF 40.00 
CY 
CY 

135.00 
135.00 

Cost 

Labor 

250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 

250.00 
250.00 

Equip. 

15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 

15.00 
15.00 

Sub. 

11520 

11520 

Total 

Mat. 

1080 
405 
675 

2700 
405 

2025 
1080 
4050 

2970 
675 

16065 

Labor 

2000 
750 
1250 
5000 
750 
3750 
2000 
7500 

5500 
1250 

29750 

Equip. 

120 
45 
75 
300 
45 
225 
120 
450 

330 
75 

1785 

Total 
Direct 
Cost 

3200 
1200 
2000 
8000 
1200 
6000 
3200 
12000 
11520 
8800 
2000 

59120 

Comments 

ELECTRICAL 
1) Motor S t a r t e r s 

a) #1 
2) Disconnect Switches 
3) Feeder Cable 
4) Conduit, Cable, Control 

a) #1 
5) Grounding 
6) Miscellaneous Wiring 
7) Outdoor Lighting 

32 
32 

1200 

32 

FT 

LS 
LS 
LS 

1000.00 
200.00 

1.00 

350.00 
8000.00 
16000.00 
4000.00 

450.00 
75.00 
1.50 

450.00 
8000.00 
16000.00 
2000.00 

32000 
6400 
1200 

11200 
8000 
16000 
4000 

14400 
2400 
1800 

14400 
8000 
16000 
2000 

46400 
8800 
3000 

25600 
16000 
32000 
6000 

0 78800 59000 137800 

IN-SITU SOIL VAPOR EXTRACTION 
1) Mobilization 
2) Vapor Extraction Treatment With 

Carbon Disposal 
3) Demobilization 
4) Capping (Source Area) 

C 3 a) Clean Soil - 12" 
^3) b) Place, Spread & Compact 
|u_A, c) Synthetic Membrane 

370 
370 

10000 

LS 
LS 

LS 

CY 
CY 
SF 

100000.00 
30000.00 

10000.00 

.90 

3.50 

.06 

.80 

2.70 
.84 

.08 
1.50 

7.43 
2.67 

100000 
30000 

10000 

9000 

149000 

1295 

1295 

999 2749 
311 988 

1310 3737 

100000 
30000 

10000 

5043 
1299 
9000 

155342 

Cfe> 



BYRON BARREL & DRUM SITE 
Bryon, New York 
In-situ Soil Vapor Extraction 
Extraction, Groundwater Treatment, 
Discharge To Surface Water 
Alternative No. 7 
(0&MBBD7a) 

Annual Costs - (24 hr/day - 365 days/year) 

********************************************************************************************* 
* * * * * 
* * * * * 

ITEM * QTY * UNIT * UNIT$ * ITEM $ * NOTES 
********************************************************************************************* 
1. Energy * * * * * 

a. Electric * 241696 * Kw-hr * .085 * $20544 * Treatment Plant 
* * * * * 

********************************************************************************************* 
2. Maintenance * * * * $38300 * 3X of Capital Cost 

* * * * * 
********************************************************************************************* 
3. Operator * 1.5 * EA * 40000.00 * $60000 * 1 Operator - 1st Shift 

* * * * * 
********************************************************************************************* 
4. Chemicals * * * * * 

a) Caustic Soda * 71 * TON * 300.00 * $21300 * 50% 
b) Polymer * 95 * LB * 3.50 * $333 * 
c) Sulfuric Acid * 20 * TON * 150.00 * $3000 * 66 Baume 

********************************************************************************************* 
5. Vapor Phase Carbon * * * * * 

a) Replacement * * * * $3000 * 
b) Hauling * 1 * LD * 1400.00 * $1400 * 
c) Incineration * .5 * TON * 250.00 * $125 * Bridgeport N.J. 

********************************************************************************************* 
6. Sludge Disposal * * * * * 

a) Hauling * 9 * LD * 240.00 * $2160 * 
b) Disposal * 180 * TON * 188.00 * $33840 * Model City, N.Y. 

********************************************************************************************* 
7. Carbon Filter * * * * * 

a) Rental * * * * $56400 * Year No. 1 4 2 Only 
b) Carbon Replaceme * * * * $144000 * Year No. 1 & 2 Only 

********************************************************************************************* 
* * * * * 

TOTAL ANNUAL * * * * * 
COSTS * * * * $384402 * Years 1 and 2 

********************************************************************************************* 
* * * * * 

TOTAL ANNUAL * * * * * 
COSTS * * * * $184002 * Years 3 thru 20 

********************************************************************************************* 

00160! 



BRYON BARREL & DRUM SITE 
Bryon, New York 
In-situ Soil Vapor Extraction, 
Extraction, Groundwater Treatment, 
Discharge To Surface Water 

Alternative No. 7 (Present Worth No. 1) 
Post Remedial Monitoring 
(0&MBBD7) 

Annual Costs 

ITEM * ITEM $ * ITEM $ * ITEM $ * ITEM $ * 
* MONTHLY & ANNUAL * MONTHLY & ANNUAL * MONTHLY & ANNUAL * MONTHLY & ANNUAL * 
* SAMPLING * SAMPLING * SAMPLING * SAMPLING * NOTES 
YEARS 1 THRU 20 YEARS 1 THRU 20 YEARS 21 THRU 30 YEARS 21 THRU 30 

1. Sampling * 3000.00 * 3000.00 * 3000.00* 3000.00* 5 monitoring & 5 residential well 
* * * * * samples, 40 manhours per sampling 
* * * * * period(annual) plus travel, 
* * * * * living & sample shipping costs. 

*************************************************************************************************************************************** 
2. Sampling * 9600.00 * 9600,00 * .00* .00* 1 effluent sample, 

* * * * * 8 manhours per sampling 
* * * * * period(monthly) plus travel, 
* * * * * living & sample shipping costs. 

*************************************************************************************************************************************** 

3. Analysis * 9600.00 * 9600.00 * 9600.00* 9600.00* 12 samples per sampling period 
* * * * * (annual) (inc. blank and 
* * * * * duplicate) Volatile Organics 

*************************************************************************************************************************************** 

4. Analysis * 28800.00 * 28800.00 * .00* .00* 3 samples per sampling period 
* * * * * (monthly) (inc. blank and 
* * * * * duplicate) Volatile Organics 

*************************************************************************************************************************************** 

5. Reporting * 950.00 * 950.00 * 950.00* 950.00* 20 manhours per annual report 
* * * * * plus other direct costs. 

*************************************************************************************************************************************** 

6. Reporting * 2400.00 * 2400.00 * .00* .00* 4 manhours per monthly report 
* * * * * .plus other direct costs. 

*************************************************************************************************************************************** 

7. Analysis Review * * 20000.00 * * 20000.00* Analysis Review performed for 
* * * * * years 5,10,15,20,25,30 

*************************************************************************************************************************************** 
* * * * * Post Remedial monitoring will 

TOTAL ANNUAL * * * * * be performed monthly & annually 
COST * 54350.00 * 74350.00 * 13550.00* 33550.00* as noted for years 1 thru 30 

G) *************************************************************************************************************************************** 



BYRON BARREL & DRUH SITE 
Bryon, New York 
I n - S i t u S o i l Vapor E x t r a c t i o n 
E x t r a c t i o n , Groundwater T r e a t m e n t , 
Discharge To Sur face Water 
A l t e r n a t i v e No. 7 
P r e s e n t Worth No. 1 
(PWABBD7) 

5200 ***PRESENT WORTH ANALYSIS*** 

COST COMPONENT 
COST/YEAR COST OCCURS ($000'S) 

1 2 3 4 5 6 10 11 

1. 
2. 
3. 
4. 

CAPITAL COST 
O & M COSTS 
ANNUAL COSTS 
ANNUAL DISCOUNT RATE=5% 

1761 

1761 
1 

438.8 
438.8 
.952 

438.8 
.907 

238.4 
.864 

238.4 
.823 

258.4 
.784 

238.4 
.746 

238.4 
.711 

238.4 
.677 

238.4 
.645 

258.4 
.614 

238.4 
.585 

PRESENT WORTH 1761 418 398 206 196 203 178 170 161 154 159 139 

12 13 14 15 16 17 18 19 20 21 22 23 

O & M COSTS 
ANNUAL DISCOUNT RATE=5% 

238.4 
.557 

238.4 238.4 
.53 .505 

258 .4 
.481 

238.4 238.4 
.458 .436 

238.4 238.4 
.416 .396 

258.4 
.377 

13.6 
.359 

13.6 
.342 

13.6 
.326 

PRESENT WORTH = 133 126 120 124 109 104 99 94 97 

O & M COSTS 
ANNUAL DISCOUNT RATE=5% 

PRESENT WORTH = 

24 

13.6 
.31 

25 26 27 28 

33.6 
.295 

10 

13.6 
.281 

13.6 
,268 

13.6 
.255 

29 

13.6 
.243 

30 

33.6 
.231 

TOTAL 
PRESENT 
WORTH 
(OOO'S) 

5200 

c ^ 



• Alternative 8 

In-Situ Soil Flushing 
Groundwater Pumping, Treatment, and 

Discharge to Subsurface Water 
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BRYON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Onsite Groundwater Treatment, 
Discharge To Groundwater (ARARS) 
Alternative No. 8A 
(BBDS6AS) 
Page 1 of 4 

Item 

1) EQUIPMENT 
2) PIPING & INSTRUMENTATION 
3) FOUNDATION & STRUCTURAL 
4) ELECTRICAL 

Burden 9 13% of Labor Cost 
Labor 9 15% of Labor Cost 
Material 9 5% of Material Cost 
Subcontract 9 10% of Sub. Cost 

Total Direct Cost 

Indirects 9 75% of Total Direct Labor Cost 
Profit 9 10% Total Direct Cost 

SUMMARY 

Sub. Mat. Labor Equip. 

91400 
0 

11520 
0 

102920 

10292 

113212 

t 

278850 
77402 
46165 
78800 

481217 

24061 

505278 

55900 
63773 
75194 
59000 

253867 

33003 
38080 

324950 

243712 

0 
17518 
108645 

0 

126163 

126163 

426150 
158693 
241524 
137800 

964167 

33003 
38080 
24061 
10292 

1069603 

243712 
106960 

Total Field Cost 1420275 

Contingency 9 20% of Total Field Cost 
Engineering 9 15% of Total Field Cost 

Total Cost This Page 

284055 
213041 

1917372 

C^ 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Onsite Groundwater Treatment, 
Discharge To Groundwater (ARARS) 
Alternative No. 8A 
(BBDS6A) 
Page 2 of 4 

I tem 

EQUIPMENT 
1) Extraction Wells 
2) Extraction Well Pumps 

3) Equalization Tank 
4) Equalization Tank Mixer - 3/4 HP 
5) Raw Water Feed Pumps 
6) Rapid Mix Tank 
7) Rapid Mix Tank Mixer - 1/4 HP 
8) 
9) 
10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Caustic Soda Feed Pumps 
Flocculation Tank 
Polymer Feed System 
Clarifier 
Sludge Transfer Pumps 
PH Adjust Tank 
PH Adjust Tank Mixer - 1/4 HP 
Acid Feed Pumps 
Air Stripper Feed Pumps 
Air Stripping System incl. 
Stripping Tower, Packing, 
Blowers 
Vapor Phase Carbon Adsorption System 
Filter Feed Pumps 
Sand Filters 
Backwash Tank 
Backwash Pumps 
Carbon Filter Feed Pumps 
Carbon Filters (Leased) 
Sludge Tank 
Filter Press Feed Pumps 
Filter Press 
Effluent Pumps 

Qty Unit 

140 LF 
4 

1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
2 
2 
1 

1 
2 
2 
1 
2 
2 
1 
1 
2 
1 
2 

Sub. 

160 

4000 

65000 

00 

00 

00 

Unit 

Mat. 

1500.00 

2500.00 
1750.00 
2000.00 
600.00 
1500.00 
1000.00 
6000.00 
2000.00 

32400.00 
4500.00 
600.00 
1500.00 
1000.00 
2000.00 

25000.00 

2000.00 
40000.00 
2500.00 
4000.00 
2000.00 

2500.00 
4000.00 

65000.00 
2000.00 

Cost 

Labor Equip 

400.00 

500.00 
400.00 
400.00 
200.00 
200.00 
200.00 
1500,00 
400.00 

4800.00 
600.00 
200.00 
200.00 
200.00 
400.00 

12500.00 

400.00 
4000.00 
500.00 
600.00 
400.00 

500.00 
600.00 

16000.00 
400.00 

Sub. 

22400 

4000 

65000 

91400 

Total 

Mat. 

6000 

2500 
1750 
4000 
600 
1500 
2000 
6000 
2000 

32400 
9000 
600 
1500 
2000 
4000 

25000 

4000 
80000 
2500 
8000 
4000 

2500 
8000 
65000 
4000 

278850 

Labor Equip. 

1600 

500 
400 
800 
200 
200 
400 
1500 
400 
4800 
1200 
200 
200 
400 
800 

12500 

800 
8000 
500 
1200 
800 

500 
1200 
16000 
800 

55900 0 

Total 
Direct 
Cost 

22400 
7600 

3000 
2150 
4800 
800 
1700 
2400 
7500 
2400 
37200 
10200 
800 
1700 
2400 
4800 
37500 

4000 
4800 
88000 
3000 
9200 
4800 
65000 
3000 
9200 

81000 
4800 

426150 

Comments 

7 9 
2 9 
2 9 

20' 
18 gpm 
i& gpm 

1500 gal 

44 
250 

gpm 
gal 

3 gph 
lOOOgal 
0.2 
12' 
25 
250 

0.2 
44 
44 

44 
4" 

gph 
dia 
gpm 
gal 

gph 
gpm 
gpm 

gpm 
dia 

1500 gal 
225 
44 

gpm 
gpm 

Mob/Demob 
1500 gal 

44 gpm 

CO 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Onsite Groundwater Treatment, 
Discharge To Groundwater (ARARS) 
Alternative No. 8A 
(BBDS6A) 
Page 3 of 4 

Item 

PIPING & INSTRUMENT.ATION 
1) E.xtraction Wells to Treatment Plant 

A) Piping 
a) 1" 
b) 1-1/2" 
c) 2" 

B) Excavation, Backfill, Compaction 
a) 2' wide x 4' deep 

C) Pipe Bedding 
a) 2' wide ( 1 Layer) 

D) Revegetation 
2) Equal. Tank to Mix Tank - 2" 
3) Mix Tank to Floe Tank - 4" 
4) 4" 

1/2' 
Floe Tank to Clarifier -

5) Caustic Soda Feed Piping 
6) PH Control System 
7) Clarifier Sludge Piping - 2" 
8) Clarifier to PH Adjust Tank - 4" 
9) .Acid Feed Piping - 1/2" 
10) PH Adjust Tank to Air Strip Sump 
11) Standpipe to Air Stripper - 2" 
12) Air Piping 

a) 4" 
13) Air Stripper to Filter - 2" 
14) Filter Backwash Piping - 4" 
15) Filter to Carbon Filter - 2" 
16) Filtrate Return Piping - 2" 
17) Effluent Piping - 2" 

a) Excavation, Backfill, Compaction 
b) Pipe Bedding 

18) Plug Valves 
a) 1/2" 
b) 1" 
c) 2" 

19) Check Valves 
a) 1/2" 
a) 2" 

20) Butterfly Valves 
a) 4" 

4" 

(=6 

m 

Qty Unit Sub. 

140 
100 
100 

LF 
LF 
LF 

1200 LF 

1200 
12 
100 
100 
100 
100 
2 

200 
100 
100 
100 
50 

100 
100 
200 
100 
200 
2850 
2850 
2850 

8 
4 
28 

4 
14 

LF 
MSF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 

LF 
LF 
LF 
LF 
LF 
LF 
LF 
LF 

Unit Cost 

Mat. Labor Equip. Sub. 

Total 

Mat. Labor Equip. 

Total 
Direct 
Cost 

6.00 
6.00 
5.60 

3.75 
3.75 
4.00 

.15 

.15 

.15 

.75 

80.00 

4.62 

1.12 
54.00 
13.00 
26.00 
26.00 
3.25 

5000.00 
13.00 
26.00 
3.25 

26.00 
13.00 

26.00 
13.00 
26.00 
13.00 
13.00 
5.60 
.75 

1.12 

45.00 
60.00 
120.00 

60.00 
150.00 

1.55 
11.20 
7.00 
14.00 
14.00 
1.75 

2000.00 
7.00 
14.00 
1.75 
14.00 
7.00 

14.00 
7.00 
14.00 
7.00 
7.00 
4.00 
4.62 
1.55 

25.00 
30.00 
50.00 

25.00 
50.00 

70.00 

4.14 

10.20 

.15 
4.14 

900 3544 4968 

Comments 

840 
6600 
560 

525 
4125 
400 

21 
165 
15 

1386 
10890 
975 

11412 

1344 
648 
1300 
2600 
2600 
325 

10000 
2600 
2600 
325 
2600 
650 

2600 
1300 
5200 
1300 
2600 
15960 
2138 
3192 

360 
240 
3360 

240 
2100 

320 

0 77402 

1860 
134 
700 
1400 
1400 
175 

4000 
1400 
1400 
175 
1400 
350 

1400 
700 

2800 
700 
1400 

11400 
13167 
4418 

200 
120 
1400 

100 
700 

280 

63773 

122 

428 
11799 

17518 

3204 
905 
2000 
4000 
4000 
500 

14000 
4000 
4000 
500 
4000 
1000 

4000 
2000 
8000 
2000 
4000 

27788 
27104 
7610 

560 
360 
4760 

340 
2800 

600 

158692 



BRYON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Onsite Groundwater Treatment, 
Discharge To Groundwater (ARARS) 
Alternative No. 8A 
(BBDS6A) 
Page 4 of 4 

Item 

FOUNDATION & STRUCTURAL 
1) Equalization Tank Foundation 
2) Rapid Mix Tank Foundation 
3) Flocculation Tank Foundation 
4) Clarifier Foundation 
5) PH Adjust Tank Foundation 
6) Air Stripper Foundation 
7) Sand Filter Foundation 
8) Carbon Filter Foundation 
9) Control Building 
10) Control Building Foundation 
11) Filter Press Support 
12) Dismantle Building 
13) Recharge Basin 

a) Hauling 
b) Place, Spread & Compact 

Qty Unit Sub. 

8 
3 
5 
20 
3 
15 
8 
30 
288 
22 
5 

250000 

8600 
8600 

CY 
CY 
CV 
CY 
CY 
CY 
CY 
CV 
SF 
CY 
CY 
CF 

CY 
CY 

Unit Cost 

Mat. Labor Equip. 

40.00 

135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 
135.00 

135.00 
135.00 

3.50 

250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 
250.00 

250.00 
250.00 

.06 

2.70 
.84 

15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 
15.00 

15.00 
15.00 
.08 

7.43 
2.67 

Total 

Sub. Mat. Labor Equip. 

Total 
Direct 
Cost 

11520 

1080 
405 
675 
2700 
405 

2025 
1080 
4050 

2970 
675 

30100 

2000 
750 
1250 
5000 
750 
3750 
2000 
7500 

120 
45 
75 

300 
45 
225 
120 
450 

5500 330 
1250 75 
15000 20000 

23220 63898 
7224 22962 

Comments 

3200 
1200 
2000 
8000 
1200 
6000 
3200 
12000 
11520 
8800 
2000 

35000 

117218 20 mi. R.T. 
30186 Sheepsfoot Roller 

11520 46165 75194 108645 241524 

ELECTRICAL 
1) Motor Starters 

a) #1 
2) Disconnect Switches 
3) Feeder Cable 
4) Conduit, Cable, Control 

a) #1 
5) Grounding 
6) Miscellaneous Wiring 
7) Outdoor Lighting 

32 
32 

1200 

32 

FT 

LS 
LS 
LS 

1000.00 
200.00 

1.00 

350.00 
8000.00 
16000.00 
4000.00 

450.00 
75.00 
1.50 

450.00 
8000.00 
16000.00 
2000.00 

32000 
6400 
1200 

11200 
8000 
16000 
4000 

14400 
2400 
1800 

14400 
8000 
16000 
2000 

46400 
8800 
3000 

25600 
16000 
32000 
6000 

.0 78800 59000 137800 

o 
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BYRON BARREL k DRUM SITE 
Bryon, New York 
Extraction, Groundwater Treatment, 
Discharge To Groundwater (ARARS) 
Alternative No. 8A 
(04MBBD6a) 

Annual Costs - (24 hr/day - 365 days/year) 

********************************************************************************************* 
* * * * * 
* * * * * 

ITEM * QTY * UNIT * UNIT$ * ITEM $ * NOTES 
********************************************************************************************* 
1. Energy * * * * * 

a. Electric * 241696 * Kw-hr * .085 * $20544 * Treatment Plant 
* * * * * . 

********************************************************************************************* 
2. Maintenance * * * * $40400 * 3% of Capital Cost 

* * * * * 
********************************************************************************************* 
3. Operator * 1.5 * EA * 40000.00 * $60000 * 1 Operator - 1st Shift 

* * * * * 
********************************************************************************************* 
4. Chemicals * * * * * 

a) Caustic Soda * 71 * TON * 300.00 * $21300 * 50% 
b) Polymer * 95 * LB * 3.50 * $333 * 
c) Sulfuric Acid * 20 * TON * 150.00 * $3000 * 66 Baume 

********************************************************************************************* 
5. Vapor Phase Carbon * * * * * 

a) Replacement * * * * $3000 * 
b) Hauling * 1 * LD * 1400.00 * $1400 * 
c) Incineration * .5 * TON * 250.00 * $125 * Bridgeport N.J. 

********************************************************************************************* 
6. Sludge Disposal * * « * * 

a) Hauling * 9 * LD * 240.00 * $2160 * 
b) Disposal * 180 * TON * 188.00 * $33840 * Model City, N.Y. 

********************************************************************************************* 
7. Carbon Filter * * * * * 

a) Rental * * * * $56400 * Year No. 1 & 2 Only 
b) Carbon Replaceme * * * * $144000 * Year No. 1 & 2 Only 

********************************************************************************************* 
* * * * * 

TOTAL ANNUAL * * * * * 
COSTS * * * * $386502 * Years 1 and 2 

********************************************************************************************* 
* * * * * 

TOTAL ANNUAL * * * * * 
COSTS * * * * $186102 * Years 3 thru 20 

********************************************************************************************* 

00161 



BRYON BARREL k DRUM SITE 
Bryon, New York 
Extraction, Onsite Groundwater Treatment, 
Discharge To Groundwater (ARARS) 
Alternative No. 8A 
Post Remedial Monitoring 
(0&MBBD6) 

Annual Costs 

*********************************************************************************************** 
ITEM * ITEM $ * ITEM $ * 

* MONTHLY k ANNUAL * MONTHLY k ANNUAL * 
* SAMPLING * SAMPLING * NOTES 

*********************************************************************************************** 
1. Sampling * 3000.00 * 3000.00 * 5 monitoring k 5 residential well 

* * * samples, 40 manhours per sampling 
* * * period(annual) plus travel, 
* * * living & sample shipping costs. 

*********************************************************************************************** 
2. Sampling * 9600.00 * 9600.00 * 3 effluent sample, 

* * * 8 manhours per sampling 
* * * period(monthly) plus travel, 
* * * living k sample shipping costs. 

*********************************************************************************************** 
3. Analysis * 9600.00 * 9600.00 * 12 samples per sampling period 

* * * (annual) (inc. blank and 
* * * duplicate) Volatile Organics 

*********************************************************************************************** 
4. Analysis * 48000.00 * 48000.00 * 5 samples per sampling period 

* * * (monthly) (inc. blank and 
* * * duplicate) Volatile Organics 

*********************************************************************************************** 
5. Reporting * 950.00 * 950.00 * 20 manhours per annual report 

* * * plus other direct costs. 
*********************************************************************************************** 
6. Reporting * 2400.00 * 2400.00 * 4 manhours per monthly report 

* * * plus other direct costs. 
*********************************************************************************************** 
7. Analysis Review * * 20000.00 * Analysis Review performed for 

* * * years 5,10,15,20,25,30 
*********************************************************************************************** 

* * * Post Remedial monitoring will 
TOTAL ANNUAL * * * be performed monthly & annually 

COST * 73550.00 * 93550.00 * as noted for years 1 thru 20 
*********************************************************************************************** 

001B14 



BYRON BARREL & DRUM SITE 
Bryon, New York 
Extraction, Groundwater Treatment, 
Discharge To Groundwater (ARARS) 
Alternative No. 8A 
(PWABBD6a) 
5572 ***PRESENT WORTH ANALYSIS*** 

COST/YEAR COST OCCURS ($000'S) 

1. 
2. 
3. 
4. 

COST COMPONENT 

CAPITAL Ct)ST 
O & M COSTS 
ANNUAL COSTS 
ANNUAL DISCOUNT RATE= = 5% 

0 

1917.4 

1917.4 
1 

1 

460.1 
460.1 
.952 

2 

460.1 
.907 

3 

259.7 
.864 

4 

259.7 
.823 

5 

279.7 
.784 

6 

259.7 
.746 

7 

259.7 
.711 

8 

259.7 
.677 

9 

^59.7 
.645 

10 

279.7 
.614 

11 

259.7 
.585 

PRESENT WORTH = 1917 438 417 224 214 219 194 185 176 168 172 152 

12 13 14 15 16 17 18 19 20 21 

O & M COSTS 

22 23 

RATE=5% 

;ENT WORTH = 

259.7 
.557 

145 

259.7 
.53 

138 

259.7 
.505 

131 

279.7 
.481 

135 

259.7 
.458 

119 

259.7 
.436 

113 

259.7 
.416 

108 

259.7 
.396 

103 

279.7 
.377 

105 

0 
.359 

0 

0 
.342 

0 

0 
.326 

0 

O & M COSTS 
IUNT RATE=5% 

PRESENT WORTH = 

24 

0 
.31 

0 

25 

0 
.295 

0 

26 

0 
.281 

0 

27 

0 
.268 

0 

28 

0 
.255 

0 

29 

0 
.243 

0 

30 

0 
.231 

0 

TOTAL 
PRESENT 
WORTH 
(OOO'S) 

5572 

C3 
CD 




