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EXECUTIVE SUMMARY 

rials Production Center (FMPC) is a contractor-operated federal facility for the 
re uranium for the U.S. Department of Energy (DOE). The FMPC is located on 
rural area approximately 20 miles northwest of downtown Cincinnati, Ohio. On 

, the U.S. Environmental Protection Agency (EPA) issued a Notice of Noncompliance 
letter to DOE identifying EPA’s major concerns about potential environmental impacts associated 
with the FMPC’s past and present operations. On July 18, 1986, a Federal Facilities Compliance 
Agreement (FFCA) ed by DOE and EPA. The FFCA was primarily intended to 
ensure that environm 
thoroughly investiga 
achieve consistency le unit concept and the current commitments of the Remedial 
InvestigationFeasibi ) program without modifying the underlying objectives, the 
1986 FFCA was amended by a Federal Facility Consent Agreement (Consent Agreement) under 
Section 120 and 106A of the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA). The Consent Agreement wa d April 9, 1990 and became effective on June 
29, 1990. Notice of the intent to conduct 
Register, May 15, 1990. A separate RIPS 
was embarked upon at this time pursuant 

In response to the FFCA, an RVFS was 
Superfund Amendments and Reauthorization Act (SARA). A s 
the requirements of the FFCA was submitted to EPA in Decem 
received in May 1988. The Work Plan established the site-wid 
approach for the collection and evaluation of RI data. 

. 

sociated with past and present activities at the FMPC are 
priate remedial actions can be assessed and implemented. To 

was given to the public in the Federal 
Environmental Policy Act (NEPA) process 

0 
otice of Intent. 

t to CERCLA, as amended by the 
S Work Plan based on 
al EPA approval was 

d overall technical 

The RI/FS Work Plan ultimately addressed 39 separate units at the FMPC that required 
investigation. These units were categorized and grouped together into five operable units to 
expedite remediation. Separate schedules were generated for each operable unit. 
units established at the FMPC are: 

e 

Operable Unit 1 - Waste Storage Area 
Operable Unit 2 - Solid Waste Units 

ES- 1 
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Production Area and Suspect Areas 
K-65 Silos and Metal Oxide Silos 
Environmental Media 

Operable Unit 3 - 
Operable Unit 4 - 
Operable Unit 5 - 

nit concept was introduced after completion of the Work Plan. No individual 
lam were developed. Therefore, the objectives and methods for completing the RI 

rable unit were based on the overall technical approach stipulated in the RWS Work 
Plan. 

. . . . . . . 
This RI Report add 
purposes of the R 
characteristics requiri 
Specifically, Operabl 
(Silos 3 and 4), 

provides structural support to Silos 1 and 2. Production and waste disposal records indicate that 
Silo 4 was never used for production-re 
Radiological and chemical analysis of stand 
presence of uranium below levels of conce 
than removing the water as part of the fac 

Unit 4 - the K-65 silos and the metal oxide silos. For the 
it 4 was defined as those special facilities with waste 

application of singular technologies to effect final remediation. 

at lie beneath the silos, and the earthen embankment that 
ts of the K-65 silos (Silos 1 and 2) and the metal oxide silos 

for waste storage or disposal. 
ater contained in the silo indicates the 

er action will be considered for Silo 4 other 

The FS for Operable Unit 4 is conside 
in the silos, and the adjoining soil berms. Any contaminated u 
also be addressed during the Operable Unit 5 FS. 

It became apparent during the RI data evaluation for Operable e full impacts of 
Operable Unit 4 on the surrounding environment could not be ined by constraining the 
evaluation to only the silos. Therefore, an Operable Unit 4 stu a was established to allow 
effective evaluation of remedial alternatives. The Operable Unit 4 study area is bounded by the 
following Ohio state plane coordinates: North 479300481100 and East 1377950-1379150. 

RI data relevant to Operable Unit 4 were evaluated by breaking the operable unit into i 
component elements. The elements evduated during the RI were: 

silo structures, the waste stored 
s or perched water will 

ES-2 
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e Waste material in the silos 

Soil embankments or berms (Silos 1 and 2) 
Glacial overburden beneath the silos 
Operable Unit 4 study area 
Regional environment 

e Physical structure of the silos 

. 

program began in July 1987. The specific media that were scheduled for sampling 
.... 

and analysis during the RI were: 

Sampling and analysis programs for the K-65 silo berms and the K-65 and metal oxide silo subsoils 
are ongoing as this report is being prepared. 
A partial sampling of the contents of the K- 
Materials Company of Ohio (WMCO). A 

Corporation (ASIDT), which is directed to 
contents, is ongoing at this time. Future 

...... 

presently available from these programs. 
completed in 1989 by Westinghouse 

ffort by Advanced Sciences, Inc./lT 
a representative core sample of the silo 
report will contain the data from these 

sampling programs when they become available. 

. . . . . . . . 
Historic analyses of the K-65 silo residues indicated that appro 
uranium (0.71 percent U-235) are present in the residues. Anal 
taken in July 1988 indicated that the uranium concentration was 
Silo 1 and 1800 ppm in Silo 2. In addition, approximately 1. 
estimated to be in the K-65 silo residues. 

of residue samples 
parts per million (ppm) in 

s of radium were 

Data from the sampling effort conducted in 1989 for Silos 1 and 2 indicate that th 
of radium-226 (Ra-226) in Silo 1 ranges from 89,280 picocuries/gram (pCi/g) to 1 

Silo 2 it ranges from 657 to 145,300 pCi/g. Thorium-230 m-230) concentratio 

ES-3 
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from 10,569 to 43,771 pCi/g and from 8365 to 40,124 pCi/g in Silo 2. The concentration of lead- 
210 (Pb-210) in Silo 1 ranges from 48,980 to 181,100 pCi/g and from 77,940 to 399,200 pCi/g in 

uranium concentrations in Silo 1 range from 1189 to 2753 ppm and from 137 to 

ntent of Silo 3 was previously estimated at between 15 and 23 curies. The material 
lo 3 was also estimated to contain 20 tons of uranium. The quantity of thorium was 

UnknOWn. 

The results of Silo 3 
trations range from 4 

Th-230 concentrations 
as the Th-230 conce 
concentrations ranging from 738 to 4554 ppm. 

alysis from the 1989 sampling effort indicate Ra-226 concen- 
i/g, comparatively lower than the results from Silos 1 and 2. 

ge from 21,010 to 71,650 pCi/g, which are almost twice as high 
in the K-65 silos. Total uranium was present in Silo 3 in 

No additional data concerning the silo structures were obtained during the RI. The structural data 
generated in two previous studies, Camargo 
1990) are current and deemed appropriate. 
expectancy could be assigned to the K-65 

s, Ltd. (1986) and Bechtel National, Inc. (BNI 

ies independently concluded that no life 
cause of their deteriorated condition. 

BNI's subsequent Engineering Evaluatio 
Removal Action. Conducted in accordance with the National 
(40CFR300.415), this study found that a tomado-induced stru 
in an initial uncontrolled release of approximately 66 curies of 
Furthermore, a spontaneous failure of either silo would result in 
both cases, radon release would increase following the initial 

implemented by Fh4PC personnel. Hence, due to the substantial risk associated with the silos, 
remedial action should not be undertaken at the silos without providing additional structural support 
for the silos. 

E/CA) explored options for the K-65 

both silos could result 
d some K-65 residues. 

ctive action could be 

The area around Operable Unit 4 and the W C  boundary fenceline has been moni 
exposure to penetrating radiation (gamma radiation). During 1988, the boundary m 
exhibiting the highest average radiation exposure rate was the station directly west of 

ES-4 
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Unit 4 at a distance of 340 meters, along the western FMPC site boundary. The dose equivalent 
ent for this location was an annual average of 15.3 microrem/hour (prem/hr). The 

0 
23.53 prem/hr, and the minimum was 11.56 prem/hr. Natural background radiation 

unding the FMPC has been estimated to range from 10 to 12 pm/hr. 

Its of routine radon measurements collected as part of the FMPC environmental moni- 
ram indicate that background radon concentrations range from 0.30 to 0.95 picocuries/ 

liter (pCi/L). Off-site monitoring stations positioned at private residences near the FMPC recorded 
concentrations rangin o 1.05 pCi/L. FMPC boundary fenceline monitoring stations 
recorded concentratio 
recorded along the 

0.6 to 1.65 pCi/L, with measurements of 1.65 pCi/L being 
just west of the silos. 

The Ohio Depamn 
FMPC: 12 locations along the FMPC site boundary and 4 control locations distant from the 
FMPC. Analyses of the detectors located at the site boundary closest to the K-65 silos and those 

H) established 16 outdoor radon monitoring stations around the 

located distant from the FMPC do not reveal consistent significant differences in measured radon 0 concentrations. 

There are no data available on the nature any contamination that may be present in 
the K-65 silo berms. Radon may be di e silo walls and decaying to Pb-210 and 
polonium-210 (P0-210), which accumulate in the berms. The berm sampling and analysis program 
being conducted as part of the RI will address the potential ac Pb-210 and PO-210 
decay. 

. . . . . . . . . 

Surface soil samples collected within the Operable Unit 4 study the RI contained 
uranium, thorium, and radium. The maximum isotopic concentrations for these radionuclides were: 
20.8 pCi/g for U-238; 6.9 pCi/g for U-234; 4.3 pCi/g for Th-230; 1.7 pCi/g for Th-232; and 4.2 
pCi/g for Ra-226. There were no conclusive data to suggest that these radionuclides were present 
as a result of releases from Operable Unit 4 as opposed to releases associated with 
operations at the FMPC. 

Subsurface soil samples collected within the Operable Unit 4 study area during the RI w e 3  . . . . . . . 

submitted for full radiological analysis. Observed uranium isotopic concentrations were within 
. . . . . . . . . . . . . . . . . . . . . . . . . 

..:: ......... .. . . . . . . . . 0 ES-5 

\7 
I 



m-04064 
August 20. 1990 

background range and did not exceed 1.4 pCi/g for U-238, except for one sample that contained 
orium concentrations were less than 1.8 pCi/g with the exception of two samples 

3.8 and 4.8 pCi/g. Radium was within background range and did not exceed 1.5 
ere also isolated detections of technetium-99 (Tc-99), which did not exceed 3.6 

on these data, there was no evidence of subsurface soil contamination directly 
th Operable Unit 4. National Lead Company of Ohio, Inc. (NLO) conducted a slant 

boring sampling beneath the silos in 1983. The presence of uranium and.radium in the soil ranged 
in concentrations from 0.77 to 9.66 pCi/g uranium and 0.68 to 1.2 pCi/g radium. Samples were 
collected at a depth below land surface. However, these data weR insufficient to 

determine the full n of contamination below the silos. Therefore, a final evaluation 
of subsurface. soil c in the Operable Unit 4 study area cannot be conducted until 
the data are available 
samples from direc 

t boring program. This program is designed to collect soil 

Surface water samples were collected from drainageways within the Operable Unit 4 study area 
during the RI. These samples contained eleva 
micrograms/liter (pg/L). The highest observ 
downstream sampling location closest to th 
sample collected from Paddys Run downst 
Radium was not detected in any of the s 

study area. 

Sediment samples collected from drainageways within the Opera 
contained uranium concentrations ranging from 1.0 to 30.3 ppm. 
concentration was collected from the downstream sampling loca 
location corresponded with the surface water sample also contai 
concentration. Sediment samples collected from Paddys Run downstream of the K-65 silos 
contained uranium concentrations ranging from 1.0 to 3.0 ppm. 

um concentrations ranging from 5 to 2219 
concentration was collected from the 

. Concentrations of uranium in a water 
-65 silos ranged from 5 to 29 pg/L. 

ples collected within the Operable Unit 4 

dy area during the RI 

the K-65 silos. This 
st obsewed uranium 

Although both surface water and sediment samples collected within the Operable U 
contain elevated concentrations of uranium, it is not possible to verify the source. Cu 

are no data to suggest that the K-65 silos or Metal Oxide Silo 3 are sources of this con 
This can only be confirmed by analyzing samples from the slant boring program to dete 

0 ES-6 



silos are leaking or if the glacial overburden beneath the silos has received enough 
0 

. ns to become a contaminant source. Historically, surface water runoff 
ed through drainageways in the vicinity of Operable Unit 4. These ; 
rface waters may have been the source of contamination observed within the 

4 study area. It is also possible that surface water contamination present within the 
t 4 study area originated from the waste pits. Regardless, a planned storm water 

runoff removal action will control and treat runoff from the Waste Storage Area, which includes 
Operable Unit 4. 
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spillage from 
from the Pilot 
potentially 

Groundwater sample 
RI. Samples were 
respectively in the gl 
approximately the 
concentrations were highest in samples collected from the 1000-series wells. Radium was not 
consistently detected in groundwater samples collected within the Operable Unit 4 study area. 
Therefore, no conclusion can be drawn that 

d from wells within the Operable Unit 4 study area during the 
OOO-, 2000-, and 3000-series wells, which are screened 
n; at the water table within the Great Miami Aquifer, and at 

Great Miami Aquifer, just above the clay interbed. Uranium 

silos are the source of groundwater 0 contamination. 

The highest observed uranium concentrat 
collected from Well 1032. This well is the silos and Paddys Run. Data from 
Well 1032 are not considered representa ion originating from Operable Unit 4 

because this well was placed in a former construction rubble pi1 
addressed as a suspect area under Operable Unit 3. 

ed from 196 to 276 p a ,  were in samples 

le pile will be 

The concentration of total uranium at the surface of the Great i Aquifer, based on analysis of 
samples from the 2000-series wells, ranged from less than 1 to 

necessarily suggest that the silos are the source of the observed contamination. The concentration 
of total uranium measured at deeper levels in the Great Miami Aquifer (3000-series wells) ranged 
from less than 1 to 4 pg/L, with the exception of 1 sample out of 16, which con 
Like the 2000-series wells, no conclusions could be drawn to link this contaminati 
In an effort to resolve the uncertainty concerning the source of the uranium that is pre 
samples from the Great Miami Aquifer, two new 2000-series wells, Wells 2032 
installed. Well 2032 was installed on the west side of the silos in February 19 

g/L. These data do not 
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August 20, 1990 

installed on the east side of the silos in June 1990. These wells were placed adjacent to the 0 
g 1000-series wells. Analysis of samples from these wells will allow monitoring of 

movement of uranium into the Great Miami Aquifer and facilitate the assessment of 
t between the glacial overburden, Paddys Run, and the Great Miami Aquifer. Data 

boring -program will also be essential in evaluating Operable Unit 4 as a source of 
ranium contamination. 

The investigation of biological resources conducted during the RI determined that there is uptake of 
radionuclides by bo 
established; however, 
Operable Unit 4. 

mals within the FMPC. Food chain relationships were 
ata from this study can be directly related to releases from 

The principal envi 
from the materials 
there is radionuclide contamination present within the Operable Unit 4 study area; however, the 
origin of this contamination cannot be trace 
from deposition of radionuclides from other 
berm sampling programs are needed to est 
glacial overburden beneath the silos. If th 
other data to conclusively show that rele 
direct radiation and radon gas, extend beyond the immediate boundary of Operable Unit.4. 

associated with Operable Unit 4 are direct radiation emitted 
e release of radon gas from the silos. The RI concluded that 

ine if it is the result of K-65 silo leakage or 
rations. Data from the slant boring and 
r there is contamination present in the 
rburden is not &ntaminated. there are no 

0 
nment from Operable UNt 4, other than 

. .  

The resampling and analysis of the K-65 silo contents must als 

the materials in the silos. These data are required to complete 
remedial alternatives being conducted under the FS. 

to fully characterize 

The following investigative activities are also planned to supplement the site-wide RWS data and 
may provide data applicable to Operable Unit 4: 

. . . . . . . . . . 

e Collect surface water and sediment samples from Paddys Run as pl 
data will aid in identifying the source of elevated uranium concentr 
surface water and sediment samples. 

in 
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. Attempt to collect samples of the occasional groundwater seepage emanating from 
the banks of Paddys Run. These samples would provide a cost-effective means of 
acquiring data that might provide some additional insight into contaminant migration 
pathways within the Operable Unit 4 study area. 

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

existing RI data, Operable Unit 4 represents a potential. but as yet unconfirmed, 
ontamination to groundwater and other environmental media. The FS has formulated 

remedial action objectives to achieve the overall goal of protecting public health and the 
environment by isola 
response actions that 
alternatives, in a 
actions. The nonre 
stabilization coupled 
The postremoval 
engineered disposal facility, or off-site disposal. These remedial action alternatives will satisfy the 
established remedial action objectives and are 

, or treating the source of contamination. There are a number of 
idered to achieve these objectives. These remedial action 
tion alternative, include both waste removal and nonremoval 
s range from simple containment of the waste to in situ 
t technologies, postremoval actions, and waste disposal actions. 

te stabilization, contaminant sepamion, on-site disposal in an 

evaluated under the Operable Unit 4 FS. 

0 
. .  

. . . . . . . . 
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1.0 INTRODUCTION 

erials Production Center (FIvIPC) is a contractor-operated federal facility for the 
ure uranium metals for the U.S. Department of Energy (DOE). The FMPC site is 

acres in a rural area approximately 15 miles northwest of downtown Cincinnati, 
duction Area is limited to an approximate 136-acre tract near the center of the 

. The villages of Fernald, New Baltimore, Ross, New Haven, and Shandon are al l  

located within a few miles of the plant (Figure 1-1). 

On March 9, 1985, 
Noncompliance to 
associated with the 
conferences were 
the steps DOE proposed to take to achieve and maintain environmental compliance. 

ental Protection Agency (EPA) issued a Notice of 
EPA’s major concerns about potential environmental impacts 
d present operations. Between April 1985 and July 1986. 

and EPA representatives to discuss the issues and to identify 

On July 18, 1986, a Federal Facilities Compliance Agreement (FFCA) was jointly signed by DOE 
and EPA pertaining to environmental impac ed with the FMPC. The FFCA was entered 
into pursuant to Executive Order 12088 (43 ) to ensure compliance with existing 
environmental statutes and implementing h as the Clean Air Act, the Resource 
Conservation and Recovery Act (RCRA), ehensive Environmental Response, 
Compensation, and Liability Act (CER 
environmental impacts associated with past and present activitie 
adequately investigated so that appropriate remedial response ac 
and implemented. On April 9, 1990, DOE and EPA Region V 

Federal Facility Consent Agreement (Consent Agreement) to ac 
unit concept and the current commitments of the Remedial Inv 
program without modifying the underlying objectives. The Consent Agreement, pursuant to 
CERCLA Section 120 and 106(a), became effective June 29, 1990. Notice of the intent to conduct 
the Operable Unit 4 RI/FS was published in the May 15, 1990 Federal Register. 
RWS - National Environmental Policy Act (NEPA) process was embarked upon at 
pursuant to the same Notice of Intent. 

0 
, the FFCA was intended to ensure that 

C are thoroughly and 
formulated, assessed, 

e 1986 FFCA by a 
y with the operable 
lity Study (RI/FS) 
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In response to the FFCA, an RI/FS was initiated pursuant to CERCLA, as amended by the Super- 
ents and Reauthorization Act (SARA). All RI/FS activities are being conducted in 
ith EPA's "Guidance for Conducting Remedial Investigations and Feasibility Studies 
" (EPA 1988). The RVFS for the FMPC was initially designed to address the 

to focus on various environmental media that could be affected by past and present 
the F&lPC. The purpose of the RI is to determine the nature and extent of any 

release, or threat of release, of hazardous or radioactive substances and to ,gather the necessary data 
to support the evaluation of remedial action alternatives in the FS. 

A Work Plan for the 
submitted to EPA in 
modified and resubm 

S, based on the requirements of the FFCA, was originally 
6. After a series of technical discussions, the Work Plan was 
1988. It received EPA approval in May 1988. 

The Work Plan prepared for the site-wide RIFS provided the overall technical approach, identified 
a number of investigative areas, developed objectives for each of the specified investigations, and 
established overall objectives for the evaluatio 
Work Plan also involved preparing a num 
followed in the completion of the RI/FS 

ata collected during the RI activities. The 
plans to establish specific procedures to be 
These plans' included the following: - .  

0 
Sampling Plan 
Health and Safety Plan 
Community Relations Plan 
Data Management Plan 
Quality Assurance. Project Plan 

. .  . .  

. . . . . . . . 

The Sampling P l q .  which was submitted in March 1988 in co the RI/FS Work Plan, 
. . . . . . . . 

contained objectives, sampling locations, and sampling procedures for the following: 

Radiation measurement 
- Surface soils 

Groundwater 
Subsurface soils 
Surface water and sediment 
Biological resources 
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The Work Plan identified 27 units of the FMPC to be investigated in the W S .  Several 
o the list eventually increased this total to 39 units. In the course of the 

became apparent that, for technical and program management purposes, these 39 
be categorized and grouped together. The concept of operable units was introduced 

to accommodate separate schedules for each operable unit. This allowed the 

tion process to proceed to completion for the most welldefined or problematic units, 

while data collection and analysis continued for other units. 

, .... . 

There are five opera 

tion Area and Suspect Areas 
0perable"Unit 4 - K-65 Silos and Metal Oxide Silos 
Operable Unit 5 - Environmental Media 

Because the Work Plan, and more specific 
formulation of the operable units for the 
prepared. Areas covered by Operable Uni 
possible contamination of the underlying 
operable unit may indicate the presence 
source, the focus of the FU report will be to present data identi 
vertical and lateral extent of contamination within the boundary 

pling Plan, were developed prior to the 
were no specific operable unit sampling plans 

(Figure 1-2) are .considered sources for 
uifer. Although an RI report for one 

rable unit as a potential contributing 
rce and to define the 
ble unit. 

The RI report for Operable Unit 5 will address the Great Miami hich underlies the 
. . . . . . . . . . . . . . ., . . . . . . . ., . . . . . . . . 

source operable units; surface water drainages that may carry conmination . . ......, from those operable 
units; and any remaining soil contamination not included in the other operable unit RI reports. The 
net effect of the five RI reports will be to provide a complete description of the extent of 
contamination and a detailed analysis of its various sources. 
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The scope of work for the RI at the FMPC was prepared to satisfy the following specific 

Identify and characterize any sources of potential radiological and 
contamination 

Determine the nature and extent of any radiological and chemical 
in soils, sediments, surface water, and groundwater 

chemical 

substances found 

Identify the migration pathways and mechanisms for transport of radiological and 
chemical substances found in soils, sediments, surface water, and groundwater 

currence of chemical or radiological substances in aquatic and 
s both on and off site 

k assessments and environmental impact studies to assess the 
any confirmed contamination at or originating from the site 

Develop, validate, and apply various site models to augment the current 
understanding of the site environment 

Provide the data necessary t 
remedial alternatives during 

the screening and detailed analysis of 

The RI field program began in July 1987. 
screen, and analyze remedial action alte 
document (EPA 1988) will be utilized during the FS for the evaluation and eventual selection of 
remedial alternatives. 

subsequently utilize the RI data to select, 
criteria specified in the RWS guidance 

1.1 PURPOSE OF REPORT 
This RI report sefves to document the data collection and analys e RVFS for Operable 

. . . . . . . . . 

Unit 4. The evaluation considered data relevant to Operable U 
previous investigations as well as data obtained during the RI. The evaluation of these data was 
directed toward achieving the following three primary objectives: 

that were obtained during 

Defining the nature and extent of contamination originating from Ope 

Quantifying the risk to human health and the environment associated 
Unit 4 contamination 
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. Supporting the evaluation of remedial alternatives being conducted under the FS 
for Operable Unit 4 

es of the RI/FS, Operable Unit 4 is defined as the two K-65 silos (Silos 1 and 2) 
oxide silos (Silos 3 and 4). This includes the silo contents and associated 

underground tanks and piping lying directly beneath the silos. For Silos 1 and 2, Operable Unit 4 

extends to the toe of the earthen embankment that provides structural support to the silos. Piping 
and transfer lines as perable Unit 4' that fall outside the boundaries addressed above 
will be remediated r operable unit. 

Silo 4 was included t of Operable Unit 4 to satisfy a requirement of the FFCA that 
a l l  waste storage fa nted for under the site-wide RI/FS. However, production and 
waste disposal records indicate that Silo 4 was never used for production-related activities or for 
waste storage or disposal. Currently there is standing water in Silo 4. Radiological and chemical 
analyses of water samples collected from Silo 
levels of uranium isotopes and inorganic ch 
Silo 4 are consistent with the likely scena 
from the nearby waste storage pits, subs 
dome, and percolation of rain water into 
part of a facility upgrade program. Thi 
source of contaminant release to the contiguous environment an 
date for remedial action under the RVFS. 

June 9, 1989 indicate that there are quantifiable 
The low concentrations of these materials in 

presence is due to resuspension of materials 
c transport and deposition onto the silo 

val of the water from Silo 4 is planned as 
refore, represent a past, current, or future 

considered as a candi- 

0 

The FS for Operable Unit 4 is currently considering remedial a 
structures of Silos 1, 2, and 3; the stored waste in these silos; 
and 2. Any contaminated underlying soils or perched water will also be incorporated into the 
remedial action program for Operable Unit 4. However, the eventual need for remedial action for 
Operable Unit 4 will at least partially depend on the past or potential release of 
the environment and any associated public health risk. Consequently, even though the 
action will be geographically constrained to the immediate area of the silos, the RI and 
risk assessment had to be extended to the surrounding environmental media. 

e soil berms adjoining Silos 1 

..... 
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An Operable Unit 4 study area was defined for the purpose of evaluating data from surrounding 
media during the RI and risk assessment. The study area to be considered for 
4 is bounded the following State of Ohio plane coordinates: North 479300-481 100 

1379150. The study area is shown in Figure 1-3. This study area was 
ow effective evaluation of remedial alternatives. 

ata evaluation for Operable Unit 4 began by focusing on the contents of the K-65 silos and 
systematically expanding outward to incorporate a site-wide perspective. Figure 1 4  is a pictorial 
representation of the 
going from most spe 

considered during the 

Operable Unit 4 was 
requiring the potential application of singular technologies to effect final remediation: 

during the evaluation of RI data, highlighting the sequence of 
eneral. This figure establishes six discrete elements to be 

perable Unit 4. 

the following four discrete elements with waste characteristics 

The K-65 silos (Silos 1 and 
The materials contained insi 
The glacial overburden 
The earthen berm surroun 

e Metal Oxides Silo 3 

Moving outside the boundary of Operabl nal impacts associated with 
Operable Unit 4 were evaluated by extending the data evaluatio 

The regional environment 
The Operable Unit 4 study area 

The Operable Unit 4 study area was defined to concentrate on that region of the FMPC that is 
most likely to be affected by any contamination originating from Operable Unit 4. This study area 
includes Operable Unit 4 and its surrounding environs. 
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The regional environment was the most general element evaluated because it is applicable to each 
rable units. A regional perspective is necessary to assess risks related to Operable 
valuate remedial alternatives. 

arizes the data evaluation approach applied during the RI to the six designated 
ted to Operable Unit 4. Each of the six elements addressed during the RI, and its 

relationship to Operable Unit 4, is discussed below. 

The waste materials 
could not be fully ad 
of the silo contents i 

uired complete characterization as part of the RI. Issues that 
t a detailed physical, chemical, and radiological characterization 

Applicability of remediation technologies 

Disposal options 

Quantitation of source term 

Leachability and release 

Selection and confirmati m e t e r s  to monitor releases of silo 
materials 

It is necessary to address these issues to ensure selection of the 
for Operable Unit 4. 

riate remedial actions 

Phvsical Structure of the Silos (Element 2) 

The RI addressed the physical condition of the silos because of the potential for release of 
contamination associated with failure of the silo structure. Specific issues related to the physical 
integrity of the silos include: 

Areas of the silo requiring structural support or repair 
Environmental impacts associated with silo failure 
Potential for leakage from the bottom of the silos 
Long-term structural integrity 
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Each of these issues will affect the evaluation and selection of remedial alternatives. 
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............. 

ed in the RI because of the potential for contamination resulting from 
Another concern associated with the soil berms is the possible accumulation of 

um-210 (Po-210) resulting from the decay of radon-222 (Rn-222) gas 
migrating from the silos through the benn soils. Specific issues being addressed during the RI are: 

. The volume of soil requiring remediation 

treatment or disposal of any contaminated soils 

downward migration of contaminants that might be present in the 

e of contaminants to Paddys Run 

Each of these issues is being considered during the evaluation of remedial alternatives for Operable 
Unit 4. ....... 

Glacial Overburden Beneath the Silos (Ele 
The glacial overburden beneath the silos 
nated by any materials that might have 1 
evaluation include: 

0 
ted to determine if it has been contami- 
silos. Specific issues addressed during this 

The volume of soil requiring remediation 

Requirements for treatment or disposal of any soils 

The potential for downward migration of contam&nts .............. that might be present in the 
glacial overburden 

Possible sources of contamination other than the silos 

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

. 
The presence of contamination below the silos would have a significant impact on of 
remedial alternatives for Operable Unit 4. 

........ 
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Unit 4 study area was evaluated for any evidence or indication of releases from 
4. The environs immediately adjacent to and smunding Operable Unit 4 are the 

ave been impacted if a release occurred. Specific issues addressed during this 

. . . . . . . . . . . . . . . . . . . . . nition of migration pathways and patterns 
Worker safety during remediation 

These issues must be 
Operable Unit 4. 

ring the evaluation of potential remedial alternatives for 

The regional enviro as that region lying outside the Operable Unit 4 study area. 
ent extend as far as necessary to evaluate data relevant to 

Operable Unit 4 or to assess impacts from Operable Unit 4. Although the RI for Operable Unit 4 
was directed specifically at this operable unit, 

environment. Issues related to Operable Uni 
perspective included: 

necessary to consider the regional 
ere addressed by employing a regional 

Radon emissions 

Risk to off-site receptors-...... . . . . . . . . . 

Long-term migration potential for materials rele 

Regional environmental resources that could po 
air, groundwater, or wetlands) 

Any evidence of regional environmental impact directly related 
addressed under the FS for Operable Unit 5 or another operable unit if it is deemed more 
appropriate. 

... . 

This RI Report for Operable Unit 4 addresses each of tJlese six elements of the inv 
issues associated with each element are also addressed to the extent that the data w 

..... 
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issues for which no data are available will be addressed in studies that are planned as'part of the 
ot yet been conducted. 

site-wide background information on the FMPC and the surrounding 
n of the FMPC, a site history, and a discussion of previous site 

. . . . . . . . . 

investigations. More specific information for this operable unit is supplied in Section 1.3. 
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1.2.1 
The U.S. Atomic En 
processing uranium 
recoverable residues needs. This integrated production complex began operations in 
conforhance with A early 1950s. In 1951, National Lead Company of Ohio (now 
NLO Inc.) entered into contract with the AEC as Operations and Maintenance (O&M) Contractor. 
This contractual relationship lasted with AEC, and eventually DOE, until Januq '  1, 1986. 
Westinghouse Materials Company of Ohio ( 
Electric Corporation, then assumed managem 
for a minimum of 5 years. 

A Pilot Plant was completed in 1951 an 
Fabrication Plant (Plant 6) began operat 
6), the Green Salt Plant (Plant 4), Recovery Plant (Plant 8), S 
Refinery (Plants 2 and 3) began operations in 1953. The Hex 
Products Plant (Plant 9) were operational in 1954. A diagram 
provided in Figure 1-5. 

on (AEC), predecessor to DOE, established the FMPC for 
ds from natural uranium ore concentrates and recycled 

, a wholly owned subsidiary of Westinghouse 
nsibilities of the site operations and facilities 

rational facility at the FMPC; a Metals 
Metals Production Plants (Plants 5 and 

(Plant 1). and the 
) and the Special 
g FMPC layout is 

Production peaked in 1960 at approximately 10,OOO metric tons of uranium (mtu) per year. A 
product decline began in 1964 and reached a low of about 1230 mtu in 1975. During the 1970s, 
consideration was given to closing the FMPC; therefore, capital improvements and 
minimized. 
538 in 1979. In 1981, the FMPC began planning to accommodate increased production 

The staffing level, which peaked at 2891 in 1956, slowly declined fro to 
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requirements. Production levels significantly increased and there was a rapid staff buildup in many 
areas f0.r several years. Implementation of a major facilities restoration program followed. 

production ceased in the summer of 1989 to focus plant resources on the restoration 
ently, the Fh4PC metal production remains in an inactive status; however, the 
studies and restoration activities continue. 

mical and metallurgical processes were utilized at the FMPC for manufacturing 
uranium products. During the manufacturing process, high quality uranium compounds were 
introduced into the F 
nitric acid and the u 
nitrate. Evaporation 
This compound was 
(UOJ and then co 
fluoride. Uranium metal was produced by reacting UF, and magnesium metal in a magnesium 
fluoride (MgFJ slag-lined vessel. This primary uranium metal was then remelted with scrap 
uranium metal to yield a purified uranium ing arious uranium metalworking processes also 

es at several points. Impure starting materials were dissolved in 
rified through solvent extraction to yield a solution of uranyl 
nverted the nitrate solution to uranium trioxide (UOJ powder. 

hydrogen, derived from dissociated ammonia, to uranium dioxide 
tetrafluoride (UFJ by reaction with anhydrous hydrogen 

existed. 

From 1953 through 1955, the FMPC Refi 
(Boback et al. 1986a). Pitchblende ore 
and is particularly high in radium cont 
on the ore prior to anival at the FMPC. Beginning in 1956, th 
uranium concentrates (yellowcake) from Canada and the United 
not pro&ssed after 1960. In the production of these concentra 
had been removed. The yellowcake contained radium-226 (Ra 
process. 

pitchblende ore from the Belgian Congo 
ter products of the uranium decay chains 
eparation or purification was performed 

dstock consisted of 
ian concentrates were 

that varied with the 
e uranium daughters 

Small amounts of thorium were produced at the FMPC on several occasions from 1954 
through 1975. Thorium operations were performed in the Metals Fabrication Plan 
Plant, the Special Projects Plant, and the Pilot Plant. The FMPC currently serves 
repository for DOE and maintains storage facilities for a variety of thorium materials. 
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Large quantities of liquid and solid wastes are generated by the various operations at the FMPC. 
0 

84, solid and slurried wastes from FMPC processes were disposed of in the on-site waste 
This area, which is located west of the production facilities (Figure 1-6), includes six 

ctive waste storage pits; two earthen-bemed concrete silos containing K-65 residues 
pecific activity, low-level radium-beaxing residues resulting from the pitchblende 
; one concrete silo containing metal oxides; two lime sludge ponds; and a sanitary 

landfill. The Waste Storage Area is addressed under Operable Units 1 and 4. 

Solid waste materials 
drums awaiting furth 

oils, sludges, contami 
and reject UO,. The arious pads and in warehouses and are inspected weekly. 
Contents of deterior . . . . . . . . packaged. Other waste materials, stored in drums on 
contained surfaces. include spent degreasing solvents and polychlorinated biphenyls (PCB)- 
contaminated material. 

th uranium metals production are presently stored on site in steel 
r off-site disposal at approved facilities. These wastes include 
ibles, filter cake, off-spec UF, or thorium tetrafluoride (ThF,), 

An inactive fly ash disposal area and an act 
located approximately 3000 feet south-sou 
active for the disposal of fly ash from 
adjacent to the fly ash areas, known as 
construction debris and possibly other t 
is also being addressed as a solid waste unit under Operable U 

Surface water runoff from the Waste Storage Area, fly ash piles 
western portion of the FMPC that does not go to the Clearwe 
the Great Miami River. Paddys Run originates just north of 
along the western edge of the site. For most of the year it is a dry streambed with occasional 

h pile, addressed under Operable Unit 2, are 
Waste Storage Area One pile remains 

d boiler plant. An area between and 
believed to be the disposal site for 
s from FMPC operations. The Southfield 

0 

affected areas within the 
s Run, a tributary of 
flows south-southeast 

rahfall-induced flows. 

Leachate from these same areas can potentially migrate vertically through a glacial 
of varying thickness to the regionally important Great Miami Aquifer, which underlies 
The Great Miami Aquifer seIves as a principal source of domestic, municipal, and 
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throughout the region. A portion of the flow in Paddys Run is also known to enter the Great 
r as a result of leakage through the stream bottom. Leakage occurs over the length 

beginning at a point west of the Waste Storage Area and extending to the Great 

, 
effluent generated from the FMPC process operations is sent to a general plant sump 

for matment and analysis before release to the Great Miami River through the main effluent line. 
The main effluent line to the Great Miami River is the permitted discharge point for wastewater 
from theFMPC. Th s regulated by a National Pollutant Discharge Elimination System 
(NPDES) permit and :with compliance monitoring performed at Manhole 175 before 
the effluent leaves th 

Storm water runoff tion Area is collected in storm water retention basins to allow 
for solids removal before being analyzed and released to the Great Miami River through the same 
effluent line. During extreme storm events, if the storm water retention basins ovefflow, storm 
water is discharged through the storm se to Paddys Run. 

1.2.2 Previous Site Investigations 
0 

1.2.2.1 Geologic Investigations 
Geologic investigations of the area that sumunds and includes the FMPC have contributed 
substantial information to the RUFS investigation. Fenneman (1 
of the geology in the Cincinnati m a .  This report is among the 

interbedded limestone and shale bedrock and its mantle of glaci 
Later, workers such as Durrell (1961) supported the earlier obs 
of the buried channel aquifer was further refined by Watkins 
surveys of the area around Femald. More recent information includes various maps of the geology 
of Hamilton and Butler counties, Ohio, as well as individual quadrangle maps of areas located in 
those counties (Leow 1985; Vormelker 1985; Ford 1974; Swinford in preparation). 
the extent and age of the glacial overburden in the study area have also been produce 
(Brockman 1986). Lerch et. al. (1980 and 1982) performed soil sweys  of Butler and 

an extensive survey 
cribes in detail the 

alluvial sediments. 
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counties, Ohio. A detailed discussion of the current understanding of the geology at the FMFT is 

nservancy District has kept precipitation and runoff records for the Miami River 
the early 1900s (Houck 1921). Precipitation records have also been kept at the 

Cincinnati Airport. Flood information for the Great Miami River and Paddys Run is available from 
the Federal Emergency Management Agency (FEMA 1982). Additional information on most Ohio 
streams, including th River and Paddys Run, has been well-documented with respect 
to flow duration and (Cross and Hedges 1959; Ohio EPA 1982). 

Flow in the drainage 
station on the Great 
has been studied by Spieker (1968a). Paddys Run data have been compiled by Dames and Moore 
(1985a). Realignments and other modifications of Paddys Run and its tributaries on the FMPC 
have been documented by Dove (1961) and (1987). Surface water quality data for the 

FMPC area are available from NLO for the 79 through 1983 and the Ohio Environmental 
Protection Agency (OEPA) for the period 1983. WMCO has maintained surface 
water quality data since 1983. A detailed the surface water hydrology at the Fh4PC 
is presented in Section 3.0. 

tored by the U.S. Geological Survey (USGS) using a gaging 
t Hamilton, Ohio. Flow regulation on the Great Miami River 

0 

1.2.2.3 Hvdrogeologic Studies 
Dove (1961) and Spieker (1968a) extensively described the hyd 
Great Miami Aquifer in the lower Great Miami River Valley. 
rates, permeabilities of various lithologies, and other aquifer cha 
groundwater/surface water interactions, specifically for the Great 
Other studies of the regional valley-fill aquifer in the vicinity of the FMPC include a study by the 
Miami Conservancy District (1985), several studies by the Ohio Department of Natural Resources 

ydrogeology of the 
documented recharge 

s. Both also discussed 
i River and Paddys Run. 

(Walker 1986; Walton and Schaefer 1956). and various contracted studies (GeoTr 
and Moore 1985a; ATEC Associates, Inc. 1982). Two other studies by Spieker (1 
the potential effects of increased pumping of the groundwater and future development o 
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groundwater resources, respectively. A detailed discussion of the cumnt understanding of the 
of the FMPC is presented in Section 3.0. 

ination Releases at the FMPC 
s (1951) were the first to describe the possible fate of chemical and radionuclide 
ltrate the groundwater in the Great Miami Aquifer. Publications released in the last 

five years document radionuclide releases from the FMPC into the environment These studies are 
either from DOE (1985) or are internal WMCO documents (Boback et. al. 1985, 1986a, 1986b; 
WMCO 1987, 1989a; 89). Spieker and Noms (1962) investigated radionuclide 
contamination of the 
Ohio area. Addition partment of Health (ODH) has documented radionuclide 
contamination in priv e FMPC area (ODH 1988). Sedam (1984) investigated the 
occurrence of uraniu 
(1962) and the NLO (Spencely 1983) performed internal inveskgations to distinguish between 
FMPC contamination and non-FMPC contamination. 

d the transport of the contaminated water through the Femald, 

ater in the vicinity of the FMPC for DOE. Starkey et al. 

0 1.2.2.5 Environmental Survevs 
For more than 10 years, the environment i 
DOE (1977, 1985, 1987), Oak Ridge Asso 
committees (WMCO 1986, 1987; Flemin 
(IT 1986; Weston 1986a; Battelle 1981). 
impact assessments, RIPS studies. and environmental survey 
WMCO and NLO include the annual Environmental Monitoring 
Contamination Control Reports (various authors 1965 to pre 
through WMCO. The contracted studies represent more com 
analysis programs. The material contained in these reports do 
large number of groundwater, surface water. sediments, soils, and air samples. The analytical 
constituents included radionuclides, organic compounds, metals, and general water quality 

the FMPC has been closely monitored by 
ities (ORAU 1985), various FMPC-related 
), and various contracted agencies 

RAU documents include environmental 

ents i l~p: available 

t the analytical results from a 

parameters. A sampling and analysis program to comply with RCRA provisions is 
the FMPC. 

t 
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area have been studied and characterized by WMCO, NLO, 
MCO performed two studies of the fish that are indigenous to Paddys Run and the 
iver in the vicinity of the FMPC (WMCO 1986, 1987). The OEPA study (1982) 
mprehensive study of the aquatic environment in the Great Miami River. A recent 

study by Facemire et al. (lBO), under contract to WMCO, described the general terrestrial and 

aquatic environments of the Fh4PC and surrounding areas. The data base compiled in this study is 
the most complete c 

sented in Section 3.0. 
of the environmental resources available. More information on 

und information on Operable Unit 4. It includes a description 
and history of the unit and a discussion of previous investigations pertaining to the unit and 

associated silos. 

1.3.1 DescriDtion and History 
The waste storage silos are large concrete 
FMPC. The waste storage silos are loca 
FMPC'pmperty (Figure 1-6). The silos 
thick concrete over an 8-inch layer of gr 
slotted pipe that drains to a collection tank. Below the gravel i 
concrete underlain by approximately 18 inches of compacted cl 
feet high and are constructed of 8-inch-thick concrete with a 0. 
exterior. The domed roofs taper from eight inches thick at the 

apex. Figure 1-7 presents a cross-sectional view of the silos' 
K-65 silo leachate collection system. 

tures that were built in 1951 and 1952 at the 
Waste Pit Area on the west side of the 
ameter, constructed with floors of 4-inch- 

underdrain system of 2-inchdiameter 
ck layer of asphaltic 
s are approximately 26 
gunite coating on the 
four inches thick at the 
d a plan view of the 

0 

The following discussion of the refining process and handling of the K-65 residues 
primarily from the following documents: 

Uranium Processing Technology (Harrington and Ruehle 1959) 
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K-65 Operations Manual, prepared by Catalytic Construction Company, Inc. (no 
date) 

A Closer Look at Uranium Metal Production, A Technical Overview (Fh4PC 1988) 

nts will not be specifically referenced in al l  instances in the text. 

The silos were constructed to provide storage for the residues resulting from processing pitchblende 
ore and concentrates to extract their uranium content. The term "K-65" refers specifically to 
various radium-bean 
pitchblende and othe 
presented in Figure 

Feed material to the 
concentrate made by a preliminary milling process. The feed material specifications and typical 
compositions are presented in Table 1-2 (Harrington and Ruehte 1959). The process was also 
designed to handle scrap metals generated on received from other sources (FMPC 1988). 

When the plant was designed, a substantial 
feed material. Hence, equipment for han 'I and "cold" feeds was provided. The 
radium-bearing feeds did not require di 
required that equipment for handling ielded. Because the purchase contracts 
specified that the vendor retained title to the radium-bearing 
required to handle and store the hot raffkate separately (H 

As shown in Figure 1-9, cold raffhate from the primary e 
with kerosene to remove residual solvent, was sent to a forced ation evaporator where the 
volume was reduced approximately 10 to 1. The vapor stream, containing approximately 23 weight 
percent nitric acid, was sent to the nitric acid recovery system. The thickened sluny from the 
evaporator was then fed to a pair of twin-shell, steam-heated drum dryers. Most o 
all the free nitric acid were removed, giving a product containing about 10 percent 
material was fed to a gas-fired rotary kiln where the nitrates were completely decomp 
a solid product containing oxides of the metal impurities originally present in the 

tes generated during the extraction step of the processing of 
g ores. A schematic flow diagram of the refinery process is 

used the tributyl phosphate (TBP)-kerosene extraction system. 

ted of either naturally occurring ore such as pitchblende or a 

radium-bearing pitchblende was anticipated as 
0 

ament, but the radioactivity hazard 

~ o u 4 ~ 8 9 4 l o a - m ~  1-27 
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The gases were sent to the nitric acid absorber for recovery and concentration The dried metal 
0 

en air-conveyed to Metal Oxide Silo 3. 

as handled in a slightly different manner, as shown in Figure 1-10. After being 
rosene to remove residual solvent, the hot raffiiate stream was filtered on a precoat 
filter to remove the suspended solids. Most of the radioactivity was caused by 

aughters, which form insoluble silicates and sulfates. Thus, the bulk of the 
radioactivity was removed in the filter cake. The cake was reslumed, neutralized with lime, and 
pumped to the K-65 where it settled. After settling, the supematant water was 
decanted and retume operation. The filtrate from the rotary filter was concentrated 
in a forced-circulatio milar to that used in the processing of cold raffinates. Volume 
was reduced 10 to 1. sent to the nitric acid recovery system. 

Thickened slurry from the evaporator then went to a spray calciner for complete denitration and 
drying. The calciner feed was atomized by steam in a two-fluid nozzle, and heat was introduced 
by circulating product gases through a set of 
product was removed from the gases by a se 
gases were sent to the nitric acid recovery 
a cooling screw conveyor and dropped int 
transferred by air pressure to Metal Oxid 

d fin-tube heaters. The dried metal oxide 
ones discharging into a storage hopper. The 

lids from the storage hopper passed through 
r. Periodically, the collected solids were 

The primary function of the K-65 area was to process and store 
recovered from the nitric acid digestion of pitchblende. This s 
primarily of siliceous matter but may also contain metallic com 
vanadium, lead, and others, The K-65 area was equipped to h 

Ore Refinery at FMPC or from outside sources. 

solids that had been 
K-65, consists 
as molybdenum, 
terials from either the 

K-65 material was received in this area either as wet solids or as a slurry. The wet solids 
comprised material that had been produced at another activity and had been tempo 
%-gallon drums. The slurry was produced in the FMPC Ore Refinery and was re 
ferred to the K-65 area. As a result of the work performed in the area, the K-65 was 
stored as wet solids in two concrete storage tanks (silos). All material to be sto 

FEw0U4RIM€894/os-U90 1-31 0 
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into the silos as a slurry. The K-65 settled out and formed a bed of wet solids while the slurrying 
riodically decanted from the silos. This liquor was physically processed and was 
rage for further use as a slurrying agent. 

d handling processes are discussed below under three categories: 

The methods by which the incoming wet solids are remaved from the drums, 
slumed, and transferred to the K-65 silos 

The ' * volved in handling the slurry received from the Ore Refinery 

The processing of the slurrying liquor 

A schematic process 
diagram, the area consists essentially of two.concrete storage tanks (K-65 silos), general solids and 
sluny handling equipment that were housed in a processing building, and a piping system for the 
transfer of slurry to the storage tanks from th 
m e  processing building and all its associate 
longer present at the site). 

f the area is presented in Figure 1-11. As shown on this 

ssing building and from the Ore Refinery. 0 ent were completely dismantled and are no 

Wet Solids Processing 
The wet solids were delivered to the area in 55-gallon drums. each containing approximately 500 

pounds of material. When produced, the material had a bulk ximately 90 pounds 
per cubic foot and contained approximately 40 weight percent ically, the material 
should have been alkaline or neutral. 

One drum of the material was handled at a time. Each drum 
shielded drum handling truck. The conveyor moved it inside the building where it was placed on a 
skip hoist and raised to a point above the slurry tank. Here it was inverted and the contents of the 

slat conveyor by a 

drum were dumped into the tank by vibration and also by a high-velocity water je t 

also semed to wash the drum, which was eventually returned to the conveyor and 
the building. Approximately 75 gallons of slurrying liquor, which was fresh wate 
operations, was consumed in removing the solids from one dnun. The resulting 

FEw0U4~89-4/08-20-0-90 1-33 0 
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a consistency of approximately four pounds of wet solids per gallon of slurry, was continuously 

ately 2000 gallons of slurry had been produced, the contents of the slurry tank were 
rage in Silo 1 (Tank F34-6). This slurry pumping was followed by a 1650-gallon 
ash which was passed through the slurry tank, slurry pump, transfer line, and into the 

ly 400 gallons of the liquor was allowed to remain in the slurry tank to 
aid in preparing the next batch of slurry. 

e neutralized slu 
65 area for storage i 
solids per gallon of 
slurry liquor consisted of an aqueous solution of metallic nitrate. 

the hot raffinate area constituted feed that was pumped to the K- 
slurry had a consistency of approximately four pounds of wet 
kaline and may have contained traces of free caustic. The 

, . . , . . . . . 

The frequency and quantity of slurry to be t d to the K-65 area varied with the quantity of 
pitchblende fed to the Ore Refinery. The a ily load was approximately 4000 gallons of 
slurry but may have gone as high as 10, e pumping rate was approximately 110 
gallons per minute (gpm) in the ,three-in 
a safe minimum for maintaining turbulen nting the settling of solids in the transfer 
line: Slurry pumping was camed out once daily. Slurry pumping was followed by a clear liquor 
wash amounting to 1200 to 1500 gallons of the recovered nitrat 

The processing of this slurry and wash solution as received in 
The material was received in the storage tank together with a 
wash liquor remaining in the pipe line was drained to the dec 

sfer line. This flow rate was considered 

a was relatively simple. 
amount of wash liquor. The 

S lum Liquor Recovery 
The slumes that were pumped into the storage silos eventually settled into two lay 
liquor, either water or a metal nitrate solution, formed the top layer over a bed of 
Periodically, this layer of clear liquid was decanted from the tanks and allowed to 
to the decant sump tank (F34-4). 

FER/OWRUVIt89-4~-20-90 1-35 0 
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periodically removed from the sump tank, passed through a pressure filter, and 

n in the K-65 area or was returned to the hot raffinate area of the Ore Refinery 
ored in the filtrate storage tank (F34-2). From here, the material was either used for 

sed as a neutralizing liquid. The purpose of the filtration step was to remove any 
could have been carried from the storage silos during decantation. All solid material 

delivered to the K-65 area had to be retained there for accountability purposes. 

The decantation oper 
These silos possess 
arranged in two verti 
are 25 ports on each 
from the silo botto 
The remaining 49 ports are located at 6-inch intervals. 

ed automatically as the liquid level built up in the storage silos. 

are located on diametrically opposite sides of the silos. There 
total of 50 per silo. The bottom port on each silo is 1 foot 
tion began when the liquid level reached the 1-foot elevation. 

off ports where the decantation took place. These ports are 

......... 

The great majority of the pitchblende ore pro 
Shinkolobwe Mine, in the Belgian Congo. 
obtaining radium. With the increased im 
reopened in 1943 for its uranium content. 
time, an agreement was reached between 
being processed for removal of uranium, with the provision that the residue from this processing 

at the FMFT came from one mine, the 
began operation in 1921 for the purpose of 

um during the 1940s. the mine was 
was still of considerable value at the 

frican Metals Corporation based on the ore 

0 

would be returned to its owner, African Metals Corporation. 

The residues which are stored in the K-65 silos were initially g the Mallinckrodt .............. ....... ......... 

Chemical Works (MCW) in St. Louis, Missouri. The process th#f&as ......... used for extraction of 
uranium at MCW was the dual-cycle ether process. This processwas ......... different from the TBP- 

kerosene extraction system utilized at the FMPC. 

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

Initially, the residues from the MCW operation were sent back to African Metals 
However, beginning in April 1949, the residues were no longer returned to Afric 
Corporation following processing, but were stored at MCW for future shipment. Due 
production, storage began to be a problem. As a result, shipments of the drum 

FER/OU4RUvH89-4/08-290 0 ................. .................. ......... ........ ........ 
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were sent from MCW to Lake Ontario Ordnance Works (LOOW) near Niagara Falls. New York 
-65 silos were planned as part of the uranium processing plant scheduled to be 

Femald, Ohio. Some of the drums that were sent to LOOW were emptied into a 
tower at that site. A smaller number (approximately 6000) were shipped to Femald 
ition, the continuing production at MCW resulted in approximately 25,000 drums 

ectly from St. Louis to the FMPC. These shipments began in 1951. 

At the FMPC, the drums were sent to a drum handling building that had been specifically built 
near the silos to tr 
was slumed into the 
clarified liquid was s 
valve, the valve was 
decanting were co 
the top of the vertical wall. This process left a sludge with an estimated density of 100 pounds per 
cubic foot. The decanted liquid was recycled. The volume of material from LOOW and from St. 
Louis filled Silo 1. 

ts of the drums of off-site origin into the silos. The material 
solids would settle. The free liquid was decanted, and the 
ery sump. As the depth of solids reached the level of a given 
next higher valve was used to decant liquids. Settling and 

until the silos were filled to approximately four feet below 

The processing of the pitchblende ore throu 
stages of processing the off-site drums 
therefore, that although Silo 1 was filled 
mixture of off-site K-65 material and 
Refinery was conveyed to Silo 2 through the underground trans 

and was allowed to settle in the same manner as the off-site 
residue from processing Australian pitchblende was added to Si1 
Australian pitchblende residue was estimated to be almost 400, 

subsequently added to Silo 2 was residue generated by the 
Congo ores. 

C Refinery ran concurrently with the latter 
0 

handling building. It is understood, 
off-site drums, Silo 2 material is a 

65 material. The residue slurry from the 
ay in a concrete trench 

1957 and 1958, the 

After Silo 2 was decanted, some drummed material was added. Most of this matend 
was contaminated with K-65 material. This contamination occurred because the d 
was adjacent to the drum handling building. Other materials reportedly added to 
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were drum cleanout residues, cleanup materials from Q-11 (unprocessed uranium ore) storage and 
reas residues from decontamination of lab equipment, and Q-11 and K-65 samples. 

structed in mid-1952 and was designed to receive dry materials only. Slumes from 
tions were dewatered in an evaporator and spray calcined to produce a dry waste 
al to Silo 3. The waste was blown under pressure into Silo 3. (Silo 4 was also 

constructed in mid-1952; however, as stated earlier, this silo was never used.) 

Large areas of spalli 
Silo 2, leaving post- 
the silos exhibited 
was chipped away 
the gunite was rep 
built to the top of the walls of Silos 1 and 2 to provide relief from tensile stress that had 

developed within the walls. This embankment also provides weather protection, a reduction of 
radon emissions, and increased shielding from 
originally constructed on a slope of 1.51; 
1983 to reduce soil erosion (Grumski 198 
in 1979 (Camargo 1986). 

In January 1986 the FMPC had a tempo 
ter, installed to span across the deteriorated portion of the conc 

steel members which support 0.75-inch (1.9 centimeters) plywo The plywood sheeting 
is covered with a weatherproofing membrane. The dome cov smsses in the existing 
concrete, but all stresses are outside the deteriorated area and e limits. The dome 
cover was installed so that containment of the silos’ contents will be maintained in the event of a 
center silo dome collapse (Shanks and Vogel 1988). 

In 1987, an Interim Stabilization Project (ISP) was implemented at the K-65 silos 
the CERCLA section of the FFCA (Grumski 1987a). Compliance required that DOE 

the exterior surface gunite coating of the silos, particularly on 
corroded and exposed to the weather. The exterior surfaces of 

ration by 1963 to require repairs in 1964. All loose material 
as patched with a 0.75-inch-thick coat of cement mortar. After 
roofing membrane was applied, an earthen embankment was 

ating radiation. The embankments were 
slope was subsequently modified to 3:l in 

t al. 1987). Vents in the silos were sealed 
0 

which was 30 feet (9.1 meters) in diame- 
f Silos 1 and 2. The 

cover is self-supporting and sits on a rolled plate-steel skirt. posed of structural 
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immediate measures to conml radioactive emissions from the FMPC. Work performed as part of 
0 

the ISP..included: 

Implementation and periodic operation of a radon gas treatment system (RGTS) 

Application of a layer of rigid polyurethane foam insulation to the exterior of the 
dome surfaces of Silos 1 and 2. The foam thickness was 3 inches at the outer 
dome surface and 1.5 inches at the dome cap 

The RGTS consists of a calcium sulfate bed to remove moisture, followed by charcoal beds to 

absorb the radon. It 
The RGTS is designe 
not designed for cont 
reduce weathering, te 

em in which the treated air is recirculated back to the silos. 
d on an interim basis, such as when the dome is opened; it is 

on. The foam coating was applied to the domes to further 
es inside the silos, and radon gas emissions. 

1.3.2 Previous Ouerable Unit 4 Investigations 
As part of the comprehensive waste management and environmental program for the FMPC, several 
investigations have been conducted at the sit results of these previous investigations that are 
relevant to Operable Unit 4 are briefly su w. A chronological summary of significant 
sampling and data gathering activities relev ble Unit 4 that have been conducted since 
1983 is presented in Figure 1-12. Planne ities that will support the Operable Unit 4 
RI evaluation are also shown in Figure 1 

Waste Material in Silos 
Several .previous studies have been conducted that provided data 
the K-65 and metal oxide silos. The earliest recorded study pro 
was conducted by Vitro Corporation between March 1950 and 

te material contained in 

on the K-65 residue 
ber 1951 (Vitro 1952). 

The objective of the Vitro study was to evaluate the ability to recover radium from the K-65 
residues. The K-65 residues were analyzed for percent moisture, metal salts, and metal oxides. 
The data from the Vitro study are summarized in Section 4.1 of this report. 
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A study entitled "Treatment of Pitchblende Residues for Recovery of Metal Values" was conducted 
esearch, Inc. The report on this study was authored in 1974 by J. E. Litz (Dettom et 

0 
e Hazen Report concluded that the FMPC K-65 residues are composed of two 

"slimes" fraction ( ~ 4 0 0  mesh) containing solubilized recrystallized fractions 
-contaminated barium sulfate; and (2) a "sand" fraction (A00 mesh) containing 

y about 5.6 percent of the radium content of the residue is found in the 26.9 percent 
sand fraction [24 parts per billion (ppb) in 65 x 100 mesh, 105 ppb in >65 mesh]. The average 
residue radium conc reported by Litz (1974) to be appmximately 300 ppb (Dettom 
198 1). 

re particles and primarily less soluble silicate secondary minerals. According to Litz 

A study to evaluate 
NLO (1980). This 
Data from these analyses are consistent with other studies and are summarized in Section 4.1. 

long-term storage costs for K-65 residues was conducted by 
s analyses of the K-65 residues that were conducted in 1970. 

WMCO collected and analyzed K-65 silo resi be samples in the summer of 1988 (Gill 1988). 
This study collected samples from both Silo . Analyses wefe performed on isotopes of 
uranium, thorium, and radium. Radioisoto ntified and categorized as alpha or gamma 
radiation emitters. Sample analysis by X- ce spectrometry assisted in characterizing 
the elemental composition of the K-65 ysical and radiological data fmm the 
WMCO study are consistent with other data and are summarized in Section 4.1 of this report. 

0 

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

Metal Oxide Silo 3 contains approximately 5100 cubic yards (y residues, which are 
awaiting final disposal (DOE 1989). Approximately 39,600 po kilograms) of uranium 
and approximately 15 to 23 curies of radium were estimated t 
Other metals were also known to be present in the stored mate 
concentrations were unknown until analytical data became available in March 1990 for samples 
collected by WMCO from Silo 3 in July 1989. Metal Oxide Silo 4 remains empty with the 

n the contents of Silo 3. 

exception of some infiltrated rain water. Analysis data on the wastes contained in 
presented in Section 4.1. 
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A sampling program undertaken in 1989 by WMCO was designed to collect representative core 0 
e K-65 residues. Only partial cores were recovered and these could not be related to 

silos from which they were collected. Physical, radiological, and chemical analyses 
d on the partial cores to provide additional characterization data on the contents of 

r the contents of Silos 1, 2 and 3 are presented in Section 4.1. 

The contents of Silo 3 were successfully sampled and characterized. Sample 

. Advanced Sciences, Inc./IT Corporation (ASI/IT) initiated a sampling program in March 1990 with 
the objective of colle tive core samples from the K-65 silos (Silos 1 and 2). These 
cores will be analyze hemical, and radiological parameters. These data are needed 
to support the FS for 4 (ASW” 1990a). This program is scheduled for completion 
in the fall of 1990. 

In 1985, a nondestructive testing program and structural analysis on the silos were performed by 
Camargo Associates, Ltd. (Camargo); The i n consisted of three phases. Phase I 
involved computer analysis of the original si1 
consisted of field work that was divided in 
Echo Pulse system to test the silo domes, 
study of the earthen embankment around 
based on the field data collected in Phase 
investigation are summarized as follows: 

based on the original drawings. Phase II 
: soil exploration study; a survey using the 
e slabs; and the ground penetrating radar 

I11 consisted of a computer analysis 
nt conclusions of the Camargo 

The base slab and walls at the time of investi 
the existing static loads being applied to them 
stable for approximately 5 to 10 years. 

The center 20-foot-diameter portion of the do 
load greater than fie existing static dead load, and no life expectancy was assigned 
to it. 

ructurally stable under 
ntinue to remain 

rally unsound for a 

More information is contained in a report prepared by Camargo (1986). 
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Several corrective measures were taken by DOE as a result of the Camargo analysis. In January 
ve covers for the center portion of the domes of Silos 1 and 2 were constructed and 
In April 1986, a weatherproof protective membrane was installed over the top of Silo 2. 

d December of 1987, a 3-inch foam covering was placed over both Silos 1 and 2. 

nod March 13 through May 15, 1987, WMCO started monitoring the temperature and 
pressure changes of the K-65 silos (Grumski 1987b). The objectives of the study were to: 

Find out if there was any pressure buildup in the silos that could lead to their 

period. Correspondingly, the internal gas temperature measurements for both K-65 silos showed an 
approximate 35'F temperature variation over the same 12-hour monitoring period. 

Silo 1 showed negligible pressure variations 
temperature fluctuations. Silo 2 was able t 
approximately 7.6 pounds per square foot 
monitoring period. 

...... 

0 emal gas temperature varied due to ambient 

4.9 pounds per square foot during the 
positive differential pressure of 

The pressure data indicated that both of the K-65 silos exchang 
atmosphere, otherwise much higher pressure differentials would 
concluded that neither of the K-65 silos are capable of sustainin 
differential with the ambient surroundings to result in silo or do 
foam during the ISP has reduced temperature fluctuation to abo 

ith the sumunding 

lure. (Installation of the 

As a result of findings from a July and August 1989 DOE investigative team inspection, Bechtel 
National, Inc. (BNI) was contracted to perform additional testing and analysis of 
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The objectives of the testing and analysis conducted by BNI were to: 

Determine the structural integrity of the K-65 silos and perform an independent 
verification of the previous structural analyses performed by Camargo 

Verify the in situ compressive strength of the tank concrete 

Provide a qualitative assessment of risk of structural failure of the tanks 

The BNI study generally supported the Camargo study results (BNI 1990). 

The University o 
the environment asso 
published in May 1 
release of radon 
source a dose of approximately 2.57 redyear. The nearest residents located 500 meters (1640 feet) 
away from the source would receive a 
population center would receive approximate1 

The study also estimated that under tomad 
(3.28 feet) in the silos would be picked u 
meters (328 feet) away from the source 

500 meters (1640 feet) away from the source could receive app 
in the nearest population center 14,500 meters (9 miles) from th 

d a report that evaluates the probable risk to human health and 
atastrophic failure of the silos. Revision 1 of this report was 
f Cincinnati 1990). This report stated that the current chronic 
d give workers located 100 meters (328 feet) away from the 

ear. An individual in the nearest 

residues found at depths up to 1 meter 

0 
. If this occurred, workers located 100 

sidents located approximately 
rem. An individual 

d receive 1.3 x l o 3  
.. .. .. 

rem. . 

BNI’s subsequent Engineering EvaluatiorVCost Analysis (EE/CA) ptions for the K-65 
Removal Action (BNI 1990b). Conducted in accordance with ational Contingency Plan 
(NCP) (40CFR300.415), this study found that a tomado-induced structural failure of both silos 
could result in an initial uncontrolled release of approximately 66 Ci of radon-222.and some K-65 
residues. Furthermore, a spontaneous failure of either silo would result in release o 
radon. In both cases, radon release would increase following the initial release 
action could be implemented by FMPC personnel. Hence, due to the substanti 
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with the silos, remedial action should not be undertaken at the silos without providing additional 

n conducting monthly sampling of the K-65 demit sump since August 1989 (Vogel 
derground decant sump tank is currently the only means of monitoring for 

However, because the sump was a receiving tank for decant liquor 
p and its related piping were contaminated as a result of K-65 

processing operations. Any long-term, low-level leakage from the K-65 silos that may be occurring 
is practically impossi because the sump remains contaminated. 

Soil Berms 
No previous investig 
and Po-210 in the s 
been conducted. 

n conducted to evaluate the potential accumulation of Pb-210 
pling program is planned as part of the RI but it has not yet 

. . . . . , . . . 

Glacial Overburden Beneath the Silos 

On November 6, 1953, a liquid was noticed 
1953). Further investigation indicated tha 
Soil tests confirmed that some contaminati 
communications related to this incident 
or how the problem was ultimately corre 
events resulting in an overflow of the decant liquor tank (Karl 
samples were collected by NLO in 1983 that contirmed the pre 
per million (ppm) total uranium] and radium [OS3 to 1.8 micro 
the silos (Vogel 1989a). 

rom the ground adjacent to K-65 Silo 1 (NLO 

nated at the silo and not the decant line. 
ed. It was not clear from the 

0 
of the leak was ever positively identified 
as made, however, to one or more 

of slant boring 
um [1.2 to 14.5 parts 

(V-glg)] in soils beneath 

A slant boring program, which has been planned as part of the RI, will be conducted by ASI/IT in 
the fall of 1990. Results from the slant boring program will characterize the nature and extent of 
contamination in the glacial overburden (ASI/IT 199Ob). 
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Data from the slant boring program and from the ongoing quarterly groundwater monitoring 

ate contaminant migration and transport in the vadose zone. 
be utilized in a vadose zone model. The vadose zone model has been developed by 

investigations directed at the entire FMPC facility have acquired data that are 
evaluation of Operable Unit 4. From September 20. 198410 February 5 ,  1985, 

Monsanto-Mound conducted special radon monitoring around the silos. This program assessed the 
extent to which rad0 
residues stored in 
were measured near 
that a sealant shoul 
(Monsanto 1985). 

* s in the surrounding area were due to the radium-bearing 
concentrations ranging from 0.24 to 5.1 picocuriesfiiter @Ci/L,) 
study concluded that radon monitoring should be continued and 

the surface of the tanks to inhibit the transport of radon 

A radiological characterization of the surface soils in the Waste Storage Area, which includes 
Operable Unit 4, was conducted by Ro 
systematic survey of the surface soils throug 
drainages, and the fly ash piles was conduc 
locations were surveyed throughout the W 
concentrations exceeded 35 picocuries/g 
were taken and sent to the on-site gamma spectroscopy laboratory where estimations of con- 
centrations were made for uranium-238 (U-238). radium-226 (Ra 
cesium-137 (Cs-137), and ruthenium-106 (Ru-106). Data collect 
relevant to Operable Unit 4 are summarized and discussed in Se 

WMCO conducts an environmental monitoring program at the 
to protect the health and safety of nearby residents. The program entails a broad range of activities 
related to environmental monitoring and sampling, waste management, and ovel-all site remediation. 

in 1986 and 1987 (Weston 1987). A 
aste Storage Area, associated on-site 

month period. Approximately 24,400 

samples at depths down to 18 inches 
rea to locate areas where uranium 

as part of its ongoing effort 
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To ensure that the FMPC can detect any release of materials as quickly as possible 
so that corrective actions can be implemented immediately 

To estimate the radiation dose that area residents may be exposed to as a result of 
any release of materials 

To measure progress of correcting problems from past operations and in 
implementing improved environmental management practices 

. . .  

The FMPC waste m 
both liquid and solid 
environmental moni 

ities are directed at disposal, elimination, and safe storage of 
pliance with al l  applicable regulations. The results of the 

reported annually in an Environmental Monitoring Report 

' (EMR). 

Data from reports that were relevant to the Operable Unit 4 evaluations were utilized to supplement 
data from the RI. Site environmental monit contained in the EMR we= also used, when 
possible, to supplement data from the West0 

Regional Environment 
All of the previous studies considered 
also considered relevant to the evaluati 
that m important to the regional evaluation are discussed below 

The ODH performed independent indoor and outdoor radon co 
vicinity of the FMPC (ODH 1988). monitoring stations 
around the FMPC, including 12 locat ples) and 4 locations 
distant from the FMPC (controls). Analyses of the detectors located at the site boundary closest to 
the K-65 silos and at background locations do not reveal consistent significant differences in 
measured radon concentrations (ODH 1988). The ODH study also concluded that 
measurements of radon and radon progeny concentrations at the FMPC boundary are lo 
cannot be distinguished from variations in natural background concentrations (ODH 1988 

0 
nit 4 study area evaluation were 

ral additional studies 

easurements in the 
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In response to DOE direction and in accordance with the Notice of Intent published on May 15, 
is preparing a site-wide Environmental 'Impact Statement @IS) that will evaluate 

gies for remediation of the entire site. Data from the EIS specific to Operable Unit 
considered during the development and evaluation of alternatives for Operable Unit 4 

egrated, as appropriate, into the Operable Unit 4 RVFS documents. 

computerized finite-difference groundwater flow model has been developed by ASI/IT to simulate 
groundwater flow and solute transport in the vicinity of the FMPC. Both a regional model and a 
local model are bein redictions generated by the model will be helpful in estimating 

ndwater contaminants associated with Operable Unit 4. Model 
sed in Appendix E, the Baseline Risk Assessment. predictions are presen 

This RI report is formatted in accordance with the latest EPA guidance (EPA 1988). Section 1.0 
has discussed the purpose of the RI report, has presented infomation on the site background, and 
has discussed previous investigations. The o 
Operable Unit 4 while providing the region 
environmental impacts associated with the 

The investigation procedures employed 
The specific data objectives for each procedure as it relates to Operable Unit 4 are also presented 

of Section 1.0 are to focus the evaluation on 
ve necessary to evaluate fully any 

marized and presented in Section 2.0. 

in Section 2.0. 

Section 3.0 describes the physical characteristics of the study the data relevant to the 
. . . . . . . . . 

physical characteristics of the study area are presented from a siteiwide . . . . . . . . . . . . . . . . . perspective because specific 
data pertaining to the Operable Unit 4 study area are not availabjgg 

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

Section 4.0 presents the results of the RI and discusses the nature and extent of contamination 
associated with Operable Unit 4. Relevant data from previous studies are also incl 
4.0. 

n 
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An evaluation of possible fate and transpon scenarios for contaminants originating from Operable 
resented in Section 5.0. Physical and chemical characteristics of the contaminants are 

ring this evaluation. 

sk assessment for Operable Unit 4 has been prepared as a separate stand-alone 
accompany the RI report as an appendix. Section 6.0 presents a summary of the 

significant findings drawn from the risk assessment. 

Section 7.0 presents 
relevant to Operable 
addressed under the 4 FS. 

f the results and conclusions drawn from evaluation of the RI data 
section also discusses the remedial objectives that are being 

The appendices to in summary tables of the RI data relevant to Operable Unit 4. 
These appendices are comprehensive with respect to the data obtained within the Operable Unit 4 

study area during the RI. Excerpted data from the Characterization Investigation Study (CIS) are 
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2.0 OPERABLE UNIT 4 INVESTIGATIONS 

stigations performed for Operable Unit 4 are part of the RI being conducted for the 
s section describes the investigative activities that were conducted at Operable Unit 

collected during the investigation. Details of the RI procedures are contained in the 
an and Sampling Plan, as well as specific sampling plans for the characterization of 

the silo material (IT 1988b). 

Silos 1 and 2. In addition, samples 
of the materials have during residue transfer into the silos. These studies indicate 

Because of the inconsistency in the 
analytical results fro 
not adequately characterize the K-65 residues. These data could not be used to evaluate release 
potential and the technical feasibility of 
the metal oxides in Silo 3 were not sufficien 
materials; therefore, an additional sampling 
effort described below was conducted by 

data needed to support the FS. 

dies, the data from previous sampling and analysis efforts did 

Similarly, previous analyses conducted on 
ocumented to adequately characterize those 
required as part of the RI. The sampling 

summer of 1989 to acquire the additional 

0 

The sampling of Silos 1 and 2 conducted by WMCO was only partially successful because of poor 
core recovery. Even though an average of 20 feet of penetratio 
there was no sample recovered in three locations. The samples 
essentially a collection of grab samples instead of continuous s 
core samples for the characterization of the silo contents, a res 
ASI/IT. 

rial was achieved, 
m Silos 1 and 2 were 

. To recover continuous 
g effort is being conducted by 

The sampling of Silo 3 by WMCO was successful. Core samples of up to 11 feet were recovered 
from 31 feet of material penetration. These cores and the data obtained from analy 
samples are considered adequate to characterize the contents of Silo 3 and to suppo 
additional sampling of Silo 3 contents is anticipated. 
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The resampling of Silos 1 and 2 will be done in three steps: 

Field testing of sampling equipment 
Mock sampling of the silo sampling operation on the empty Silo 4 

:Actual sampling of Silos 1 and 2 

The main objectives for the silo sampling program are: 

0 depth and estimate the volume of material contained in the 

a cal characteristics of the silo contents, including engineering and 

b gical and chemical composition of the silo contents 

Analytical results from the sampling were co 
incorporated into Section 4.1 of this RI repo 

2.1.2 Methodology 
Sampling operations will be conducted as 

in March 1990. These results have been 

. . . . . . . . 

0 Equipment testing 
0 

b 

Mock sampling of Silo 4 (one sampling point) 
Sampling of Silos 1 and 2 (four sampling points 

This step-by-step sampling approach was chosen because of the 
concerns associated with the silo sampling program. Mock sam 
to demonstrate and refine the specialized sampling techniques and to test equipment operation. This 
sequence will aid in training the sampling personnel so that they will become more experienced, 
precise, and efficient as they proceed to the higher risk sampling of Silos 1 and 2. 

Details of the equipment to be used and the sampling and decontamination procedures 
in the "Implementation Plan for the K-65 and Metal Oxide Residue Sampling Project" 

health and woricer safety 
conducted on Silo 4 
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The layout of the K-65 and metal oxide silos sampling area, which shows the planned sampling 
esented in Figure 2-1. This figure shows the sampling sequence to be employed by 
their resampling effort. Silo 3 is not shown as part ofthe sequence because it has 

The K-65 samples will be analyzed for physical, chemical, and radiological parameters. The 
purpose of the sampling campaign is to characterize the materials for the evaluation of release 
potential, risk, and re ogies (including disposal options). The required radiological 

Isotopic radium 

Pb-210 (sample concentrations 
because there has been sufficie 
equilibrium) 

can also be determined from this analysis 
allow the radionuclides to reach secular 

Gamma spectroscopy 

. . . . . . . . 

Selected samples will be analyzed for the following chemical parameters: - 
. . . . . . . . . . . . . . . . . . 

HSL volatiles 
HSL semivolatiles 
HSL pesticides and PCBs 

Hazardous Substance List (HSL) inorganics 

Toxicity Characteristic Leaching Procedure (TCLP 

The following physical properties will be determined for the silo residues using the 
American Society for Testing and Materials (ASTM) method: 
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Particle size distribution (ASTM D422-63) 
rberg limits (ASTM D4318-84) 

isture content (ASTM D2216-80) 
cific gravity (ASTM D854-83) 

rties of the K-65 residues will be determined to predict the expected behavior of the 
wastes during matment and disposal operations. 

Two slant borings we 
were selected based o 
1950s. As discussed 

r the K-65 silos by NLO in 1983. Locations for these borings 
leaks were suspected to have occurred during silo filling in the 
the K-65 silo leakage history is documented in a memorandum 

ber 25, 1953 ("K-65 Storage Tank 
No. 1"). Analyses for the samples from the slant borings were limited to general radioactivity 
scans and uranium analysis. The results 
These data were not adequate to define the n 

rogram are documented in Section 4.0. 
extent of potential contaminants under the 0 silos. 

Based on this historical information, a 
denoted subsoils (below-silo soils) has 
are discussed below. 

testing the K-65 silo embankment and 
other reasons for this sampling effort 

. A baseline risk assessment performed by IT in 
Pb-210, Po-210, and stable lead in the soils su 
daughter products of radon generated from 
walls and decayed within the porous matrix o 

The existence of a buried underground decant 
sump, and the associated piping system adjacent to and underneath the silos is a 
potential source for leakage to the surrounding soils. This system was used to trans- 
port K-65 waste slurry and decanted silo liquids between the silos 

silos. These are 

The K-65 silos embankment and subsoils will be sampled utilizing a two-phase 
in Section 2.2.2. The samples will be analyzed for radiological, chemical, and geotechni 
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parameters. The program will be conducted in accordance with "RWS Work Plan Addendum: K- 
ent and Subsoils Sampling and Analysis Plan with Site Specific Health and Safety 
ASI/I'" in June 1990. 

e of the K-65 silo embankment and subsoil sampling program is to provide the data 
necessary to determine and verify the source and extent of contamination in the soils directly below 
and surrounding the 
estimate the potential 
alternatives in the FS. 
Great Miami Aquifer 
impact the groundwat 

ese data will be used to support a mathematical model to 
migration in the subsoils and to support the evaluation of 

11 also be used to establish a source term for the model of the 
ined that any contamination below the silos will ultimately 

. . . . . . . . 

2.2.2 Methodology 
Sampling of the embankment and subsoils will be conducted in two phases. Phase I is briefly 
described below. Phase I1 will consist of ad 
developed after the Phase I data have been 

ata gathering, as necessary, and will be 

Per the Sampling and Analysis Plan, the 
elements: 

pattern will consist of the following 

Five low-angle borings using 30-inch-long tenite sl 
be performed on samples collected at 20-foot inte 
samples will be collected in this fashion. 

Four vertical borings will be placed approximat 
walls. The vibracore technique will be utilized 
approximately 10 and 20 feet. A total of eight 

specified analyses will 
A minimum total of 28 

feet fmm the exterior silo 
ct samples at depths of 

will be collected. 

One liquid and one sediment sample will be recovered from the underground decant 
tank. 

Sample analysis parameters are specified below. Depending on the results of the Phase 
additional geotechnical, radiological, and chemical sampling data requirements may be id 
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FS. Any associated investigations would be conducted under - . . . . . . . . . . . . . . . . . . . . 

yses for all embankment and subsoil samples are listed below. 
. . . . . . . 

Isotopic uranium 

trations of Po-210 can also be determined from this analysis 
sufficient time to allow the radionuclides to reach secular 

9 Gamma spectroscopy 

Samples will also be analyzed for the follow 

9 HSLinorganics 
9 HSL volatiles 

HSL semivolatiles 
HSL pesticides and PCBs 
TCLPmetals 

Sample preparation and analyses will be performed in accordanc 
Plan. and Quality Assurance Project Plan (QAPP), dated March 

pproved RWS Work 

The following physical properties of the embankment and subsoils will be measured to determine 
the expected soils behavior under the various remedial alternatives and to provide general 
geotechnical descriptions: 

Moisture content (ASTM D2216-80) 
Atterberg limits (ASTM D4318-84) 
Specific gravity (ASTM D854-83) 

Soils classification (ASTM D2487-85) 
Particle size distribution (ASTM D422-63) 
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. . . . . . . . . . . . 

ection, preparation, and analytical testing will be conducted as specified under the 
M standards and laboratory procedures using qualified geotechnical technician(s) 
ibrated equipment, which meet the intent of ASTM D3740-80. 

2.3 RADIATION MEASUREMENTS 

2.3.1 Obiectives 
Previous direct radiat 
Aerial Measuring Sys 
detectors to assess ex 
walkover radiation s 
area. These data are included in Section 4.0. 

nt programs have been conducted at the FMPC using either the 
assess on- and off-site exposure rates or thermoluminescent 
the site boundary. As part of the CIS (weston 1987). a 
te Storage Area was performed which included the K-65 silo 

The radiation measurement plan for the 
and had the following objectives: 

surface .radiation fields within the FMPC 

0 
Collect sufficient data to qu radiation fields 

Develop exposure rate con .... areas of the FMPC site 

Develop uranium concentration contour estimates for selected areas of the FMPC site 
through the correlation of field survey data with 
soils 

um concentration in 

Locate anomalies in both exposure rate contours concentration contours 
for further investigation 

Indicate the locations for biased (as opposed to ) surface soil sampling 

Only limited surface radiation sampling was conducted within the bounds of the 0 
study area. All sampling was conducted outside the security fence sumunding th 

. . . . . . . . 
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2.3.2 Methodology 
r characterization of the radioactive contaminants in the soils of the FMPC, 

on surveys were performed to determine appropriate sampling locations. The 
uclides of concern across the FMPC were U-238 and uranium-234 (U-234); Ra-226 
(Ra-228) were also important radionuclides of concern within the Operable Unit 4 

asurement of natural background was included as part of the walkover survey. 

Because U-238 and U-234 decay through alpha emission and, therefore, could not be readily 
measured with adequ 
U-238 progeny [tho 4) and protactinium-234m (Pa-234m)l was measured. These 
progeny are in equili 
228 decay chains 

r such a large area, the gamma emission from the decay of 

238. The higher energy gamma radiations from Ra-226 and Ra- 

To provide a comprehensive and systematic method of survey that ensures appropriate coverage, the 
area surrounding the K-65 silos was marked to establish a refined 100-foot grid for use in the 
conduct of a walkover radiation survey. In tions where radiation measurements were 
above reference levels (see Section 2.3.3) 
100-foot grid was subdivided into sixteen 
survey, each grid (or subgrid) was walked 
covering the subgrid in a rectilinear fashi 

0 d was extended another 300 feet. Each 
to enable adequate coverage. During the 

manner, beginning along one side and 
subgrid was surveyed. 

To assess the levels of radioactive contamination, radiation dete 
chosen that could detect the type and energy of the radiations o 
survey instruments were selected to span the energy range of in 
sensitivity in each energy range. The instruments selected we 
(PIC); a portable, large-volume scintillation detector (Eberline 
Instrument for Detection of Low Energy Radiation (FIDLER). 

ment instnunents were 
kinds of radiation 

optimize the detection 
nization Chamber 
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As mentioned above, the radiation energy ranges targeted for measurement included: 
. . . . . . . . 

atural radiation 

w-energy radiation (U-234 and U-238) 

> . . . . . . . . . 
High-energy radiation @a-226, Ra-228) 

The FIDLER used was the BICRON Model G5S probe coupled with a Ludlum Model 2220 rate 
meter. The FIDLER to detect low-energy photons, such as the 63 kiloelectron volt 
Rev)  gamma emitte 

The Eberline Model 
principally to detect 
emitted from other radionuclides. 

... . . 

able, large volume scintillation detector. It was used 
otons from Pa-234m; however, it will also detect radiation 

The PIC was a Reuter Stokes Model RSS-11 
111 is relatively large and is stationary dun 
directly. The PIC measurements were ma 
gamma ray field (exposure rate) and to c 
instruments. Locations for the PIC meas 
areas and were selected to span the full range of radiation leve 
The PIC measured and recorded the low-level exposure rates su 
radiation. 

e the other two survey instruments, the RSS- 
measures the gamma radiation exposure rate 

locations to determine the magnitude of the 
-held, large-volume scintillation survey 
spersed throughout the radiation survey 

at the FMPC site. 
m natural background 

The Eberline Model SPA-3 was used to scan both the 100-foo 
the walkover techniques described above. These walkover su 
gamma ray field. 

-foot subgrids using 

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

The FIDLER was used to survey the 25-foot subgrids. During surveys of these su 
FIDLER was held approximately 2 inches from the ground surface. Regions withi 
subgrids that exhibited elevated radioactivity were identified. Any suspected hot s 
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with a red flag and systematically surveyed with the FIDLER beginning at the flag and working 
ermine the areal extent of the elevated reading. 

easurements (Appendix A) were used to locate areas for biased surface soil 
ugh statistical correlation with measured soil concentrations, provide a sitewide 

trends in uranium concentrations in surface soils. Radiation measurements and random 
(unbiased) soil sampling were also performed throughout the site, including areas where soil 
concentrations of U-2 mined to be less than 10 pCi/g. 

An objective of the 

gamma ray from Th- 
for detecting U-238 daughters. The estimated lower limit of detection (LLD) for U-238 in soil 
using the FIDLER is approximately 35 pCi/g. 
selecting biased soil sampling locations. Ho 
collection of soil samples with concentratio 

ys using the FIDLER was to determine a reference level for 
was selected for this purpose because it best detects the 63 keV 
, it is the most sensitive portable radiation survey instrument 

LLD value was used as the reference level 'for 
indicated above, this choice did not preclude 

2.4 SURFACE SOLS 
Surface soils at some locations at the 
1987). These past investigations were limited to the Waste Sto 
units (e.g., the fly ash piles) and were mainly concerned with 
tions conducted under the RI were more extensive in area, meth 
extensive investigations were intended to determine the areal an 
contamination by radionuclides and h 

critical areas as reported in previous 
completed in 1988 with the collection of more than lo00 samples site-wide. 

previously been investigated (weston 
other related waste 

uranium. Investiga- 
analyses. These more 
nt of on-site soil 

pling program was 

0 FER/OU4~89-4hX-20-90 2-1 1 
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2.4.1 Obiectives 
tives of the surface soil sampling program within the Operable Unit 4 study area were to: 

llect sufficient data to determine the extent of contamination by radioactive 
bstances on site 

Confirm areas of surface radiological contamination identified in the radiation 
measurements survey and quantify the types and concentrations of radionuclides found 

Provide data to characterize the soufce term for all radionuclides that have the 
to off-site environmental doses 

determine the concentrations and areal extent of hazardous 
on in surface soils on site 

be used to determine where future surface soil sampling may 

These data will be evaluated along with 
programs in the Operable Unit 4 study area t 

2.4.2 Methodolorn 
The surface soils were sampled using tw 

ampling data from previously conducted 
the Operable Unit 4 FS. 

a "cookie cutter" sampler and a hand 
auger. Use of the hand auger was limited to sampling locations inside the Production Area of the 
FMPC. The soil sampling conducted outside the Production Are 
cookie cutter sampler to obtain 2-inch core soil samples to a de 
Operable Unit 4 was covered by a 1000-foot grid. Very few s 
because it was previously investigated by Weston during the r 
soils at the FMPC (Weston 1987). The locations where surface 
the Operable Unit 4 study area during the RI are shown in Figure 2-2. 

ished using the 
es. Theareaaround 

collected in this area 
cterization of surface 

amples were collected within 

The criteria for selecting areas of surface soil sampling were those areas that indica 
contamination exceeding 35 pCi/g (the nominal lower limit of detection for U-238) 
walkover survey. Within the defined area, two methods were employed to detenn 
locations for taking the soil sample. The area corresponding to the highest readi 

FEFJOWRUJM~WIQS-ZO 
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was sampled if singular elevated readings occurred; this is termed biased sampling. If there were 
rm readings across an entire grid, then a random sample was taken. 

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

chnique consisted of: 
rimming existing vegetation from the sample location 

Attaching a clean cookie cutter bit to the sampler handle 
Driving the bit into the soil to a specified depth 
Removing the soil from the bit and place the soil sample into a plastic bag 
Placing the plastic bag containing the soil sample into a cardboard container 

over the lid of the container 

Between each sample, moved from the handle, the handle was wiped with disposable 
as attached. All contaminated bits and other sampling 
ing to procedures specified in the RI/FS Sampling Plan (IT 

......... ....... 
1988). 

a 

a 

a 

a 

a 

a 

a 

a 

a . 

2.4.3 Analvtical Parameters 
Soil samples collected within the site.bounda 
representative of the materials found at the 
below have been performed: 

analyzed for parameters that are 
resent, the radiological analyses listed 

Gamma spectral analysis 
Isotopic uranium 
Isotopic thorium 
Isotopic plutonium 
Total uranium 
Strontium-90 
Technetium-99 
Cesium- 137 
Ruthenium- 106 
Neptunium-237 
Radium-226 
Radium-228 

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

No analyses have been performed for nonradioactive organic or inorganic constituents. 

0 FEwowRuIM89-4108-20-90 2-14 
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2.5 SUBSURFACE SOILS 
. . . . . . . . . . . . . . . . . . . . . 

. .  

e for the subsurface soils investigations was to provide additional data on 
ditions within the FMPC facility that may define or influence contaminant migration 

To accomplish this, an evaluation of the physical-chemical properties of the subsurface 
soils was performed. 

. .  

2.5.2 Methodolow 
The subsurface soil s 
installation program. 
difference in objectiv 
soil sampling coincided with locations for monitoring wells. Subsurface soils were investigated 
during the drilling of groundwater monitoring wells. 

was an integral part of the groundwater monitoring well 
ed separately from the surface soils program because of the 

city of methods and equipment. Boreholes for subsurface 

. . . . . . . . . . 0 During the monitoring well drilling program, 
subsurface soil samples were collected using 
with ASTM Method D1586-84. The soils 
thereafter, samples were taken at five-foo 
Soils Classification System (USCS) was 
Appendix B for those borings within the Operable Unit 4 study rface soil sampling 
locations within the Operable Unit 4 study area are presented in Immediately upon 
opening each split spoon, the samples were screened for volatile ing an organic vapor 
analyzer (OVA) or an HNu photoionization detector. If volatile etected, a sample of the 
soil core was to be submitted for full HSL analysis. This same applied for soils 
exhibiting unusual odors or evidence of visual contamination. The field screening procedure for 
radionuclides utilized a large volume scintillation detector (SPA-3). For each boring location, the 

penetration tests were conducted and 
h-drive split-spoon sampler in accordance 

continuously in the glacial overburden; 
1 

total depth of the borehole. The Unified 
e soils. Soil boring logs are included in 

sample with the highest reading within each geologic horizon was selected for full 
analysis. The subsurface soil sampling logs are included in Appendix B. 

0. 
2-15 
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2.5.3 Analytical Parameters 
'1 samples were analyzed for radiological and geochemical parameters. Samples 

iological analysis were screened in the field as mentioned in Section 2.5.2. All 
the laboratory were tested for a set of radionuclides historically used, stored, or 

e FMPC. These parameters were: 

0 

0 

0 

0 

0 

Gamma spectral analysis 
Total uranium 
Uranium-234 

Thorium-230 
Thorium-232 
Cesium-137 
Smntium-90 
Ruthenium- 106 
Neptunium-237 
Plutonium-238 
Plutonium-239 
Plutonium-240 

Geochemical analyses were performed on selected samples based on differences in visual properties 
(Le., color, texture) with spatial distribution 
as indicators of contaminant migration and 

0 cond criterion. The soil properties selected 

Total cation exchange capa 
Total organic carbon (TOC 
Grain size 
Leachable iron and manganese 

Most of the samples for geochemical analysis were taken from 
remainder being collected from the Great Miami Aquifer. For 
analyses were performed for full HSL analyses because no vol 

verburden, with the 
perable Unit 4 study area, no 

were detected during 
the field screening of samples. 

2.6 SURFACE WATER AND SEDIMENTS 
The surface water and sediments of the Great Miami River have been sampled for 
(WMCO 1989b). More recently, Paddys Run was also included in the monitoring pro 
RWS surface water and sediment sampling program was very extensive because it co 
Run, seeps from the eastern side cliff face of Paddys Run, the Great Miami River, 0 
FEIUOlJ4RUJM.894108-20-90 2-17 
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where water collects on the ground at the FMPC. In addition to the radiological constituents, 
ical constituents of the surface water and sediments were also investigated. 

for investigating the surface water and sediments during the Ri were to: 

Identify the distribution and extent of radiological constituents in sediments from site 
drainage systems, Paddys Run, and the Great Miami River 

of radiological constituents and their concentrations at a given 
at Miami River and Paddys Run at several locations (Figure 

C is a source of organics and selected inorganics that could 
to the Great Miami River and Paddys Run 

2.6.2 Methodology 
Stonn sewer flows, waste effluent, storm wate 
sampled (Figure 24)  in accordance with st 
QAPP (IT, 1988). The smaller drainages 
a pond or dip sampler. The greater draina 
were sampled at mid-depth in the mid-se 
directly into the sample container if the water was deep enough; otherwise, a dip sampler was used. 

and natural surface water drainage were 
pling methods outlined in Section 6.3 of the 

ing little flow were sampled by hand using 
e Great Miami River and Paddys Run, 
flow channel. Samples were collected 

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

Sediment samples from flowing water courses or areas of pond collected (Figure 2-4) 
below the water surface using a stainless scoop or Ponar dredge. 
channels or drainages were collected by using a stainless steel 

upper inch of sediments. Five scoops of sediments were colle 
to scrape away and collect the 

All sampling equipment was decontaminated at an off-site location. Great care was taken to ensure 
that there was no cross contamination of the samples. 

. . . . . . . . . 
2.6.3 Analytical Parameters 

I The field analyses performed on the water samples included the following parameters: 
temperature, conductivity, and dissolved oxygen. Sediment samples were screened for r clides 

FEWOWRUJU89-4/OS-2&90 2-18 
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in the field using a large volume scintillation detector (SPA-3). The sample with the highest 

location was selected for further laboratory analysis; the other samples were 
same procedure previously mentioned for screening subsurface soils for radioactive 
as also used to screen the sediment samples. 

water samples were analyzed for radionuclides, TOC, total organic halogens (TOX), and 
general water quality parameters. Samples from selected locations were also analyzed for extended 
HSL parameters in 
analyzed for radionu 

the surface water and sediment plan. Sediment samples were 
HSL parameters, and grain size (Appendix C). 

The parameters select are listed below: 

Thorium-230 
Uranium-234 Thorium-232 
Uranium-235 Cesium- 137 
Uranium -2 3 6 
Uranium -23 8 Ruthenium-106 
Radium-226 
Radium-228 
Technetium-99 
Thorium-228 
PH 
Specific conductance 
Chloride Cadmium 
Iron Chromium total) 
Manganese Fluoride 
Phenols (total) Lead 
Sodium Mercury 
Sulfate Nitrate 
Gross alpha Selenium 
Gross beta Silver 
Copper Nickel 
Molybdenum Total organic nitrogen 
Ammonia Carbonate/bicarbonates 
Alkalinity Calcium 
Magnesium Sodium 
Potassium Phosphate 

Extended HSL parameters are defined to include HSL organics and inorganics, HSL 

pesticidesPCBs, primary drinking water organics, and organophosphorous pesticides. . . 

FERIowRvJhz89-4/os-20-90 2-20 
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.... 

ental monitoring program at the FMPC, 13 wells drilled over a 20-year 

with the installation of the FMPC's first production well (Dames and 
mber 1981 until July 1985, the monitoring program was expanded to 

y sampled and analyzed for various water quality indicators. This 

include both the on-site wells and more than 22 off-site wells located upgradient and downgradient 
of the site. 

The ongoing RCRA 
managing a hazardou 
in the RVFS samplin 
wells, both on and off site, as part of the groundwater monitoring program. 

began in August 1985 as a requirement under RCRA for 
aste Pit No. 4). The RCRA monitoring program was included 

the RI/FS, the FMPC installed and sampled more than 110 

2.7.1 Objectives 
The principal objective in conducting ground 
data gaps to: 

0 estigations during the RI was to fill identified 

Determine whether the grou 
off site, and to evaluate the 

C has been contaminated. both on and 

Determine the concentrations and sources of cont ' ite and indicate 
migration of hazardous substances to off-site areas 

Determine the rate and direction of groundwater fl 
unit 

ach separate hydrologic 

Determine the effects that pumping groundwater andf&sulting recharge/discharge 
relationships have on groundwater flow and contam%h transport 

Define areas of subsurface contaminant migration and groundwater discharge 

2.7.2 Methodolow 
A total of 12 wells were installed within the Operable Unit 4 study area during the RI: 

1000-series wells (MW-1008, MW-1009, MW-1018, MW-1029, MW-1032, MW-1033, 
and MW-1072) to depths ranging between 11 and 36 feet; three 2000-series wells ( 

FEWOWRWM.89-4108-20 2-2 1 
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2009, and MW-2034) to a depth of 65 feet; and one 3000-series well (MW-3034) to a depth of 
ese wells were installed in the corresponding boreholes from which the subsurface soil 

llected. The locations for the wells installed during the RI within the Operable 
a are shown on Figure 2-3. These three series of wells monitor three water- 

t the site: the perched water table aquifer in the glacial overburden, the top of the 
i Aquifer, and a deeper zone of the Great Miami Aquifer, respectively. 

The wells were installed by . . the . . . . . Pennsylvania Drilling Company using cable tool drilling methods. 
The rigs that were us 
Cuttings were remove hole using either a sand pump or bailer and stored on site in 
55-gallon drums. All nstructed of four-inch, 316 stainless steel pipe, threaded flush- 

jointed; and four-inc 
Screen lengths for 
1009 - 5 feet; MW-1032 - 2 feet; and MW-2009 and MW-2034 - 15 feet. Figures 2-5 and 2-6 
show generalized well construction diagr 
series wells, respectively. The specific const 

ing operations were a Cyclone 42 and a Bucyrus-Erie 24-W. 

tainless steel continuous slot screen (0.01 inch slot size). 
feet, with the exception of the following well numbers: MW- 

and 2000- series wells, and the 3000- 
tails for each well are contained in Appendix D. 0 

I 

The 3000-series wells are screened at grea 
the Great Miami Aquifer. Because of 
bentonite seal; the bentonite pellets wou 
bridging. Therefore, no bentonite was used in the construction 

the purpose of monitoring the deeper zone of 
1 in these wells was not possible to install a 
the long water column without swelling and 

Upon completion, the monitoring wells were developed by pump 
After fully recovering from well development, static water levels 

2.7.3 Groundwater SamDlinq 

Figure 2-7 shows all the wells that were sampled during the RI. The quarterly sampling program 
also included wells that were installed before the RI/FS program (MW-2018, MW-3 

ng to remove fines. 

, 
and MW-3018). 

Groundwater samples for each well have been taken quarterly for one year beginning in 
for those wells installed as of that date. All samples were collected using the FMPC 

0 
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sampling procedures to ensure that no contamination was introduced into the samples. All 
. . . . . . . . . . . . . . . . . . 

ples were analyzed for a full skte of radiological parameters and drinking water 
ers. The radionuclides being analyzed include: 

8 Isotopic plutonium 
8 Radium 226 and radium-228 
8 Neptunium-237 

8 Techn 

. . . , . . . 

General groundwater quality was established by analyzing groundwater samples for the following 
parameters: 0 

PH 
Specific conductance 
Chloride 
Iron (hexavalent, total) 
Manganese 
Phenols (total) 
Sodium 
Sulfate 
Gross alpha 8 Selenium 
Gross beta 
Alkalinity as CaCO, 
Carbonate/bicarbonate 

Nickel 8 Calcium 
Phosphate 8 Magnesium 
Potassium Sodium 

Copper 

... 

Selected wells [1029, 1072 (became dry), 2008, and 20341 were analyzed for HSL vola 
semivolatile organics, HSL inorganics (including cyanide), HSL pesticides/PCBs, primary 

0' 
FEIUOWRuJM894108-20-90 2-26 
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water organics, and organophosphorous pesticides. These extended HSL parameters were analyzed 
to augment and confirm the findings of the ongoing RCRA program. 

2.8 BIOLOGICAL RESOURCES 
dy on the biological resources at the FMPC was conducted by Battelle Columbus 

in 1977. A more extensive biological and ecological characterization of the FMPC 
was conducted by researchers from Miami University (Facemire et al. 1990), and studies of the fish 
of the Great Miami n conducted by the University of Cincinnati as part of a 
continuing monitorin S studies of biological resources at the FMPC include: a 
study of radionuclide nts and animals on the site; surveys for threatened or 
endangered species; t of FMPC effluent and soils; macroinvertebrate surveys of 
Paddys Run and the iver, wetlands delineation; and a bioaccumulation study. Only 
the studies addressi nuclides by plants and animals and the suntey for threatened 
or endangered species have been completed. Threatened or endangered species were not found at 
the FMPC (ASI/IT 199Oc). 

2.8.1 Objectives 
The main objectives for the biological res 

0 
ation were to determine if: 

Any radiological or hazard ease to the FMPC environs results in 
cal habitats including significant uptake, assimilation, and transfer throu 

surface water, sediments, and adjacent wetlands 

uptake and assimilation in agricultural products 

Such releases and uptake represent significant p 

Federal or state threatened or endangered species exist within the FMPC environs and 
potential risk is posed to their existence or welfare through contaminant release from 
the FMPC 

Any radiological or hazardous substance release nvirons results in 

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

2.8.2 Methodolorn 
The radionuclide uptake study was designed in 1987, prior to the introduction of o 
examine FMPC site-wide contamination of both terrestrial and aquatic organisms. As a 

F E P J O U 4 R ~ 8 9 - 4 X ) 8 - 2 0  2-27 
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quence, there were no sampling sites located within the boundaries of Operable Unit 4. One 
ng site on Paddys Run, PR-3, was adjacent to Operable Unit 4 (Figure 2-8). Details 

methodology are provided in the biological resources sampling and analysis report 
Fish and benthic macroinvertebrates were sampled at several locations on Paddys 

reat Miami River, including Site PR-3 Figure 2-8). Fish were collected by either 
g or capturing with nets. They were then segregated by species, wrapped in aluminum 

foil and Ziplock@ bags, labeled, and frozen before shipment to the analytical laboratory. Benthic 
macroinvertebrates ith a Surber sampler, and packaged and shipped in the same 
manner as fish samp 

r the isotopes of uranium (U-234, U-235, and U-238), 
strontium-90 (Sr-90). and"Cs-137. A subset of biological samples was analyzed for technetium-99 
and HSL organic and inorganic constituents (ASI/IT 1990~). 

2.9 QUALITY ASSURANCE PROGRAM 
The quality assurance (QA) program, whic 
menting programs, is an essential compone 
aspects of the FMPC RIPS. Specifically, 

V of the FMPC W S  Work Plan. In g 
systematic actions necessary to provide adequate confidence that 
the customer will comply with all regulatory requirements and al 
expectations of the customer(s) and public. Specific to the need 
program should provide the assurance that adequate provisions h ified and implemented 
before and during the performance of all project work to contro 
analysis, interpretation, and reporting activities. The end result of designing and implementing such 
a QA program is technically sound, legally defensible data that can be used by the DOE and EPA 

of the FMPC RI/FS QAPP and its imple- 

e QA programs are contained in Volume 
represents all those planned and 

or service provided to 

ect management system that govern all 

to evaluate and select remedial action alternatives that protect the public health and .e,nviro~e,nn.,,. 

from the characterized substances, pollutants, or contaminants. 
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Femald FMPC RI/FS 0 A p r o m  
. . . . . . . . . 

A program described in the QAPP is based on EPA’s QA program requiRments 
Interim Guidelines and Smcifications for PreDanng Oualitv Assurance Project Plans 
), dated 1983. Some selected aspects of Oualitv Assurance m O m  Requirements 

(ANSI ASMENQA-1) are also implemented for the broader project control 
h as document control, audits, and records management. By combining the elements of 

QAMS-005/80 and NQA-1, the RWS QA program addresses al l  aspects of a sound project 
management system 
decision makin 

ure the quality of RWS data used in technical evaluation and 
elements are as follows: 

e and Responsibilities 
e 

S 

Equipment Calibration/Maintenance 
Laboratory Analytical Procedures 

e Data Reduction, Validation, an 
e Internal QC Checks 
e QA Audits 
e Preventive Maintenance 
0 Specific Routine Procedures ata Precision, Accuracy, and Completeness 

Document Control 
e Nonconformance/Correctiv 

QA Reports to Manageme 
Records Administration 

0 

All the above listed QA elements have been designed and imp1 
RWS project goals: 

re the following 

Scientific data will be of sufficient or greater cientific and legal 
scmtiny. 

e Data will be gathered or developed in accordance with procedures appropriate for 
the intended use of the data. 

Data will be of known and acceptable precision, accuracy, completeness, represe 
comparability (referred to frequently as the PARCC parameters of QAMS-005/80). 

2-30 
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The FMPC RI/FS project management personnel are responsible for establishing and executing a 
that is compliant with all applicable regulatory requirements and satisfies a l l  project 

ect management will provide adequate funding and resources to effectively support 
tives; will stay apprised of QA issues and project QA problems and will effect 

will retain responsibility for the quality of work delegated to other project 
such as contractors and consultants. 

The RI/FS QA Officer is delegated the responsibility and authority to direct and control QA 

functions to ensure gram objectives are consistently met. The QA Officer is 
responsible for the 
that the appropriate 
Specifically, the Q 

and Procedures), m 
training , schedule and conduct project audits, and report and track nonconforming conditions and 
their corrective action. 

ration, and overview of project QA activities, and for ensuring 
ent, policy, training, and verification controls are present. 
rdinate the development of the QA program documents (QAPP 
nt control and records management systems, provide QA 

In summary, it is through the commitment 
nel, its implementation by the technical pe 
QA organization that the quality and de 
ensured. 

gram by the project management person- 
ts routine monitoring and assessment by the 
data presented in this RI report can be 

0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 
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3.0 SITE SETTING 

e RI/FS field investigation and previous studies were synthesized to provide an 
the site and regional setting. The physical, environmental, and demographic 

study area are described in this section. Information is provided on surface features, 
ce water hydrology, geology and groundwater hydrology, soils, land use and 

population, and vegetation and wildlife. 

. . . . . . . . 

Two documents (IT 1 

the following sections 
support individual sta 
certain features of th 
RWS decision process. 

7) were relied on substantially for the information provided in 
cifically referenced in the text. Other documents used to 

propriately cited within the text. More detailed information on 
available in the EIS that is being prepared in support of the 

3.1 SURFACEFEATURES 
The FhPC lies on the boundary between the 
ancient unglaciated upland. .The advance 
topography but determined the hydrogeolo 

3.1.1 PhysiograDhic Province 
The FMPC lies in the Till Plains section of the Central Lowlan 
characterized by structural and sedimentary basins and domes. 
Geoanticline is structurally significant in this region. The unde 
and fossiliferous limestone of Middle and Late Ordovician age 
steep valley walls in numerous waterfalls. In some areas, it is 
in thickness to as much as 400 feet. 

ost extent of Pleistocene glaciation and the 
continental glaciers not only shaped the 

features, the Cincinnati 
k in the region is shale 

6). It outcrops on 
cial deposits that vary 

The main physiographic features in the area are gently rolling uplands, steep hillside 
major streams, and the Great Miami River Valley, which is a relatively broad, flat- 
flanked on either side by bluffs that rise to a maximum of 300 feet above the g 
valley floor. 
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3.1.2 Tommaphy 
relief on the site is a little more than 700 feet above mean sea level (msl) at the 

ng the northern boundary of the site. The FMPC Production Area and Waste 
t on a relatively level plain approximately 580 feet msl. The plain slopes from 

ong the eastern boundary of the FMPC to 570 feet msl at the K-65 silos. The plain 
into Paddys Run at an elevation of 550 feet msl. All drainage on the. FMPC is 

from east to west into Paddys Run, with the exception of the northeast corner, which drains 
eastward to the Great Miami River. 

3.2 CLIMATE 

Information on the loc 
system installed at th 
Dayton Airport were 

gathered from two main sources--an on-site meteorological 
and the Greater Cincinnati Airport. Windflow data from the 
ary data source. 

3.2.1 Prevailing Winds 
The on-site meteorological system was install 
direction, ambient air temperature, lapse 

pressure, and precipitation. The system w National Oceanic and Atmospheric 
Administration (NOAA) to examine the c 
study showed that two major features, th 
site, affect the wind pattems at the site. A study by IT (1986) s 
flow data from the Cincinnati Airport were sufficiently represent 
serve as data for the years prior to the on-site meteorological sy 

Figure 3-1 shows the typical wind pattern at the site for a 10-m 
from the southwest and south-southwest. 

0 ect site-specific data for wind speed and 
temperature, relative humidity, barometric 

local wind field at the FMPC. The 
iver Valley and the ridges surrounding the 

ver, that the wind 
site conditions to 

Prevailing winds are 

3.2.2 Precipitation 
The average annual precipitation for the Cincinnati area for the period 1955 through 
37.75 inches and ranged from 29.22 to 40.64 inches. The highest precipitation occurs 
spring and early summer, precipitation is lowest in late summer and fall. The average 

. . . . . .  

snowfall for the same period (1955 to 1984) was 24.0 inches, with the heaviest snowfall K’anuary. ........ ......... ................. ......... ........ ........ 0 
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The total rainfall for this area in 1988 was 40 inches. Of this, more than 50 percent fell in April 
mber, which encompasses the growing season for most crops. The wettest month was 

ches of rainfall, most of which fell during two thunderstorm events. By contrast, 
n was recorded in June when 1.2 inches of rain fell. 

The regional climate is defined as continental, with temperatures ranging from a monthly average of 
29.0"F in January to 

was 102°F in August 
of days per year with 
of days with a maxi 
from 30 to 36 inches. 

. The highest temperature recorded from 1950 through 1984 
lowest was minus 25°F in January 1977. The average number 
mperature of 32°F or less is 110 days, and the average number 
re of 90°F or above is 20 days per year. Frost depth ranges 

3.3 SURFACE WATER HYDROLOGY 
The FMPC is located within the Great Miami River Basin drainage but above the river's present 
day floodplain. The Great Miami River is stream for the FMPC effluent discharge 
and represents the main surface water featu inity of the FMPC (Figure 3-2). The river 
flows generally to the southwest and has a a of approximately 3360 square miles at the 
Hamilton gage, which is located about 10 

0 
from the FMPC discharge outfall. 

The river exhibits meandering patterns that result in sharp direc 
than 3000 feet. Directly east of the FIWC and within the RI/F 

through a 180-degree curve known as the "Big Bend" (Figure 3 
also occurs near New Baltimore, approximately two miles do 
The average discharge of the Great Miami River at Hamilton, 
cubic feevsecond (ft?/s). Using drainage area scaling, the comsponding average flow at the FMPC 
point of discharge has been estimated to be 3460 ft3/s. The maximum discharge recorded for the 
Great Miami River at Hamilton occurred on March 26, 1913 and was estimated to 

over distances of less 

gree bend in the river 

ars of records, is 3305 

The maximum discharge since the construction of five retarding basins in 1922 w 
and occurred on January 21, 1959. The 10-year flood discharge has been calculated to 
ft3/s for the site reach. The minimum daily discharge of 155 fi3/s was recorded on Sep 
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1941. This value is approximately half of the seven-day, 10-year low flow value (Q,J of 267 
uted by the USGS for the Hamilton gage. This translates to 280 ff'/s at the site 

drainage from the FMPC is primarily to Paddys Run. Paddys Run originates north 
drains southward along the west side of the FMPC, and eventually enters the Great 

Miami River approximately 1.5 miles south of the FMPC (Figure 3-2). This stream loses flow to 

the underlying aquife 
which is carved into 
flows primarily betw 
between 0.2 and 4.0 

much of its course because of its highly permeable channel bottom 
i aquifer. Paddys Run is an ungaged, intermittent stream that 

d May and has an estimated discharge for this period ranging 
ws have not been measured. 

A principal drainage 
outfall ditch. This drainage course originates east of the production area, flows southwest across 
the southern portion of the site, and ente ar the southwest comer of the property 
(Figure 3-2). Much of the stream bottom of nage course, which also collects runoff from 
an area east of the production area, is corn d and gravel. Vertical seepage rates through 
the stream bottom are similar to Paddys R nage course is generally dry throughout 
most of the year with flows occurring du iately after precipitation. 

C is a tributary to Paddys Run known as the storm sewer 

b 

. . . . . . . . . 

The storm sewer outfall ditch historically conveyed surface wa 
directly to Paddys Run. This occurred when the capacity of the 
diverts low flow storm water to Manhole 175, was exceeded. 
line to the Miami River. Two storm water retention basins we 
the stonn sewer outfall ditch. Storm water runoff from the p 
these retention basins. After at least a 24-hour retention pen 
solids, the water is pumped out of the basins to the Great Miami River via the Fh4PC.s main 
effluent line. The basins are designed to retain the runoff from a 10-year, 24-hour rainfall event. In 
the event of an overflow, storm water from the Production Area would enter the o 

the production area 
r lift station, which 
is the main effluent 

cted at the head of 
now conveyed to 

ettling of suspended 
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section provides a summary of the geologic history and hydrogeologic setting of the 

is located within a two- to three-mile-wide subterranean valley known as the New 
Haven Trough. This valley formed as a result of Pleistocene glaciation and subsequently filled with 
glacial outwash materials and till. The geological history of the FMPC area, as presented by 
Fenneman (1916), is 

. .. 

the following paragraphs. 

In Late Ordovician t 
predominantly flat-ly 
This shale is the re1 
the adjacent highlands. 

y 450 million years ago, sediments that would become a 

n interbedded limestone were deposited in a shallow sea. 
le bedrock that now underlies the FMPC site area and forms 

Before Pleistocene glaciation, the area was re1 
level plain contained a northward flowing d 
River System and consisted of two major s 
early Pleistocene period, this north-flowin 
and Kansan glaciation to the north of the 
south of the advancing ice sheets is known as the Deep Stage D 

at and sloped in a northward direction. This 
m. This system is referred to as the Teays 
any tributaries. At some time during the 

as disrupted by the advance of Nebraskan 
The drainage system that developed 

The Deep Stage Drainage System was composed of three major 
Fork of the Little Miami River, and the Licking River. The Mi 
channel as the present-day Great Miami River fmm Middletown 
the Little Miami River entered the area from the northeast. 
south in essentially its present-day channel but continued to the north of the present day Ohio 
River. 

Miami River, the East 
owed much’the same 
. The East Fork of 

came in from the 

These three rivers combined to form what is known as the ancestral Ohio River, which 
area from the east along the present-day channel of the Ohio River, then turned northea 
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River. There it was joined by the East Fork and 
the Mill Creek Valley where it joined the Licking 

the valley now occupied by the Little Miami 
through the Norwood Trough to 

am then flowed north through the Mill Creek Valley and turned west to join the 
uth of Hamilton, Ohio. It continued to the southwest through the New Haven 
Harrison, Ohio, where it turned and flowed south through what is now the 

River Valley (Figure 3-3). 

Several tributary streams . .  of later importance entered the main stream in the vicinity of the FMPC. 
Two streams originat 
Shandon and Femald 
Miami River. Two o 
main stream. The D 
formerly turned east 
(Figure 3-3). 

town--one flowed north to join the main stream between 
flowed south following the course of the present-day Great 
ams originated near New Baltimore and flowed north to the 
Whitewater River, which now lies to the west of the area, 

then flowed south through what is now the Paddys Run Valley 

During the time of Deep Stage Drainage and 
400,000 years ago), the river valleys cut d 
below current land elevations. As the Illi 

block the Miami River and its confluence 
pond in the Mill Creek Valley. For a ti 
advancing ice sheet and cawed the present-day Great Miami Ri 
system near Miamitown (Figure 3-3). 

When the confluence of the Miami River and the ancestral Ohio completely blocked, the 
ponded water in the Mill Creek Valley m e  until it overflowed d carved outlets at 
Anderson’s Ferry and at what is now downtown Cincinnati. This created the present-day channel 
of the Ohio River. As the ice retreated, the valleys of the Deep Stage Drainage were filled with 
well-sorted sand and gravel outwash deposits, and the Great Miami River and the 
established in their present-day channels. 

The last stage of glaciation, the Wisconsin, was much less disruptive to the drain 
The ice sheet advanced only as far as the south side of the FMPC. The main e 

y stages of Illinoisan Glaciation (300,000 to 

e shale bedrock to depths up to 200 feet 
t advanced into the area, ice began to 
tral Ohio River. This caused water to 
owed to the west along the front of the 

b 
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advance in the area was the displacement of the Dry Fork of the Whitewater River from its historic 
resent-day channel. As it retreated. the ice deposited a moraine in the historic 
rmed a dam. The dam was breached two times, with the final breach draining the 

The lake basin is now occupied by Paddys Run. 

retreat of continental glaciers, the streams in the area have removed much of the till 
and lacustrine mantle left by the ice sheets. The Great Miami River has eroded through the till and 
is now in direct con 
aquifer. Paddys Run tact with these deposits in its lower reaches. The FMPC site is 
located on a dissecte 

laciofluvial outwash deposits that comprise the buried valley 

lacustrine deposits left by Wisconsin Glaciation. 

C consists of predominantly flat-lying olive-gray Ordovician 
shales with thin, interbedded layers of limestone. This shale f o n s  the floor and valley walls of the 
New Haven Trough. The buried channel 
than 200 feet below the pre-erosional land su 

ed into this shale between 60 and more 
the vicinity of the FMPC. 

Unconformably overlying the shales in the 
extensive Pleistocene glacial valley fill 

the valley till deposits. As indicated by 
0.5 to more than 2 miles wide and is U-shaped, having a broad, 
valley walls. Interbedded glacial till deposits occur within the o 
are of limited lateral extent. The till deposits are composed p 
cobbles, and boulders in a predominantly clay matrix. 

Within some areas, till deposits overlie the bedrock uplands and portions of the outwash materials 
where they form the thick unconsolidated sediment layers beneath the soil zone. This glacial till is 
composed of dense, silty clay that varies in composition vertically and laterally. 
contains lenses of poorly sorted fine- to medium-grained sand and gravel, silty san 
layers of silty clay. 

el is approximately 150 feet of regionally 
4 is a generalized stratigraphic column of 

cross sections, the buried valley is about 
5 

at bottom and steep 
sits, but in most cases 
orly sorted pebbles, 
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Regional hydrogeologic environments of the buried channel aquifer have been investigated and 
S. A hydrogeologic environment describes a portion of an aquifer possessing 

logic properties that differ from the properties of the aquifer in adjacent a m .  
geologic environments have been identified and mapped in the Great Miami River 

, and V environments generally describe the hydrogeologic conditions in the 
FMPC and are summarized in the following paragraphs. 

The Type I hydrogeological environment is found along the floodplain of the Great Miami River to 
the south and east of 
and gravel. Scattered' 
environment. Howev 
semiconfining layers affect groundwater movement. The potential for induced 
stream infiltration exis as. Transmissivity values generally range from 40,000 to 
67,000 square feet per day (ft2/day). The Type I aquifer may be classified with a storage 
coefficient of about 0.2. Individual wells can as much as 3000 gpm. 

ility. The lithology of the aquifer consists principally of sand 
and other fine-grained material may exist anywhere in this 
are not of sufficient thickness or areal extent to act as 

The Type I11 hydrogeologic environment is 
the main buried channel aquifer. In the re 
divided into an upper and lower part by 
thick, occurring approximately 120 feet 
a semiconfined or leaky confined aquifer. A coefficient of stora 
lower sand and gravel aquifer. Estimated transmissivities range 40,000 ft2/day. 

The Type V hydrogeologic environment includes al l  of the area 
These areas are uplands and consist of shale with interbedded 1 
of clay-rich till. Large quantities of groundwater are not generally transported through this material. 
Well yields vary widely, typically ranging from near 0 to 10 gpm. However, because sand and 
gravel lenses are erratically distributed throughout the overlying till, wells comple 
may yield up to 50 gpm. 

Large groundwater supplies occur in the outwash deposits of the buried channel 
recharged by three principal sources: recharge from bedrock, precipitation rech 

d by 50 or more feet of clayey till overlying 
0 

C, the buried channel aquifer is further 

. Hence, the lower aquifer is classed as 
was estimated for the 

lay layer approximately 10 to 20 feet 

buried channel. 
ne overlain by 50 or less feet 
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by stream infiltration. Although the shales and limestones have a low permeability, small amounts 
r in erratically distributed joints and cracks and produce seepage into the glacial 

average permeability of the bedrock has been estimated to be five gallons per day 
foot of contact with the glacial deposits. Recharge by precipitation amounts to 

70.000 gpd per square mile of catchment area and represents the dominant source 
on a regional basis. Under natural conditions, the gradient of groundwater flow is from 

the aquifer to the Great Miami River, except during dry periods when the gradient is revelsed. 
Intermittent recharge to the aquifer also occurs along Paddys Run. 

The groundwater in 
west, north. and east. 
either flowing to the 

ifer enters the FMPC study area from the buried valleys on 
ients cause the groundwater to exit the FMPC study area by 
at Miami River upstream from New Baltimore, Ohio, or by 

the 

flowing south through the branch of the bedrock channel west of New Baltimore. In either case, the 
Great Miami River is the ultimate receptor of all  groundwater in the study area (Figure 3-5). 

The large pumping weus of the Southwest o 
meander of the Great Miami River east o 
depression in the potentiometric surface ce pumping wells. Groundwater elevation 
maps indicate that the. resultant cone of d 

flow patterns beneath the FMPC. In part 
groundwater underlying the northern portion of the FMPC, incl 
waste storage area and the production area, flows to the east to 
Miami River. Groundwater from the southern and southwestern 
flow along the natural gradient to the south-southwest through 
southwest comer of the FMPC, a groundwater component from 
western leg of the buried channel (Figure 3-5). This causes the recharge from certain reaches of 

r Company (SOWC) in the "Big Bend" 
roduce a pronounced and persistent cone of 

the SOWC wells influences groundwater 
ater flow divide is created such that 

C wells and the Great 
the FMPC continues to 

est is also present due to the 

Paddys Run to flow east-southeast until the regional southern component of flow is encountered. 

3.4.3 Hvdrogeolom of Operable Unit 4 
The site-specific depositional characteristics of the overburden are shown in Figure 3-6 

end pocket), the Operable Unit 4 Glacial Overburden Fence Diagram. Although th 
the diagram are based on color and lithology, a depositional correlation can be ma 
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descriptions found in other publications (Brockman 1988; Hendry 1988; Cravens 1987; Barari 1986; 
. ... 

and from outcrop studies at the site. Generally it is assumed that the gray and 
d silts represent the Wisconsin age glacial tills. The coloration of the t i l l  is a 
omenon and is not due to depositional differences. Based on the location of the 

llway (Brockman 1988) and descriptions found in the U.S. Army Corps of Engineers 
gram conducted during plant construction, it is felt that near-surface brown silts found in 

Operable Unit 4 represent lacustrine deposits. Sand and gravel stringers and beds found within the 
glacial overburden ar 
stream or beach). 

glaciofluvial without regard to specific origin (i.e. outwash 

As shown on the fen geologic setting beneath Operable Unit 4 consists of a 
sequence of lacustri silty sand interbeds, and the glaciofluvial deposits of the Great 
Miami Aquifer. Th beds are seen at the surface predominantly in the central 
portion of Operable Unit 4 (Wells 1029, 1032, and 1072). The glacial overburden, composed 
primarily of till, unconformably overlies the 
ranges from 21 to 34 feet thick. In general ofluvial interbeds of sand and gravel are 

discontinuous across the operable unit, alth 
neafiy wells. 

The brown upper weathered zones within 
interbed) extend to a depth of approximately 15 feet below the 
unweathered till in the western portion of Operable Unit 4 (bo 
thick. This unweathered till thickens to the north to a thickness 
1029). 

Each of the layers underlying Operable Unit 4 have separate hydrogeologic characteristics that affect 
the movement of water and contaminants. The hydrologic characteristics of the different units is 
outlined below. 

gravels of the Great Miami Aquifer and 

y be correlatable between two or more 

urden (lacustrine, till, glaciofluvial 
e. The grey, or 

approximately five feet 
ately 25 feet (boring 
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Glaciofluvial Dewsits 
arge productive aquifers, such as the Great Miami Aquifer, found in the areas once 

nental glaciers, are typically glaciofluvial outwash deposits left by the meltwater of 
. In the FMPC area, the Great Miami Aquifer deposits consist of highly sorted 

els deposited as fill within buried channels. Within the FMPC, this unit has an 
clay layer of limited extent. 

Within the glacial overburden there are numerous small perched water bearing zones with limited 
interconnection. The es are primarily of glaciofluvial origin and consist of thin beds 
of well-sorted sands ese beds are probably the result of small meltwater streams 

that occurred along and within the glacier itself. The beds tend to be discontinuous, 
both laterally and e rapidly changing environment near an active glacier. Some 
locally continuous two or more nearby wells. The only significant interbedded 
unit in Operable Unit 4 is seen in borings 1032, 1033, 1034, and 2008. This unit is believed to be 
depositionally correlatable; however, there is o ited hydrologic communication between the 
borings as evidenced by uranium levels and ydrograph responses. 

Glaciolacustrine Dewsits 
In the meltwater lakes that existed during 
clay were laid down offshore. These de 
in North America. However, at the FMPC site the lacustrine 
the stratigraphic column and have subsequently been eroded. 
Operable Unit 4, being found only in three wells in the central 
are jointed and weathered and would be expected to have a sub 

e, thick deposits of glaciolacustrine silt and 
of the most extensive shallow aquitards 

sited near the top of . 

xtensive across 
e area. These deposits 
ary permeability. 

Till Dewsits 
Dense, fine-grained glacial tills are the most common aquitards in most of the northern part of the 
United States. These deposits have intergranular hydraulic conductivities that are 
values in the lo' to l o5  feedday range (Heath 1983). Extensive deposits of claye 
isolation in zones of near surface groundwater flow. At the FMPC, a series of 
bearing zones in the till found hydraulic conductivities ranging from 1.6 feet/da 
centimeterlsecond) in Well 1048 to 7.1 X lo3 feedday (2.5 X lo" centimeterhecond) in ;Well ................. 1079. 

............... ....... :. ......... ........ 0 - 
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Plains region and in parts of the Midwest, deposits of clayey or silty till and 
clay have networks of predominantly vertical joints or fractures due to weathering. 
ttem in the Wisconsin tills has also been noted in the a m  surrounding the FMPC 

88). In the FMPC area the joints are commonly near vertical and have a polygonal 
with a typical maximum axial dimension of 18 to 25 inches. The joints are generally 

oxidized to a radius of approximately two inches. Within the FMPC, fractures were noted in the 

till during the FU/FS 
enhanced bulk hydr 
(Hendry 1988). As 

decreasing weatherin 

From a hydrogeo1ogic"standpoint the till deposits can be differentiated into a brown weathered zone 
and a gray unweathered zone (Barari and Hedges 1985; Hendry 1988; Cravens 1987). The cited 

ram and field reconnaissance. These fractures can impart an 
ty of up to lo00 times above that of an unweathered till 

ased lateral stresses caused by overburden loading, as well as 
c conductivity of fractured till and clay decreases with depth. 

studies indicate that infiltration is primarily limited to the weathered till. Although precipitation 
enters this upper zone, it does not act as a 
because the majority of the water lost fro 
some water discharges laterally to small s 
have been conducted to look for seeps 
drainageways in the vicinity. No seeps . However, it is likely that the ffl zone 
located between the silos and Paddys Run would intercept any 
having a surface expression. 

t source of recharge to deeper aquifer zones 
is from evapotranspiration. In addition, 

ges. In the Operable Unit 4 area, surveys 
n adjacent to the silos and along small 

0 

s, preventing them from 

3.5 SOILS 
Soils in the region were formed in parent materials that were d 
and Illinoisan glaciers. These materials consist mainly of glacial till but include sand, gravel, 
glacial lake clays, and silt clays. 

e action of Wisconsin 

There are three major soil associations in the vicinity of the FMPC: Russell-Xeni 
Fincastle-Xenia-Wynn, and Fox-Genesee. The soils are usually light-colored, acid 
drained. Many of the soils have developed on wind-blown material (loess), e 
and old river basins where the Fox-Genesee soils are of glacial till origin. 
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high . . . . . . . . . . . . in . . . . . . . productivity . . 
and are frequently used for growing cash crops and producing livestock. 

-3, and 34 give the engineering, physical, and chemical properties for the soil 
e region of the FMPC, while Figure 3-7 is a soils map of the area. 

C site are primarily categorized as Fincastle-Xenia silt loams. These soils are 
ium acidic, and moderately high in productivity when properly managed. 

Moisture-supplying capacity is moderate, as is fertility and organic content. Soils have formed 18 
to 40 inches of loess 
In areas where these 
productivity. If artifi 
winter and spring. F 

till of Wisconsin age. Fincastel soils have poor drainage. 
nant, artificial drainage is required for moderate crop 

not used, the water table remains high for extended periods in 
ils cover large areas west of the FMPC. 

Before development 
loams. Fincastle soils are characterized by low permeability, moderate productivity, seasonal 
wetness, and low soil strength. Because of 
been covered by introduced gravels, paving and facilities. Areas that are currently 
planted with grasses and maintained as la 
soils. 

, soils of the production area consisted primarily of Fincastle silt 

n area development, on-site native soils have 

zones tend to represent native Fincastle 

Soils along Paddys Run are categorized 
highly productive, moderately fertile, and contain moderate am0 

are slightly to medium acidic, have a moderate moisture-supply 
They generally contain 24 to 40 inches of silty materials over 
are well-drained, high in moisture-supply capacity, and are subj 

loams. These soils are light-colored, 
c matter. Fox soils 

and are well-drained. 
vel. Fox-Genesee soils 

Soils in a small area on the north side of the site are classifie 
develop on sloping topography. These upland soils are light-colored and medium acidic and have 
formed from wind-blown silty material on h e y  loam glacial till, 18 to 40 inches thick. 

a-Wynn, which 

3.6 SEISMOLOGY 
A seismic risk zone of two has been assigned to the region of the FMPC. The occu 
earthquake in the region of the Fh4PC could damage facilities and cause the release of 
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into the environment. Local geologic structures and historical seismicity are used to analyze the 
eismic events in the site areas. 

minor faults cannot be completely dismissed because Paleozoic rocks in the 
largely covered by Pleistocene sediments and fault traces older than Pleistocene 

scured. The historical record of seismicity and the absence of post-Wisconsinan faults 
show that significant damage from local earthquakes at the FMPC is highly unlikely. Throughout 
the 19th and 20th centuries no damaging earthquakes have been recorded within 71 miles of the 
FMPC. Nine earthqu 
earthquake caused loc 

or damage within 71 to 199 miles of the FMPC, and one 
damage at Anna, Ohio, about 81 miles north of the FMPC. 

is mainly agricultural consisting of dairy, beef, corn, and soy 
bean production. Several industries, including Delta Steel, Albright & Wilson Chemical Company, 
Ruetgers-Nease Chemical Company, two co 
located south of the site. The Miami White 
miles to the southwest of the FMPC. 

gravel operations, and a cement plant are 
st, a Hamilton County park, is located five 

Scattered residences and several villages, 
Shandon, are located near the FMPC. 
southeast of the FMPC and the Town of Hamilton is 8 miles to 
estimated population of more than 24,000 within a five-mile rad 

d, New Baltimore, Ross, New Haven, and 
ati and its suburbs are 10 to 15 miles 

t. There is an 
e. 

The area surrounding the FMPC contains several sites of histori 
of Historic Places lists four prehistoric Indian sites within a 
Adena Circle, the Demoret Mound, the Colerain Work, and the 
Colerain Work, is situated approximately one mile east of the FMPC. The State Historical 
Preservation Officer reports that there are no known sites of archaeological significance on the 
FMPC site. 

The National Re&ter 
. These include the 

p Work. The closest site, the 

3.8 VEGETATION AND WILDLIFE 
The following ecological data has been summarized from the report "Biological & 

FMPC-04064 
August 20, 1990 

FERJOWRWH.89-4~-20-90 3-27 



0 FMPC-04064 
August 2 4  1990 

Characterization of the Feed Materials Production Center" (Facemire et al. 1990). Additional source 
. appropriately cited in the text. 

in the Oak-Hickory Forest Section of the Eastern Deciduous Forest, as described by 
Ecological communities consist of grazed and ungrazed pastures. two pine 

deciduous woodlands, riparian woodlands, and a reclaimed fly ash pile area. These 
habitats are estimated to contain 47 species of trees and shrubs, 190 species of herbaceous plants, 8 
mammal species, 98 
families of benthic m 

species of amphibians and reptiles, 21 species of fish, 47 
es, and 132 families of terrestrial invertebrates. 

Typical grasses foun 
Herbs include teasel 
plantations is white 
deciduous woodlands are white ash, American elm, shellbark hickory, and slippery elm. Dominant 
tree species in the riparian woodlands are east 
elder. The reclaimed fly ash pile is domina 
locust. 

are red fescue, Kentucky bluegrass, timothy, and red top. 
clovers, and goldenrod. The dominant tree species in the pine 
ay spruce occumng occasionally. Common trees in the 

ttonwood, hackberry, American elm, and box 
erican elm, eastern cottonwood, and black 0 

Mammal species observed on the Fh4PC 
raccoon, groundhog, eastern cottontail, 
footed mouse, short-tailed shrew, meadow vole, meadow jumpin 

The most common birds breeding on site include the mouming 
American crow, American goldfinch, northem bobwhite, and co 
the greatest density are the goldfinch, song sparrow, and robin. 
the northern hamer, red-shouldered hawk, Cooper's hawk, red-tailed hawk, and American kestrel. 
The eastern screech owl and great homed owl are also common. 

iled deer. coyote, red fox, opossum, 
Common small mammals are the white- 

d eastem chipmunk. 

an robin, blue jay, 
. Species occuning in 

Amphibians and reptiles that occur on the FMPC include the American toad, sprin 
box turtle, and snapping turtle. Several species of snakes also occur on site, inclu 
garter snake, Butler's garter snake, black rat snake, northern water snake, and the 

........ 

Approximately 130 insect families from 15 orders are represented in FMPC habitats. M h o p p e r s  
................. ................. ........ 0 
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are abundant in all habitats, and less abundant groups include short-horned grasshoppers, leaf 
ails, h i t  flies, dark-winged fungus gnats, ants, bees, and wasps. 

ictional wetlands occupy areas along the railroad on the north side of the FMPC, 
Run, and in several drainageways. These habitats harbor small fish, amphibians, and 

f benthic macroinvertebrates. The most common fish are the bluntnose minnow, creek 
chub, and stoneroller minnow. The most common benthic macroinvertebrates are non-biting 
midges, riffle beetles, 

No federally listed 
immediate vicinity. 
Indiana bat, occurs 

angered species have been observed on the FMPC or in its 
for one species of mammal listed as federally endangered, the 
n; however, the Indiana bat was not found on site. 

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

. . . . . . . . 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

sents the data collected within the Operable Unit 4 study area-during the FU. These 
available data from previous studies, were evaluated to determine the nature and 
al and radiological contamination within the Operable Unit 4 study area. 

Most analyses of environmental samples collected from the Operable Unit 4 study area have been 
limited to radioactive constituents. The following primary sources were reviewed for relevant 
environmental sampli port the evaluation of the nature and extent of contamination 
associated with Ope 

amples collected as part of the RI/FS sampling effort (ASI/IT 

. . . . . . . . 

Analytical results of samples collected as part of the WMCO environmental 
monitoring program (WMCO 1988 and 1989b; Frazier 1989) 

Analytical results of samples co as part of the CIS (Weston 1987) 

The radioactive materials present at FMPC 
centrates. All elements found in natural 
radioactive (Friedlander et al. 1981). Th 
in one such chain constitute a radioactiv 
natural activities in this region of the periodic chart. One famil 
substance, and after 14 transformations (8 of them by a-parti 
emission) reaches a stable end product, Pb-206. This is known 
includes radium and its decay products. Figure 4-1 shows the 
uranium series. The actinium series has U-235 (formerly kno actino-uranium) as the parent 
and Pb-207 as the stable end product. This series is shown in Figure 4-2. Thorium (Th-232) is 
the parent substance of the thorium series with Pb-208 as the stable end product. This series is 

m natural sources -- pitchblende ore or con- 
atomic number greater than 83 (bismuth) are 
ns of successive decays, and all the species 

Three of these families include all the 

e 

as the parent 
d 6 by &particle 
um series, which 

IS and transformations of the 

shown in Figure 4-3. 

If they are not subject to chemical or physical separation, the members of a series 
radioactive equilibrium, wherein the rate of decay of each nuclide is essentially equal to&& of the 

.:;.s.:.:.:.:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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nuclide that heads the series. This is always the case on a global basis for each series, but local 
~ncemations can vary widely when natural chemical forces separate the series members. 

course of the radionuclide data review for Operable Unit 4, one important 
ade: Ra-226 and Pb-210 are considered to be the indicators for radioactive 

present in soil and groundwater which has originated from the K-65 silos. Ra-226 is 
a decay product of U-238. The half-life of U-238 is 4.468 x 109 yeam; therefore, the production 
rate of Ra-226 from the refined uranium product is relatively low. However, the uranium refining 
process at the FMPC impurities from the uranium ore, including Ra-226. These 
impurities were conta rafhate solutions sent to the K-65 waste storage silos. Ra- 
226, which has a hal imately 1600 years, is expected to be limited to the K-65 silos. 
The highest concentra 6 would be expected to appear in the silo contents or in 
material originating 

4.1 K-65 SILOS AND SILO 3 

The RI sampling of the contents of the K-65 
completed. The contents are scheduled to 

attempts to sample the silo contents were u 
core could not be recovered for inspection 
from previous sampling efforts precludes 
contents. The cumnt sampling effort is 
and analysis plan. Rigorous data verification and validation pro 

As part of the RI the contents of the silos were sampled by 
June. and July 1989. Sampling of Silos 1 and 2 was only pa 
cores were not able to be recovered. Even though an average 
material was achieved, there was no sample recovered in three locations. One sample contained 
12.5 feet of core (66 percent core recovery); eight were less than 1.5 feet (4 to 9 percent recovery); 
and four cores ranged from 3.25 to 4.25 feet (18 to 30 percent recovery). The s 
from Silos 1 and 2 were essentially a collection of grab samples instead of continu 
cores. Figure 4 4  provides a summary of the core recovery results of the WMC 

To recover continuous core samples for the characterization of the silo contents, the silo 
resampled by ASWT as stated above. 

ing conducted by A S W  has not yet been 
ed in mid to late October 1990. Previous 

cause a continuous, representative sample 
The variability and inconsistency of results 
ata for fully characterizing the silo 
in accordance with a detailed sampling 

ing applied. 

the months of May, 
successful because continuous 
feet of penetration of the 

0 
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The sampling of Silo 3 was relatively successll. Continuous 9- to ll-foot (28 to 35 percent) core 
re recovered from 31 feet of material penetration. These cores and the data obtained 

f core samples are considered adequate to characterize the contents of Silo 3 and to 
No additional sampling of Silo 3 contents is anticipated. The core recoveries for 

ling are presented in Figure 44 .  

4.1.1 Radionuclide Analysis 
Historic analyses of the K-65 silo residues indicated that approximately 11,200 kilograms of 
uranium (0.71 percen 
results of residue s 
was 1400 parts per 
1.6 to 3.7 kilogram 
1974). Data from dies are summarized in Table 4-1. 

sent in the residues (Grumski 1987b; ASI/IT 1988). Analytical 
July 1988 (Gill 1988) indicated that the uranium concentration 

Silo 1 and 1800 ppm in Silo 2. In addition, approximately 
estimated to be in the K-65 silo residues (Grumski 1987b; Litz 

Data from the WMCO sampling effort conducted in 1989 for Silos 1 and 2 are presented in Table 
4-2. The concentration of Ra-226 in Silo 1 from 89,280 pCi/g to 192,600 pCi/g; in Silo 2 
it ranges from 657 to 145,300 pCi/g. Th-2 trations in Silo 1 range from 10,569 to 40,818 
pCi/g; 8365 to 40.124 pCi/g in Silo 2. Th ions of Pb-210 in Silo 1 range from 48,980 
to 181,OOO pCi/g; and they range from 77 pCi/g in Silo 2. Total uranium concen- 
trations in Silo 1 range from 1189 to 27 range from 137 to 3717 ppm in Silo 2. 

The radium content of Silo 3 was previously estimated at betw 
curies (DOE 1989). Therefore, radon emissions from Silo 3 a 
The material stored in Silo 3 was estimated to contain 20 tons 
was unknown (DOE 1988b). 

(DOE 1988b) and 23 
to the K-65 silos. 

the quantity of thorium 

The results of Silo 3 core sample analysis from the 1989 WMCO sampling effort are presented in 
Table 4-2. Ra-226 concentrations range from 467 to 6435 pCi/g. comparatively lower than the 
results from Silos 1 and 2. Th-230 concentrations in Silo 3 range from 21,010 to 

which are almost twice as high as the Th-230 concentrations observed in the K-65 
uranium was present in Silo 3 in concentrations ranging from 738 to 4554 ppm. 

0 FER/OU4RVIE.89-4~-20-)-90 4-7 
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TABLE 4-2 

RADIONUCLIDE CONCENTRATION IN THE SILOS 
(1989 Sampling Program) 

Nuclide @Cig) SlNElA SlNElB SlNElC SlSEl SlSE2 SlSWl SlIWl 

Th-228 
Th-230 
Th-232 
Ra-226 
Ra-228 
Pb-210 
U-234 
U-235/236 
U-238 
U-Total (ppm) 

ND ND ND 
39,693 30.75 1 
ND ND 
192,600 166,400 
ND ND 
83.1 10 77,460 
326 622 
ND ND 

920 398 610 
2753 1189 1831 

ND 
10569 
ND 
1 16,800 
ND 
7 1,920 
663 
ND 
545 
1633 

ND 
20,848 
ND 
89,280 
ND 
48,980 
8 14 
56 
758 
2280 

ND 
40.8 18 
ND 
181,200 
ND 
69,480 
594 
ND 
532 
1602 

ND 
43,?71 
766 
163300 
ND 
54,350 
897 
50 
687 
2066 

Th-228 
Th-230 
Th-232 
Ra-226 
Ra-228 
Pb-210 150,700 3i&XD 
U-234 
U-235/236 
U-238 
U-Total @pm) 

ND = Not Detected 
Note: Data validation is currently in progress. 
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TABLE 4-2 (Continued) 

Th-228 
Th-230 
Th-232 
Ra-224 
Ra-226 
Ra-228 
Pb-210 
u-234 
U-235f236 
U-238 
U-Total @pm) 

907 ND 554 ND 459 
41.911 33.881 21,010 71,650 40,968 
145 1 ND 815 91 1 41 1 

45 1 64 213 295 
2192 467 6435 3073 
559 82 ND 392 
222 1 454 6427 2493 
1618 34 8 1524 1467 
117 ND 127 54 
1649 320 1600 1392 

4040 4305 738 2595 3064 

859 
41555 
m 
335 
1862 
441 
1910 
1910 
76 
1860 
4554 

Ac-227 
Pa-23 1 

Th-230 53227 61,190 68.759 65,488 
...... ii3,649 ......... 

Th-228 

Th-232 
Ra-224 
Ra-226 
Ra-228 
Pb-210 
u-234 
U-235f236 
U-238 
U-Total 

ND 
370 
1518 
325 
1084 
1317 
80 
1243 
2740 

755 
106 . 
3702 
ND 
2589 
1052 
42 
994 
1463 

NA = Not Analyzed 
ND = Not Detected 

Note: Data validation is currently in progress. 

672. 581 672 
137 313 
4169 445 1 
117 415 
3553 3674 
1843. 1600 
158 118 
1951 1878 
1114 4050 3854 
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- 
Silos 1 and 2 have distinctly higher radium and lead concentrations than Silo 3. The presence of 

uclides in large amounts in the silos supports the assumption made previously that their 
soil berm, the soil underneath the silos, or the groundwater would indicate that the 

leaking. Although thorium and uranium are present in higher concentrations in the 
than in the contents of Silos 1 and 2, these radionuclides are not indicative of a 

The area around Operable Unit 4 and the FMPC boundary fenceline has been monitored for direct 
exposure to penetrat 
exhibiting the highest 
at a distance of 340 
dose equivalent rate 
maximum was 23.53 
the area surrounding the FMPC has been estimated to range from 10 to 12 prem/hr. 

amma radiation). During 1988, the boundary monitoring station 
on exposure rate was the station directly west of Operable Unit 4 

t), along the western FMPC site boundary (WMCO 1989b). The 
r this location was an annual average of 15.3 premm, the 
e minimum was 11.56 pem/hr. Natural background radiation for 

Radon flux density measurements from the su 
the installation of the foam covering. A i m  
the FMPC site have also been measured (B 
sampling of the silo contents will provid 
information could be used to estimate the 
covering. The results of routine airborn 
part of the Fh4PC environmental monitoring program are provid 
monitoring annual reports (WMCO 198 
after the installation of the foam coven 
0.30 to 0.95 pCi/L. Off-site monitoring stations positioned at 
recorded concentrations ranging from 0.90 to 1.05 pCi/L. 
stations recorded concentrations ranging from 0.6 to 1.65 pCi/L, with measurements of 1.65 pCi/L 
being recorded along the FMPC boundary just west of the silos (Gels 1989). 

of the K-65 silo domes were collected before 0 concentrations at various locations on and off 
; WMCO 1988 and 1989b). However the 

ation on the quantity of radium. This 
ities after the installation of the foam 

measurements that are performed as 
the environmental 

ples collected in 1988 
ncentrations range from 

s near the Fh4PC 
dary fenceline monitoring 

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

ODH performed independent indoor and outdoor radon concentration measurements 
of the FMPC (ODH 1988). The ODH established 16 outdoor radon monitoring stations 
FMPC - 12 locations along the Fh4PC site boundary and 4 control locations distant fro 

d the 

0 FElUOU4RU’JE.89-4/08-290 4-1 1 
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FMPC. Analyses of the detectors located at the site boundary closest to the K-65 silos and those 
t from the Fh4PC do not reveal consistent significant differences in measured radon 

(ODH 1988). The ODH report concluded that environmental measurements of radon 
y concentrations near the K-65 silos are sufficiently low that they often cannot be 

m variations in natural background concentrations, and that measured concentrations 
to correlate with distance or prevailing wind direction from the K-65 silos. 

4.1.2 Chemical Analvsis 
Chemically, the K-65 ixtures of hydroxides, carbonates, and sulfates. Approximately 
40 to 60 percent of icates (SiOJ; carbonates and sulfates comprise approximately 20 
percent. The primary 
(Dettorre et al., 1981) 
magnesium, and lea 
of the silos. Constituents in Silo 3 are residues from raffinate slurries that were dewatered in an 
evaporator and spray calcined (DOE 1988a). The waste is in a dry, powder-like form. Principal 
constituents of Silo 3 include aluminum, calc 

m contained in the residues is sodium uranyl carbonate 
nts contributing at least 1 percent to the total are calcium, iron, 

ents a summary of the elemental, nonradioactive constituents 

, magnesium, sodium, phosphate, silicates, and 
sulfate uable 4-3). 

A total of 24 samples was collected from 
analyzed for HSL inorganics and organic 
organic constituents is provided in Tables 4-4 and 4-5. Complete analytical results are included in 

3 by WMCO. These samples were 
f the analytical data for inorganic and 

Appendix B. 

The results of the HSL analyses show that the principal inorgani ts in Silos 1 and 2 are 
barium, calcium, iron, lead, and magnesium. The principal inorgmik . . . . . . . . constituents in Silo 3 are 
aluminum, calcium, iron, magnesium, potassium, and sodium. The results of the inorganic analyses 
are summarized in Table 4 4 .  

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

As Table 4 4  also shows, there are distinct differences in the concentrations of me 
Silos 1 and 2 residues as compared to the results from Silo 3. Silos 1 and 2 co 
content, and Silo 3 contains distinctly higher concentrations of aluminum, arsenic, chrom 
magnesium, manganese, potassium, and sodium. These characteristic differences have 
to distinguish between any contamination that might have originated from Silos 
contamination that might have originated from Silo 3. 0 
FER/0WRvIE.89-41os-20-90 4-12 
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TABLE 4-4 

INORGANICS CONCENTRATION IN THE SILOS 
1989 Sampling Program) 

Silo 2 Silo 3 

A 1 u m 111 u m 60.4 - 1430 464 - 2570 10800 - 23700 
Antimony ND ND - 7.2 ND 
Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

21.0 - 165 

349 - 1260 

122 - 473 

4340 - 75100 

35800 - 85100 

1500 - 6020 

33.5 - 257 

0.23 - 2.8 

629 - 2580 

158 - 492 

106 - 180 

5.0 - 23.3 

360 - 13100 

Thallium ND - 0.52 

Vanadium 72.2 - 240 

zinc 14.4 - 212 

Cyanide 0.52 - 4.4 

@ N D  = Not Detected 

57.5 - 1960 

89.2 - 8370 

0.66 - 6.0 

3.4 - 19.1 

2430 - 301000 

12.9 - 68.8 

6.2 - 2430 
. . . . . . . . . . 

74.2 - 403 
. . . . . . . . . . . . . 

226 - 4070 

ND - 1.4 

21.9 - 214 

11.2 - 154 

ND - 4.5 

532 - 6380 

118 - 332 

10.0 - 39.9 

21.5 - 204 

21300 - 39900 

139 - 560 

ND - 3520 

1610 - 7060 

13900 - 67600 

646 - 4430 

38200 - 80900 

2420 - 6500 

ND - 0.69 

1200 - 6170 

1300 - 22800 

101 - 349 

9.2 - 23.8 

22900 - 51700 

3.1 - 73.9 

Note: Data validation is currently in progress 
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TABLE 4-5 

ORGANICS CONCENTRATIONS IN THE SILOS 

Silo 2 silo 3 

VOLATILE ORGANICS ANALYSIS DATA (ppb) 

Methylene Chloride 840 - 4100 
Acetone 140 - 5300 
Chloroform 480 - 1500 
2-Butanone 7100 - 21000 
4-Meth yl-ZPentano ND - 1400 
Toluene ND - 430 
Chloromethane ND 
Styrene ND - 350 
Total Xylenes ND 

1100 - 6300 
ND - 1600 
660 - 1300 
7800 - 15000 
ND - 2700 
ND - 250 
ND 
ND - 200 
ND - 200 

0 SEMIVOLATILE ORGANICS ANALYS 
b 

Bis(2-Ethylhexy1)Phthalate ND - 560 
Di-n-Octyl Phthalate ND 

. . . . . . . 

1000 - 2800 
3400 - 12000 
560 - 810 
9700 - 1m 
ND 
180 - 6800 
ND - 140 
ND 
ND 

ND - 40 
ND 

PESTICIDE ORGANICS ANALYSIS DATA (ppb) 

Aroclor- 1248 ND - 8000 ND 
Aroclor- 1254 1100 - 12000 ND 

ND = Not Detected 
Note: Data validation is currently in progress. 

. . . . . . . . . . . . 
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Extraction procedure (EP) toxicity was measured by using the EPA extraction procedure designed to 
ng a waste could undergo if it is disposed on in a landfill. After extraction, the 
ample was analyzed for the EP Toxic metals. The results are summarized in 
was found to have leached from the Silos 1 and 2 residue samples in 
high as 904 ppm and 714 ppm, respectively. These values a~ in excess of the 

samples contained arsenic, cadmium, chromium, and selenium above the MAC. The 
able concentration (MAC) specified under federal standards. The leachate obtained 

highest observed concentrations of these metals in the Silo 3 sample leachates were 41.5, 6.3, 11.9, 
and 11.7 ppm, respec 

PCBs (Aroclor 1248 
concentrations ranging 
respectively. No PC in Silo 3. Toluene was the only organic constituent observed 
in Silo 3 samples and was present in concentrations above the background concentrations contained 
in the laboratory method blanks. 

detected in samples collected from Silos 1 and 2 with 
12,000 parts per billion @pb) and 1900 to 3900 ppb, 

silo 4 Water 
Currently there is standing water in Silo 4. 
collected from Silo 4 in June 1989 indica 
quantities of uranium isotopes and inorga 
of these materials in Silo 4 are consistent with the likely scenario that their presence is due to 

resuspension of materials from the nearby waste storage pits, su 
deposition onto the silo dome and percolation of rain water int 
contained in Silo 4 will be conducted either as part of the routin 
part of a planned facilities upgrade program. No further actio 

4.1.3. Geotechnical Analysis 
Silos 1 and 2 contain waste raffinate slumes that were decanted by means of baffles and weirs 
placed along the height of the silo wall. Over the years the waste slumes have se 
wet muddy-looking material that is a mixture of clay and silty sand particles. During 
1989 sampling effort, this material was easily penetrated by the LEXAN sampling 

al and chemical analyses of water samples 
the silo was never used, there are 
sent (Table 4-7). The low concentration 

spheric transport, and 
oval of the water 

ntenance process or as 

O 

0 FEwowRuIE.89-4m8-20-90 4-16 
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TABLE 4-6 

C METALS RANGE OF VALUES FOR K-65 AND METAL OXIDE SILOS 
(1989 Sampling Program) 

Maximum 

M y t e  Silo 1 Silo 2 Silo 3 Concentration 
Allowable 

Arsenic (ppm) 

Barium (ppm) 

Cadmium (ppm) 

Chromib (ppm) 

Lead @pm) 

Selenium (ppm) 

ND - 0.484 0.163 - 0.592 ND - 41.5 5.0 
. . . . . . . . . 

0.095 - 2.62 0.020 - 0.156. 100 

0.017 - 0.278 0.108 - 6.32 1 .o 

ND - 1.02 0.336 - 11.9 5.0 

0.159 - 904 0.155 - 714 ND - 1.01 5.0 

0.217 - 0.997 0.240 - 1.56 0.92 - 11.7 1 .o 

Silver (ppm) ND - 0.121 ND - 0.032 5.0 

ND ND - 0.003 0.2 

ND = Not Detected 
Note: Data validation is currently in progress. 

. . . . . . . . . 

4-17 



Yo 
FMPc-0406-3 
August 20, 1990 

TABLE 4-7 

SILO 4 WATER ANALYTICAL RESULTS 
(1989 Sampling Program) 

Sample ID 

Concentration 
S4-NW-lR S4-SE- 1R 

.... 

<4.8 
<4.8 

-<0.16 
~ 0 . 2 6  
<0.20 
22 
1.2 
0.52 
39 

Sample ID 

c4.8 
<4.8 
c0.19 
~ 0 . 3  1 
c0.24 
16 
1.3 
0.32 
42 

Concentration 
S4-SE-2R 

4 
Aluminum 
Arsenic 
Barium 

......... :200 
..... 1.1.1.1.21 

<5 

......... ..... ......... 
>:.:.: ......... ....... ........... ........ 

c200 
20 
c5 

Beryllium 
Calcium 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Mercury 
Potassium 
Magnesium 
Manganese 
Sodium 
Nickel 
Lead 
Antimony 
Selenium 
Thallium 
Vanadium 
zinc 

NA = Not Analyzed 
Note: Data validation is currently in progress 

c1 

181 
1 .o 
3 
294 
c10 
1 
NA 
41 
<lo 
32 
78 

c1 
3.2 
c4 
QO 
21 
11 
145 
c0.2 
201 
1 .o 
3 
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reached to the bottom of the silos. This indicated that the material might be in a sludge-like 
e liquid was occasionally observed during the course of the sampling. 

aterial that is brown; Silo 2 contents vary in color from white to brown to black. 
r the materials in both the silos is consistently high ranging from 21.8 to 73.5 
cific gravity is between 2.59 and 3.37. Only two out of eight samples taken from 

the silos were plastic. Table 4-8 provides a summary of results from the geotechnical analyses. 

Metal Oxide Silo 3 
spray calcined to 
that varies from dark 
water content is ve tween 3.7 and 10.2 percent. The specific gravity varies 
between 2.08 and y 90 percent of the Silo 3 residues pass through a 200-mesh- 
sieve (0.074 mm). This size designation is the break between sand, silt, and clay. All the samples 
collected from Silo 3 were nonplastic (Table 4-8). The physical characteristics of the Silo 3 
contents suggest the material is immobile. 

nate slumes that had been dewatered in an evaporator and 
er-like waste. The material in this silo is brown with a tone 

result of the evaporation and calcination of this waste, the 

4.2 
No sampling of the K-65 silo embankmen 
has been conducted. As discussed in Sec 
planned under the RI/FS to address these environs. 

The primary concern regarding the embankment soils is that as 
and 2 decay to Rn-222, the radon will diffuse through the silo 
surrounding the silos. As radon diffuses through the silo walls oil. it decays and its progeny 
are deposited. Two of these daughters, Pb-210 and Po-210, hav 
accumulate in the embankment soil. No chemical or radiological characterization of the K-65 silo 
embankment soils has been performed to date; therefore, the significance of this potential 
accumulation cannot be fully assessed at this time. 

The subsoils beneath the waste storage silos are of concern because of previous 
has leaked. The full nature and extent of contamination beneath the silos cannot be eval 

0 
ited sampling of the soils beneath the silos, 
port, a sampling program has been 

Ra-226 in Silos 1 
embankment soil 

ciently long half-lives to 

0' FEWOU4lWJE.89-4/08-u)-90 4-19 
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based on the existing data collected by NLO in 1983. These data consist of soil samples collected 
onal borings drilled beneath the silos. Analysis of these soil samples identified the 
um and radium in the soil in concentrations ranging from 0.77 to 9.66 pCi/g and 
of soil, respectively. The concentrations of Ra-226 are below background levels 

i/g). Samples were collected at four approximately equal incremental depths starting 
oing to 20 feet below land surface. The highest concentrations were observed in the 

first eight feet below land surface (Vogel 1989a). 

Although the uranium 
evidence to support th 
activities at the time o 
nature and extent of 
they establish wheth 
groundwater contamination. 

ay have originated from the silos, there is no conclusive 
to ascertain if the contamination was caused by noncontinuing 
Additional sampling and analysis is required to determine the 
neath the waste storage silos. These data are critical because 
e storage silos are current contributors to soil and 

0 Gamma exposure rate measurements were m 
during the mobilization phase of the CIS to 
storage area (Weston 1987). The CIS inc 
perimeter fence of the waste storage silos. 

areas in which the exposure rates were less than 100 microment 
exceeded 100 W r ,  an Eberline Model HP-270 energy compens 
coupled to an Eberline PRS-1 ratemeter/scaler was used. Elevat 
vicinity of the waste storage silos. The highest exposure rate m 
northern perimeter fence surrounding the K-65 silos. FIDLER 
northern edge of the Operable Unit 4 study area and beta-gamma dose rates were determined in the 
area surrounding the metal oxide silos with an Eberline Model HP-21oT pancake-type thin-window 
GM detector. In general, the FIDLER and GM beta-gamma measurements were u 
determine soil sampling locations; however, the exposure rate data from soils in 
4 study area were ambiguous with respect to quantifying soil radioactivity. 

f three feet above the ground surface 

sure rate measurements along the 
es Model RS-111 PIC and a portable 

the exposure rate measurements in 

onnel exposure while working in the waste 

Where exposure rates 
ueller (GM) probe 

rates were found in the 
was 230 pRhr along the 

0 FERJou4RI/JE.89-4m-~90 4-21 
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During the RI, a number of additional walkover measurements using the FIDLER and SPA-3 were 
e Operable Unit 4 study area. The exposure rate was measured with the SPA-3 at 

th the PIC at two nodes within the Operable Unit 4 study area. These data are 
ndix A. 

survey was directed primarily toward detecting the 63 keV gamma emitted from Th- 
234, a uranium progeny. Although the FIDLER has the potential to discriminate against higher 
energy gamma emissions, the exposure rate contribution from the K-65 silos produced excessive 
interference. The use 
ineffective. As a res 
contributions from su 
conducted within the 
rate data rather than 
to Operable Unit 4 are presented in Appendix A. 

o reduce radiation interference from the K-65 silos was 
asurements did not enable reliable quantification of 

the Operable Unit 4 study area; therefore, the surveys 
study area using the FIDLER provide supplemental exposure 
ctively contaminated soils. The FIDLER survey data related 

The PIC measurements were used to calibra 
SPA-3 reading to be expressed as exposure 
Operable Unit 4 study area are shown in Fi 

taken at essentially all the same locations measurements. Exposure rate 
measurements are highest near the silos. 
contributions from the silos, they were also of limited value in determining the presence of 
radioactively contaminated soils within the Operable Unit 4 stud 

readings, thus enabling the hand-held 
of cLR/hr. The PIC readings within the 
e SPA-3 walkover measurements were 

A-3 reading included significant 

The silo gamma radiation levels were sufficiently high to preclu 
contaminated soils nearby; the concentration and extent of su 
determined from measurements using field survey instruments. exposure rate data are the only 
viable field survey measurements collected from within the Operable Unit 4 study area. Evaluation 
of surface soil contamination must rely on surface soil sample analysis rather than field survey 
measurements. 

ination could not be 

4.4 SURFACE SOILS 
Surface soils within the Operable Unit 4 study area were sampled and analyzed for 
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parameters during the CIS and the RI. The complete results of the CIS and the RI relevant to 
are presented in this report. Analyses for nonradiological parameters in surface 
rformed during either study. 

ce soil radiation measurements reported in the CIS were collected at 15 
ions in the vicinity of the FMPC (weston 1987). However, these stations were 

located far enough from the FMPC to be free of impacts from site activities. The background 
activity concentrations reported for selected radionuclides were: U-238, 0.7 to 1.2 pCi/g; U-234, 
0.7 to 1.0 pCi/g; Th-2 

during field investigati 

pCi/g; Th-232, 0.5 to 1.2 pCi/g; and Ra-226, 0.5 to 1.0 pCi/g. 
s when comparing surface soil concentration values obtained 

ith local background levels. 

Radiological characterization of surface soils inside the Operable Unit 4 study area during the CIS 
identified above background activities for selected radionuclides. Sampling locations addressed 
during the CIS that fell within the Operable U tudy area included the following: samples 
taken on the east side of the silos; around M 
north and south of the silos. Measured con 
for Ra-226; and 295 pCi/g for Th-230 we 

Concentrations observed during the RI were as high as 21.0 p a / g  for U-234, 21.1 pCi/g for U-238. 
8.4 pCi/g for Th-230, 5.2 pCi/g for Th-232, and 4.2 pCi/g for R 
summarized in Table 4-9, and the CIS data are presented in Ap 
Unit 4 study area presenting the distribution of data from the RI 
in Figures 4-6 and 4-7, respectively. A detailed presentation of 
report (Weston 1987). 

0 Silo 3; and from two drainageways located 
high as 37.4 pCi/g for U-238; 35.8 pCi/g 

ts from the RI are 
aps of the Operable 

and Ra-226 are presented 
IS data appears in the Weston 

Attempts to classify the uranium contamination present in the Operable Unit 4 study area as either 
depleted or natural uranium and, in turn, identify a possible source, have proven 
Table 4-9 presents data that indicate both depleted and natural uranium (e.g., 2.4 
pCi/g U-234 and 3.3 pCi/g U-238L2.8 pCi/g U-234) exist. Because there are 0th 
of contamination besides Operable Unit 4, the data are inconclusive in identifyin 

0 FEwoww.8~m-u0 4-24 
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TABLE 4-9 

East 

1378400 

1378350 

1378340 

1378500 

1378750 

1378000 

1378ooO 

1378000 

1378300 

1379000 

1379000 

North 

480700 

480540 

480260 

480250 

480245 

48oooO 

481000 

481000 

48 1000 

480000 

480239 

Depth 
(in.) 

G . 6  

0 - 2  
2 - 4  
4 - 6  

0 - 6  

0 - 6  

0 - 2  

0 - 2  

0 - 2  

0 - 2  

0 - 2  

0 - 6  

Ra-226 

NA 
1.1 
1.2 

NA 
2.3 
4.2 

NA 
1 .o 
1 .o 

1.1 

0.9 

~ 0 . 4  

<0.3 

0.6 

0.6 

1 .o 

1.3 

U-238 

7.3 
NA 
NA 

20.8 
NA 
NA 

4.8 

1.7 

2.6 

3.2 

4.5 

21.1 

5.1 

u-234 

4.7 
NA 
NA 

6.9 
NA 
NA 

2.5 
NA 
NA 

2.4 

2.8 

1.3 

1. 

1. 

3. 

21.0 

4.5 

..... 

U-235 

<0.6 

NA 

4 . 6  
NA 
NA 

<0.6 
NA 
NA 

~0.6 

<0.6 

<0.6 

NA. 

. . . . . . . . 

~ 0 . 6  

1.4 

~ 0 . 6  

Th-232 

NA 
1.3 
1 .o 

NA 
1.2 
0.9 

NA 
1.7 
1.2 

0.9 

1 .o 

~ 0 . 6  

0.8 

~ 0 . 6  

~ 0 . 6  

5.2 

1 .o 

T h e  Ohio State plane coordinate system is used. These locations are shown in Figures 4-6 and 4- 
NA = Not analyzed. 
Note: Data validation is currently in progress. 

~ u 4 ~ 9 4 / 0 8 - 2 0 - 9 0  

0 
I 

Th-230 

NA 
3.3 
3.3 

NA 
3.9 
4.3 

NA 
2.5 
1.9 

2.2 

1.4 

1.2 

1 .o 

1.1 

3.4 

8.4 

3.5 
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It is unlikely that depleted uranium would have been placed in the silos because depleted uranium 
ue for producing reactor fuel or weapons grade material. Instead, the depleted uranium 

n dumped in the waste pits. The silos are likely to contain only natural uranium 
uranium would still have the potential to be recovered and run through the 

ess at a i  enrichment facility. 

4.4.2 Mamitude and Extent 
The results of the surface soil sample analyses indicate that uranium is the most prevalent 
radionuclide in surfa 
from below backgrou 
the areal extent of a 
samples contained Ra 
one location between 
around Silo 3 contain Ra-226 concentrations between 5 and 15 pCi/g. Most of these locations 
correlate well with locations containing elevated concentrations of U-238 (Weston 1987). 

Two locations, one east of Silo 3 and one 
concentrations ranging from 5 to 15 pCi/g. 
3. Concentrations in this sample were as 

There are two drainageways present in th 
side of the gravel mad (south of the Biodenitrification Surge L 
Clearwell. which accepts runoff from the Waste Storage Area. 
this drainageway north of the metal oxide silos contained urani 
thorium and radium activities were slightly above background. 
of the K-65 silos. Samples collected fro 
concentrations as high as 16 pCi/g; radium and thorium activities were at or below background 
(Weston 1987). 

e Operable Unit 4 study area. Uranium concentrations ranged 
.4 pCi/g around the K-65 silos. According to the CIS study, 
d Ra-226 activity is small compared to U-238. Only two 
of 15 pCi/g; one location east of the Metal Oxide Silo 3; and 

eta1 Oxide Silo 3 (Weston 1987). Several sample locations 

ide of the K-65 silos, contain Th-232 
s also detected in a sample taken near Silo 

tudy area. One runs along the north 

cted at locations along 
es below background; 

cond drainageway flows south 

The data collected during the RI show only one sample location within the Operable 
area containing U-238 in excess of 10 pCi/g. The remaining locations contain U-238 

0 FERJOWRUJE 89-4/08-u)-90 4-28 
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in concentrations less than 10 pCi/g (Figures 4-6 and 4-7). These data do not conclusively identify 
e observed contamination. 

A full radiological analysis was performed on 12 subsurface soil samples taken from the brings 
described in Section 2.5.2 (Figure 2-3). The results of these analyses are summarized in Table 
4-10, and the comple 
present in measurabl 

sults are provided in Appendix B. The radionuclides that were 
were uranium, thorium, technetium, and radium. 

U-238 concentrations 
concentrations ranged 
concentrations ranged from less than 0.3 to 1.5 pCi/g. 

ce soils ranged from less than 0.6 to 15.0 pCi/g. Th-230 
pCi/g; Tc-99 from less than 0.9 to 3.9 pCi/g; and Ra-226 

Only two samples were analyzed for the geoc 
organic carbon, iron, manganese, and leacha 
analyses are summarized in Table 4-1 1. 
because only these two data points are av 
site-wide range of values for the geoche 
data presented in Table 4-11 for the Operable Unit 4 study area appear to be consistent with values 
obtained at other locations around the FMPC. 

parameters of cation exchange capacity, total 

anganese. The results for the geochemical 
on of the geochemical data is difficult 
rable Unit 4. However. considering the 
obtained during the RI, the two sets of 

4.5.2 Mamitude and Extent 

The subsurface soil sample collected from Well 1072 at a dep 
contained 15.0 pCi/g of U-238, the highest concentration obse 
representative of surface soil. Typically, the subsurface soils contained radionuclide concentrations 
of less than 2.0 pCi/g. 

rval of 0 to 18 inches 
ple is actually more 

These data indicate that contamination within the Operable Unit 4 study area is limite 
the surface. There does not appear to be any substantial migration of contamination fro 
surface through the vadose zone. 

0 FEPJOWR~89-4/C4-2G90 4-29 
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TABLE 4-11 

SUBSURFACE SOIL GEOCHEMICAL ANALYTICAL RESULTS 
(OPERABLE UNIT 4) 

bCEC = Cation exchange capacity. 
'Value represented by the average of two analyses. 
"Not applicable. 
Note: Data validation is currently in progress. 0 

0 

. . . . . . . . . . . . . . . . . . . . . . . . . 
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Based on these data, leakage does not appear to have occurred from the waste storage silos. or the 
rials have not migrated far enough to have been encountered during the FU. This 

t be N l y  evaluated until the slant brings beneath the silos are completed. 

al data indicate that there will be some retardation or attenuation of chemical 
ugh the vadose zone. The movement of any organic chemicals that might be present 

at the site would be retarded by the presence of organic carbon in the subsurface soils. Migration 
of radionuclides and other inorganics would be attenuated as a result of the ion-exchange capacity 

. . . . . .  of the soils. 

4.6 

4.6.1 
Surface water samples were collected during the FU at six selected locations along drainageways at 
points downstream from potential releases within the Operable Unit 4 study area (Figure 24). 
Samples from ASIT-10, -25, and -26 were an for total uranium, Ra-226, Ra-228, and gross 
alpha and beta. Samples from ASIT-23 and analyzed for a full suite of radiological 
parameters. b 

Radium was below the detection limit in 
water sample from ASIT-10, which is th 
contained 2219 pg/L of total uranium, the highest observed con 
Operable Unit 4 study area; no radium was detected in this sam 

Sampling location W-5 on Paddys Run is considered to be a ba ocation and contained 2 
pg/L of total uranium. W-10, downstream from the K-65 silo un, contained total 
uranium concentrations ranging from 5 to 12 pg/L. Tc-99 was present in a sample collected at 

ASIT-24 at 36.9 pCi/L. Appendix C contains the complete analytical results for surface water and 
sediment samples. 

ater samples (Table 4-12). A surface 
am location from the K-65 silos, 

samples in the 
e sample from ASIT-26. 

gn of total uranium. which is southwest of the Biodenitrification Surge Lagoon, con 

DOE Order 5400.5 sets guidelines, which are now in effect for the FMPC, for the 
....... ......... ........ ........ 

radionuclides. Concentrations established from these guidelines are called Derived Conc&@tion 
L. .............. ................. ............ .............. .............. ......... ......... ... ........ ........ ........ ......... ........ 0 FEPJOLJ4R~.894/~-20-90  4-32 
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TABLE 4-12 

SURFACE WATER SAMPLE ANALYSIS RESULTS WITHIN 
OPERABLE UNIT 4 AREA 

Analytical Results @Ci/l) 
U-TOTAL 

Location ID Ra-226 Th-230 Th-232 U-234 U-235/236 U-238 @g/L) 

DCGs 

ASIT-10 01047 
ASIT-10 01117 
ASIT-10 01118' 
ASIT-23 01150 
ASIT-23 01 151' 
ASIT-24 01152 0 ASIT-24 01153' 
ASIT-25 01114 
ASIT-26 01115 
ASIT-26 01 1 16' 
W-10 01108 
W-10 01216 
W-10 01217' 
W-11 01107 
w-11 01209 

600 

NA 

NA 

NA 
~ 1 . 0  4 . 0  <1.0 80.3 4.9 
4 . 0  <1.0 <1.0 76.9 6.0 
4 . 0  4 . 0  ~ 1 . 0  8 
<1.0 4 . 0  <1.0 
4 . 0  NA NA 
<1.0 NA NA 
<1.0 NA NA 

4 . 0  ~ 1 . 0  4 . 0  4 . 0  2.7 
<1.0 4 . 0  <1.0 1.2 4 . 0  
4 . 0  4 . 0  d . 0  1.3 4 . 0  
~ 1 . 0  4 . 0  ~ 1 . 0  3.2 4 . 0  
4 . 0  4 . 0  4 . 0  2.5 4 . 0  

600 

NA 2199.0 
NA 282.0 

* NA 23 1 .O 
165 465.0 
165.0 433.0 
205.0 517.0 
195.0 576.0 
NA 247.0 
NA 216.0 
NA 201.0 

.4.8 12.0 
25.0 
5.0 
19.0 
9.0 

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

DCGs = Derived Concentration Guides are DOE standards for discharge of radion 
NA = Not Analyzed 
'Duplicate sample 
Note: Data validation is currently in progress. 

0' 
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Guides (DCGs). The DCG is the concentration of a radionuclide in air or water (in this case 
under conditions of exposure for one year by one exposure mode (i.e., ingestion of 

sult in an effective dose equivalent of 100 mrem. The relevant DCGs for 
served in surface water within the Operable Unit 4 study area are presented in 

of the reported results are well below their respective DCGs. 

Two rounds of sediment samples from Paddys Run have been analyzed; the results of the analyses 
summarized in Table 4-13 reveal a maximum total uranium concentration of 3 ppm. Appendix C 
provides the full rang 
was collected along a 
nuclides and HSL co 
and 2.37 ppm of rad 
metals calcium, ma 
26,600 ppm, 5460 ppm, and 10,OOO ppm, respectively. These are all typical values corresponding 
to regional background concentrations. No volatile organics or PCBs were detected in the 
sediments within the Operable Unit 4 study a 

results. ASIT-10 is the only location where a sediment sample 
ithin Operable Unit 4. This sample was analyzed for radio- 
sample contained a total uranium concentration of 30.3 ppm 
e bedrock in this area is calcareous shale and limestone, the 
, and iron were present in concentrations of 110,OOO ppm, 

Sediment sampling conducted as part of the ironmental monitoring program is sum- 
marized in environmental monitoring rep0 88, WMCO 1989b). Sediment samples 
were collected every 100 meters (328 feet upstream of the confluence with the 
Storm Sewer Outfall Ditch (SSOD), eve feet) in Paddys Run between the SSOD 
and the Great Miami River, and every 100 meters in the SSOD. les were collected 
from each location; at each bank and at the center of the stre s were analyzed for 
isotopes of uranium, thorium, radium, plutonium, and Tc-99. ts are summarized in 

the WMCO Environmental Monitoring Reports (WMCO 1988, In 1987 and 1988, 
above-background concentrations of uranium, thorium, and in sediment samples 
from the SSOD. Uranium, thorium, and radium concentrations detected in sediment samples from 
Paddys Run were determined to be representative of background (WMCO 1988, WMCO 1989b). 

4.6.2 Marmitude and Extent 
The water and sediment samples at ASIT-10 showed the maximum total uranium conce 
2199 p@L and 30.3 ppm, respectively. Two rounds of sediment sampling from Paddys 

0 
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show an average concentration of 2.0 ppm at locations W-5 and W-10. Very low to nondetectable 

concentrations of radium were found in both the sediment and water samples. 

analytical data on surface water runoff within the waste pit area, which lies 
00 to loo0 feet north of the K-65 silos and Silo 3, reveals a high degree of 
centration patterns. Three samples collected at locations in the waste pit area are 
aminated with uranium concentrations as high as 2840 pCig for U-238 (ASI/IT 

199Od). 

Runoff from the was 
been initiated. This 

Waste Storage Area, 
current problem of 
contamination observed in surface water and sediments within the Operable Unit 4 study area may 
have originated from the waste pit area. Historical information for the FMPC also shows that 
potentially contaminated storm water runoff 
drainageways lying within the Operable Uni 
Regardless of the source of contamination, 
spread of contamination by storm water ru 

e enough problem that a storm water runoff removal action has 
will result in the collection and treattient of runoff from the 
the pits and the waste storage silos. The persistence of the 

e waste pit area provides support to the conclusion that 

* . g in the Pilot Plant area flowed through 
area before discharging to Paddys Run. 

removal action will control any future 

4.7 GROUNDWATER 

4.7.1 Groundwater Flow 
Groundwater at the FMPC is present as perched water in poten 
within the glacial overburden and within the Great Miami A 

composed of dense, silty clay that varies in composition vertic 
contains lenses of poorly sorted fine- to medium-grained sand and gravel, silty sand, and silt with 
layers of silty clay. 

Water level measurements from Operable Unit 4 monitoring wells have been provided 
D. Data sets for winter, spring, summer, and fall were chosen to represent groundwater 

nnected permeable zones 
ial overburden is 

d laterally. The silty clay 

conditions across the site. Water levels were plotted to generate groundwater contour mapgfor the ........ :.:.:. .............. ............. ............. ............. .... .... 
........ ............... ............. :.:. .;. ....:'........ 0' FEWOWRUJE.89-4/08-U90 4-36 
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entire site. ,nly the portion of these maps that covers the Operable Unit 4 study area is presented 
ew of groundwater flow within the glacial overburden (1000-series wells, Figure 4-8) at 

central part of the Great Miami Aquifer just above the clay interbed (3000-series 
within the Great Miami Aquifer (2000-series wells, Figure 4-9), and at 

ater table map (Figure 4-8) for the glacial overburden indicates that the hydraulic 
y slopes from northeast to southwest, based on the assumption that the perched 

groundwater beneath the Operable Unit 4 study area is continuous. Surface drainage is also to the 
west, and many drainage channels act as local discharge points from the glacial overburden. 
Paddys Run flows al 
overburden to the u 

flow within the glaci 
westward to Paddys 
1032. 

side of the FMPC and has eroded through the glacial 
Great Miami Aquifer, intercepting al l  westward groundwater 

In the area of the K-65 silos, the hydraulic gradient slopes 
y leakage of material from the silos might be detected in Well 

Groundwater flow in the Great Miami Aquifer under the K-65 silos is generally from west to east 
(Figure 4-9) with a gradient of approximately per loo0 feet. Paddys'Run, located immedi- 
ately west of the silos, is a dry stream bed f the year. However, from January through 

May, there can be sufficient rainfall to n Paddys Run. When there is flow, there is 
also a significant amount of infiltration 
where infiltration is known to occur be 
the length of Paddys Run. The impact 

not completely documented; however, it is clear that the gradie 
to 3 feet per loo0 feet in the immediate vicinity of Paddys R 
can also alter the direction of the local flow from east to n 
Therefore, any leakage from the silos into the glacial overbu 
Paddys Run, then down into the Great Miami Aquifer, and 

to the Great Miami Aquifer. The area 
of Silo 4 and extends to the south along 

the water table under the K-65 silos is ' 

w a d  flow can increase 
ng from the recharge 

The 3000- and 40-ser ies  wells are screened in the same Great Miami Aquifer unit as the 2000- 
series; therefore, the hydraulic gradient for these wells will be the same as for the 
wells. For this reason groundwater elevation maps were not prepared for the 3000- and 
series wells. The discussion of hydrogeology in the Great Miami Aquifer is relev 
series wells. 

0 FEWOWRUJE.89-4/08-2D-90 4-37 
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et of analytical data for the wells within the Operable Unit 4 study area are 
pendix D. Table 4-14 lists the categories of parameters analyzed for samples from 
, 2000-, and 3000-series monitoring wells in the Operable Unit 4 study area. As 

e 4-14, not al l  parameters were analyzed for each round of sampling. The parameters 
composing the HSL were analyzed only for select wells to provide an indication of potential 
chemical contamination and to confirm the findings of the ongoing RCRA groundwater monitoring 
program at the FMP 

The detected chemic 
ranges are presented 
of sampling and anal 

arameters from all four sampling rounds and their concentration 
Each of these parameters was detected in one or more rounds 
tected parameters listed in Table 4-15, the radiological param- 

eters are of particular significance because these are representative of FMPC operations. The only 
consistently detected radiological parameters in the wells surrounding Operable Unit 4 were U-238 
and U-234 as well as total uranium. The re ' * detected parameters are elements found to be 
naturally occuning in these types of aquifer e magnitude of these parameters is within 
the expected range of background concent data were evaluated as part of the risk 
assessment, supporting the conclusion that primary chemical of potential concern. 

0 

Because total uranium is a composite of 
will be directed toward the distribution of the total uranium at 
indication of the source of radiological contamination. 

e remaining discussion 

4.7.3 Magnitude and Extent 
Maps that present the distribution of total uranium were 
conducted during the second quarter of 1988 for each series of monitoring wells. These maps 
(Figures 4-10 through 4-12) were prepared to aid in the examination of the distribution of total 
uranium in the lOOO-. 2000-, and 3000-series wells. Data collected for each series 
subsequent to the second quarter of 1988 are summarized in Table 4-16. Only on 
figure for each series of wells is presented. The values presented on these maps 
may be compared to site background values that range from <1 to 2 f 1 pg/L fo 

0 FER/OW4~.89-4/08-U90 4-40 



TABLE 4-14 
. . . . . . . . . 

CATEGORIES OF ANALYTICAL PARAMETERS SPECIFIED FOR 
MONITORING WELLS AT OPERABLE UNIT 4 

Well . . . . . . . . . . . . . . . 

Number 

loo0 Series 

1029 
1008 
1018 
1032 
1033 
1034 
1009" 
1072" 

2000 Series 

2008 
2009 
2018 
2034 

3000 Series 

3005 
3009 
301 8 
3034 

Installed Radiological 
Parameters 

*ASI/IT - Advanced Science Inc./IT Corporation (RWS Program) 
bx - Analyses required 
?Dry wells 
dD&M - Dames and Moore 
%LO - National Lead Company of Ohio 

4-41 

Hazardous 
Substance 

List 

X 

X 

X 

Metals 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
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TABLE 4-15 
DETECTED PARAMETERS AND THEIR RANGE VALUES FOR 

EACH SERIES OF MONITORING WELLS AT OPERABLE UNIT 4 

Rounds 1 to 4 

1000-Series 2000-Series 3000-Series 
Wells Wells Wells 

ND - 0.373 ND - 0.049 ND - 0.07 

Calcium (ppm) 74.1 - 233 75.0 - 108 34.4 - 110 

Chloride (ppm) - 616 3.0 - 51.0 9.9 - 333 

Fluoride (ppm) - 1.5 ND - 1.3 ND - 0.98 

Iron (PPm) - 0.94 ND - 1.12 ND - 19.2 

Magnesium (ppm) - 68.2 18.4 - 234 0.5 - 32.0 

Manganese (pprn) 0.009 - 0.278 ND - 0.105 ND - 0.572 

Molybdenum (pprn) ND - 0.043 ND ND 0 Nitrates (pprn) ND - 11.8 ND - 9.98 

Phenols (pprn) ND - 0.22 ND - 0.096 

Phosphorus (pprn) ND - 523 ND - 555 

Potassium (ppm) ND - 7.63 ND - 2.84 ND - 6.0 

Sodium (pprn) 3.82 - 282 5.4 - 29.6 

Sulfate (pprn) 11.0 - 375 ND - 126 

Total Organic 
Nitrogen (pprn) ND - 15.0 ND - 1.2 

U-234 (pCi/L) ND - 84.9 ND - 9.1 ND - 3.7 

U-238 (pCi/L) ND - 96.8 ND - 9.3 ND - 2.3 

Total u @Lg/L) ND - 276 ND - 27.0 

ND = Not Detected 
Note: Data validation is currently in progress 0 4-42 
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TABLE 4-16 

TOTAL URANIUM CONCENTRATION IN GROUNDWATER 
(ug/L) 

1008 
1009' 
1018 
1029 
1032 
1033 
1034 
1072' 

2008 
2009 
2018 
2034 

3005 
3009 
3018 
3034 

14 
-- 

4 
_- 

22 

b 22 
2 

15 

10 
4 
2 
3 

13 
-- 
4 

3 
196 

9 
10 
-- 

.... 

3 
2 
2 
1 

'Dry well or insufficient water for sample collection 
Note: Data validation is cumntly in progress 

6 
_- 
3 
2 

230 
15 
7 

-- 

25 
24 
3 

24 

. . . . . . . . . 

6 
-- 
4 
3 

276 
23 
3 

-- 

5 

27 
4 

19 

3 
3 
2 

<1 

4 4 6  
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Glacial Overburden - 1000-Series Monitoring Wells 
0 

resents the distribution of total uranium in the 1000-series wells in the glacial 
thin the Operable Unit 4 study area for the second quarter of 1988. This distribution 

that the highest concentration of uranium is on the west side of the K-65 silos. 

ell 1032, which is downgradient of Operable Unit 4, contains the highest 
concentration of total uranium in the 1000-series wells. Total uranium levels in Well 1032 may be 
attributable to leakage from the silos. However, Well 1032 is also located near a former 
construction rubble p ruction debris, including fill material similar in appearance to 
the native soils, was obvious debris was mostly removed before drilling; however, 
the material resemblin is believed to have remained. The fill material was penetrated 
during the drilling p well appears to be partially screened in the disturbed zone. 
Additional research s construction debris and rubble originated from demolition of 
plant operation buildings and was deposited adjacent to Operable Unit 4 to prevent further erosion 
of the banks of Paddys Run which threatened to undermine the silos. It is not known if the 
construction debris contained uranium residues. 

The interpretation of data from Well 1032 i 
the tracer element for the materials in the 
is a major constituent.of the waste stored 
environmental media. This may be attrib 
the silos (radium sulfate). Radium sulfate is not as soluble as 
require a longer time to leach from the silo residues, assuming 
for this to occur. The absence of.Ra-226 in groundwater sampl 
subsurface soil samples indicate that radium is presently not a 
silos. It cannot be conclusively determined that radium is abs 
brings below the silos are completed. The construction rubble pile near Well 1032 will be 
addressed as a suspect area under Operable Unit 3. 

Great Miami Aauifer - 2000-Series Monitoring Wells 
Uncertainty also exists as to whether Operable Unit 4 is a source of radiological 
the Great Miami Aquifer. A possible mechanism for contamination originating 

mplicated by the fact that Ra-226, which is 
tected in al l  the sampling rounds. Radium 
t is not seen in samples of the nearby 

0 

low solubility of the form of Ra-226 in 
mpounds and would 

is a mechanism and pathway 
from surface and 

inant of concern outside the 
dy area until slant 

4-47 
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4 to reach the Great Miami Aquifer via Paddys Run is described in Section 4.7.1. This mechanism 
port will be fully evaluated as part of Operable Unit 5.  Figure 4-11 presents 

dwater flow within the Great Miami Aquifer is primarily toward the east, varying 
distributions at the water table of the Great Miami Aquifer for the second quarter 

Compared to typical background levels of total uranium of <1 to 2 f 1 pg/L. elevated levels of 
total uranium appear in Wells 2008 and 2009. Well 2008 is directly downgradient of Operable 
Unit 4 Well 2009 is e total uranium levels in both wells may be related to other 
sources, such as Pad ell 2009 and the waste pits and ponds area for Well 2008. 
Well 2034, which is nt to but not downgradient of Operable Unit 4, also contains 
levels of total uraniu parable to those observed in Wells 2008 and 2009. The 
proximity of Well 2 Unit 4 would indicate that the silos are a possible source of 
the uranium contamination within the Operable Unit 4 study area. However, the observation that 
uranium concentrations are similar in Wells 2008 and 2009, which represent both downgradient and 
upgradient conditions, is not conclusive with to identifying Operable Unit 4 as a source. 

To resolve the uncertainty concerning the s 
Great Miami Aquifer, two new 2000-sene 
was installed on the west side of the silo 
side of the silos in June 1990 and will 
The soil samples collected during the drilling activities are bein 
chemical contents. These wells were placed adjacent to the co 
allow monitoring of any downward movement of uranium into 
of samples from these wells should help determine if the silos 

uranium that is preserit in samples from the 
2032 and 2033, were installed. Well 2032 

0 
0. Well 2033 was installed on the east 
ampled before the end of the month. 

r radiological and 

ami Aquifer. Analysis 

contamination in the Operable Unit 4 study area. . . . . . . . . . 

Great Miami Aquifer - 3000-Series Monitoring Wells 
Figure 4-12 shows the distribution of total uranium in the 3000-series wells for the 
of 1988. The concentration of uranium in these wells is significantly lower than in the 
2000-series wells (Table 4-16). Total uranium is below 4 pg/L in all the wells except 
which contained 10 pg/L during the second quarter of 1988. The uranium conc 

0 FERIOWRuIE.89-4/08-20-90 4 4 8  
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- 

3000-series wells in the Operable Unit 4 study area are close to typical background ranges (4 to 2 

ta within the actual boundaries of Operable Unit 4 are not 
media data, such as the 1986 milk sampling data, cannot be 

related directly to Operable Unit 4. However, facility-wide data can be evaluated to draw limited 
conclusions. Site PR-3, adjacent to Operable Unit 4 (Figure 2-8) and lying within the Operable 
Unit 4 study area, w radionuclide uptake by macroinvertebrates and fish. A crayfish 
sample contained 5.1 uranium; concentrations of Cs-137 and Sr-90 were below 
detection limits. Rad 
Uranium concentratio 
study area on Paddy 
northern boundary of the FMPC, to 6.4 pCi/g at Site PR-2 at the junction of Paddys Run and the 
C&O railroad line. Uranium concentrations in fish from Paddys Run ranged from below detection 
limits of 1.8 pCi/g to 3.7 pCi/g in a bluegill from Site PR4,  just above the confluence of 
Paddys Run and the Great Miami River. S ails of the site-wide study of biological 
resources conducted for the RI/FS are avail 
 port (ASI/IT 1990~). A thorough discu 
OU5 RI Report as well. 

not detected in fish collected from this site (ASVIT 1990~). 
ertebrates from three other sites outside the Operable Unit 4 

m below detection limits. of (1.8 pCi/g) at Site PR-1 at the 

iological resources sampling and analysis 
logical resources will be conducted in the 

0 FEwoWRvJE89-4/08-M90 4-49 
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5.0 CONTAMINANT TRANSPORT 
. . . . . . . . . . . . . . . . . . . . . . 

used on the nature and extent of chemical and radiological contamination within the 
study m a .  This section identifies the potential transport mechanisms for the 

concern. The principal contaminants associated with Operable Unit 4 are long half- 
es, their short-lived progeny, and stable decay products. Currently, uranium is the 

pnmary site-related chemical of concern Other radionuclides and chemicals contained in the silo 
residues could become potential hazards if it is found that the silos are leaking. Uranium represents 
both a radiological 
possesses the charact 
lead are addressed i 

hazard. Lead, another major constituent of the silo residues, 
y-metal" toxicity. The chemical toxicity of both uranium and 

nit 4 Baseline Risk Assessment (Appendix E). 

The radiological cha 
than the toxic characteristics. Unlike many organic compounds, the constituents of concern for 
Operable Unit 4 do not degrade into less toxic compounds. However, they do undergo 
transformation by radioactive decay that will ly reduce their activity concentration. The rate 
of decay is expressed as the "half-life!' of th clide. Radioactive decay of a radionuclide is 
an exponential process,bbut the rate constan rocess is readily obtained from the "half- 
life," which is a measure of the time requ cay of exactly one-half of the atoms 
initially present to undergo radioactive d 

ated with most radionuclides generally present a greater hazard 

The radionuclides of concern for Operable Unit 4 have varying 
of decays to ultimately become stable elements, such as lead. 
within the Operable Unit 4 study area are the isotopes of urani 

progeny. The progeny of concern, Rn-222 and its short-lived , are in equilibrium 
with Ra-226. The inventory of these progeny are controlled b of Ra-226. The 
half-life of Ra-226 is 1600 years. The half-lives of the uranium and thorium isotopes of concern in 
Operable Unit 4 are even longer. For all practical purposes, the radioactivity associated with 
radionuclides present in Operable Unit 4 can be considered constant. Under base1 
they will persist at current levels for hundreds of years. 

d may undergo a series 
valent radionuclides 
thorium, and their 

5-1 
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When released from the residues within the waste storage silos, the radionuclides from the Operable 
a can contaminate the environment of the FMPC, or pose a direct hazard to 

rs. As a result, the radiological hazard can be direct, such as exposure to the 
from radionuclides contained in the silo domes; or the hazard may be attributable 

rt through environmental media such as air, soils, surface water, or 
The mechanisms for this transport from the silos to potential receptors are detailed 

and applied in the Operable Unit 4 Baseline Risk Assessment (Appendix E). 

As discussed in the 
via the following ex 

essment report, contaminant transport from Operable Unit 4 is 

0 amma radiation from radioactive constituents within the silo 

d its progeny that escape from the K-65 silos and are 
dispersed by the air 

Ingestion of contaminated soils that have eroded into Paddys Run from the vicinity 
of the silos 

Ingestion of groundwater co ntaminants that may leach from silos via soils 
to underlying groundwater 

The first two are existing pathways that 
4. The third is a minor potential pathway that may decrease further in importance as a result of 
the pending removal action to control and collect surface water 
the FMPC. The fourth is not a current contributor to environm 
source of transport and exposure in the future. 

der baseline conditions for Operable Unit 

Waste Storage Area of 
e but could be a major 

Each of these potential contaminant transport pathways is discu 
to the Baseline Risk Assessment for additional information about each of these pathways, the 
associated transport mechanisms, and the impact on environmental media or receptors. 

e reader should refer 

5.1 DIRECX RADIATION 
A major contaminant transport mechanism for Operable Unit 4 is gamma radiation 
residues. This radiation is transported as electromagnetic waves, thus requiring no 
As the distance from the K-65 silos increases, the magnitude of the radiation’s 0 
~wm8wx)8-13-90 5-2 
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The soil embankment around the silos provides shielding from the direct gamma radiation. 
long as the integrity of this embankment and the silos is maintained, there should be 

crease in direct radiation exposure due to this pathway. 

gh the risk assessment provides some discussion of penetrating radiation fields 
perable Unit 4, it does not discuss walkover ground survey data or present radiation 

contour zones. Contour plots centered on the silos would reveal that, in general, the radiation field 
strength decreases with increasing distance from the silos. In the vicinity of the silos, the 
penetrating radiation 
dominated by the radi 
source strength of the 
close to,the silos fro 

quantification of po 
Assessment (Appendix E). 

m the surface soil contamination would be expected to be 
ngth from the silos themselves. However, considering the 
little benefit in developing detailed dose rate contour plots 
ent perspective. Text providing details concerning the 
m direct radiation can be found in the Baseline Risk 

5.2 AIR EMISSIONS 
Rn-222 generated by the radioactive decay o 
space inside the silos. At the time of their 
therefore, air exchanges with the outside 
is a result of changes in ambient tempe 
inside the silos. The foam installed on 
the silo breathing losses by limiting daily temperature variations 

In addition to direct release to the atmosphere, radon gas can 
walls into the surrounding embankment. Radon has a short hal ays) and is expected to 

decay into its daughter products, Pb-210 and Po-210, in the silo and in the soil embankments. 
These are nonvolatile products that have half-lives long enough to allow them to accumulate in the 
soil embankments. As discussed in Section 2.0, the K-65 silo embankment and sampling program 
will address sampling for lead and polonium in the soil embankments. 

Accumulation of radon progeny in the berm soil cannot be meaningfully evaluated in a 
manner without analytical results of samples from the berm soil. These results would p 

in the K-65 residues accumulates in the void 
K-65 silos did not need to be airtight; 

urs through the cracks. The air exchange 
expansion and contraction of the air mass 
ilos in 1987 is thought to have reduced 

0 
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evidence to confirm or refute existence of the contamination in the berm soil and provide the basis 
* transport and exposure pathways. 

sults concerning accumulation of radon progeny in the berm soil reveal that the 
trations would be deposited in the layers of berm soil closest to the silo walls. The 
quences of these accumulations could be an important consideration in the evaluation 

of remedial alternatives. If the radon progeny in berm soil can be transported to soils that are used 
for growing agricultural products by either leaching to groundwater used for imgation or from 
direct use of the be ental impact is possible. 

Air resuspension of p other potential contaminant transport mechanism; however, it is 

greatly influenced urface covered by vegetation and the height of the vegetation. 
Aerial photographs ge Area reveal that the Operable Unit 4 study area is covered 
with vegetation. Thus it is not likely that air resuspension of soil from Operable Unit 4 contributes 
significant exposure, especially in comparison to the contribution from the airborne radon and 
penetrating radiation pathways. 

Airborne particulate contamination collected 
monitoring program show that the average 
fenceline and off-site air monitoring stati 
Generally, the air monitoring stations recorded lower average airborne uranium concentrations in 
1988 than in 1987. The highest reported concentration of other clides in 1988 was 
still only 1 percent of the DOE guideline. Total suspended p ntrations from air 
monitoring stations ranged from 31.6 pum’ to 39.4 pg/m’ results were higher than 
those reported in 1987 but were still well within National y Standards (WMCO 
1989b). 

toring stations as part of the WMCO 
0 

of uranium measured in 1988 at the 12 
than 4 percent of the DOE standard. 

FMPC-0406-4 
August 20. 1990 

The most serious potential environmental impact associated with Operable Unit 4 is that of a 
catastrophic failure of the silos and the ensuing release of radon and radioactive sil S 

S C ~ M ~ ~ O  is not addressed by the Baseline Risk Assessment. One of the ground rules 
assessment was that institutional controls employed by DOE would prevent such an oc 
to and beyond the date when the site is closed. The University of Cincinnati, however, 

FER/OU4RI/VH894/CS-13-90 5 4  
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recently released a report that addresses the risk associated with a catastrophic failure of the silos 
e results of this report were discussed previously in Section 1.0. 

um are potential contaminants of concern in the Operable Unit 4 

amples in the vicinity of Operable Unit 4. The source of the 
own contaminants are uranium and Ra-226; above background levels of these materials 

uranium and Ra-226 contamination is not known. It is possible that they have been transported from 
other areas of the 
previously flowed in 
away from Operable 
event of a heavy rai 
are present in a s 

s the waste pits, or they were contained in process area runoff that 
itches. In any case, these contaminants could be transported 
soil erosion caused by surface water runoff, especially in the 

on pathway would be applicable only to those contaminants that 

The surface water drainage characteristics within Operable Unit 4 were previously described in 
Section 3.0. The surface water pathway and 
groundwater are being evaluated in an upcom 
5. The conceptual model for the transpo 
follows: Contaminants contained in near 
Run in several areas along the stream. 
runoff and attached to entrained sediments. A portion of these contaminants will partition onto 
stream sediments and not be available for immediate transport to 
dissolved phase will be transported to the Great Miami Aquifer 
throughout the reach from the waste pit area to the mouth of Pa 
stream bed consists of glaciofluvial materials that are in direct 
Miami Aquifer. This recharge is highly transient but seems to 

area of the K-65 silos. Contaminants partitioned into sediments will be transported into the flow as 
both bedload and suspended load during high flow events. The majority of the contaminated 
sediment is probably flushed from the system yearly. However, a portion of these 
be trapped within Paddys Run and its tributaries during receding flow and may be ava 
very low dispersed source. 

ific interactions between surface and 
dwater Report and as part of Operable Unit 

ts in the surface water system is as 
ect to erosion can be delivered to Paddys 

ts will be in both dissolved solids in the 

Contaminants in the 
m Paddys Run 

This occurs because the 
with the matrix of the Great 

tered on Paddys Run in the 
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tual surface water flow model is evaluated on a site-wide basis within the SWIFT III 
Great Miami Aquifer because there are low-level source calls along Paddys Run 
el. Results of this modeling effort will be published in the upcoming Groundwater 

An Engineering Evaluation/Cost Analysis was performed to evaluate remedial action alternatives for 
storm water runoff conml in the waste pit area ( A S W  199Od). The preferred alternative was 
collection and treatm 
will control runoff 
with Operable Unit 4. 
under Operable Unit 

Implementation of the collection and treatment removal action 
'Storage Area to Paddys Run, including any mnoff associated 
ination not remediated by the removal action will be addressed 

5.4 GROUNDWATER 
Contamination may be transported through the vadose zone into groundwater in the vicinity of 
Operable Unit 4. However, the existing data 
from the K-65 silos or Silo 3 is taking plac 
the silos are required before any conclusio 
slant borings will allow sampling of the 
these samples will provide information o 
it poses a potential threat of migration 
Aquifer. 

Limited groundwater sampling in the vicinity of Operable Unit 
above background. No above background levels of Ra-226 h 

samples. The K-65 residues contain higher concentrations of r 
process waste streams. Therefore, Ra-226 and Pb-210 serve as good indicators of contamination 
originating from the silos. The absence of Ra-226 in groundwater samples indicates that uranium 
contamination in groundwater could be originating from any of the waste storage 
operations at the site. Slant boring data for samples collected from beneath the si1 
show conclusively that the silos are not contributing to the observed uranium contamina 

dequate to confirm that contaminant tJ?lnsport 

is of the slant borings samples from beneath 
wn regarding this potential pathway. The 

0 
ath the silos. The analytical results of 
e from the silos has occurred and whether 

d e n  and the underlying Great Miami 

ted levels of uranium 
in groundwater 

than other uranium purification 
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nt core sampling of K-65 silo residues, moisture was detected in one Silo 2 sample. 
ne-time occurrence, no conclusions could be drawn; as mentioned previously, neither 
or any other area within the Operable Unit 4 study area has been identifed as a 

A conceptual model of potential contaminant transport from the bottom of the silos to the 
groundwater has been developed based on the current understanding of the Operable Unit 4 study 
area and data from p ns. This model is depicted in Figure 5-1 and discussed below: 

8 lenses within the glacial overburden are overlain and underlain 
layers having a high clay content. Although these layers do 
e lateral area, they are still important for transport across and 

a larger interconnected zone over the site area. 

8 Any contaminated water leaking through the K-65 silos’ bottoms moves both 
laterally and vertically down through the glacial overburden. As this water seeps 
down to a semiconfinin 
through the sand and g 
permeable zone. This proce 
Miami Aquifer or it reache 

overburden, it proceeds to move laterally 
1 it can move downward into a more 
s until the water reaches the underlying Great 

0 Paddys Run bank soils from the seeping waters from the K-65 
silo that are moving late 
the sand and gravel zones. 

acid overburden above the water table in 

This conceptual model of contaminant transport is based on exis 
study area. Collection and analysis of slant boring samples as 
and SWIFT III computer models will clarify the mechanisms fo 

Operable Unit 4. Modeling results based on the data available 
presented and discussed in the Baseline Risk Assessment (Ap 
will be presented in the upcoming Groundwater Report and in future revisions to this report. 

n the Operable Unit 4 

ation of the vadose zone 
t transport applicable to 

.... .. 
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6.0 BASELINE RISK ASSESSMENT 

FMPc-04044 
August 20, 1990 

resents a summary of the Operable Unit 4 Baseline Risk Assessment. For a more 
ion, the reader is referred to Appendix E of this report. This risk assessment is 
r the Consent Agxcement signed in 1990 by the DOE and the EPA, which 

e FFCA signed in 1986. It complies with provisions of both SARA and CERCLA, 
which require the completion of an assessment of risks to public health and the environment during 
the RUFS. 

. . . . . .  

Operable Unit 4 was 
Consistent with proce 

y to store by-products of the uranium separation process. 
it was found that the silos contain high levels of uranium, 

rganic materials found in the initial ores. 

Review of environmental sampling data suggests that silo constituents may be released to the 
environment. Constituents of concern b 

High levels of uranium de which emit gamma rays, or penetrating 

Ra-226, which produces capes from the silos 

Uranium and Ra-226, det silo study area 

radiation 
0 

Th-230 and Pb-210 are also radionuclides of potential concern. ironmental sample 
analytical data confirm that Th-230 or Pb-210 has been released 
residues poses a threat to groundwater quality if the silos begin 

Pb-210 is a potential concern if it is determined that significant 
migrating through the silo walls into the berm soil. Radon decay would result in the deposition of 
Pb-210. Berm soil sampling is planned to determine if Pb-210 is accumulating in the K-65 berms. 

os. "h-230 in the silo 
constituents in the future. 

ities of radon gas are 

Due to the complex nature of the waste problem at the FIvlPC and the availability 
sample data, it is not possible to determine what fractions of the contaminants in surfa&#mil, ............. 

groundwater, and sediment, if any, are attributable to releases from Operable Unit 4. It t believed 
............. ........ 
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that uranium and Ra-226 may be in the surface soils as a result of historical spills and leaks m u n d  
'um detected in groundwater at above-background levels cannot be conclusively 

leases from Operable Unit 4 because there is no confirmation of significant silo 
underlying soils. Additional slant boring sampling is required to resolve this issue. 
ta are to be obtained under the proposed sampling and analysis plan. However, 

g may occur sometime in the future, all  constituents of the silos are considered to 
be of potential concern for future exposures. 

6.2 
Three potential c u m  ways from Operable Unit 4 have been identified: direct 
exposure to penetrat posure to airborne radon and radon progeny, and ingestion of 
constituents eroded soils into stream sediment. Penetrating radiation presents direct 
radiation exposure. transported by the prevailing winds. Constituents found in 
the soils in Operable Unit 4 may erode into Paddys Run during periods of rain. Soil transport to 
exposure areas has been modeled using the Universal Soil Loss Equation (USLE). 

0 Human exposure pathways have been identifi 
4. The reasonable maximally exposed 
is a person living in the vicinity of the 
of approximately 36 mrem/year, or 2500 
exposure to airborne radon is also a person in the vicinity of the western FMPC boundary who 
receives an incremental exposure of 13 working level month ( 
RME individual for exposure to eroded soils is a child that inge 
Paddys Run. This individual may be exposed to modeled wnce 
and 10.7 pCi/g of Ra-226. This sediment exposure scenario 
approximately 8 mrem over a 6-year exposure period. 

ch constituent migrating from Operable Unit 
r direct exposure to penetrating radiation 

undary who receives an incremental dose 
year lifetime. The RME individual for 

70-year lifetime. The 

9.6 pCi/g of uranium 

Three potential future exposure pathways from Operable Unit 4 have been identified: direct 
exposure to penetrating radiation, exposure to airborne radon and radon progeny, 
groundwater potentially contaminated by releases from Operable Unit 4. The 
direct exposure to penetrating radiation is allowed access to land in the vicinity of the 
fenceline inside the FMPC boundary, assuming that institutional controls are n 
future after 100 years. This individual potentially receives an estimated incremental d 

FEWOWRA/IE.8941D8-20-90 6-2 
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of approximately 50 times (1800 mrem/yr) the estimated dose equivalent under potential current 
0 

e RME individual for radon exposure is also allowed access to land in the vicinity 
nceline. This individual potentially receives an estimated incremental WLh4 exposure 

times (1.44 WLhUyr) the estimated exposure under potential current conditions. 

groundwater modeling suggest that several silo constituents may reach the FMPC 
property boundary within 100 years, the time period for assuming institutional conmls. Some of 
these constituents, including uranium, radium, arsenic, and lead, may be at concentrations greater 
than operable unit ac ntrations of concern. Assuming institutional controls are lost 
after 100 years, an " or may be exposed to higher concentrations of silo constituents 
in groundwater at the 

Results of the assess 
radionuclide contamination has been measured in vegetation samples and aquatic organisms 
collected in the vicinity of Operable Unit 4. These results are presented in Chapter 3.0 of 
Appendix E. Estimated radiation doses from 
times less than radiation doses estimated t 

1 exposures to environmental receptors indicate that 

evels of contamination are at least one hundred 
table effects in the organisms considered. 

6.3 TOXICITY ASSESSMENT 
The two major toxicological hazards asso 
the radionuclides and the chemical toxici 
using established risk coefficients expressed as a hnction of rad 
radionuclides. A risk coefficient of 125 x 
fatal cancer risk from exposure to ambient penetrating radiation 
used to quantify the lifetime fatal cancer risk from exposure to 
deposited radionuclides (uranium and Ra-226). A risk coeffici 
is used to quantify the lifetime fatal lung cancer risk from exposure to airborne radon and radon 

progeny. 

able Unit 4 are the radiocarcinogenicity of 
e radiocarcinogenic hazard is quantified 

rem-' (NCRP to quantify the lifetime 
s risk coefficient is also 

WLM' (EPA 1989) 

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

Uranium is a potent chemical toxicant that acts as a nephtoxicant. Kidney dama en 
in rabbits at levels as low as 2.8 mg/kg/day. The IUD for humans based on the rabbit 
3 pg/kg/day, incorporating an uncertainty factor of 1OOO. Individual RfDs for silo cons 
other than uranium are identified in Chapter 4.0 of Appendix E. 0 
FEwowRA/IE.894/08-20-90 6-3 
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CHAR A CTERIZATION 
tal lifetime risk of fatal cancer from lifetime exposure at the RME level to penetrating 

Operable Unit 4 under current conditions is 3 x 104. The incremental lifetime risk 
cer from lifetime exposure at the RME level to aidmme radon released from 

t 4 under current conditions is 5 x lU3. Each of these risk estimates is based on 
annual averages of measurements collected at the FMPC boundary, which incorporates the 
assumption that it is reasonable to use annual average data from the western FMPC boundary as a 
Conservative represen 
single individual cou 
combined increment 

tential receptor exposure in the vicinity. Assuming that a 
exposed to both penetrating radiation and airborne radon, the 

from lifetime exposure to these two exposure pathways is 5.3 x 
10-3. 

The incremental lifetime risks of fatal cancer from lifetime exposures to RME levels of penetrating 
radiation and airborne radon from Operable Unit 4 under potential future conditions are 1.5 x lo-* 

and 3.5 x lo2, respectively. Each of these ri ates is based on annual averages of measure- 
ments collected at the K-65 fenceline, which tes the assumption that it is reasonable to use 
annual average data from the K-65 fenceli ervative representation of the potential future 
receptor exposure in the vicinity. The ental lifetime risk from lifetime exposure to 
these two exposure pathways under pote . . . . . . . . . ure conditions in 5 x lo2. 

A perspective can be placed on the incremental lifetime risks as 
the penetrating radiation and airborne radon pathways under cu 
lifetime risks associated with background exposures from these 
calculational approach, the lifetime risks from lifetime exposu 
and airborne radon levels under current conditions are 6 x 10 

indicates that the background risks from these two pathways under current conditions are in the 

same order of magnitude as their respective incremental risks, which is consistent with the fact that 
the incremental RME exposures from these pathways are within a factor of approx 
the background exposure levels. 

Exposure of children to uranium and Ra-226 via ingestion of contaminated sediments e 
soils in Operable Unit 4 is considered separately because this exposure pathway is consi 

FERIoWRAIIE.89410&250 6-4 
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unique to children. The exposure duration is assumed to be six years rather than a lifetime. The 
exposure pathway is 1.1 x 10'. 

pper bound radiocarcinogenic fatal cancer risk associated with future groundwater 
both cumnt and future land-use conditions is greater than the acceptable cancer risk 

The chemical toxicity hazard associated with exposure to the elemental form of uranium does not 
appear to be of conc 
pg/kg/day of urani 
denominator, and 0.1 
suggests that children 
limit even under 

e of the hazard index (HI) associated with a child ingesting 0.13 
ments is 0.043 using the RfD of 3 pg/kg/day in the 
e-specific action level of 0.75 pg/kg/day in the denominator. This 

an intake of uranium that is less than 20 percent of the allowable 
sure scenario assumed. 

The potential chemical toxicity hazard associated with future groundwater exposure under both current 
and future land use conditions indicates that r may be exposed to unacceptable levels of 
several chemical toxicants, including arsenic, enium, thallium, and uranium. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

obtained from the lU as well as data from previous investigations indicate 
nfirmed releases to the environment from Operable Unit 4 are ionizing radiation and 

e nature and extent of any soil or groundwater contamination attributable to Operable 
Unit 4 cannot be fully evaluated until the slant boring and soil berm sampling programs are 
completed. The general conclusion based on existing data is that the FS for the K-65 silos and 
Silo 3 need only add tents and the physical structures; there is no conclusive 
indication that the si1 uted to off-site environmental contamination at Fh4PC other 
than the emission of ing radiation. The specific conclusions drawn from the FU for 
each of the six elem with Operable Unit 4 are presented below. 

Waste Material in Silos 

The silo sampling program conducted during the RI by WMCO in the summer of 1989 was 
designed to collect representative core sample 
cores were able to be recovered from Silos 1 
contents and the depth at which the grab 
However, the fact that the material in the 
equipment is an indication that the conte 
evaluating methods of extracting these 

The sampling of Silo 3 was successful. 
obtained and data on physical, chemical, and radiological charact 

Analysis of these samples from the 19 
distinctly higher amounts of radium and lead than Silo 3. High concentrations of thorium and 
uranium are present in the K-65 silo residues. PCBs were the only organics detected in Silos 1 
and 2. The principal metals in Silos 1 and 2 are barium, calcium, iron, lead, and 
Although representative continuous core samples are still needed for Silos 1 and 2, the 
these samples provide useful data for characterizing the K-65 silo contents. 

residues in Silos 1, 2, and 3. Only partial 
Consequently, the stratification of the silo 

s were collected could not be determined. 

uid. This information will aid in 

silo contents were 

FMpc-04064 
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Silo 3 contains significantly more thorium and uranium than Silos 1 and 2. Other radionuclides in 
o u t s  are radium and lead. Toluene was the only organic compound detected in 
ted from Silo 3. The major inorganic constituents of Silo 3 are: aluminum, calcium, 
, and sodium. Other inorganic constituents that are significant include: arsenic. 
tassium, and vanadium. 

Physical Structure of the Silos 
No new data concerning the integrity of the silo structures were obtained during the RI. Data from 
the two studies perf0 argo (1986) and BNI (1990) will be used during the FS. Both 
studies concluded tha 
evaluation and selecti alternatives must consider the deteriorating condition of the silo 
structures. Remedial pend on the silo structures being stable and self-supporting 
must be dropped fro ration unless structural improvements are incorporated into the 
action. The ability of the silos to contain any leakage of materials that might occur from the 
bottom of the silos is also questionable. This uncertainty will also be addressed when selecting the 
final remedial actions. Data concerning the in 
slant br ing  program; for those portions of 
during the berm sampling program. 

Soil Berms (Silos 1 and 2) 

No previous investigations at the FMPC 
A soil berm sampling program is planned as part of the RI, but 
conclusions can be reached as to whether the soil berms are co 
products (Pb-210 and Po-210) or other materials contained in 
analysis program is completed. 

tancy could be assigned to the K-65 silo domes. The 

of the silo bottoms will be obtained during the 
silos beneath the berms, data will be obtained 

e soil berms surrounding the K-65 silos. 
n conducted. No 

the berm sampling and 

Glacial Overburden Beneath the Silos 
Reports of leaks from the silos (NLO 1953) and overflow conditions at the decant liquor tank (Karl 
1953) indicate that some level of contamination in the glacial overburden immediat 
K-65 silos is probable. No documented reports of leakage from Silo 3 were identi 
RI data evaluation. Data from the only previous sampling effort beneath the K-65 
in 1983 identified uranium and radium concentrations in the soil to be ranging fro 

pWg and 0.68 to 1.2 pCi/g respectively (Vogel 1989a). These samples were collected 
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brings drilled below the K-65 silos. The radium (Ra-226) in these samples was within background 
1983 sampling program was not extensive in scope and did not provide adequate data 

e nature and extent of contamination in the glacial overburden. 

program designed to provide broad areal coverage beneath the K-65 silos and Silo 3 
ing conducted as part of the RI (ASI/IT 1990b). Soil samples collected from this 

program will be subjected to complete physical, chemical, and radiological analyses. Data from this 
program will define the full nature and extent of contamination in the glacial overburden. These 
data will be necess 
data are available, i 
groundwater con 
the glacial overburd 

y the remedial alternatives for Operable Unit 4. Until these 
ible to determine whether the silos are contributing to 
in the Operable Unit 4 study area or whether contamination in 
tial threat of groundwater contamination. 

ODerable Unit 4 Study Area 
Surface radiation measurements collected during the Rl were affected by high background radiation 
emitted by the silos. The only viable measu 
exposure rates to radiation, which were ev 
surface radiation measurements were collec 
contamination. 

collected during the RI at OU4 were for 
Operable Unit 4 risk assessment. No 

d be accurately correlated to surface soil 

Some contamination of surface soils with 
collected within the Operable Unit 4 study area. The concentra 
indicative of contamination originating from a specific source te 
oxide silos. Surface soil contamination data were generally 
locations within the FMPC. It was concluded that surface soi 
Operable Unit 4 study area was not attributable to Operable 
operations. 

dium was observed in surface soil samples 

alues observed at other 

There was little evidence of contamination in subsurface soils collected in the Ope 
study area. Based on these data, leakage has not occurred from the silos, or the 
have not migrated far enough from the silos to be encountered during the FU. This will 
confinned by collecting and analyzing soil samples from the slant boring and berm sam 
programs. 0 iZ r.:.:.:.:.:. 
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Detectable concentrations of uranium are present in the groundwater beneath the Operable Unit 4 
wever, the concentrations and contaminant distribution do not indicate that the 
s originating from Operable Unit 4. Well 1032 contained 276 pg/L of total 
ghest concentration observed in the Operable Unit 4 study area. This well was 
former construction rubble site. This rubble site may be the source of higher 

uranium concentrations in the vicinity of Operable Unit 4. Ra-226 was not detected in groundwater 
samples collected within the Operable Unit 4 study area. However, there were isolated hits of Ra- 
228 in 4 out of 56 
consideration as a so 
berm sampling pro 
will be .addressed un 

ples. The silos cannot be completely eliminated from 
water contamination until the data from the slant boring and 
ailable. The former construction rubble site near Well 1032 

Two additional 2000-series wells have been installed near Well 1032 and Well 1033 to assess the 
magnitude and extent of groundwater contamination within the Operable Unit 4 study area. 
Installation of Well 2032 adjacent to Well 1 allow monitoring of any downward movement 
of uranium into the Great Miami Aquifer. S les collected during the drilling activities and 
water samples collected after the completio tallation are being analyzed for radiological 
and chemical content. These data will a e recharge/discharge relationships between 
the glacial overburden, Paddys Run, and . . . . . . . . . Aquifer. The second well, 2033, has 
been placed to serve as a downgradient well for Operable Unit 4. 

Surface water collected from selected drainageways around. the 
contained elevated uranium concentrations. The highest observe 
sample collected from a drainageway downstream from the K-6 
concentrations were observed in the water samples collected fro 
detected in any of the surface water samples. Historically, storm water runoff in this drainage ditch 
came from the Pilot Plant area draining to Paddys Run. Thus the Pilot Plant is the most likely 
source of the observed contamination. Contaminated surface water runoff from the 
is also a potential source of the observed contamination. Surface water runoff from the 
Unit 4 study area will be addressed by the Waste Pit Area Storm Water Runoff 
Action (ASI/IT 199Od). 

oncentration was in a 

dys Run. No radium was 

a 
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Sediment samples collected during the RI also contained elevated concentrations of total uranium. 
observed concentration was 30.3 ppm in a sample collected downstream of the K-65 

tion ASIT-10. Two sediment samples from Paddys Run location W-10, downstream 
silos, contained uranium in the range of 1.0 to 3.0 ppm. 

of biological resources conducted during the RI addressed the Fh4PC facility in its 
ough some uptake of radionuclides was observed in biological system, it is unlikely 

that Operable Unit 4 is the source (ASI/IT 199Oc). 

al environment related to Operable Unit 4 appear to be ionizing 
boring program must be completed before Operable Unit 4 can 
tial source of regional groundwater contamination. 

radiation and radon g 

The Baseline Risk Assessment determined that risks associated with current exposures to radiation 
from Operable Unit 4 are: 

0 

0 

3 x lo4 from penetrating radi 
5 x 10".fr0m inhalation of 

0 
Thus the combined radiation cancer risk 
acceptable cancer risk range, as specified in 40CFR300 Subpart E, is 1 x lo* to 1 x lo6. 

d use conditions is 5.3 x lo3. The 

Therefore, the risks associated with current exposures to Operabl 
no-action alternative is unacceptable. 

unacceptable, and the 

In addition, estimated risks to future potential exposures, inclu 
radon, and ingestion of contaminated groundwater and food co 
higher than current estimated risks. This suggests that remediation alternatives must be sensitive to 
preventing potential future releases of Operable Unit 4 materials into the groundwater. 

rect radiation, inhalation of 
ated by groundwater, are 

7.2 RECOMMENDATIONS 
The following RI activities must be completed at Operable Unit 4 before final con 
drawn: 
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0 

0 

Complete the silo contents sampling program 
Complete the slant boring program . . . . . . . . . . . . . . . . . . 
Conduct the berm sampling 

ese planned programs will provide the additional data needed to complete the 
e environmental impacts associated with Operable Unit 4. 

Additional radiological sampling of Paddys Run bank and stream sediments and stream water is 
recommended near 0 
presence of higher le 
silos. The significan 
additional samples. 

. . . . . . . . . 

Review of existing sediment sampling data indicate the 
cal contamination in Paddys Run sediments nearest the K-65 

ng data could be established by collecting and analyzing 

. . . . . . . 

A visual examination of the eastern bank of Paddys Run directly west of Operable Unit 4 and 
sampling of the occasional events of groundwater seeping from the bank is recommended. The 
sample analyses should include radiologic parameters. These data could provide 
support to the evaluation of contaminant mi 

7.3 REMEDIAL ACI'ION OBJECTIVES 
Operable Unit 4 represents a potential so 
environmental media. Remedial action objectives for source uni 
must be formulated to achieve the overall goal of protecting hu 
isolating, removing, or treating the source of contamination. 
vary depending on the availability and quality of site informati 
complexity. 

n to groundwater and other 
e waste storage silos 
d the environment by 
f these objectives may 

The RI/FS Work Plan presented 26 medium-specific remedial action objectives for the FMPC. Of 
those, four are applicable to Operable Unit 4. They focus on source control rather than pathway 
elimination or receptor modification: 

0 Prevent current and future above-background radiation doses to the pu 
pathways and all radionuclides (other than radon) from exceeding 25 
100 mrem annual dose limit. 

FER/OWRUIE.894/08-20-90 7-6 
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Prevent current and future radon-222 flux from a source from exceeding 20 
pCi/m*/s public health or environmental standards 

Prevent current and future above-background radiation doses to the public from 
airborne radionuclides (other than radon) from exceeding 25 percent of the 10 
mrem/year annual dose limit 

Prevent contamination of the groundwater from reaching: 25 percent of a 4 mrem 
above-background annual dose limit for radionuclides; and MCLs. proposed M a s ,  
or risk-based cleanup levels for nonradioactive hazardous materials. 

There are a number 
achieve these remed 
action alternative, in removal and nommoval actions. The nonremoval alternatives 
range from simple 
technologies. The nvolve various combinations of waste removal technologies, 
postremoval actions, and waste disposal actions. The postremoval actions include an ex situ waste 
stabilization, contaminant separation, and in an engineered disposal facility, or off- 

s or remedial action alternatives that are being considered to 
s. These remedial action alternatives, in addition to the no- 

astes to in situ stabilization coupled with containment 

site disposal. These remedial action altemati tablished remedial action 
objectives and are being evaluated under 

The Waste Pit Area Storm Water Runoff 
Operable Unit 4 RWS, which, if completed, has the potential to remove environmental media 
contaminants that would exceed public health or environmental the Operable Unit 4 

study area. This program's objective is to mitigate the potenti ation of drinking 
water supplies or sensitive ecosystems, which is posed by the p 
soils that may migrate into the groundwater. This program ov 
including management of the storm water runoff from the W 
waste pits in Operable Unit 1, the four silos in Operable Unit 4, and a perimeter area. The 
planned removal action is designed to collect contaminated stom water runoff and process it 

is a program separate from the 

ntaminants in surface 
rable Unit 4 RUFS by 
a, which includes six 

through existing FMPC water treatment systems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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@ RADIATION MEASUREMENTS 



RADIATION MEASUREMENT DATA 
FIDLER AND SPA-3 UALKOVER SURVEY 

RI/FS DATA 

A l l  readings are presented in cotnts per minute (CPH). 
The colum t i t l ed  Serial N h r  represents the serial nmber of the instrunent 

used to take the measurement. Dmlicate nmbers a t  a Location indicate that 

480000 
480000 
480000 
480000 
480000 
480025 
480025 
480025 
480025 
480025 
480025 
480050 
480050 
480050 
480050 
480050 
480050 
480075 
480075 
480075 
480075 
480075 
480075 
480100 
480100 
480100 
480100 
480100 
480100 
480125 
480125 
480125 
480125 
480125 
480125 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 
480150 

duplicate redings'were taken a t  that location. 

East FIDLER Serial Reading SPA-3 Serial Reading 
Coordinate Reading N u b r  Date Reading N h r  Date 

13 
13 
13 
13 

.. 13 

13 
13 
13 

178950 45770 
i78975 42543 
i79000 65292 
179025 61627 
i79050 59189 

50379 
45770 
44999 
72075 
67841 

179050 
i78925 
78950 
i78975 
i79000 
i79025 

52838 
52838 
34780 
34780 
34780 
52838 
52838 
52838 
34780 
34780 

05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 

1379050 
1378925 
1378950 
1378975 
1379000 
1379025 
1379050 
1378925 
1378950 
1378975 
1379000 
1379025 
1379050 
1378925 
1378950 
1378975 
1379000 
1379025 
1379050 
1378300 
1378325 
1378350 
1378375 
1378400 
1378425 
1378450 
1378475 
1378500 
1378525 
1378550 
1378575 
1378900 
1378925 
1378950 
1378975 
1379000 
1379025 

64037 34780 05/04/88 
50379 52838 05/04/88 
55403 52838 05/04/88 
49949 52838 05/04/88 
78904 34780 05/04/88 
73613 34780 05/04/88 
72003 34780 05/04/88 

44092 
41021 

113735 
99460 
93066 
48215 
45302 
42593 

532479 
573805 
599662 
623146 
701 232 
696687 
722260 
706896 
734033 
674341 
658926 
673139 

120260 
115075 
100797 
51170 
47688 

52838 
52838 
34780 
34780 
34780 
52838 
52838 
52838 
34786 
34706 
34786 
34706 
35626 
35626 
35626 
35626 
34786 
34786 
34786 
34706 

34780 
34780 
34780 
52838 
52838 

OSi04i88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
10/03/87 
10/03/87 
1 0/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 

05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 

373000 
18400 

283000 
270000 
250000 
115000 
373000 
350000 
303000 
276000 
264000 
1 15000 
409000 
375000 
324000 
300000 
285000 
462000 
439000 
407000 
348000 
319000 
m o o  
457000 
423000 
385000 
368000 

2058 
2058 
1795 
1795 
1795 
2058 
2058 
2058 
1795 
1795 
1795 
2058 
2058 
2058 
1795 
1795 
1795 
2058 
2058 
2058 
1795 
1795 
1795 
1795 
1795 
1795 
2058 

350000 2058 
327000 2058 

1406dOO 1795 
1460000 1795 
1610000 1793 
1660000 1793 
1700000 1793 
1690000 1793 
1430000 1794 
1410000 1794 
1300000 1794 
1040000 1794 
555000 1795 
507000 1795 
461000 1795 
406000 1795 
412000 2058 
380000 2058 

05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04;88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 

05/04/88 
05/04/88 



RADIATION MEASUREMENT DATA 
FIDLER AND SPA-3 UALKOVER SURVEY 

RI/FS DATA 

A l l  readings are presented i n  comts per minute (CPM). 
The colum t i t l e d  Serial N h r  represents the serial n u h r  of the instrunent 

480175 
480175 
480175 
480175 
480175 
480175 
480175 

480175 
480175 
480175 
480175 
480175 
480175 
480175 
480175 
480175 
480175 
480175 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480225 
480225 

4801.75 

drrplicate readings-were taken a t  that location. 

East FIDLER 
Coordinate R e d i m  

1379050 44293 
1378300 595495 
1378325 664595 
1378350 7031 10 
1378375 703167 

1378925 
1378950 
1378975 
1379000 
1379025 
1379050 
1378300 
1378325 
1378350 
1378375 
1378400 
1378425 
1378450 
1378475 
1378500 
1378525 
1378550 
1378575 
1378600 
1378625 
1378650 
1378675 
1378700 
1378725 
1378750 
1378775 
1378800 
1378825 
1378850 
1378875 
1378900 
1378925 
1378950 
1378975 
1379000 
1379025 
1379050 
1378300 
1378325 

118193 
109552 
101079 
57576 
53299 
47583 

659925 
696749 
774853 
776074 

Serial 
N h r  

52838 
34786 
34786 
34786 
34786 
35626 
35626 
35626 
35626 
34786 
34786 
34786 
34786 
34780 
34780 
34780 
34780 
52838 

Reading SPA-3 
Date Reeding 

05/04/88 348000 
10/03/87 1360000 
1 O/O3/87 1500000 
1 O/O3/87 1590000 
1 O/O3/87 1640000 
10/O3/87 1820000 
1 O/O3/87 1890000 
10/O3/87 1950000 
IO/O3/87 1930000 
10/03/87 1650000 
10/03/87 1660000 
10/03/87 1800000 
10/03/87 1190000 
05/04/88 578000 
05/04/88 526000 
05/04/88 491000 
05/04/88 449000 
05/04/88 446000 

781261 
814104 
91 2030 
901560 
a64545 
884964 
842352 
808967 

1123533 
1037098 
932673 
373554 
610781 
566000 
445967 
445208 
369353 
3406% 
330160 
276290 
149268 
135937 
136253 
122069 
188812 
155734 
157315 
689570 
765985 

405000 
373000 

1490000 
1640000 
1780000 
1810000 
2050000 
2140000 
2160000 

35626 10/03/87 2140000 
34786 10/03/87 1880000 

Serial 
N h r  

2058 
1795 
1795 
1795 
1795 
1793 
1793 
1793 
1 793 
1 794 
1 794 
1794 
1794 
1795 
1795 
1795 
1795 
2058 
2058 
2058 
1795 
1795 
1795 
1795 
1 793 
1793 
1793 
1 793 
1794 

34786 10/03/87 1 
34786 10/03/87 1 
34786 10/03/87 1 
34780 10/03/87 1 
34780 10/O3/87 1 
34780 10/03/87 1 
34780 
35626 
35626 
35626 
35626 
35626 
35626 
35626 
35626 
34780 
34780 
34780 
34780 
34786 
34706 
34786 
34786 
34786 

10/03/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/03/87 
10/03/87 

1540000 
13&0000 
1300000 
1190000 
1 oooooo 
958000 
875000 
814000 
724000 
628000 
582000 
530000 
479000 
467000 
424000 
388000 

1660000 
1800000 

1 793 
1794 
1794 
1 794 
1 794 
1794 
1794 
1794 
1794 
1795 
1795 
1795 
1795 
1 793 
1 793 
1793 
1795 
1795 

Reeding 
Date 

05/04/88 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/03/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 

10/03/87 
10/03/87 



RADIATION MEASUREMENT DATA 
FIDLER AND SPA-3 UALKOVER SURVEY 

RI/FS DATA 

480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480225 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480250 
480275 
480275 
480275 
480275 
480275. 
480275 

w l i c a t e  readings'wre taken at that Location. 

A l l  readings are presented i n  cornts per mirrrte (CPM). 
The colum t i t l e d  Serial N&r represents the serial nmkr of  the instrunent 
used to take the measur-t. Dlplicate numbers at a location indicate that 

.. ... 

te  
East FIDLER 

Coordinete Reading 

1378350 821907 
1378375 a66228 

1378425 695228 
1378450 723773 

1378400 a55106 

1378700 
1378725 
1378750 
1378775 
1378800 
1378825 
1378850 
1378875 
1378900 
1378925 
1378950 
1378975 
1379000 
1379025 
1379050 
1378625 
1378650 
1378675 
1378700 
1378725 
1378750 
1378775 
1378800 
1378825 
1378850 
1378875 
1378900 
1378925 
1378950 
1378975 
1379000 
1379025 
1379050 
1378625 
1378650 
1378675 

, 1378700 
1378725 
1378750 

664034 
614116 
480716 
46661 0 
421331 
37351 1 

293660 
163995 
151164 

336058 

Serial 
N h r  

34786 
34786 
35626 
35626 
35626 
35626 
34786 
34786 
34786 
34786 
34780 
34780 
34780 
34780 
35626 
35626 
35626 
35626 

Reading SPA-3 
Date Reading 

168444 
173951 

1275561 
460379 
460997 
709122 
584589 
553454 
496330 
435092 
410763 
373847 
310783 
169541 
152429 
140857 
133286 
204239 

175179 
1411 131 
525802 
532326 
ma77 
621 1% 

la5824 

587475 

34786 
34786 
34780 
34780 
34780 
35626 
35626 
35626 
35626 
35626 
35626 
35626 
35626 
34780 
34780 
34780 
34780 
34786 
34786 
34786 
34780 
34780 
34780 
35626 
35626 
35626 

1030000 
936000 
a44000 
775000 
658000 
61 1000 
550000 
504000 
683000 

Serial 
N h r  

1795 
1795 
1 793 
1793 

1794 
1794 
1794 
1794 
1793 
1 793 
1793 
1793 
1794 
1794 
1794 
1794 
1 794 
1794 
1 794 
1 794 
1795 
1795 
1795 
1795 
1793 

456000 1793 
407000 1793 

1000000 1794 
a98000 1794 

691000 1795 
623000 1795 
574000 1795 
522000 1795 
494000 1793 
456000 1793 
420000 1793 

2430000 1793 
2240000 1793 
1910000 1793 

1680000 1794 
1480000 1794 

ai6000 1794 

i m o o o  1794 

* 



RADIATION MEASUREMENT DATA 
FIDLER AND SPA-3 UALKOVER SURVEY 

.RI/FS DATA 

A l l  reedings are presented in  c a t s  per minute (CPM). 
The co lum t i t l e d  Serial N u b r  represents the ser ia l  m d e r  of the instrunent 
used t o  take the m e a s u r m t .  Dlp l icate nrsbers a t  a location indicate that  

drq l icate reedings were taken a t  that location. 

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

East FIDLER Serial Reeding SPA-3 Serial Reeding 
t e  Coordinate Reeding N h r  Date Reading Nunber Date 

1378775 521480 35626 10/02/a7 1280000 1794 10/02/a7 
480275 1378800 urn 35626 10/02/a7 119oooo 1796 10mia7 
480275 1378825 usmw 35626 10/02/a7 1080000 1794 10/02/a7 
480275 1378850 ~ ~ 4 8 5  35626 10/02/a7 04pooo 1796 10/02/a7 
480215 u w 1 4  35626 10/02/a~ a m 0 0  1796 10/02/87 
480275 179521 34780 10/02/a7 ~40000 1795 101021a7 
480275 1~417 34780 10/02/a~ 638000 1795 10/02/a7 
480275 147002 34180 10/02/a7 586000 179s 10/02/a7 
480275 135417 34780 10/02/a7 517000 1795 10/02/a7 
480275 210595 xm 10/02/87 5oiooo 1793 10/021a7 

480275 427000 1793 io/o2/a7 
480275 

481050 21970 52838 05/26/88 154000 2057 05/26/88 
481050 23624 52838 05/26/88 162000 2057 05/26/88 
481 075 13779QO 19209 52838 05/26/88 137000 2057 05/26/88 

481075 1371950 20802 52838 05/26/88 152000 2057 05/26/88 
481075 1377975 22025 /26/88 161000 2057 05/26/88 
481100 1377900 31140 /26/88 1zu)OO 1795 05/26/88 
481100 1 3 m 5  33322 /26/88 134OOO 1795 05/26/88 
481100 1371950 33320 /26/88 138000 1795 05/26/88 
481100 1377975 36162 /26/88 145000 1795 05/26/88 

481075 1377925 19209 52838 05i26/88  moo 2057 05/26/88 

. . . . . . . . 

. . . . . . . 



RADIATION MEASUREMENT DATA 
PIC AND SPA-3 NOOE READINGS 

RI /FS DATA 

P I C  readings are reported in  microrem per hour (ur/hr) and SPA-3 Node readings 
are reported in c m t s  per minute (CPM). The co lum t i t l e d  Serial N h r  

. . . . . . . 
esents the se r ia l  nmber of the instrunent used t o  take the measurement. 
l i ca te  nunbers a t  a location indicate that dupl icate readings uere taken. 

East 
rdinate Coordinate 

1378000 
1379000 . . . . . . . . . . . . . . 

480000 1379000 
480000 1379000 
480100 1378900 
480100 1378900 
480100 
480100 
480100 
480100 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480200 
480300 
480300 
480300 
480300 
480300 
480300 
480300 
480300 
480600 
481000 
481000 
481000 
481100 
481100 
481100 
481100 
481100 

1378600 
1378600 
1378700 
1378700 
1378800 
1378800 
1378900 
1378900 
1378900 
1379000 
1379000 
1379000 
1379000 
1378700 
1378700 
1378800 
1378800 
1378900 
1378900 
1379000 
1379000 
1379000 
1378000 
1378000 
1378000 
1377900 
1377900 
1377900 
1378000 
1378000 

PIC  Serial SPA-3 Node 
Reading N h r  Reading 

26 9691 -136000 
24 9691 ' 104000 

161000 
la2000 
357000 
322000 
243000 
244000 
224000 
225000 
889000 

1280000 
1270000 
1460000 
1180000 
1070000 
1380000 
889000 
895000 
583000 
594000 
390000 
362000 
394000 
300000 
237000 
274000 

76 
33 

Serial 
N h r  

01 
30 
01 
20 
20 
01 
20 
20 
01 
01 
01 
30 
01 
30 
23 
23 
30 
23 
30 
23 
23 
01 
01 
23 
20 
30 
01 

Reading 
Date 

10/28/87 
09/ 14/87 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 
05/04/88 

10/03/87 

10/03/87 
10/03/87 
10/03/87 
10/02/87 
10/02/87 
10/02/87 
10/02/87 

05/04/88 

i 0/03/a7 

io/o3/a7 

io/o2/a7 

io/ot/a7 
10/02/a7 
05/04/88 
10/02/87 
05/04/88 

329000 01 10/02/87 
1490000 30 10/02/87 

969 1 
9691 

90100 01 10/08/87 
71 000 33 05/26/88 
75300 33 05/26/88 
72000 33 05/26/88 





APPENDIX B 

.@SOILS AND SILO CONTENTS DATA 



SILO ANALYTICAL DATA a 
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SUBSURFACE SOIL SAMPLING LOG 
RI/FS DATA 

yet 1 Semple 
N w b e r  

1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 

N w b e r  

07309 
07310 
0731 1 
07312 
07313 
07314 
0731 5 
07316 
07317 
07318 
07319 

1018 
1018 
1018 

1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 

1032 
1032 
1032 

20 
21 
22 
23 
24 
25 
26 
27 
28 

07329 
07330 
07331 

07398 
073w 
07400 
07401 
07402 
07403 
07404 
07405 
07406 
07407 
07409 
07410 
07412 
07413 
07414 
07415 
07416 
07417 
07418 
07419 
07490 
07491 
07492 

07494 
074% 

Sanple 
Interval 

0.0 - 1.5 
1.5 - 3.0 
3.0 - 4.5 
4.5 - 6.0 
6.0 - 7.5 
7.5 - 9.0 
9.0 - 10.5 

10.5 - 12.0 
12.0 - 13.5 
13.5 - 15.0 
15.0 - 16.5 
16.5 - 18.0 
18.0 - 19.5 
19.5 - 21.0 
21.0 - 22.5 
22.5 - 24.0 
24.0 - 25.5 
25.5 - 27.0 
27.0 - 28.5 
28.5 - 30.0 
30.0 - 31.5 
31.5 - 32.5 
32.5 - 33.5 

. . . . . . . . 

13.5 - 15.0" 
15.0 - 16.5 
16.5 - 18.0 
18.5 - 21.0 
21.0 - 22.5 
22.5 - 24.0 
24.0 - 25.5 
25.5 - 27.0 
27.0 - 28.5 
28.5 - 30.0 
30.0 - 31.5 
31.5 - 33.0 
33.0 - 34.5 
34.5 - 36.0 

0.0 - 1.5 
1.5 - 3.0 

074% 3.0 - 4.5 

Reqwsted 
Parmneters 

ARCHIVE 
ARCHIVE 
FULL RAD 
ARCHIVE 
ARCHIVE 
ARCH I VE 
ARCHIVE 
ARCH I VE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 
ARCH 1 VE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 

ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
FULL RAD 
ARCHIVE 

ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 

ARCHIVE 
ARCHIVE 
ARCHIVE 



SUBSURFACE SOIL SAMPLING LOG 
RI/FS DATA 

well 
N h r  

1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 07506 
1032 07504 
1032 07505 

,1032. , . 07507 

08857 

sample 
N d x r  

07497 
07498 
07499 
07500 
07501 
07502 
07503 

1 033 
1033 
1033 
1033 
1 033 
1033 
1033 
1033 
1033 

1 034 

1 on 
1 OR 
1 OR 
1 on 
1 on 
1 OR 
1 OR 
1 on 
1 on 
1 OR 
1 on 
1 on 
1 OR 
1 OR 
1 OR 
1 on 
1 OR 
1072 
1 OR 
1 OR 
1 OR 
10R 
1 on 
1 OR 
1 on 

08858 
08859 
08860 
08861 
08862 
08863 
Ma64 
08865 
08866 

08307 

08188 
08189 
08190 
08191 
08192 
08193 
08194 
08195 
081% 
08197 
08198 
08199 
08200 
08201 
08202 
08203 
08204 
08205 
08206 
08207 
08208 
08209 
08210 
0821 1 
08212 

Sanplc 
I nterva 1 

4.5 - 6.0 
6.0 - 7.5 
7.5 - 9.0 
9.0 - 10.5 

10.5 - 12.0 
12.0 - 13.5 
13.5 - 15.0 
15.0 - 15.5 
15.0 - 16.5 
16.5 - 18.0 
18.0 - 19.5 
19.5 - 21.0 
21.0 - 22.5 
22.5 - 24.0 

0.0 - 1.5 
1.5 - 3.0 
3.0 - 4.5 
4.5 - 6.0 
6.0 - 7.5 
7.5 - 9.0 
9.0 - 10.5 

1Q.5 - 12.0 
12.0 - 13.5 

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

0.0 - 1.5 
1.5 - 3.0 
3.0 - 4.5 
4.5 - 6.0 
6.0 - 7.0 
7.0 - 9.0 
9.0 - 10.5 

10.5 - 12.0 
12.0 - 13.5 
13.5 - 15.0 
15.0 - 16.5 
16.5 - 18.0 
18.0 - 19.5 
19.5 - 21.0 
21.0 - 23.0 
23.0 - 24.0 
24.0 - 25.5 
25.5 - 27.0 
27.0 - 28.5 
28.5 - 30.0 
30.0 - 31.5 
31.5 - 33.0 
38.0 - 39.5 
43.0 - 44.5 
68.0 - 50.0 

Requested 
Paremeters 

ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
FULL RAD 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 

ARCH I VE 
FULL RAD 
ARCHIVE 
ARCHIVE 
ARCH IVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 

ARCHIVE 

FULL RAD 
ARCH I VE 

ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 
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SUBSURFACE S O I L  SAMPLING LOG 
R I / F S  DATA 

We1 1 S a m p l e  
N h r  N h r  

2008 0824 1 
2008 08242 
2000 08243 
2008 08244 
2008 08805 
2008 OM06 
2008 08807 
2008 08808 
2008 08809 
2008 08810 

0881 1 
12 
13 
14 
15 
16 
17 

"' 2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 

2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 

3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 

08818 
08819 
08820 
08821 
08822 
08823 
08824 
08825 
08826 
08827 
08828 
08829 
08830 

07070 
07071 
07072 
07073 
07074 
07075 
07076 
070TI 
07078 
07079 
07080 
07081 
07082 
07083 
07084 
07085 
07086 
07087 

08265 
08266 
08267 
08268 
08269 

08271 
08272 
08273 

08270 

S e m p l e  
Interval 

0.0 - 1.5 
1.5 - 3.0 
3.0 - 4.5 
4.5 - 6.0 
6.0 - 7.5 
7.5 - 9.0 
9.0 - 10.5 

10.5 - 12.0 
12.0 - 13.5 
13.5 - 15.0 
15.0 - 16.5 
16.5 - 18.0 
18.0 - 19.0 
19.0 - 20.5 
20.5 - 22.0 
22.0 - 23.5 
23.5 - 25.0 
25.0 - 26.5 
26.5 - 28.0 
28.0 - 29.5 
29.5 - 31.0 
31.0 - 32.5 
32.5 - 34.0 
39.0 - 40.5 

3.0 - 4.5 
4.5 - 6.0 
6.0 - 7.5 
7.5 - 8.5 
9.0 - 10.5 

10.5 - 12.0 
12.0 - 13.5 
13.5 - 15.0 
18.5 - 20.5 
23.5 - 25.0 
28.5 - 30.0 
33.5 - 35.0 
38.5 - 40.0 
43.5 - 45.0 
48.0 - 49.5 
53.0 - 54.5 

0.0 - 1.5 
1.5 - 3.0 
3.0 - 4.5 
4.5 - 6.0 
6.0 - 7.5 
7.5 - 9.0 
9.0 - 10.5 

10.5 - 12.0 
12.0 - 13.5 

R e q u e s t e d  
P a r m e t e r s  

ARCH I VE 
ARCH I VE 
ARCH I VE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 
ARCH I VE 
ARCHIVE 
FULL RAD 
ARCHIVE 
ARCHIVE 
ARCH I VE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 
FULL RAD 
ARCHIVE 
ARCHIVE 
ARCHIVE 

ARCH I VE 
ARCH I VE 
ARCHIVE 
FULL RAD 

ARCHIVE 
ARCHIVE 
ARCH I VE 
ARCH I VE 
FULL RAD 

ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 
ARCHIVE 
ARCHIVE 
FULL RAD 
ARCHIVE 



SUBSURFACE SOIL SAMPLING LOG 
RI/FS DATA 

Yet 1 
N h r  

3034 
3034 
3034 
3034 
3034 
3034 
3034 

Semple 
Nmber 

08274 
08275 
08276 
08277 
08278 
08279 
08280 

3034 08281 
3034 08282 
3034 08283 
3034. .. 08284 

3034 08293 
3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 

08294 
08295 
08296 
08297 
08298 
08299 
08300 
0830 1 
08302 
08303 
08304 
08305 

Senple 
Interval 

13.5 - 15.0 
15.0 - 16.5 
16.5 - 18.0 
18.0 - 19.5 
19.5 - 21.0 
21.0 - 22.5 
22.5 - 24.0 
24.0 - 25.5 
30.0 * 31.5 
35.0 * 36.5 
40.0 - 41.5 
45.0 - 46.5 
50.0 - 51.5 
55.0 - 56.5 
60.0 - 61.5 
65.0 - 66.5 
70.0 - 71.5 
75.0 - 76.5 
80.0 - 81.5 
85.0 - 86.5 
90.0 - 91.5 
95.0 - 96.5 

100.0 -101.5 
105.0 -106.5 

Requested 
Parmeters 

ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
FULL RAD 
ARCH I VE 
ARCH I VE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
FULL RAD 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCHIVE 
ARCH I VE 
ARCHIVE 
ARCHIVE 
ARCHIVE 

. . . . . . . . 



SUBSURFACE SOILS 

RADIOLOGICAL RESULTS a 
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(I) 

SUBSURFACE SOILS 

BORINGlWELL LOGS 



NOTE : Only one boring log, corresponding to 
the deepest well is displayed for 
wells installed in clusters. 
Therefore: 

Well 1008 is covered by 2008. 
Well 1009 is covered by 2009. 
Well 2034 is covered by 3034. 

Wells 2018 and 3018 were installed by 
Dames & Moore. Well 3009 was 
installed by NLO. 



PROJECT W E R :  602 - 3.2 PROJECT NAME: FERNALD RI /FS  TODAY'S DATE 07/09/90 
OLD/NEU UELL I D  : 118/1018 I COORDINATES: 1378661.69, 479450.19 I 

C N  
D C  

DESCRIPTION 

..... ...... ..... ...... ..... .... ..... ..... 
.:.:.:.: .... 
10 

SOFT BROUW (lOYR, 6/41 SILTY .CLAY - TRAC 
E SAND, SOME ORGANIC PLANT MATERIAL - MC 
IST. ST IFF  BROWN (lOYR, 6/01 SILTY CLAl 
, TRACE SAND - DRY 

13 

11 

HARD BROWN (IOYR, 6/61 SILTY SA 
CLAY, TRACE GRAVEL AND PEBBLE 

, . . . . . . . . . . . . . . . . . . . . . . . . . .  
DENSE BROWN (10YR. 5/81 AN 
2 INTERLAYERED SAND, SOME 
AY AND F INE GRAVEL - DRY. 

DENSE BROWN (10YR. 5/81 AN 
2 INTERLAYERED SAND, SOME 

REMARKS 

ALPHA : 2 
BETA-GAMMA : 80 

HNU : 
ALPHA : 2 
BETA-GAMMA : 80 

: : : : ~ N " . ~ ~ . ~ : ~ : ~ ~ ~ ~ ~ ~  
: : : : *~p "A :~~ '~3~  
i3;BETA-GAMMA : 80 

..:. ................ ........... ............................... 
... 

........ 



R 
E l  
C Y  
P C  
#:. H 
E$:E 
iiiiiij 
r;:;:; 

i 7  

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

-:-.- .... .... .... ... .... ... .... ... ... . __ 

17 

- - -  
17 

- - -  
l o  

- - -  
l o  

- - -  
11 

12: 

- - -  

DESCRIPTION 

._____----_-_--------------------------- 
IENSE GRAY ( lOYR, 6/01 SAND AND GRAVEL, 
iOME S I L T  AND CLAY - DRY. HARD GRAY ( 1 0  

E S I L T ,  MOIST. DENSE 
I N E  SAND, S H E  S I L T ,  

. . . . . . . . . . . . . . . . . . . .  
1 CLAY - SOME S I L T  - 
( lOYR, 5/1) SAND - S 
DRY. HARD GRAY .( 1OY 
I L T  - MOIST. DENSE 
D AND GRAVEL - SOME 

/2) CLAY, SOME S I L T ,  
. . . . . . . . . . . . . . . . . . . .  

TRACE F I N E  SAND - MOIST. 

iT IFF,GRAY lOYR, 6/1 CLAY, SOM 
JD AND GRAVEL - DRY. 

.____________-_----------- 
STIFF GRAY lOYR 6/1 CLAY, 
EAND, TRACE GRAVEL - DRY. 

........ 

.___-_____-__--------------------------- 
iARD GRAY lOYR 5/1 GRAVELLY CLAY, SOME S 
1LT AND CLAY, TRACE PEBBLES - DRY. 

REMARKS 

..Hw;;:: .y. :.:.:.:.:.:.:.: 

,::.:;:;::2 
. . . . . . . . . .  ...................... ................ .................... ............ 

BETA-GAMMA : 75 

>'Po 



. - - - - - -  

D 
E 
P 
T 
H 

Feet 

21 .o 

22.5 

22.5 

24.0 

- - - - -  
24.0 

25.5 

----- 
25.5 

27.0 

-I--- 

S 3 . O  
28.5 

28.5 
- - - - -  

30.0 

30.0 

31.5 

----. 

DESCRIPTION 

S T I F F  GRAY l O Y R  6/1 CLAY, TRACE 
AML, AN0 SILT, DRY. 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
LOOSE BRWN l O Y R  6/6 SAND, 
CLAY,- TRACE GRAVEL - DRY 

REMARKS 

: 7 5  
... 



PROJECT NUMBER: 602 - 3.2 
OLD/NEY MLL I D  : 118/1018 

NGIN./GEOLOGIST: LOUELL Y ILLE 
I I L L I N G  HETHWS : CABLE-TOOL c . . . . . . . . . . . . . . . . . . . . .  

D 
E 
P 
T 
H 

F e e t  

31.5 
.----- 

32.5 

32.5 

33.5 

.o 
.___-. 

.o 
.----- 

B S  
L A  
O H  

.......... 

5 0  

.------ 

.-----e 

PROJECT NAME: FERNALD RI /FS 
COORDINATES: 1378661.69, 479450.19 

DESCRIPTION 

TQ)AY'S DATE 07/09/90 

SAMPLE DATE: 10/19/87 

PAGE NUMBER 4 

....... 

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



PROJECT NAME: FERNALD RI /FS  
COORDINATES: 1378398.38, 480826.11 I PROJECT NLMBER: 602 - 3.2 

DLWNEU E L L  ID : 129/1029 

D 
E 
P 
1 
H 

Feet 

.o 

1.5 

----. 
1.5 

3.0 

3.0 

4.5 

4.5 

6.0 

----. 

----. 

----. 

)Pa 
7.5 

7.5 

9.0 

9.0 

10.5 

- - - - I  

TODAY'S DATE 07/09/90 

SAMPLE DATE: 10128187 

PAGE NUMBER 5 . 

DESCRIPTION 

.________________-------------------_--- 
E R Y  STIFF  YELLWISH BRWN SILT,  SOME CL 
\Y, TRACE SAND - DRY. MEDIUM DENSE YELL 
WISH BRWN SILTY SAND, SOME GRAVEL, IRA 
:E CLAY - DRY. 

.________-------_----------------------- 
rlEDIUM DENSE YELLOWISH BROUN S ILTY SAND, 
SOME GRAVEL, TRACE CLAY - DRY. MEDIUM 

OWN F INE SAND, TRACE S 
FF BROWNISH YELLOU S 
LAY - DRY, LIMESTONE 

NDY CLAY, TRACE S 
ISH YELLOU S ILTY 
E CLAY, DRY. 

- - - - - - - - - - - - - - - -_ 

- - - - - - - - - -_ - - - - -___  
HARD BROUNISH YELLOU S ILTY CLAY, TRACE G 
RAVEL AND SAND - DRY, LIMESTONE GRAVEL. 

_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - - - -  
HARD GRAY SILTY CLAY, 
VEL - DRY. LIMESTONE 
F PALE OLIVE GRAVELLY 
ND S I L T  - HOIST. 

U 
S 
C 
S 

WL 
SP 

. --- 
SP 
SP 
ML 

. ___  
CL 
SP 

.--- 
CL 

.--- 
CL 

.--- 
, CL 
jiCL 
... ... ... ... ... .... ... .... 

.--- 
CL 

- - - -  

REMARKS 

........................ :'"$&j~,<::~:@;~.~ 
""AEpHA::"':"'~ j 

!$BETA-GAMMA ... ... : 40-80 

. . . . . . . . . .  ......... : : ....... : : ......... ..:.:.:.:.:. 
... ... 

... ... 



D 
E 
P 
T 
H 

Feet 

10.5 

12.5 

- - - - -  
12.0 

13.5 

- - - - -  
13.5 

15.0 

- - - - -  
15.0 

16.5 

- - - - -  

I" 
18.0 

18.5 

21 .o 

21 .o 
- a _ - .  

22.5 

----. 

DESCRIPTION 

E S I L T  AND SAND - HOIST. 

MEDIUM S T I F F  O L I V E  GRAY GRAVELL ........ 
RACE SAND AND S I L T  - UET. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
S T I F F  OLIVE GRAY GRAVELLY C 
LT AND SAND - DRY 



PROJECT W E :  FERNALD RI /FS  TODAY'S DATE 07/09/90 
COORDINATES: 1378398.38, 480826.11 I I PROJECT W E R :  602 - 3.2 

OLD/NEU WELL I D  : 129/1029 

D 
E 
P 
T 
H 

F e e t  

22.5 

24.0 

24.0 

25.5 

.----. 
25.5 

27.0 

.----. 
27.0 

28.5 

.----. 

r5 
30.0 

.----. 
30.0 

31.5 

.----. 
31.5 

33.0 

I----. 

DESCRIPTION 

____---__-__________. 
AY GRAVELLY CLAY - UE 

------------------_. 
CLAY - WET. GRAYISI 

BRWN F INE SAND, TRACE CLAY - VET. VEfi 

SAND, TRACE S I L T  - MOIST 
r STIFF OLIVE GRAY CLAY, SOME GRAVEL ANC 

._-__-I_____-_______----------- 
VERY STIFF  OLIVE GRAY CLAY, S 
\VEL AND SAND, TRACE S I L T  - 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  
VERY STIFF  GRAY CLAY, SOME 
S I L T  AND SAND, MOIST. 

REMARKS 

$BETA-GAWA : 40-80 



PROJECT W E R :  602 - 3.2 
OLWNEU UELL I D  : 129/1029 

UGIN./GEOLOGIST: D. W L E Y  E ILL ING METHODS : CABLE-TOOL . 

PROJECT NAUE: FERNALD RI /FS  TQ)AY'S DATE 07/09/90 
COORDINATES: 1378398.38, 480826.11 

SAMPLE DATE: 10/28/87 

PAGE NUMBER 8 

D 
E 
P 
1 
H 

F e e t  

33.0 

34.5 

34.5 

.___-_ 

.__-__ 

36.0 

.o 

.o 
.----. 

DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DENSE LIGHT YELLOUISH BROWN SAND - DRY. 

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



PROJECT NUMBER: 602 - 3.2 PROJECT NAME: FERNALD RI /FS  
OLD/NEW E L L  I D  : 132/1032 COORDINATES: 1378296.81, 480515.31 

‘NGIN./GEDLOGIST: D. OAKLEY 1 RILL ING METHODS : CABLE-TOOL ’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D 
E 
P 
T 
H 

F e e t  

.o 
.----. 

1.5 

1 .s 

3.0 

-----. 
3.0 

4.5 

4.5 

6.0 

-----. 

-----. 

b 6 . O  
7.5 

7.5 

9.0 

9.0 

10.5 

-----.  

R 
E l  
C Y  

DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MEDIUM STIFF  LIGHT YELLOWISH BROWN (2.51 

6/4) SILT,  SOME CLAY, TRACE SAND AND G 
OLIVE GRAY (51, 5 /2 )  CLAY, S W E  

SILT,  TRACE SAND AND GRAVEL - DRY. 

_ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MEDIUM STIFF  OLIVE (5Y, 5 / 3 1  CLAY, SOME 

12 SILT,  TRACE GRAVEL AND SAND - DRY. L IGH 
. sY ,  6/41 SILT,  SOME 

. . . . . . . . . . . . . . . . . . . .  
SH BROWN (IDYR, 5/41 
E SAND AND GRAVEL - 
YR, 3/31 S ILT ,  SOME 

GRAVEL - DRY. 

- - - -  . . . . . . . . . . . . . . . . . . . .  
BROWN (lOYR, 5/41 C 

11 LAY, SOME SILT,  TRACE SAND AND GRAVEL - 
. DRY. VERY STIFF  BROWNISH YELLOW (IOYR, 

6/6) SILT,  TRACE SAND AND CLAY AND GRAVE 
L - DRY. 

VERY STIFF  BROWNISH YELLOW (1 
14 ILT ,  SOME GRAVEL AND SAND, TR 

DRY. 

_ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . .  
MEDIUM DENSE BROWNISH YEL 

12 GRAVEL, SOME SAND AND SI 
. . . . . . . . . .... 

_ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BROWNISH YELLOW GRAVEL (IOYR, 6/81, SOME 

10 SAND AND S ILT .  VERY STIFF  YELLOWISH BR 
OWN (lOYR, 5/41 CLAY, TRACE S I L T  AND SAW 
D - MOIST. 

TOQAYIS DATE 07/09/90 

SAMPLE DATE: 10/31/87 

REMARKS 

:BETA-GAMHA : 70 



PROJECT N W E R :  602 - 3.2 
OLD/NEU WELL I D  : 132/1032 

GIN./GEOLOGIST: D. OATLEY 
I L L I N G  HETHOOS : CABLE-TOOL 

D 
E 
P 
T 
H 

F e e t  

10.5 
_ _ _ _ _  

12.0 

----. 
12.0 

13.5 

- - - - -  
13.5 

15.0 

----. 
15.0 

16.5 

----. 
P5 
18.0 

15.0 
----. 

15.5 

- - - - -  
18.0 

19.5 

PROJECT NAME: FERNALD RI/FS 
COORDINATES: 1378296.81, 680515.31 

TODAY I S  DATE 07/09/90 

SAMPLE DATE: 10/31/87 

PAGE NUMBER 10 

DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MEDIUM DENSE LIGHT YELLOWISH BROWN (2.51 
R, 6/4) GRAVEL, SOME CLAY, TRACE SAND AN 
D S ILT  - HOIST. STIFF YELLOUISH BROWN ( 
IOYR, 5 / 4 1  CLAY, SOME SILT,  TRACE SAND - 
MOIST. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SOFT BROUN (lOYR, 5 / 3 1  CLAY, SWE SAND, 
lRACE GRAVEL AND S ILT  - WET. 

. - - - - - - - - - - - - - - - - - -  
(51, 5 /2 )  CLAY, SO 
AND S ILT  - HOIST. 

U 
S 
C 
S 

_ _ _  
GC 
CL 

- - -  
CH 

_ _ _  
CH 

.-- 
CL 

.-- 
CL 

.-- 
j. CL 
... ... ... . .  ... .... ... .... .... .... .... .... ........ 

.-- 
CL 
CL 

.-- 

REMARKS 

: 60 



VISUAL CLASSIFICATION OF SOILS (CONTINUED) ._______________________________________--------------------------------------------------------------------------------- 
PROJECT NUMBER: 602 - 3.2 PROJECT NAME: FERNAU) R I / F S  
OLD/NEU E L L  ID : 132/1032 COORDINATES: 1378296.81, 480515.31 

GIN./GEOLOGIST: D. OAKLEY 
METHWS : C A B L E - T W L  . ._______________________________________---------------------------------- 

D 
E 
P 
T 
H 

Feet 

19.5 
.----- 

21 .o 

21 .o 
.----- 

22.5 

.----. 
22.5 

24.0 

_ _ _ _ _ _  
.o 

.o 

B 

R 
E I  
C Y  

DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BROWNISH YELLOU (lOYR, 6/81 SILT,  SOME S 
AND - DRY. MEDIUM DENSE YELLOUISH BROUN 

(lOYR, 5 / 6 1  F I N E  SAND, TRACE S I L T  AND C 
LAY - DRY. BROUNISH YELLOU (IOYR, 6/81 
S I L T ,  SOME SAND - DRY. 

BROUNISH YELLOU (IOYR, 6/81 S I L T ,  SOME S 
______--___--_------____________________ 
AND - DRY. MEDIUM DENSE YELLOUISH BROUN 

(10Y WD - DRY. 

I TODAY'S DATE 07/09/90 

187 

REMARKS 

. . . . . . . . 



VISUAL CLASSIFICATION OF SOILS (CONTINUED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PROJECT NUMBER: 602 - 3.2 PROJECT NAME: FERNALD RI /FS  TODAY'S DATE 07/09/90 
OLD/NEY E L L  I D  : 133/1033 COORDINATES: 1378675.14, 680412.89 

NGIN./GEOLOGIST: M. GOLDBERG I RILL ING METHQ)S : CABLE-TOOL 

SAMPLE DATE: o4/io/aa 

PAGE NUMBER 12 . 
________________________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

DESCRIPTION 

STIFF  DARK YELLOUISH BROWN CLAY (IOYR, 4 
/6), DRY. 

BROUN CLAY (IOYR, 5 

VERY STIFF  YELLOUISH BROWN CLAY (lOYR, 5 
/ 8 ) ,  VERY S ILTY - MOIST. 

SOFT OLIVE GRAY S ILTY CLAY ( 5 Y ,  5/2) DRY 
, PLASTIC. 

REMARKS 

.BETA-GAMMA : 600 



PROJECT NUMEER: 602 - 3.2 
DLD/NEU UELL I D  : 133/1033 

' G I N  ./GEOLOGI ST: M. GOLDBERG b : ILLING METHODS : CABLE-TOOL 

PROJECT NAME: FERNALD RI /FS 
COORDINATES: 1378675.14, 680412.89 

TODAY'S DATE 07/09/90 

SAMPLE DATE: o4/io/aa 

I PAGE NUMBER 13 

D 
E 
P 
T 
H 

Feet 

10.5 

12.0 

____. 

----. 
12.0 

13.5 

----. 
13.5 

15.0 

----. 
15.0 

16.5 

----. 

1.' 
18.0 

---- .  
18.0 

19.5 

19.5 

21 .o 

- - - - ,  

- - - - ,  

DESCRIPTION 

,OFT GRAY SILTY CLAY (51, 5 /1 )  TRACE SAW 
' MOIST, VET. MEDIUM DENSE GRAY SILTY 
;AND (SY, 511) E T .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IEDIUM DENSE GRAY SILTY SAND (5Y, 5/1), 
ET. 

.......... 
;T IFF DARK GRAY CLAY (5Y, 5 / 1 1  
rEL, MOIST. 

. _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - -  
IEDIUM DENSE SANDY S ILT  UIT 
LVEL (5Y. 5/1), MOIST. 

U 
S 
C 
S 

.--- 
CL 
SM 

. - - -  
SM 

.--- 
SM 

.--- 
SM 
CL 

.--- 
CL 

.--- 
SM 

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

.--- 
CL 

1 1 - 1  

REMARKS 

HNU : 0 
ALPHA : 0 
BETA-GAMMA : 400 

::<HW;Z..;:; *22#i . . . . . . . . . . . . . .  
........ 

..................... ..................... ...AL.u:;;F ..... o: 
)iiBETA-GAMMA ... : 380 
... 
... ... 

. .  



D 
E 
P 
T 
H 

F e e t  

18.0 

19.0 

-----. 

DESCRIPTION I S 
A 
w 
P 
L 
E 

083 

, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - -  
~MEDIUM DENSE DARK GRAY (SY, 4/11 SANDY t 
ILAY UITH SOME GRAVEL AND TRACE S I L T .  Mol 

REMARKS 

. .. 

. . . . . . . . 



'ROJECT NWBER: 602 - 3.2 
)LD/NEU E L L  ID : 1 0 n / l O n  

NGIN./GEOLOGIST: M. GOLDBERG 
R I L L I N G  METHODS : CABLE-TOOL 

PROJECT NAME: FERNALD R I / F S  TODAY'S DATE 07/09/90 

SAHPLE DATE: 03/15/88 

PAGE NUMBER 15 

COORDINATES: 1378476.33, 4aiou.93 

D 
E 
P 
T 
H 

:eet 

.o 

1.5 

.---- 
1.5 

3.0 

3.0 

4.5 

4.5 

6.0 

.---- 

.---. 
Po 
7.0 

----. 
7.0 

9.0 

----. 
9.0 

10.5 

----. 

DESCRIPTION 

VERY S T I F F  YELLOUISH BROUN CLAY ( lOYR, 5 
/6), TRACE SAND AND S I L T  

REUARKS 

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



DESCRIPTION 

VERY S T I F F  YELLOUISH BROUN CLAY (IOYR, 5 
/8) DRY 

VERY S T I F F  REDDISH BROUN CLAY (SYR, 4/4) 
, TRACE GRAVEL, DRY 

. . .. . 

. . . . . . . . . . . . . . . . . . . .  
ROUN CLAY ( 5 Y R ,  4/4) 

S T I F F  GRAY CLAY ( 5  
RAVEL 

. . . . . . . . . . . . . . . . . . . .  
S T I F F  GRAY CLAY (5Y, 5/1) DRY, TRACE GRA 
VEL 

REMARKS 



D 
E 
P 
T 
H 

Feet 

21 .o 

23.0 

23.0 

24.0 
-----. 
24.0 

25.5 

25.5 

27.0 
-----. 

r 7 . O  
28.5 

28.5 

30.0 

30.0 

31.5 

DESCRIPTION 

MEDIUM S T I F F  GRAY CLAY (5Y, 5/11 DRY, TR 
ACE GRAVEL 

STIFF DARK GRAY CLAY (51, 511) 
E GRAVEL 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
HARD DARK GRAY CLAY (5Y, 5 

GRAVEL. BLUE GRAVEL AND 

VERY S T I F F  DARK O L I V E  GREY CLAY ( 5 1 ,  3/2 
), ABUNDANT GRAVEL, DRY. 

REMARKS 

;BETA-GAMMA : 100 

........ 



PROJECT NUMBER: 602 - 3.2 
OLD/NEU E L L  I D  : l O 7 2 / l O n  

ENGIN./GEOLOGIST: M. GOLDBERG 
RILLING m H m s  : CABLE-TOOL . c .__________-_______-~-- - - - - - - - - - - - - -  

D 
E 
P 
T 
H 

F e e t  

31 .5 

33.0 

.----- 
38.0 

39.5 

43.0 

44.5 

48.0 

50.0 

.----- 

.----. 

1 * O  
.o 

-----. 

R 
E l  
C Y  
P C  
U.: H 
RZS 
y<;$ 

38 

.... 
...... 
.>:.:.:... ...... . ... - -.- - ..... ..... ..... ..... ..... .... ..... .... .... .... .:.... .... 

- - - -  . .  

18 

18 

20 

PROJECT NAHE: FERNALD R I / F S  
COORDINATES: 1378676.33, 481025 -93 

DESCRIPTION 

.________-____------------------------- 
IRY S T I F F  DARK O L I V E  GREY CLAY (SY, 3/2 
, ABUNDANT GRAVEL, DRY. VERY S T I F F  YEL 
)WISH BROUN S I L T Y  CLAY (IOYR, 6/61, DRY 

DENSE YELLOWISH BROWN SAND ( lOYR, 6/6 
, DRY. 

iRY DENSE YELLOUISH BROUN SAND (IOYR, 6 
5), DRY. 

.________-_--------- - - - - - - - - - - - - - - - - - - -  

ERY'DENSE YELLOWISH BROUN 
5) .  DRY, TRACE GRAVEL. 

REMARKS 



JROJECT NUMBER: 602 - 3.2 PROJECT NAME: FERNALD RI/FS 
lLD/NEY YELL I D  : 208/2008 COORDINATES: 1378918.03, 480661.42 

IGIN./GEOLOGIST: M. GOLDBERG R I L L I N G  METHODS : CABLE-TOOL ._______________________________________------------------------------------ 
D 
E 
P 
T 
H 

Feet 

.o 

1.5 

- - - - -  

.---- 
1.5 

3.0 

3.0 

4.5 

4.5 

6.0 

----. 

----. 
Po 
7.5 

7.5 

9.0 

----. 
9.0 

10.5 

----. 

t 
I 1  
: N  
8:: c 
#;;# 
EWE 
@$ 
..... ..... 
...... 
... ...... ...... 
...... ...... ........... . -:- ..... ..... ..... .... ..... .... .... .... .... ... .... 12 

.-- 
? 

- - -  
5 

- - -  
11 

- - -  
18 

- - -  
10 

1 4  

- - -  

DESCRIPTION 

VERY STIFF DARK YELLOUISH BROUN SILTY CL 
AY (lOYR, 4/61, DRY. 

. . . . . . . . . . . . . . . . . . . .  
SH BROUN CLAYEY SILT 

STIFF DARK YELLOUISH BROUN SANDY CLAY (1 
OYR, 5/41, MOIST. 

SHELBY TUBE 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
LOOSE YELLOUISH BROUN SAND 
UET, TRACE SILT. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LOOSE YELLOUISH BROUN SAND ( l O Y R ,  5/81, 
UET, TRACE SILT.  

TODAY'S DATE 07/09/90 

S N P L E  DATE: 03/28/88 

REMARKS 



PROJECT NUMBER: 602 - 3.2 
OLD/NEY E L L  ID : 208/2008 

'NGIN./GEOLOGIST: M. GOLDBERG 

D 
E 
P 
T 
H 

F e e t  

10.5 

12.0 

_____. 

.----. 
12.0 

13.5 

.----. 
13.5 

15.0 

.----. 
15.0 

16.5 

.----. r5 
18.0 

.----. 
18.0 

19.0 

.----. 
19.0 

20.5 

-----. 

PROJECT NAME: FERNALD R I / F S  
COORDINATES: 1378918.03, 480661.42 

DESCRIPTION 

.-----. 
CLAY ( 

S I L T Y  
/I), TRACE SAND AND S I L T ,  UET. 

............................... ... 
rlEDlUM S T I F F  DARK GRAY S I L T Y  C 
11). TRACE SAND AND GRAVEL, WE 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
SHELBY TUBE 

TQ)AY'S DATE 07/09/90 

SAMPLE DATE: 0 3 / 2 8 / i S  

REMARKS 

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



PROJECT NWBER: 602 - 3.2 
OLD/NEU E L L  I D  : 208/2008 

NGIN./GEOLOGIST: M.. M L D B E R G  
I L L I N G  METHODS : CABLE-TOOL )R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PROJECT NAME: FERNALO R I / F S  
COORDINATES: 1378918.03, 480661.42 

D 
E 
P 
T 
H 

F e e t  

20.5 

22.0 

22.0 

23.5 

23.5 

25.0 

_ _ _ _ _ _  

._____ 

.----. 
25.0 

26.5 

P5 
?? .3  

.----- 
28.0 

29.5 

29.5 
.----. 

31 .O 

.----. 

TODAY'S DATE 07/09/90 

SAMPLE DATE: 03/28/88 

PAGE NUMBER 21 

DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S T I F F  DARK GRAY C L A Y  (5Y. 4/1.), TRACE GR 
AVEL, DRY. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VERY S T I F F  DARK GRAY CLAY (5Y, 4/1), TRA 
CE GRAVEL, MOIST. 

CE GRAVEL, DRY. 

.4 

.-- 

REMARKS 

HNU : 0 
ALPHA : 0 
BETA-GAMMA : 190 



PROJECT NAME: FERNALD RI /FS  
COORDINATES: 1376918.03, 680661.42 I PROJECT NUMBER: 602 - 3.2 

OLD/NEY E L L  I D  : 208/2008 

M. GOLDBERG I 
RILLING METHODS : CABLE-TOOL . 
D 
E 
P 
T 
H 

Feet 

31 .O 
- - - - -  

32.5 

32.5 

34.0 

39.0 

40.5 

- - - - -  
45.0 

46.5 

.----. 

51.5 

.----. 
55.0 

56.5 

.----. 
60.0 

61.5 

I DESCRIPTION R 
E I  
C Y  
o c  
..... *:. H 
;E;;E 
@:;:S 
:.r;z 

..... . .___ .... 

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

._: .._. ....... 

...... .......... 
,>:.:- ...... :-.--- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ...... ...... ...... ...... ..... ...... ..... ..... VERY HARD DARK GRAY CLAY (5Y, 4/11, TRAC ..... 
i3a E GRAVEL, DRY. 

REMARKS 

. . .  



PROJECT NAME: FERNALD RI/FS TCQAY’S DATE 07/09/90 
COORDINATES: 1378918.03, 680661.42 I SAMPLE DATE: 03/28/88 

D 
E 
P 
T 
H 

Feet 

65.0 
.----_ 

66.5 
.----- 
70.0 

71.5 

.o 
-----. 

.o 

DESCRIPTION REMARKS 

.. 

. ..... 



D 
E 
P 
T 
H 

F e e t  

.o 

1.5 

1.5 
-----. 

3.0 

-----. 
3.0 

4.5 

4.5 

6.0 

I----. 

I----. 

ro 
7.5 

7.5 

8.5 

9.0 

.----. 

10.5 

.----. 

R 
E 1  
C N  
o c  v;: H 
.E~;E 
uc-3 
@$ 

...... 

. . . .  ...... ...... ....... ........ _.- - 
:.>:.:.:.: ..... ..... ..... ..... ..... ..... .... .... .... .... 

6 

8 

18 

1 6 .  

13 

16 

PROJECT NAME: FERNALD R I / F S  
WORD I NATES : 1378007.77, 479540.71 

DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DENSE, DARK BROWN, F I N E  TO COARSE SAND, 
SOME F I N E  TO COARSE GRAVEL, TRACE S I L T ,  
HOIST. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MEDIUM DENSE, DARK BROWN F I N E  SAND, TRAC 
E S I L T ,  SOME GRAVEL, DRY. 

. . . . . . . . . . . . . . . . . . . .  
NE TO COARSE S I L T Y  S 
, TRACE F I N E  TO COAR 

. . . . . . . . . . . . . . . . . . . .  
HARD LIGHT GRAY SILTY CLAY, TRACE FINE s 
AND AND F I N E  TO COARSE GRAVEL, DRY. 

TODAY'S DATE 07/09/90 

SAMPLE DATE: 09/08/87 

PAGE NUMBER 24 
. - - - _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

REMARKS 

:'HNUZ :. 2i5 E$$$ ..... ....................................... 
. . . . . . .  ::A~pHA':':".'~:"80- 1 10 
iiBETA-GAMMA : 0 

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



PROJECT NWBER: 602 - 3.2 PROJECT NAME: FERNALD RI /FS  
OLD/NEY E L L  I D  : 209/2009 COORDINATES: 1378007.77, 479540.71 

RILL ING METHODS : CABLE-TOOL . 

D 
E 
P 
T 
H 

F e e t  

10.5 
_ _ _ _ _ _  

12.0 

12.0 

13.5 

- - - - - -  
13.5 

15.0 

- - - - - -  
18.5 

20.5 

P-' 
25.0 

- - - - - -  
28.5 

30.0 

33.5 

35.0 

- - - - - -  

R 
E l  
C N  
9. c 
R5.H E'i'iE 
a:$$$ 
,$SF 
...... 

....... ...... ............. :-.-:- - ...... ...... ..... ...... ..... ...... ..... ..... .... ..... .... .... ;s:z 

17 

16 

18 

- - - -  
1 5  

- - - -  
18 

- - - -  
10 

DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DENSE, BRWN, F INE TO UEDIUM.SAND, TRAC 

FINE GRAVEL, MOIST. VERY STIFF, LIGHT 
BROUN S ILTY CLAY, MOIST. DENSE, BROW 
INE TO UEDIUM SAND, MOIST. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MEDIUU DENSE, BROUN FINE SAND, TRACE SI 
1, MOIST. 

- - - - - - - - - - - - - - - - - - -  
E SAND, TRACE SILT, 

R O U N F ~ N E  TO COARSE SAND, 
RACE SILT,  MOIST. 

DENSE, DARK BROWN FINE TO UEDlU 
W E  SILT,  UOIST. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
DENSE, DARK BROUN FINE TO U 
AND, MOIST. 

........ 

DENSE, DARK BROWN FINE TO COARSE SAND, 
RACE GRAVELS, TRACE S ILT ,  MOIST. 

TCQAY S DATE 07/09/90 

W P L E  DATE: 09/08/87 

REMARKS 

BETA-GAMMA : 0 

....... 



QD 
VISUAL CLASSIFICATION OF SOILS (CONTINUED) 

D 
E 
P 
T 
H 

F e e t  

38.5 

40.0 

.----. 
43.5 

45.0 

48.0 

49.5 

-----. 
53.0 

54.5 

-----. 

B 

DESCRIPTION 

___________-____________________________  
DENSE DARK BROUN FINE TO COARSE SAND TRP 
LE GRAVELS TRACE S I L T  - MOIST; VERY ST1 
FF LIGHT BROUN SILTY CLAY, MOIST. 

____________-______. 
NE TO COARSE SAND, 1 

----------------_. 
VERY DENSE, PALE BROUN FINE TO COARSE S I  
ND, SOME FINE GRAVEL, UET.  

REMARKS 

.. 

HNU : 0 
ALPHA : 60-100  
BETA-GAMMA : 0 



D 
E 
P 
T 
H 

F e e t  

.o 

1.5 

1.5 

3.0 

- - - - -_  
3.0 

4.5 

.I----- 

4.5 

6.0 

e----- r0 7.c 

- - - - - -  
7.5 

9.0 

9.0 

10.5 

R 
E I  
C W  

----. 

15 
DRY. 

, _  - - - - -  - - - - - - - - - - - - - -_____  
DENSE 2) CLAY, SOME S I L T  
U I T H  CE ORGANICS, MOTTLE 
D TAN 

,- _ _ _ _ _  - - - - - - - - - - - - - - - _ _ _ _  
DENSE;.%REY ( lOYR, 5/1) CLAY, TRACE S l L l  

UITH S I L T  LENSES, MOTTLED TAN, DRY. 

9 

- - - - -  

DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MEDIUM DENSE, DARK BROUN (10YR. 3/3) SO1 
L, S W E  S I L T ,  SOME CLAY, ORGANIC RICH, R 
OOTS, DRY. MEDIUM DENSE, BROUN (IOYR, 4 
/4) CLAY, TRACE S I L T ,  TRACE ORGANICS, MC 
TTLED, DRY. 

MEDIUM DENSE, GREY ( lOYR, 6/2) CLAY, SW 
E S I L T ,  TRACE ORGANICS AT TOP, MOTTLED. 

_____-________------____________________ 

_ _ _ _ _ I _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - -  

DENSE, GREY (lOYR, 6/21 CLAY, 
U/ S I L T  LENSES, MOTTLED TAN, 
, B R W N  (lOYR, 5/41 F I N E  SAND 
, SOME ANGULAR GRAVEL, MOTTL 
, MOIST. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LOOSE, BROUN (2.5Y, 4 / 2 1  F I N  

GRAVEL, TRACE CLAY, TRACE 
GRADED, UNSTRATIFIED, MOIS 

U 
S 
C 
S 

.--- 
OH 
CL 

.--- 
CL 

.--- 
CL 

.--- 
CL 

.--- 
CL 
SI4 

.--- 
:: SP 
5. 

.x.:.. 
.... .:. . ... ... .... 
..... ...... ... 

.--- 
SP 
CH 

.--- 

REWRKS 

: 250-300 



PROJECT NUMBER: 602 - 3.2 
OLD/NEY YELL I O  : 334/3034 

NGIN./GEOLOGIST: F. MARKER1 
R I L L I N G  METHODS : CABLE-TOOL 

PROJECT N M E :  FERNALD RI /FS  TODAY'S DATE 07/09/90 
COORDINATES: 1378431.39, 480240.23 

SAMPLE DATE: 03/30/88 

PAGE NUMBER 32 

D 
E 
P 
T 
H 

F e e t  

10.5 

12.0 

12.0 

13.5 

13.5 
- - - - - -  

15.0 

15.0 

16.5 

-- - - - -  
r5 
18.0 

- - - - - -  
18.0 

19.5 

19.5 

21 .o 
------ 

DESCRIPTION 

____________________------------_------. 
MEDIUM DENSE, GREY (5Y, 4/11 CLAY, TRACE 

ANGULAR GRAVEL, SOHE SILT,  DRY. MEDIUP 
DEN /11 FINE SAND LENS, S 

W E  

----  
MED I 5Y,  4/11 CLAY, TRACE 

ANG 

- - - -  . . . . . . . . . . . . . . . . . . . .  
LOOSE, GREY ( 5 1 .  4/11 CLAY, SOME ANGULAR 

GRAVEL, TRACE SAND, SOME SILT,  DRY. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DENSE, GREY (SY, 4/11 CLAY, SOME ROUNDED 

GRAVEL, SOME SAND, S W E  S ILT ,  DRY. 

. ______-___-______________________ I_____-  

HNU : 0 
ALPHA : 0 
BETA-GAMMA : 2 0 0 - 2 5 0  

HIl l l  : 0 
ALPHA : 0 
BETA-GAMMA : 2 0 0 - 2 5 0  

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



DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DENSE, GREY (SY, 3/1) CLAY, SUME RWNDEI 
GRAVEL, SOME SILT, TRACE SAND, DRY. 

_______________- -_-_- - - - - - - - - - - - - - - - - - -  
DENSE, TAN (lOYR, 6 /4 )  FINE SAND, EXTREI 
ELI YELL GRADED, UNSTRATIFIEO, DRY. 

- - - - -  - - - - - - - - - - - - - - - - -__  
DENSE 4) FINE SAND, UELL I 

RADED OME SILT  I N  LENSES I 
F DAR 1/2" TO 1" THICK, I 
RY. 

_____._..______-._.-------------------- 
r(ED1lJM'DENSE. TAN (lOYR, 5 / 6 1  FINE SAND 
TRACE SILT, EXTREMELY YELL GRADED, PAR 

IALLY STRATIFIED, DRY. 

._.____________------------------------ 
VERY DENSE, TAN (lOYR, 5/4)  F 
M C E  ROUNDED GRAVEL, TRACE S I  
UEO, UNSTRATIFIEO, DRY. 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
IENSE, TAN (lOYR, 6 / 4 1  F I N  
SILT, EXTREMELY WELL GRADE 
), DRY. 

REMARKS 

BETA-GACIC1A : 300-350  

.... 



PROJECT NLRIBER: 602 - 3.2 
OLD/NEY UELL I D  : 334/3034 

GIN./GEOLOGIST: F. MARKER1 
I L L I N G  METHODS : CABLE-TOOL . 

D 
E 
P 
T 
H 

Feet 

50.0 

51.5 

- - - - -  
55.0 

56.5 

60.0 

61.5 

- - - - -  
65.0 

66.5 

- - - - -  
E" 'O 
71.5 

75.0 

76.5 

----. 
80.0 

81 -5 

----. 

PROJECT NAME: FERNALD RI /FS  
COORDINATES: 1378431.39, 480240.23 

DESCRIPTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
)ENSE, BROWN (IOYR, 4/21 MEDIUM TO COARS 
E SAND, TRACE ROUNDED GRAVEL, TRACE S I L T  
, FAIR-POOR GRADING, UNSTRATIFIED, E T .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JENSE, BROUN (lOYR, 4/21 WED. TO CSE. SA 
ND, SOME ROUNDED GRAVEL, TRACE SILT,  POO 

FIED, WET. DENSE, B 
NDED GRAVEL, SOME ME 
E SILT,  POORLY GRADE 

3/3) FINE TO COARSE 
ROUNDED GRAVEL, POOR 
IED, UET. 

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

. . . . . . . . . . . . . . . . . . . .  
3/31 FINE TO COARSE 

GRAVELLY SAND, SOME ROUNDED GRAVEL, POOR 
LY GRADED, UNSTRATIFIED, E T .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VERY DENSE, BROW (lOYR, 4/21 
E. GRAVELLY SAND, SOME ROUND 
BLES), SOME SILT,  POORLY GRAD 
IF IEO,  UET. 

UERY DENSE, BROWN (IOYR, 4 
EDIUM SAND, SOME ROUND GRA 

TRACE SILT,  POORLY GRADED 

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

, UET. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
VERY DENSE, BROWN (lOYR, 3/3) MED. TO CS 
E. SAND, SOME ROUNDED GRAVEL, SOME SILT,  

POORLY GRADED, UNSTRATIFIED; E T .  VERY 
DENSE, BROWN (lOYR, 4/31 FINE SAND, SOn 

E S ILT ,  UELL GRADED, UNSTRATIFIED, UET.  
_I_______________----------------------- 

- - -  
REMARKS 

: 2 0 0 - 2 5 0  

. . . . . . . . 



I NGIN./GEOLOGIST: F. MARKERT 
RILL ING METHODS : CABLE-TOOL . 

D 
E 
P 
T 
H 

F e e t  

85.0 
.----- 

86.5 

.----- 
90.0 

91 .5 

.----- 
95.0 

96.5 

.----- 
100.0 

101.5 

.----- 

r0 
106.5 

110.0 

111.5 

112.1 

114.1 

.----- 

.----- 

lOYR, 3/31 FINE TC 
UELL GRADED, UNSl 

_ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MEDIUM DENSE, BRWN (10YR. 3/21 FINE TC 

8 MED. SAND, SOME SILT,  FAIR GRADING, UNS 

-------*i--------__ 

(IOYR, 3/21 MED. TC 
, TRACE ROUNDED GRA 
STRATIFIED, E T . .  

- - - - - - - - - - - - - - - - -__  
(lOYR, 4/21 FINE TC 

9 CSE. SAND, TRACE SILT,  TRACE ROUNDED GR 
VEL, FAIR GRADING, PARTIALLY STRATIFIED 

YET. 

.---- . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DENSE, BROUN (lOYR, 4/21 ME 

12 LL GRADED, UNSTRATIFIEO, UE 
W N  (lOYR, 5/21 M R Y  F INE S 
T, EXTREMELY UELL GRADED, P 
TIF IED,  UET. 

MEDIUM DENSE, GRAY - BLAC 
7 LAY, SOME S ILT ,  TRACE SAW 

.____ ____________- - - - - - - -_____  

........ 

REMARKS 



i 

I 

DESCRIPTION 

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
LOOSE, GREY (SY, 3/11 F I N E  SAND, SOME S I  
LT, S W E  CLAY, UELL GRADED, UNSTRATIFIED 
, WET. UORE CLAY R I C H  I N  LAST 4". 

._______________________________________ 
rlEDIUU DENSE GREY (5Y, 4/11 F I N E  TO CSE. 

5 W E  AY, POORLY GRADED, Uh 
5TRAT 

GRAVELLY SAND, SOME CSE. ROUND GRAVEL, 

.---- -- - - - - - - - - - - - - - - -__  
IENSE MED. TO CSE. GRAVE 
LLY s W N D  GRAVEL, SOME S 
I L T ,  NSTRATIFIED, WET. 

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

DENSE, GREY (2.5Y, 5/21 COARSE GRAVELLY 
SAND, SOME COARSE ROUND GRAVEL, TRACE SI 
LT,  POORLY GRADED, UNSTRATIFIED, WET. 

____I__________---_-____________________ .......... 
DENSE, GREY-BROWN ClOYR, 5/21 U 
E. SAND, TRACE ROUNDED GRAVEL 
1, F A I R  GRADING, UNSTRATIFIED 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
HEDIUU DENSE, GREY-BROUN (1 
E TO MED. SAND, TRACE S I L T ,  
, UNSTRATIFIED, NET. 

U 
S 
C 
S 

su 

.---- 
Gu 

GM 

----e 

GP 

.---- 
SP 

.---I 

. SP 

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

REMARKS 

ALPHA : 0 
BETA-GAMMA : 250-300 

.... 

. . . . .  





APPENDIX C 

a SURFACE WATER 
AND SEDIMENTS DATA 



SURFACE WATER/ANALYTICAL 
e RESULTS 
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a 

APPENDIX D 

e GROUNDWATER DATA 



GROUNDWATER 

ELEVATION DATA 

a 



R I /  
N 

1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1008 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1009 
1018 
1018 
1018 
1018 
1018 

EAST 
,:C&:TE I COORDINATE 

I ... ... ......_ ... .... ....... 
~~**.**....*.+*******H* ..... 

TOP OF TOP OF GROUND 
E L L  CASING LEVEL 

(MSL) 1 (MSL) 1 (MSL) 
'**+H***.**,+*,.*+********** 

579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
579.05 
558.20 
558.20 
558.20 
558.20 
558.20 
558.20 
558.20 
558.20 
558.20,: 
558.20; 
558.2% 
558;M; 558. &j. 

558.20 
558.20 
558.20 
558.20 
558.20 
558.20 
558.20 
558.20 
558.20 
572.79 
572.79 
572.79 
572.79 
572.79 

CONCRETE READING 
LEVEL I 
(MSL) '******+****+****** 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
577.60 
556.26 
556.26 
556.26 
556.26 
556.26 
556.26 
556.26 
556.26 
556.26 
556.26 
556.26 
556.26 
556.26 
556.26 

5 
5 
5 
5 
5 
5 
5 
5 
5 
571 .50 
571 .50 
571 .50 

556.,26.. 

6.76 
8.74 
9.15 

10.21 
8.97 
8.66 
9.46 
8.51 
8.50 
6.06 
7.42 
5.58 
6.79 
6.56 
7.11 
7.18 
9.66 
8.33 
8.21 

11.57 
11.71 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N /A 
N/A 
N/A 
N/A 
N/A 

. . . N/A . . . . . . . . . . . 

N/A 
N/A 
11.59 
7.08 
3.00 
4.89 
7.54 

572.29 
570.31 
569.90 
568.84 
570.08 
570.39 
569.59 
570.54 
570.55 
572.99 
571.63 
573.47 
572.26 
572.49 
571.94 
571.87 
569.39 
570.72 
570.84 
546.63 
546.49 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
561.20 
565.71 
569.79 
567.90 
565.25 

04/11/88 
05/10/88 
06/08/88 
07/09/88 
08/07/88 
09/ 10/88 
10/08/88 
1 1 /09/88 
12/13/88 
01/10/89 
02/10/89 
03/11/89 
04/15/89 
05/14/89 
06/ 14/89 
07/ 16/89 
08/16/89 
09/ 12/89 
10/11/89 
01/09/88 
02/10/88 
03/09/88 
04/11/88 
05/10/88 
06/08/88 
07/08/88 
08/06/88 
09/09/88 
10/09/88 
1 1 /08/88 
12/12/88 
01/09/89 
02/09/89 
03/10/89 
047 16/89 
05/13/89 
06/15/89 
07/13/89 
08/15/89 
09/11/89 
10/11/89 
01/09/88 
02/10/88 
03/09/88 
04/11/88 
os/ 10/88 

TYPE OF 
UELL(*) 

,*+***** 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1018 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 
1029 

NORTH 
COORD I NATE 

***e****** 

79450.19 
79450.19 
79450.19 

479450.19 
479450.19 
479450.19 
479450.19 
479450.19 
479450.19 
479450.1 
479450.1 
479450.1 
479450.1 
479450.1 
479450.1 
479450.1 
479450.1 
479450.1 
480826.11 
480826.1 1 
480826.11 
480826.1 1 
480826.11 
480826.1 1 
480826.1 1 
480826.11 
480826.1 1 
480826.1 1 
680826.1 1 
480826.11 
480826.11 
480826.1 1 
480826.1 1 
480826.1 1 
480826.1 1 
480826.1 1 
480826.1 1 
480826.1 1 
480826.1 1 
480826.1 1 
480826.11 
480826.1 1 
480826.11 
480826.1 1 
480826.11 
480826.1 1 

1378661 -69 
1378661 -69 
1378661.69 
1378661.69 
1378661 -69 
1378661.69 
1378661.69 
1378661.69 
1378661.69 

1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 
1378398.38 

572.79 
572.79 
572.79 
572.79 
572.79 
572.79 
572.79 
572.79 
572.79 
572.79 
572.79 
572.79 
572.79 
572.79 
572.79. 
572.79 
572.79 
572.79 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70.: 
578.7g 
578.70 
5 78 ..7@ 
578 .;;m 
57am 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 
578.70 

.,- :...: ... :. 

TOP OF 
CAS I NG 

(MSL) 
+ H 

573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
573.45 
579.06 
579.06 
579.06 
579.06 
579.06 . . . . . . . . . . 

579.06 
579.06 
579.06 
579.06 
579.06 
579.06 
579.06 
579.06 
579.06 
579.06 
579.06 
579.06 
579.06 
579.06 
579.06 

ELEV. 

r******.*t+C**,++*.*******************~ 

577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 
577.3 

571 .50 
571 .50 
571.50 
571 .50 
571 .50 
571.50 
571 .50 
571 .50 
571.50 
571 .50 
571 .50 
571 .50 
571 .50 
571 .50 
571 .50 
571 .50 
571 .50 
571 .50 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 
577.38 . . . . . . . . . . . . . , 

577.38 
577.38 
577.38 

9.15 
10.40 
11.15 
11.88 
12.36 
12.72 
12.73 
12.97 
11.83 
10.61 
4.01 
3.47 
2.72 
5.22 
8.44 
9.70 

10.18 
10.71 
25.02 
23.20 

' 21.34 
23.09 
21.38 
24.00 
27.71 
27.70 
24.02 
21 -98 
21 -98 
21 . S t  
21 -44 
25.00 
24.97 
24.05 :::::a ... ::78 

:::::M:::.*Z 
24.22 

:;:;:2t.. . . . . . . . . 64 
::!@. 32 

23.39 
23.03 
20.17 
20.10 
25.88 
19.56 
16.24 

. . . . . . . . . . 
.:.:. -:. ........ . :: ..... 

. . . . . . . ... 

563.64 
562.39 
561.64 
560.91 
560.43 
560.07 
560.06 
559.82 
560.96 
562.18 
568.78 
569.32 
570.07 
567.57 
564.35 
563.09 
562.61 
562.08 
553.68 
555 .50 
557.36 
555.61 
557.32 
554.70 
550.99 
551 .OO 
554.68 
556- 72 
556.72 
557.18 
557.26 
553.70 
553.73 
554.65 
554.92 
552.48 
554.48 
556.26 
556.38 
555.31 
555.67 
558.53 
558.60 
552.82 
559.14 
562.46 

REF. 
POINT 

,*****i 

TW 
TW 
TW 
TW 
TW 
TW 
TOU 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
Toy 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TQU 
TW 
TOU 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 

PAGE : 2 
. - - - - - - - - - - - - - - - - -  

DATE TYPE OF 
READ UELL(*) 

,************t***t 

06/08/88 
07/08/88 
08/06/88 
09/09/88 
10/09/88 
1 1 /08/88 
1 1 /09/88 
12/12/88 
01/09/89 
02/09/89 
03/10/89 
04/16/89 
05/13/89 
06/15/89 
07/13/89 
08/15/89 
09/11/89 
10/11/89 
01/09/88 
02/10/88 
02/11/88 
02/11 /88 
03/09/88 
04/10/88 
04/ 1 1 /88 
04/11/88 
05/10/88 
06/08/88 
06/08/88 
07/08/80 
07/09/88 
08/06/88 
08/06/88 
09/09/88 
10/08/88 
1 1 /08/88 
12/12/88 
01 /09/89 
01 /10/89 
02/09/89 
02/10/89 
03/10/89 
03/11/89 
04/15/89 
05/13/89 
06/15/89 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 - - - - -  

1 = PRODUCTION AREA 2 UASTE STOR. AREA 3 = ON-SITE 4 = OFF-SITE R l / F S  5 = OFF-SI  j OFF-SITE S.0.U.C 

. . . . . . . . 



'WATER ELEVATION REPORT FOR 01/01/86 - 11/01/89 
REPORT DATE : 04/11/90 ________________________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

R I /  EAST 
N C M R D  1 #ATE ELEV. 

1029 
1029 
1029 
1029 
1029 
1029 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 
1032 . 
1032 
1032 
1032 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 
1033 

480826.1 1 
4805 15.31 
4805 15.31 
4805 15.31 
480515.31 
48051 5.3 
48051 5.3 

48051 5.3 

680515.3 
4805 15.3 
4805 15.3 
48051 5.31 

4805 15.31 
48051 5.31 
4805 15.31 
4805 15.31 
4805 15 -31 
48051 5.31 
48051 5.31 

48051 5.3 

4805 15 .3 

4805 1 5.3 1 

4805 15 .31 
480515.31 
48041 2 .a9 
4804 12 .a9 
48061 2 .a9 

48041 2 .a9 
4804 12 .a9 
480412.89 
48041 2 .a9 
48041 2.89 
4804 I 2 .a9 

480412.m 
680412 .a9 
48041 2 -89 
~80412.89 
48041 2. 89 

48041 2.89 

48041 2 -89 
680412.89 

1378296.81 570.75 
1378296.81 570.75 
1378296.81 570.75 
1378296.81 570.75 
1378296.81 570.75 

1378296.81 570.75 
1378296.81 570.75 

1378296.81 570. 
1378675.14 578. 
1378675.14 578. 
1378675.14 578. 
1378675.14 578. 
1378675.14 578. 
1378675.14 578. 
1378675.14 5.78. 
1378675.14 578. 

577.3 577.38 

577.3 577.38 
577.3 571.38 
577.3 571.38 

569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 
569.3 

577.3 577.38 

577.3 577.38 

577.0 
577.0 
577.0 
577.0 
577.0 
577.0 
577.0 
5T7.0 
577.0 
577.0 
577.0 
577.0 
577.0 

15.78 562.92 
16.71 561.99 
16.91 561.79 
17.54 561.16 
23.62 555.08 
17.66 561.04 
10.46 560.29 
9.31 561.44 
9.38 561.37 
8.32 562.43 
8.76 561.99 
10.53 560.22 
11.24 559.51 
11.46 559.29 
11.15 559.60 
11.06 559.69 
11.52 559.23 
10.62 560.13 
11.42 559.33 

10.22 560.53 
7.77 562.98 
8.91 561.84 
9.33 561.42 
10.60 560.15 
11.52 559.23 
11.55 559.20 
11.49 559.26 
13.10 557.65 
7.21 571.76 
8.68 570.29 
9.97 569.00 
10.57 568.40 
10.99 567.98 

567.72 .:.:.'l.t?::.25 ... ... 

.:.:..1@:69 ...... 568.28 
8.08 570.09 

575.95 
574.03 

2.22 576.75 
4.12 574.85 
3.66 575.31 
3.00 575.97 

8.90 570.07 
8.23 570.74 

8.89 561.86 

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

,,,...,.,. .:J.02 . . . . 
..... ..... .E;':53;;94 . . . . . . . . . . 

N/A N/A 

07/14/89 
081 15/89 
o w  17/89 

1011 1/89 

09/ 1 1 /89 
10/09/89 

01/09/88 
02/10/88 
02/11/88 
03/09/88 
04/11/88 
05/ 10/88 
06/08/88 

08/06/88 
09/09/88 
10/09/88 

12/ 12/88 
01/09/89 
02/09/89 
03/10/89 

07/0am 

1 i / o a m  

041 15/89 
051 13/89 

08/15/a9 

06/15/89 
07/14/89 

09/ 1 1 /89 
10/11/89 
05/10/88 

07/09/88 

09/09/88 

11/09/88 
12/ 13/88 
01/ 10/89 

03/11/89 
04/15/89 

06/14/89 

08/16/89 

06/08/88 

08/07/88 

io/oa/aa 

02/io/a9 

05/14/89 

07/14/89 

09/12/89 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



WATER ELEVATION REPORT FOR 01/01/00 .- 11/01/09 
' REPORT DATE : 04/11/90 . PAGE : 4 . - -__-__________________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 = PRWUCTION AREA 2 = UASTE STOR. AREA 3 = ON-SITE 4 = O F F - S I T E  R I / F S  5 = OFF-SIT  F F - S I T E  S.0.W.C 

RI/F$ WELL 

I I 

w 
... 

l****.i~ 

1034 
1034 
1034 
1034 
1034 
1034 
1034 
1034 
1034 
1034 
1034 
1034 
1034 
1034 
1034 
1034 
1072 
1072 
1072 
1072 
1072 
1072 
1072 
1 072 
1072 
1 072 
1072 
1072 
1072 
1072 
1072 
1072 
1072 
1 072 
1072 

2000 
2000 
2000 
2008 

2008 

EAST 
C d Z i i T E  I COORDINATE 

I ........................ 

TOP OF TOP OF 
WELL 1 CASING 

(MSL) (MSL) 
f***************** 

GROUND CONCRETE READING WATER 
LEVEL LEVEL ELEV. 
(MSL) I (MSL) 1 1 (MSL) 

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

577.0 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
569.2 
575.9 
575.9 
575.9 
575.9 
575.9 
575.9 
575.9 
575.9 
ws.9 
575.9 
575.9 
575.9 
575.9 
575.9 
575.9 
575.9 
575.9 
575.9 
575.9 

560.54 
560.19 
565.94 
564.03 
N/A 
562.34 
561.49 
560.03 
560.79 
560.43 
550.00 
564.27 

567.26 
569.20 
560.22 
560.69 
560.39 
566.13 
564.75 
566.16 
563.52 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
M/A 
N/A ' 

N/A 
N/A 
N/A 
521.02 

521.47 
520.64 
520.02 

567.82 

521.98 

REF. 
POINT 

'****** 

DATE TYPE OF 
READ UELL(*) 

'****************** 
10/11/09 2 
04/11/88 3 
05/10/00 3 
06/08/88 3 
06/08/88 3 
07/08/88 3 

09/09/00 3 
09/09/00 3 
10/09/00 3 
11/08/08 3 
12/12/00 3 
01/09/89 3 
02/09/09 3 
03/10/09 3 
04/15/09 3 
05/13/09 3 
06/15/09 3 
07/14/09 3 
08/15/89 3 
09/11/09 3 
10/11/09 3 
04/11/88 2 
05/10/00 2 
06/08/88 2 
07/09/00 2 
08/07/88 2 
09/09/00 2 
10/00/00 2 
11/09/00 2 
12/13/00 2 
01/10/09 2 
02/10/09 2 
03/11/09 2 
04/15/09 2 
05/14/09 2 
06/14/09 2 

oa/o6/00 3 

071141a9 2 
owi6/a9 2 
091121a9 2 
10/11/09 2 
04/11/88 2 
05/10/00 2 
06/08/88 2 
07/09/00 2 
08/07/88 2 - - - - - - - - - - - - - - _ _  



UATER ELEVATION REPORT FOR 01/01/88 - 11/01/89 
REPORT DATE : 04/11/90 PAGE : 5 

I. 

R I /  
N 

...e* 

2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2008 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2009 
2018 
2018 
2018 
2018 
2018 
2018 
2018 
2018 

0661 -42 
0661.42 
0661.42 
0661.42 

480661.42 
480661.42 

480661.42 
480661.42 
480661.4 
480661.4 
480661.4 

480661.4 
480661.4 
479540.7 
479540.7 
479540.7 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479540.71 
479447.70 
479447.70 
479447.70 
479447.70 
479447.70 
479447.70 
479441.70 
479447.70 

480661.42 

480661 .4 

137891 8.03 
1378918.03 
1378918.03 
1378918.03 
1378918.03 
137891 8.03 
1378918.03 
137891 8.03 
1 37891 8.03 

1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007- 77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007.77 
1378007. 77 
1378671.57 
1378671.57 
1378671.57 
1378671.57 
1378671.57 
1378671.57 
1378671.57 
1378671.57 

578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
578.87 
557.68 
557.68 
557.68 
557.68 
557.68 
557.68 
557.68 
557.68 
557.68 
557.68 
557.68 
557.68 
557.68: 
557.68; 
557.@ 
5 5 7 . k ;  s57..iis" 
557.68 
557.68 
557.68 
557.68 
557.68 
557.68 
572.19 
572.19 
572.19 
572. 19 
572.19 
572.19 
572.19 
572.19 

579.37 
579.37 
579.37 
579.37 
579.37 
579.37 
579.37 
579.37 
579.37 
579.37 
579.37 
579.37 
579.37 
579.37 
579.37 

558.05 
558.05 
558.05 
558.05 
558.05 
558.05 

55a.05 

558.05 
558.05 
558.05 
558.05 
558.05 
558.05 
558.05 
558.05 
573.60 
573.60 
573.60 
573.60 
573.60 
573.60 
573.60 
573.60 

CONCRETE READING UATER 
LEVEL I .I ELEV. 
(MSL) (MSL) 

f.**..,...+**.+..C.*..+....+.~ 

577.40 
577.40 
577.40 
577.40 
577.40 
577.40 
577.40 
577.40 
577.40 
577.40 
573.40 
577.40 
577.40 
577.40 
577.40 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
557.00 
5 
5 
5 
5 
5 
5 
5 
5 
5 
571 .SO 
571 .SO 
571 .SO 

59.56 
59.88 
60.36 
60.26 
61 .50 
59.36 
58.54 
56.79 
55.66 
54.50 
54.19 
55.67 
56.12 
58.26 
56.89 
36.35 
35.22 
34.43 
33.83 
34.15 
35.56 
36.35 
36.85 
37.46 
37.44 
37.94 

' 38.10 
38.20 
36.83 
36.01 
35.09 
32.94 
32.19 
31.52 

? . ~ , 3 : ~ 0  
."34 .oo 

34.27 
.:.:.W& 
:;:I ... 5":&6 

52.41 
51.59 
50.51 
51.05 
52.01 
N/A 
N/A 

.......................... 
:.:.: , .e. . . . ,. ....... .... . . . . .. 

:.:.. . . . . . ............ ..... 

519.31 
518.99 
518.51 
518.61 
517.37 
519.51 
520.33 
522.08 
523.21 
524.37 
524.08 
523.20 
522.75 
520.61 
521 -98 
521.33 
522.46 
523.25 

523.53 
522.12 
521.33 
520.83 
520.22 
520.24 
519.74 
519.58 
519.48 
520.85 
521.67 
522.59 
524.74 
525.49 
526.16 
524.68 
523.68 
523.41 
518.84 
518.94 
521.19 
522.01 
523.09 
522.55 
521 -59 
N/A 
N/A 

523.85 

REF. 
POINT 

r++*.C+ 

TW 
TW 
TW 
TOU 
TW 
TW 
TW 
TW 
TW 
TW 
TOU 
TW 
TOU 
TOU 
TW 
TW 
TW 
TW 
TOU 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TW 
TOU 
TW 
TW 
TW 
TW 
TW 
TW 
TOU 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
N/A 
N/A 

DATE TYPE OF 
READ E L L ( * )  

'...C+*..t**...**** 

09/ 10/88 
10/08/88 
11/09/88 
12/13/88 
01 / 10/89 
02/ 10/89 
03/ 11 /89 
04/15/89 
05/14/89 
06/14/89 

08/16/89 
09/12/89 
10/11/89 

01/09/88 
02/10/88 
03/09/88 
04/11/88 
05/10/88 
06/08/88 
07/08/88 
08/06/88 
09/09/88 
09/09/88 
10/09/88 
11/08/88 
12/ 12/88 
01 /09/89 
02/09/89 
03/ 10/89 
04/16/89 
05/ 13/89 
06/15/89 
07/13/89 
08/ 15/89 
09/11/89 
10/11/89 
01/09/88 
02/ 1 0/88 
03/09/88 
04/11/88 
05/ 10/88 
06/08/88 
07/09/88 
08/06/88 

071 14/89 

10/2s/a9 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 _________-_-__-_________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

F F - S I T E  S.0.U.C 1 = PRWUCTION AREA 2 = UASTE STOR. AREA 3 = ON-SITE 4 = O F F - S I T E  R I / F S  5 = . O F F - S I T E  



. . . . . . . Ll,,::::::::::.: . . . . . . . . . . . . ...., . . 
~~R 

.:... .... . . .. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... ..... .... .... ... ... 
. . . . . . . . . . . . . . . 

.*****g 

2018 
2018 
2018 
2018 
2018 
2018 
2018 
2018 
2018 
2018 
2018 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
2034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 
3034 

CONCRETE READING 
LEVEL I 
(HSL) '****************** 
571.50 53.92 
571.50 N/A 
571.50 54.85 
571.50 54.72 
571.50 54.82 
571.50 54.82 
571.50 54.26 
571.50 53.23 
571.50 52.38 
571.50 50.34 
571.50 49.28 

571.50 49.21 
571.50 50.22 
571.50 50.63 

48.50 

49.54 
50.34 
50.90 

51.52 
51.99 
52.27 
52.29 
51.62 
50.74 
49.97 

46.60 
45.62 
46.88 

571.50 48.44 

571.50 52.87 

48.47 

51 .4a 

47.28 

52.60 I 52.60 

UATER 
ELEV. 
(HSL) 

518.27 
W A  
518.75 
518.88 
518.78 
518.78 
519.34 
520.37 
521.22 
523.26 
524.32 
525.16 
524.39 
523.38 
522.97 
520.73 
522.84 

521.80 
521 .OO 
520.44 
519.86 
519.82 
519.35 
519.07 
519.05 
519.72 
520.60 
521.37 
524.06 
524.74 
525.72 
524.46 
523.52 
523.20 
520.98 
522.52 
522.93 
521.88 
521.08 
520.53 
519.94 
519.89 
519.43 
519.13 
519.13 

,********* 

522.87 

T W  
N/A 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
TW 
TOU 
T W  
T W  
T W  
T W  
T W  
TOU 
TOU 
T W  
T W  
TOV 
T W  
T W  
T W  
TW 
T W  
T W  
T W  
T W  
T W  
T W  
TOU 
T W  
TW 
T W  
T W  
TW 
T W  
T W  

09/09/88 
10/09/88 
1 1 /08/88 
11/09/88 
12/12/88 
12/13/88 
01/09/89 
02/09/89 
031 1 0189 

06/15/89 

os/ 1 5/89 

i0 /11 /89  

06/08/88 

04/16/89 
05/13/89 

07/13/89 

09/ 1 1 /89 

04/11/88 
05/10/88 

07/08/88 
08/06/88 
09/09/88 
09/09/88 
10/09/88 

12/12/88 

02/09/89 

1 i / o a / m  

01/09/89 

03/10/89 
04/15/89 
05/13/89 
06/15/89 

08/15/89 
07/ 14/89 

09/ 1 1 / 89  
10/11/89 
04/11/88 
05/10/88 
06/08/88 

08/06/88 
09/09/88 
09/ 10/88 
10/09/88 

12/12/88 

07/08/88 

1 1/08/88 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 ____-___________________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

F F - S I T E  S.0.U.C 1 = PROOUCTION AREA 2 = UASTE STOR. AREA 3 = ON-SITE 4 = OFF-SITE R I / F S  5 = O F F - S I T E  

. . . . . . . . 
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MONITORING WELL 
a CONSTRUCTION DATA 



Note: Wells nos. 2018, 3005, 3009, and 3018 
were not installed during the FU/FS program. 



MONITORING UELL INSTALLATION RECORD 
04/11/90 

PROJECT NAM: F e r m l d  RI/FS FIELD ENGJGEO.: M. GOLDBERG DATE: 03/30/88 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 

NO. : 1008 N,E COORDINATES: 480660.63, 1378925.8 
NUMBER: 1008 DATE OF INSTAL. : 03/30/88 

ING FLUIO(S) USED: ( in F e e t )  I S  CASING TEMPORARY?: No 

CASING SIZE(S) USED: ( in  F e e t )  
SIZE: 10 FROM: 0 TO: 31 
SIZE: N/A FROM: N/A TO: N/A 

UELL DESCRIPTI 

RISER PIPE MATERIAL: S t a i n l e s s  S t e e l  
DIAMETER OF RISER PIPE DIAMETERS: 
PERFORATION O.D.: 4 3/8 In. I.D.: 4 In. 

2ND PIPE SECTION: N o t  N o t e d  
NOTES/COnnEN 3RD PIPE SECTION: N o t  N o t e d  

RISER JOINING METHOD: THREAD AND COUPLE 

.......... ........... .......... ........... ............ ........... ............ ............. ............. ............. .............. .............. .............. ............... .............. 
PROTECTION SYSTEM 

* LOCKABLE CAP 

ITEM 

AS THE WELL FLUSHED AFTER I N  
UAS A SENSITIVITY TEST PERFORMED ON THE UELL : No 



- WNITORING UELL I N S T A L L A T I a  RECORD 
04/ 1 1 /90 

PROJECT NAME: F c r n a l d  RI /FS FIELD ENG./GEO.: E. DUNNING DATE: 09/11/87 
PROJECT NO. : 602.3.2 CHECKED BY : D. HOLZMAN DATE: 12/12/87 
BORING NO. : 1009 N,E COORDINATES: 479546.00, 1378000.7 

DATE OF INSTAL.: 09/11/87 

UELL DESCRIPTI 

RISER P IpE  DIAMETERS: 
O.D.: 4 3/8 In. I.D.: 4 In. 

2ND PIPE SECTION: N o t  N o t e d  
3RD PIPE SECTION: N o t  N o t e d  

RISER JOINlNC METHOD: FLUSH JOINT THREADED 

. . . . . . . . 
N/A I N/A 

I I I 
UAS THE E L L  FLUSHED AFTER INSTALLATION? : No 
UAS A SENSITIVITY TEST PERFORMED ON THE UELL : No 
REMARKS : N/A MEANS NOT APPLICABLE. UHlTE W T  CORRECTIONS UERE W E  BY E. 

DUNNING AT THE TIME THIS UELL WAS COMPLETED. 

. . . . . . . . 



0 '  

MONITORING UELL INSTALLATION RECORD 
04/11/90 

PROJECT NACIE: F e r n e l d  RI /FS FIELD ENG./GEO.: LWELL  U ILLE DATE: 10/19/87 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 

G NO. : 1018 N,E COORDINATES: 479450.19, 1378661.6 
NWBER: 1018 DATE OF INSTAL.: 10/19/87 

ING FLUID(S) USED: ( in F e e t )  
FROM: 0 TO: 33 
FROM: N/ATO: N/A 

OTES/COMMENTS: 

UELL DESCRIPT 

DIAMETER OF 
PERFORAT ION 

RISER JOINING METHOD: FLUSH JOINT THRE 

TYPE OF B I T :  F l a t  Heed Hanrner 
IS CASING TEMPORARY?: Yes 
CASING TYPE : MONITORING UELL 
CASING DIAH.: 4 In. 
CASING SIZE(S) USED: ( in F e e t )  

SIZE: 10 FROM: 0 TO: 33 1 / 2  
SIZE: N/A FROM: N/A TO: N/A 

RISER PIPE MATERIAL: S t a i n l e s s  S t e e l  
RISER PIPE DIAMETERS: 

LENGTH OF 1ST PIPE SECTION: 10 F t .  
O.D.: 4 3/8 In. I.D.: 4 In. 

2ND PIPE SECTION: N o t  N o t e d  
3RD PIPE SECTION: N o t  N o t e d  

COMMENTS 

D 

PROTECTION SYSTEM 

RISER PROTECTIVE PIPE LENGTH: 5 F t .  PROTECTION (* NOTED BELOU) 
PROTECTIVE PIPE O.D.: 10 In. 

* LOCKABLE TOP AND LOCK 

TOP OF RISER PIPE 
GROUND SURFACE 
BOTTOM OF PROTECTIVE PIPE 

2.0 F t .  I 572.79 

I ..................... 

0.0 
2 1/2 F t .  

18.4 
33.5 
DRY 

I I I 
UAS THE UELL FLUSHED AFTER INSTALLATION? : No 
UAS A SENSITIVITY TEST PERFORMED ON THE UELL : No 
REMARKS : DRY WELL, BENTONITE PELLETS 32 1 /2  - 30, VOLCLAY GROUT 30 - 25, 

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

BENTONITE PELLETS 25  - 20, SAND 20 - 4, BENTONITE PELLETS 4 - 0. 
FORM DID  NOT REPRESENT THE INSTALLED I(0WITORING UELL, THEREFORE, IT 
UAS MODIFIED UITH UHITE OUT BY L. UILLIE.  

T H I S  

N/A 
N/A 
N/A 



MONITORING E L L  INSTALLATION RECORD 
04/11/90 

PROJECT NAME: F e r n a l d  RI /FS FIELD ENGJCEO.: 0 .  OAKLEY DATE: 10/28/87 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 

N,E COORDINATES: 480826.11, 1378398.3 
NUMBER: 1029 DATE OF INSTAL.: 10/28/87 

UELL DESCRIPT 

RISER PIPE DIAMETERS: 
PERFORATION 0.0.: 4 3/8  In. I.D.: 4 In. 
AVG. SIZE 0 

2ND PIPE SECTION: N o t  N o t e d  
3RD PIPE SECTION: N o t  N o t e d  

I I RISER JOINING METHOD: THREAD AND COUPLE 
I I 

PROTECTION SYSTEM 

PROTECTIVE PIPE O.D.: 10 In. 
LOCKABLE CAP AND LOCK 

TOP OF RISER PIPE 
GROUND SURFACE 
BOTTOM OF PROTECTIVE P IPE 

BOREHOLE F I L L  MATERIALS _---_______---_____--------. 
G r o u t / S l u r r y  
B e n t o n i t e  P e l l e t s  
Sand 
B e n t o n i t e  P e l l e t s  
Sand 

PERFORATED SECTION 

UELL T I P  
BOTTOM OF BOREHOLE 
GWL AFTER INSTALLATION 

----______-----_____-------. 

2.0 F t .  

2.5 F t .  
0.0 

I I I 
UAS THE UELL FLUSHED AFTER INSTALLATION? : No 
UAS A SENSITIVITY TEST PERFORMED ON THE UELL : No ~~~ 

REMARKS : THIS FORM D I D  NOT REPRESENT THE INSTALLED MONITORING YELL, THEREFORE, 
I T  HAS BEEN MODIFIED UITH UHITE OUT BY D. OAKLEY. 



e#)wITORING M L L  INSTALLATION RECORD 
06/11/90 

PROJECT NAME: F e r n a l d  RI /FS FIELD ENG./GEO.: D. OAKLEY DATE: 10/31/87 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 

N,E COORDINATES: 480515.31, 1378296.8 
NUMBER: 1032 DATE OF INSTAL.: 10/31/87 

ING FLUID(S) USED: ( in  F e e t )  I S  CASING TEMPORARY?: No 

NOTES/COII)(ENTS: CASING SIZE(S) USED: ( in  F e e t )  
SIZE: 10 FROM: 0 TO: 2 0  
SIZE: N/A FROM: N/A TO: N/A 

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

UELL DESCRIPT 

TYPE: MONIT RISER PIPE MATERIAL: S t a i n l e s s  S t e e l  
DIAMETER OF RISER PIPE DIAMETERS: 
PERFORATION O.D.: 4 3/8 In. I.D.: 4 In. 

2ND PIPE SECTION: 2 F t .  
3RD PIPE SECTION: N o t  N o t e d  

RISER JOINING METHOD: THREAD AND COUPLE 

PROTECTION SYSTEM 

TOP OF RISER PIPE 
GROUND SURFACE 
BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS 

B e n t o n i t e  P e l l e t s  
Sand 
B e n t o n i t e  P e l  l e t s  

PERFORATED SECTION 

WELL T I P  
BOTTOM OF BOREHOLE 
W L  AFTER INSTALLATION 

___________________--------.  

570.75 
569.3 .............................. 

I I 
AS THE M L L  FLUSHED AFTER INSTALLATION? : No 

UAS A SENSITIVITY TEST PERFORMED ON THE UELL : No 

........ 



MONITORING YELL INSTALLATION RECORD 
04/11/90 

PROJECT NAME: F e r n a l d  RI /FS FIELD ENGJGEO.: M. WLDBERG DATE : 04/10/88 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 

N,E COORDINATES: 680412.89, 1378675.1 
DATE OF INSTAL.: 04/10/88 

RW: 3 TO: 21 
RW: N/ATO: N/A 

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

WELL DESCRIPTI 

DIAMETER OF 

RISER JOINING METHOD: THREAD AND CWPl  

RISER PIPE MATERIAL: S t a i n l e s s  S t e e l  
RISER PIPE DIAMETERS: 

LENGTH OF 1ST PIPE SECTION: 10 F t .  
O.D.: 4 3/8 In. I.D.: 4 In. 

ZYD PIPE SECTION: N o t  N o t e d  
3RD PIPE SECTION: N o t  N o t e d  

COMMENTS 

.......... ........... ........... ........................ ............ PROTECTION SYSTEM .......................... ............. 

LOCKABLE CAP I 
ITEM 

I 
WAS THE WELL FLUSHED AFTER I N  
WAS A SENSITIVITY TEST PERFORMED ON THE WELL : No 



MONITORING WELL INSTALLATION RECORD 
04/11/90 

PROJECT NAME: F e r r k l d  R l / F S  F I E L D  ENGJGEO.: U. MONTGOMERY' DATE: 04/06/88 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 

NO. : 1034 N ,E COORDINATES: 480240.85, 1378410.2 
NUMBER: 10% DATE OF INSTAL.: 04/07/88 

E D R I L L I N G  

ING METHOD: C a b l e  T o o l  
ING FLUIDCS) USED: ( i n  F e e t )  

FROM: 0 TO: 20 
FROM: N/ATO: N/A . . . . . . . . . . . . . . . . . , 

NOTES/COCIMENTS: 

UELL DESCRIPTI 

DIAMETER OF 
PERFORATION 

TOTAL PERF0 

I RISER JOINING METHOD: THREADED COUPLE 

TYPE OF B I T :  F l a t  H e a d  Hamner 
IS CASING TEMPORARY?: N/A 
CASING TYPE : MONITORING UELL 
CASING D I M . :  4 In. 
CASING SIZE(S)  USED: (Units #/A) 

SIZE: FROM: N/A TO: N/A 
SIZE: N/A FROM: N/A TO: N/A 

RISER P I P E  MATERIAL: S t a i n l e s s  S t e e l  
RISER P I P E  DIAMETERS: 

LENGTH OF 1ST P I P E  SECTION: 2 F t .  
O.D.: 4 3/8 In. I.D.: 4 In. 

2ND P I P E  SECTION: 10 F t .  
3RD P I P E  SECTION: N o t  N o t e d  

COMMENTS 

. . . . . . . . . . 
PROTECTION SYSTEM 

PROTECTIVE P I P E  O.D.: 10 3 In. 
LOCKING CAP U/MASTER LOC 

I 1 TEM 

I 
UAS THE UELL FLUSHED AFTER I N  TALLATION? : N o  

571.29 
569.2 

UAS A S E N S I T I V I T Y  TEST PERFORMED ON THE UELL : N o  



MONITORING WELL INSTALLATIOW RECORD 
04/11/90 

PROJECT NAME: F e r n a l d  RI/FS FIELD ENG./GEO.: M. WLDBERG DATE: 03/15/88 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 

N,E COORDINATES: 481025.93, 1378476.3 
DATE OF INSTAL.: 03/15/88 

1NG METHOD: C a b l e  T o o l  TYPE OF B IT :  F l a t  Head Hemner 
ING FLUID(S1 USED: ( i n  F e e t )  IS CASING TEMPORARY?: No 

OTES/COCIIIENTS: CASING S I Z E W  USED: ( i n  F e e t 1  
SIZE: 10 FROM: 3 TO: 50 
SIZE: N/A FROM: N/A TO: N/A 

UELL DESCRIPT 

O.D.: 4 3/8 In. I.D.: 4 In. 

2ND PIPE SECTION: N o t  N o t e d  
3RD PIPE SECTION: N o t  N o t e d  

RISER JOINING METHOD: THREAD AND COUPLE 

.......... 
PROTECTION SYSTEM 

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

TOP OF RISER PIPE 
GROUND SURFACE 
BOTTOM OF PROTECTIVE PIPE 

BOREHOLE F I L L  MATERIALS .___________________________ 
G r w t / S l u r r y  
B e n t o n i t e  P e l l e t s  
G r a v e l  

PERFORATED SECTION 

E L L  T I P  
BOTTCU OF BOREHOLE 
WL AFTER INSTALLATION 

. _ _ _ _ _ _ _ _ _ _ _ I - _ _ - - - _ - - - - - - - -  

4s THE WELL FLUSHED AFTER INSTALLATION? : NO 

N/A 
N/A 
N/A 

UAS A SENSITIVITY TEST PERFORMED ON THE E L L  : No 
.................................. 

REMARKS : WELL 172 VAS OVERDRILLED TO 50 FT. TO DETERMINE LITHOLOGY. A VOLCLAY 
PLUG UAS SET FROM 50 FT. TO 36 FT. UITH A 5 FT. BENTONITE PLUG FROM 36 
FT. TO 31 FT. TO SEAL TILL/SAND CONTACT AT 33 FT. 

3 



- MUNITORING UELL INSTALLATION REtORD 
04/11/90 

PROJECT NAME: F e r n a l d  RI/FS FIELD ENG./GEO.: M. WLOBERG DATE: 03/28/88 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 
BORING NO. : 2008 N,E COORDINATES: 480661.42, 1378918.0 

NWBER: 2008 DATE OF INSTAL.: 03/28/88 

NOTES/CMENTS: CASING SIZE(S) USED: ( in  F e e t )  
SIZE: 10 FROM: 0 TO: 73 
SIZE: N/A FROM: N/A TO: N/A 

RISER PIPE MATERIAL: S t a i n l e s s  S t e e l  
RISER PIPE DIAMETERS: 

LENGTH OF 1ST PIPE SECTION: 10 F t .  
O.D.: 4 3/8 In. I.D.: 4 In. 

ZND PIPE SECTION: N o t  N o t e d  
3RD PIPE SECTION: N o t  N o t e d  

C M E N T S  

UELL DESCRIPTI 

. 
TOTAL PERF0 
NOTES/COWME 

RISER JOINING METHOD: THREAD AND COUPL 

PROTECTION SYSTEM 

* LOCKABLE CAP I 
ITEM 

2.0 
0.0 

WAS A SENSITIVITY TEST PERFORMED ON THE UELL : No 

, . . . . . . , 



0 
......... ......... 

D@&lNG UETHOD: C a b l e  T o o l  
@@iING FLUID(S) USED: ( i n  F e e t )  ........ 

SIELUID: ......... ........ POTABLE UATERFROM: 0 TO: 10.5 
.......... .... .:.:-:.:.-FLUID: N/A FROM: N/ATO: N/A 
......... ..... ..... 

NOTES/COnnENTS: 

' MO)(ITORING M L L  INSTALLATION RECORD 
04/11/90 

PROJECT NAME: F e r n a l d  RI/FS FIELD ENG./GEO.: E. DUNNING DATE: 09/08/87 
PROJECT NO. : 602.3.2 CHECKED BY : 0 .  HOLZMAN DATE: 12122187 
BORING NO. : 2009 N,E COORDINATES: 479540.71, 1378007.7 

NWBER: 2009 DATE OF INSTAL.: 09/08/87 

E DRILLING 

TYPE OF BIT:  F l a t  Head Hamner 
IS CASING TEMPORARY?: No 
CASING TYPE : S t a i n l e s s  S t e e l  
CASING D I M . :  4 In. 
CASING SIZE(S) USED: ( i n  F e e t )  

SIZE: 12 FROM: SURFACE TO: 53 
SIZE: N/A FROU: N/A TO: N/A 

0 

WELL DESCRIPTI 

DIAMETER OF 
PERFORAT ION O.D.: 4 3 / 8  In. I . D . :  4 In. 
AVG. SIZE OF 

ZND PIPE SECTION: 10 F t .  
3RD PIPE SECTION: N o t  N o t e d  

RISER JOINING METHOD: FLUSH JOINT THREADED 

.......... ........... ........... ........... PROTECTION SYSTEM ........................ 

1 TEM 

AS THE UELL FLUSHED AFTER I N  
UAS A SENSITIVITY TEST PERFORUED ON THE UELL : No 



MONITORING E L L  INSTALLATIOW RECORD 
04/11/90 

PROJECT NAME: F e r n a l d  RI /FS F IELD ENGJGEO.: DATE : 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 

ING NO. : 2018 N,E COORDINATES: 479447.70, 1378671.5 
e.. NUMBER: 2018 DATE OF INSTAL.: 

... 
...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ....... IS CASING TEMPORARY?: N/A .......... ......... I CASING TYPE : N o t  N o t e d  

/ . . ~ ~ ~ L I N G  FLUIDW USED: NONE NOTED 
.:.:.:.+::%;< :!:$:3JOTES CDCBlENTS : 

CASING DIAM.: 
CASING SIZE(S) USED: ( U n i t s  N/A) 

SIZE: FROM: N/A TO: N/A 
SIZE: N/A FROM: N/A TO: N/A 

UELL DESCRIPT 

DIAMETER OF 
PERFORAT ION 

TOTAL PERF0 

RISER JOINING METH00: N o t  N o t e d  

RISER P IPE MATERIAL: N/A 
RISER P IPE DIAMETERS: 

O.D.: I.D.: 
LENGTH OF 1ST P IPE SECTION: 

2ND P IPE SECTION: N o t  N o t e d  
3RD P IPE SECTION: N o t  N o t e d  

COMMENTS 

.......... ........... ........... ........... ............ ............ ............ PROTECTION SYSTEM ............. ............. 

I PROTECTIVE P IPE O.D.: 

ITEM I 

I 
UAS THE UELL FLUSHED AFTER I N  
UAS A SENSlT lV ITY  TEST PERFORMED ON THE YELL : N/A 



MONITORING UELL INSTALLATION RECORD 
04/11/90 

PROJECT NAME: F e r n a l d  RI/FS FIELD ENGJGEO.: F. MARMRT/L. UILLE DATE: 04/05/68 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 
BORING NO. : 2034 N,E COORDINATES: 680240.05, 1378419.4 

NUMBER: 2034 DATE OF INSTAL.: 04/05/88 

NOTES/COMENTS: CASING SIZE(S) USED: ( in F e e t )  
SIZE: 10 FROM: 0 TO: 6 5  
SIZE: N/A FROM: N/A TO: N/A 

.. . . . .  ....... . . . . .  ........ ......... ......... ........ ....... N O T E ~ / C ~ E < @ :  ....... ........ ........ ........ .......... . . . . . . .  ......... ......... ......... 

UELL DESCRIPTI 

I 3RD PIPE SECTION: N o t  N o t e d  
COMMENTS 

. I.D.: 4 In. 
IPE SECTION: 10 F t .  
ON: N o t  N o t e d  

I I I RISER JOINING METHOD: SCREU 

NONE 

ITEM 

\S THE VEL1 FLUSHED AFTER I N  

571.34 I 569.7 
2 1/2 F t .  
0.0 

UAS A SENSITIVITY TEST PERFORMED Ow THE YELL : No 



MONITORING UELL INSTALLATION RECORD 
04/11/90 

PROJECT NAME: F e r n a l d  RI /FS FIELD ENG./GEO.: F. MARKERT DATE: 03/30/88 
PROJECT NO. : 602.3.2 CHECKED BY : N o t  N o t e d  DATE: N/A 

N,E COORDINATES: 480240.23, 1378431.3 
DATE OF INSTAL.: 03/29/88 

CASING SIZE(S) USED: ( i n  F e e t )  
SIZE: 10 FROM: 0 TO: 140  
SIZE: N/A FROM: N/A TO: N/A 

UELL DESCRIPTI 

DIAMETER OF RISER PIPE DIAMETERS: 
PERFORATION 

NOTES/COMMEN 3RD PIPE SECTION: N o t  N o t e d  

RISER JOINING METHOD: SCREU FLUSH JOINT THREADS 

PROTECTION SYSTEM 

TOP OF RISER PIPE 
GROUND SURFACE 
BOTTOM OF PROTECTIVE PIPE 

I I 
UAS THE UELL FLUSHED AFTER INSTALLATION? : No 
UAS A SENSITIVITY TEST PERFORMED ON THE E L L  : No 
REMARKS : BOTTOM OF BOREHOLE BACK FILLED TO 112.5 FT. BENTONITE: 112.5 TO 114.0 

FT., GROUT/SLURRY: 114.0 TO 140.0 FT. 

. . . . . . . . 

33% 



GROUNDWATER ANALYTICAL 
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DATA QUALIFIERS 



EXPLANATION FOR DATA QUALIFIERS SHOWN ON THE FOLLOWING 
GENERAL CHEMICAL RESULTS 

that follow, an individual analytical result may include one or more data 
below presents all possible qualifiers and can be used as a reference when 
The qualifiers are standard Contract Laboratory Program (CLP) data qualifiers. 

ts and hazardous substance list results. There are two separate lists of data qualifiers 
tion; two types of chemical results tables are presented in this appendix: general 

for these separate tables and, although some of the symbols are the same for each, they may have 
different definitions. 

B = Reportedvalu from a reading that was less than the Contract Laboratory 
ired Detection Limit (CRQL), but greater than or equal to the 
L). 

Oualitv Oualifiers 

E =  

N =  

s =  
W =  

G =  

X =  

+ =  

+ =  

The reported value is estimated because of the presence of interference. 

Duplicate injection precision not met. 

Spiked sample recovery not within 

The reported value was determined 

Postdigestion spike for Furnace 
sample absorbance is less than 50% of spike absorbance. 

Native analyte > 4 times spike added; therefore accep 

Detection limit is higher than normal due to sample m 

Duplicate analysis not within control limits. 

Correlation coefficient for the MSA is less than 0.955. 

of Standard Additions. 

t of control limits (85-115%), while 

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



EXPLANATION FOR DATA QUALIFIERS SHOWN ON THE FOLLOWING 
HAZARDOUS SUBSTANCE LIST RESULTS 

that follow, an individual analytical result may include one or more data 
t below presents all possible qualifiers and can be used as a reference when 
. The qualifiers are standard Contract Laboratory Pmgram (CLP) data qualifiers. 

ts and hazardous substance list results. There are two separate lists of data qualifiers 
tion; two types of chemical results tables presented in this appendix: general 

for these separate tables and, although some of the symbols are the same for each, they may have 
different definitions. 

J =  

C =  

B =  

D =  

F =  

X =  

z =  

+ =  

This flag is used when the mass spectral data indicate the 
meets the identification criteria, but the result is less than the 
greater than zero. 

results where the identification has been confirmed by GC/MS. 

alyte is found in the associated blank as well as in the 
sample. It indicates possible/probable blank contaminarion and warns the data user to take 
appropriate action. 

This flag identifies compounds whose 
GC/MS instrument for that specific 
analyzed by GC/EC methods. 

This flag identifies all compounds 

Estimated value due to a confirm 

om exceed the calibration range of the 
This flag wil l  apply to pesticides/PCBs 

analysis at a secondary dilution factor. 

hich is off-scale in both columns. 

A flag that FORMASTER III CLP software automatic 
was entered manually. 

No estimated value reported, or an elevated CRQL repo 
with or obscure the compound on one or both columns. 
does not confirm as a positive identification. 

Values outside of contract laboratory-required QC limits. 

indicate that the data 

matrix effects interfere 
tuation, the compound 

.... . 
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EXECUTIVE SUMMARY 

presents the baseline risk assessment for Operable Unit 4 at the Feed Materials 
r (FMPC), Fernald, Ohio. This risk assessment is mandated under the Federal 

ment signed in 1990 by the U.S. Department of Energy (DOE) and the U.S. 
Protection Agency (EPA), which implements the Federal Facilities Compliance 

(FFCA) signed in 1986. It complies with provisions of both the 1986 Superfund 
Amendments and Reauthorization Act (SARA) and the 1980 Comprehensive Environmental 
Response, Compensat' 
of risks to public he 
site. Operable Unit 
A fourth silo is also 
used and is not add 
the berm soils surrounding the K-65 silos are also considered within Operable Unit 4 assuming that 
any contamination originating from the silo wastes could be remedied in the most cost-effective 
manner as an integral part of the remed 

Several scenarios were evaluated to determ 
4: current exposures; future potential ex 
years; and future potential exposures ass 
current human exposure pathways are quantitatively evaluated in this risk assessment: 

'lity Act (CERCLA) that require the completion of an assessment 
vironment during the Remedial Investigation (RI) of a CERCLA 
waste storage silos (two K-65 silos and the metal oxide silo). 
the Operable Unit 4 study area; however, this silo has not been 
this risk assessment. The soils directly beneath the silos and 

an health risks associated with Operable Unit 
g institutional controls are in place for 100 
onal controls after 100 years. Three 

0 

0 

Exposure to penetrating radiation emitted from 
Exposure to airborne radon and radon progeny the K-65 silos 
Exposure to uranium and radium-226 (Ra-226) mam sediments and 
ingested by children 

Data collected during the RI and the results of other studies s 
pathways from Operable Unit 4 currently contribute above-background radiation exposure to the 
public. These pathways are: 

radiological exposure 

Exposure to penetrating radiation emitted from the silos 
Exposure to airborne radon and radon progeny emitted from the K-65 si 
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Data also suggest surface water runoff to stream sediments could be a current potential pathway of 
r radionuclides or chemicals from Operable Unit 4; however, no data currently exist to directly 

on measured in sediments with releases from Operable Unit 4. 

ground calculated radiation dose equivalent associated with direct exposure to penetrating 
diation from Operable Unit 4 under current conditions is 2500 mrem over a 70-year lifetime 

ear) in the vicinity of a hypothetical reasonable maximally exposed individual. The reasonable 
maximum exposure (RME) is represented by the highest average measured off-site exposure, which is in 

the vicinity of the west of Operable Unit 4. This lifetime radiation dose equivalent 
corresponds to an inc e fatal cancer risk of 3 x lo'. 

The above-backgro 
is 13 working level 
hypothetical FWE 
measured off-site exposure, which is in the vicinity of the FMPC boundary west of Operable Unit 4. This 
lifetime radon progeny exposure corresponds t 

The calculated RME committed effective d nt associated with exposure to uranium and Ra-226 
eroded into stream sediments and ingested approximately 8 mrem over a six-year exposure 
duration. This exposure corresponds to cer risk of 1 x lo6. The calculated nonradio- 
logical Rh4E exposure to uranium eroded into stream sediments and ingested by children is 0.13 
microgram/kilogram/day (pg/kg/day). The nonradiological hazar (HI) associated with a child 
exposed to this intake of uranium in stream sediment is 0.043 
dose (RfD) of 3 pg/kg/day, and 0.17 when the intake is compa 

pg/kg/day. Thus, children could receive a calculated intake of 
level based on chemical toxicity. The nonradiological intake e 
estimate for the sediment ingestion pathway incorporate assumptions that overestimate exposures. For 
example, an exposure frequency of 365 days per year and an exposure duration of six years are assumed. It 
is unlikely that a child receptor will actually experience this exposure; therefore, th 
considered an overestimate. 

posure to radon progeny from Operable Unit 4 under current conditions 
over a 70-year lifetime (0.19 WLM/year) in the vicinity of a 

for radon exposure is also represented by the highest average 

cremental lifetime fatal lung cancer risk of 5 x lo3. 

e is compared to the reference 
te-specific action level of 0.75 

that is 17 percent of the action 
radiological dose and risk 

h a t e  is 

Potential future exposures to Operable Unit 4 constituents were evaluated for three 

0 Exposure to penetrating radiation, assuming no institutional controls after 
100 years 
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Exposure to airborne radon, assuming no institutional controls after 100 
Years 

Exposure to constituents from leakage out of the silos and migration through 
the groundwater 

s to penetrating radiation and airborne radon, assuming a receptor is exposed in the vicinity 
nceline, are approximately 50 times and 7 times, respectively, the current estimated exposures 

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

. . . . . . . . . . . 

to penetrating radiation and airborne radon. 

Potential future expo 
silos and that cracks 
Upperbound estimate 
constituents leaking 
the present time. 

undwater were estimated assuming that rainwater could leak into the 
e silos could provide a mechanism for leaking through the bottom. 

oncentrations were used to calculate the concentrations of silo 
om. There is no indication that leaking is occumng from the silos at 

Potential future exposures via the groundwater at the FMPC property boundary, assuming institutional 
controls, indicate that the silos could contrib 
including beryllium, cadmium, thallium, and 
protactinium-231 (Pa-231). Potential future ia the groundwater assuming no institutional 
controls after 100 years are unacceptable 

A model has been used to assess the potential for migration o 
the berm soil. If this migration pathway is significant, the long 
accumulate in the berm soils. Model results suggest that si 
be present in the berm soil, particularly in soil layers close to 
analysis of the berm soil is planned to determine whether this 

In summary, this risk assessment has determined that the potential public exposure to baseline 
conditions attributable to Operable Unit 4 currently exceeds 25 percent of the 100 mrem committed 
effective dose equivalent (CEDE) annual radiological exposure limit specified in D 
Assuming that a single individual could reasonably be exposed to the current esti 
background RME from both penetrating radiation and airborne radon, the combi 
from lifetime exposure to these two pathways is 5.3 x 10’. The uranium chemical ex 
level of 25 percent of the acceptable daily intake is not exceeded under current 

ptable concentrations of several chemical toxicants, 
radium lead-210(Pb-210), actinium-227 (Ac-227) and 

dium, Pb-210, Ac-227, Pa-231, and many metals. 

0 

the K-65 silo walls and into 
n decay product Pb-210 may 

ncentrations of Pb-210 may 
. Supplemental sampling and 

tial contamination exists. 
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to Operable Unit 4. Environmental modeling results suggest that if the silos begin to leak in the 
rable Unit 4 could lead to unacceptable human exposures to both radionuclides and 

sms potentially exposed to contaminants from Operable Unit 4 under both current 

grasslands and aquatic organisms in Paddys Run. The estimated radiation dose to plant tissue from 
d-use conditions include a variety of terrestrial plants and animals in introduced 

the maximum predicted uranium concentration in vegetation in the vicinity of Operable Unit 4 is 
0.04 rad per year. 
radiosensitive plants. vailable on radionuclide uptake or exposure by mammals and 

birds in the vicinity t 4. Radiation exposures causing detectable chronic to acute 
effects in mammals several hundred rads. A body burden equal to the highest total 
uranium level in so it 4 [48.4 picocuries/gram (pCVg)] would produce an annual 
radiation dose of four rad per year; thus, Operable Unit 4 does not appear to contribute to 
ecological risks. 

times less than the dose reported to reduce the growth of 

. . . . . . . . . 

Exiv 
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1.0 INTRODUCTION 

nsive Environmental Response, Compensation, and Liability Act (CERCLA) requires 
ed to remedy hazardous waste sites be protective of human health and the 

pliance with this objective under the Remedial Investigation/ Feasibility Study 
mined by the risk assessment process. The goal of the risk assessment is to provide 

upon which a decision-making process based on risk management can progress. The 
baseline risk assessment, which provides an analysis of the baseline risks and determines the need 
for remedial action, i 
risk assessment for 
Materials Production 

rt of the decision-making process. This document contains the 
silos (two K-65 and two metal oxide silos) at the Feed 
located near Femald, Ohio. 

The FMPC is a co 
the U.S. Departm 
of Femald, Ohio on a 1050-acre (4.2 x 106 m’) site in a rural area about 20 miles (32 km) 
northwest of downtown Cincinnati, Ohio. Ap 
site are in northern Hamilton County and the 

County. The villages of Ross, New Have 
miles of the FMPC (Figure 1-1). The site 
(177 m) above mean sea level (MSL). 
(5.5 x l@ m’) tract near the center of the M C  site. 

eral facility for the production of pure uranium metals for 
The FMPC site is located near the unincorporated village 

ately 850 acres (3.4 x 106 m’) of the FMPC 
g 200 acres (0.8 x 106 m’) in southern Butler 

ore, and Shandon are also within a few 
ively level plain approximately 580 feet 

’ 

rea is limited to an approximate 136-acre 

On March 9, 1985, the US. Environmental Protection Agency 
Noncompliance letter to DOE identifying EPA’s major conce 
impacts associated with the FMPC’s past and present operatio 
1986, conferences were held between DOE and EPA representati 
identify the steps DOE proposed to take for achieving and maintaining environmental compliance. 
On July 18, 1986, a Federal Facility Compliance Agreement (FFCA) was jointly signed by DOE 
and EPA pertaining to environmental impacts associated with the FMPC. The FFC 
into pursuant to Executive Order 12088 (42CFR47707) to ensure compliance with 
environmental statutes and implementing regulations. The FFCA is intended to ensure 
health and environmental impacts associated with past and present activities at the 
thoroughly investigated so that appropriate remedial response actions can be form 

tial environmental 

discuss the issues and to 

and implemented. 

El-1 
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In response to the FFCA. the FMPC RIPS was initiated in 1987 pursuant to CERCLA, as amended 
by the Superhmd Amendments and Reauthorization Act (SARA) of 1986. All FMPC lU/FS 

(EPA 1988a). The 
ce, guidelines, and 

1.1 OVERVIEW . . . . . . . . . . . . 

The RUFS for the y designed to address the entire site and to focus on various 
environmental media tentially affected by past and present operations at the FMPC. 
Within the CERCLA e purpose of the RI is to determine the nature and extent of any 
release, or threat us or radioactive substances and to gather the necessary data to 

support the evaluati ction alternatives in the FS. In the course of the investigation, 
it became apparent that for technical and program management purposes, the site should be divided 
into operable units (Figure 1-2). The fi dentified within the FMPC and approved 
for use in the recently modified Consent Ag 
(signed April 9, 1990 and effective June 29 

nder CERCLA Sections 120 and 106(a) 

Operable Unit 1 - Wast 
Operable Unit 2 - Solid 
Operable Unit 3 - Rodu 
Operable Unit 4 - K-65 Silos and Metal Oxide Silos 
Operable Unit 5 - Environmental Media 

The focus of this baseline risk assessment is Operable Unit 4, 

silos that contain elevated levels of hazardous chemicals and ra ve materials. Because mixed 
waste is present at the FMPC, the risk assessment addresses bo radiological components and 
hazardous chemical components of the wastes. This report is a supplement to the Operable Unit 4 
RI Report and provides the baseline risk assessment for Operable Unit 4. 

passes waste storage 

The baseline risk assessment has two major objectives. The first is to determine i 
action" is an acceptable alternative from a public health perspective. The second 
provide the baseline conditions for comparing the public health impacts of remedi 
will be identified in the FS. To fulfill these objectives, a systematic evaluation o 
human health was conducted in accordance with the Baseline Risk Assessment Guidance for 
Sumfind --Human Health Evaluation Manual, Part A -- Interim Final @PA 1989a), and the 

0 

. 
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Environmental Evaluation Manual (EPA 1989b). The environmental impacts associated with the 
FMPC will be addressed by a companion program-wide Environmental Impact Statement (EIS); 

priate sections of the EIS are adapted to Operable Unit 4 in this report. The 
sks to environmental media from all operable units at the FMPC will be addressed 

baseline risk assessment report for Operable Unit 5, which will address all 
media that are not addressed by another operable unit. 

1.2 SITE BACKGROUND 
Descriptive information on the FMPC site and Operable Unit 4 is available in the RI Report for 

FMPC and the SUMI includes a brief description of the FMPC and its history as 
well as an ovewiew as that make up Operable Unit 4. 

I report general background information on the 

The United States Atomic Energy Commission (AEC), predecessor to the DOE, established the 
FMPC for processing uranium and its com 
government needs. This integrated productio 
Orden in the early 1950s. In 1951, Natio 
with the AEC as Operations and Mainte 
lasted with the AEC, and eventually the 
Company of Ohio (WMCO), a wholly-o 

natural uranium ore concentrates for U.S. 
x began operations in confomance with AEC 

pany of Ohio (NLO) entered into contract 
ntractor. This contractual relationship 

1, 1986. Westinghouse Materials 
stinghouse Electric Corporation, then 

assumed management responsibilities of the site operations and minimum five-year 
period. 

The Pilot Plant was completed in 1951 and was the first operati 
Following completion of the Pilot Plant, numerous other process 
constructed within that portion of the FMPC known as the Production A m .  A variety of chemical 
and metallurgical processes are utilized at the FMPC for the manufacture of uranium products. 
These processes are described in detail in the RI reports. The FMPC wastes inch 

Process wastes 
General scrap and refuse 
Contaminated and noncontaminated metal scrap 
waste oils 
Low-level radioactive waste 
Mixed wastes 
Toxic waste 
Sewage Treatment Plant sludge 
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Fly ash 
Stored radium- and thorium-bearing residues 

is located inside a fenced, limited-access area approximately 1300 feet 
f the main production area fence (Figure 1-3) and consists of the two K-65 silos 

) and the metal oxide silo (Silo 3). A fourth silo (Silo 4) is also present within the 
nit 4 study area, but this silo has not been used and is not addressed in the risk 

assessment. The berm soils surrounding the K-65 silos and the soils directly beneath the silos are 
also considered withi 
wastes and could be 
remedial action prog 

Descriptions of the 
1987a, Shanks and Vogel 1988). Each of the concrete silos is 80 feet in diameter with an overall 
height of 36 feet (27-foot-high walls and a 9-foot-high dome). The walls are constructed of 8- 
inch-thick, posttensioned. reinforced concrete. 
wire mesh, and they taper from a thickness 
at their apex. The 4-inch concrete floors ed over an %inch layer of gravel. This 
gravel layer contains a system of 2-inch-d piping that drains to a collection sump 
tank. Below the gravel is a 2-inch layer 
compacted clay. Silos 1 and 2 are surrounded by an earthen embankment (berm). 

t 4 assuming that any contamination originated from the silo 
e most cost-effective manner as an integral part of the 

ristics of the K-65 silos are presented in two reports (Grumski 

omes are constructed of concrete reinforced by 
s at the silo walls to a thickness of 4 inches 

ncrete underlain by 17 inches of 

Silos 1 and 2 were built in 1951 and 1952, respectively, to sto 
processing of pitchblende ore mined in what was then known as 
bearing residues from aqueous slumes were collected in these si 
al. 1987). The radioactive residues in the slurry were allowed 
decanted through a series of valves placed at various levels along the exterior of the silo wall. The 
decanted liquid was recycled back to the residue slurry process. As the depth of solids approached 
the level of a given valve, the valve was sealed and the next higher valve was us 
liquids. The K-65 silos were filled to approximately 4 feet below the top of their vemc 

ng residues from the 
Congo. The radium- 

m 1953 to 1955 (Boback et 
e free liquid was 

El-6 
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(DOE 1988a). The current combined volume of residues in the K-65 silos is estimated to be 
195,000 ff' (approximately 8800 metric tons) (ASI/IT 1988, Dettom et al. 1981, Grumski 1987a). 

rrently stored in the K-65 silos came from the FMPC, from a plant in St. Louis, 
m a storage facility in Niagara Falls, New York. Shipments from the latter two 
25,000 drums and 6000 drums, respectively (DOE 1988a). 

Silos 1 and 2 contain an air space, above the pitchblende residues, where radon gas accumulates. 
Current estimates of the void volumes above the residues are 38,000 cubic feet (V) in Silo 1 and 
48,000 ff' in Silo 2 ( 
environment (Grums 
the outside amosphe 
installation of a fo 
be significantly redu 
temperature variations inside the silo dome. No diffusion of radon occurred through an average 
foam thickness of 2.2 inches in laborato 

hanks 1988). The K-65 silos exchange air with the outside 
estimated historical rate of exchange of gas from the silos to 
r day from each silo (IT Corporation 1989). Since the 
the silos in November 1987, the rate of gas exchange should 
foam is an effective thermal insulator that should reduce daily 

uating ability of the foam (Grumski 
198%). 

After the FMPC discontinued transfer of 
system piping was removed (Boback et 
except for one small gooseneck vent pipeon each silo. These two remaining openings were 

idue slumes to the K-65 silos, the slurry 
nings to the K-65 silos were sealed 

permanently sealed in 1979 (Boback et al. 1987). 

In 1953, NLO personnel detected a leak in Silo 1 (Heatherton 1 correspondence dating 
from early years of plant operation also suggests that the dec buried adjacent to the 
K-65 silos ovefflowed on occasion (Karl 1953). The sump c m the collection 
system beneath the silos to prevent releases to environmental media. This information suggests that 
leakage from Silo 1 and from the buried collection system has occurred in the past. 

By 1963, the exterior surfaces of the K-65 silos were showing signs of deterioratio 
repairs in 1964. At that time, an earthen embankment was built to the top of the 
Silos 1 and 2 to provide relief from tensile stress that had developed within the walls. 
embankment also provides weather protection, a reduction of radon emissions, and inc 
shielding from penetrating radiation. The embankment originally had a slope of 1.5:l 

El-8 
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(horizontal:vertical), which was subsequently modified in 1983 to a slope of 3:l to reduce erosion 
(Grumski 198%. Boback et al. 1987). This embankment is commonly referred to as the silo berm. 

_ .  
o Associates began a structural analysis of the K-65 Silos (Camargo 1986). 

the Camargo recommendations and conclusions, which include but 

e The base slab and walls were structurally stable at the time of the analysis and 
should remain stable for approximately 5 to 10 years. 

e silos and the silo berm must be removed simultaneously rather 

eter portion of each dome is structurally unsound for a load 

ture chosen to cover the center portion of each silo should be 

ilure of the walls or base slab could result. 

e 

ng static dead load. 

e 

as light as possible. 

In January 1986, construction and installation 
the K-65 silos were completed (Grumski 198 
were installed to contain the contents of th 
1987a). 

rary dome covers over the center portions of 
30-foot-diameter steel and plywood covers 

event of a dome center collapse (Grumski 
0 

. . . . . . . . . 

In 1987, an interim stabilization project (ISP) was implemented at the K-65 site in response to the 
FFCA between DOE and EPA (Gmmski 1987b). Compliance 
take immediate action to control radioactive emissions from the 

the ISP included: 

required that DOE 
rk performed as part of 

e Installation of a radon gas treatment system (RG 

e Application of a layer of rigid polyurethane foam insulation to the exterior of the 
dome surfaces 

. . . . . . . . . 
The RGTS consists of a calcium sulfate bed to remove moisture followed by charcoal 
adsorb the radon. It is a closed system in which the cleaned air is recirculated back 
The RGTS is designed to be operated on an interim basis, such as when the dome is 
fore it does not provide permanent reduction of external radiation exposure levels or ra 
This system was operated before and during application of the exterior foam layer. Operation of 

FEIuoWRA/IE8948-~90 E1-9 
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this system immediately before the installation of the polyurethane foam reduced penetrating 
0 

radiation levels at the exterior surfaces of the K-65 silo domes by 60 to 70 percent without increas- 
t radon levels outside the silos (Grumski and Shanks 1988). 

87, the exterior surfaces of the domes were covered with a 3-inch layer of 
am, the dome caps were covered with a 1.5-inch layer of foam, and the entire 

ce of the domes was waterproofed with an ultraviolet-resistant, urethane-finish coating 
0.045 inches thick (Grumski and Shanks 1988). 

silo 3 was construc 
raffinate slurries fro 
spray calcined to pro 
(DOE 1988a). An of 138,000 of material is contained in Silo 3 WOE 1988a). 
There is no soil embankment around this silo. 

and was designed to receive dry materials only. Waste 

te form. This waste was blown under pressure into Silo 3 
ery operations were dewatered in a raffinate evaporator and 

1.3 SCOPE OF THE RISK ASSESSMENT 
The process used in the baseline risk assess 
1989a). The first step in the completion of 
of all  radionuclides and hazardous chemi concern. These constituents were 
identified by examination of existing site 

0 Operable Unit 4 is shown in Figure 14  @PA 
e risk assessment involves the identification 

luding: 

0 Descriptions of the processes used at the 
Radionuclides and chemicals known to h 
Present and historical site environmental 
Results of special investigations conducted wi 

0 

0 

0 

Throughout this process, existing information was suppl 
field investigation. The quality of the data to be used in the ba 
evaluated during this initial data analysis. Once chemicals and radionuclides of potential concern 
were identified. the process was directed toward the exposure assessment that includes both the 
characterization of an exposure setting and the identification of exposure pathways. 
Exposure pathways are identified by describing how humans may be exposed to contami 
originating from Operable Unit 4. Each pathway consists of: 

ected through the RI 
risk assessment was also 

0 A source of contamination 

point of exposure 
0 A mechanism for transporting the contaminant through environmen 

El-10 



Data Collection and Analysis 

0 Gather and analyze relevant site data 
0 Identify potential chemicals of concern 

I ~ -7 
I I  I /  Exposure Assessment 

I -( 
0 Analyze contaminant releases 
0 Identify exposed populations 
0 Identify potential exposure 

pathways and routes 
0 Estimate exposure point 

concentrations for pathways 
0 Estimate contaminant intakes 

for pathways - 
I I 1  
u u 

Toxicity Assessment 

0 Evaluate qualitative weight of 
evidence that chemicals cause 
adverse effects in humans 

0 Evaluate quantitative evidence 
and determine toxicity reference 
values 

I Risk CharacterizatQn '-------I 

I- 0 Estimate potential for adverse l l  health 
ir + effectstooccur 

0 Evaluate uncertainty 
0 Summarize risk information 

Source: Adapted from EPA, 1989a 

u RGURE El-4. BASELINE RISK ASSESSMENT PROCESS 
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0 

0 

A potential receptor at the location of exposure 
A mechanism of receptor exposure 

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

ons of contaminants are estimated at potential exposure points for the present and 
als. Where possible, direct measurements are used to determine current exposure 

011s. In other cases, environmental transport models are used.to predict current and 
r exposure concentrations. 

Intakes of the constituents of concern are estimated on the basis of the reasonable maximum 
exposure (RME) Scen 
the EPA (1989a) as 
concept is also set fo 
preamble, the EPA e 
include all exposure 
exposure assumptions. Only potential exposures that are likely to occur a~ to be included in the 

present and future land-use conditions. The RME is defined by 
sure that is reasonably expected to occur at the site." This 

reamble to the adoption of the NCP @PA 199Oa). In this 
concept of reasonable maximum exposure is designed to 
onably expected to occur but does not focus on worst-case 

assessment of exposures. The EPA further cautions against the use of unrealistic exposure scenarios 
and assumptions. The RME is the product o that are an appropriate mix of values that are 
conservative because they tend to overestim t they are within a realistic range of potential 
exposure. The selection of parameter valu n a mix of values characteristic of either 
average individuals or within a 95 percent for members of the public to yield a 
reasonable overall assessment of potential ividuals or the general population. 

0 

The toxic characteristics of chemicals of concern are then evalu 
effects on human health. These effects include impacts on the 
induction of cancer. When possible, an estimate is made of the 
potential exposure to the contaminant and the probability and/o 
effects. 

f y  potential adverse 
body organs and the 

between the extent of 
dentified adverse 

The characterization of risk follows the exposure and toxicity assessments. In this step, the 
probability that an individual may develop cancer over a lifetime from potential ex 
related chemicals from Operable Unit 4 is estimated from potential intakes and co 
dose-response relationships. In addition, comparisons are made between estimated 
and the threshold values for noncarcinogenic effects identified in the toxicity assessme 
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1.4 ORGANIZATION OF THE BASELINE RISK ASSESSMENT REPORT 
This risk assessment report provides a baseline (or no-action) risk assessment for Operable Unit 4 

the point of comparison for possible remedial alternatives being consided for 
4. In general, this baseline risk assessment follows the "Suggested Outline for a 

ssessment Report" set forth in Exhibit 9-1 of the Baseline Risk Assessment 

@PA 
s report is modified to address Operable Unit 4 rather than all hazardous waste units at 

the FMPC site. 

0 introduction and overview of the FMPC and the waste units 
e Unit 4 of the RWS. 

a the evaluation of general site-specific data and the 
ituents of potential concern. 

a e process used in identifying pathways of exposure, selecting 
the most significant of these pathways, and estimating the exposure point 
concentrations and exposures. 

0 Chapter 4.0 presents toxicity information for radionuclides and specific chemicals. ..... 

a Chapter 5.0 characterizes stimated exposure point 
concentrations and expos 

0 Chapter 6.0 summarizes risk assessment. 

Throughout the baseline risk assessment 
the available analytical data, in the modeling assumptions suppo 
in the toxicity evaluations and radiation dose assessment. 

f uncertainties that exist in 
sure assessment, and 

El-13 
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2.0 IDENTIFICATION OF CHEMICALS AND RADIONUCLIDES 
OF POTENTIAL CONCERN 

the Operable Unit 4 baseline risk assessment report identifies the chemicals and 
potential concern for Operable Unit 4. The first section describes general site- 

llection and evaluation considerations for the risk assessment. The second section 
ite-specific data collected, evaluated, and used in the Operable Unit 4 risk assessment. 

A summary at the end of the chapter identifies the chemicals and radionuclides of potential concern 
in the Operable Unit 4 baseline risk assessment. 

n and evaluation considerations are of importance to the 
baseline risk assessm 

a Identification of chemical and radiological constituents in the silos 

a Quantification of chemical and 
and adjacent environmental 

Determination of the chara 

Determination of the cha 
migration of constituents 

ogical constituent concentrations in the silos 

vironmental media that may affect the 

Ev.aluation of collected data. . ... 

The first consideration is to identify constituents present in the 
This provides a starting point for the development of exposure 
source terms in the silos. 

d the metal oxide silo. 
dentifying potential 

. . . . . . . 

The second consideration is to quantify constituent concentrations in the silos, the berm soils, the 
soils directly beneath the silos, and in any other media of concern. Quantification 
source terms furthers the development of potential exposure pathways and is neces 
the health hazard associated with potential exposure pathways. 

The third consideration is to determine the physical characteristics of the source material 
concern. These characteristics are important because they affect the potential for release of 
constituents into the environment. Characteristics of source materials include chemical forms of 

0 
E2- 1 
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constituents, solubilities of constituents, porosities or permeabilities of the waste materials, and 
potential water flow rates through the waste materials. ...................... 

eration is to determine the characteristics of environmental media that may 
e contaminated by releases from the waste storage silos and that may affect the 

ntaminants. This type of information is critical to any exposure pathway modeling 
Characteristics of environmental media include surface and subsurface geological 

and hydrological properties that affect contaminant retention and transport. 

. . . .  

The fifth consideratio 
This is necessary bec 
able for use in the ris 
assessment process 
assurance/quality controi'requirements of the risk assessment; or a set of data may be too qualitative 
for the purpose of quantitative risk assessment. 

the available data before it is used in the risk assessment. 
e data collected are not representative or are otherwise unsuit- 
For example, data may not be pertinent to the baseline risk 
ot reflect baseline conditions; data may not meet quality 

Numerous sources of infomation were ex g the course of the Operable Unit 4 baseline 
the type of useful 

information obtained from each source a 
....... ......... 

The analytical methods, sample quantitation limits, and data qual 
environmental measurement data used in the quantitative risk ass 
information was available. Pertinent sample data were compared 
collected off site in the vicinity of the FMPC to assess the ma 
to radionuclides and chemicals. 

e extent that such 
d background data 

Radiological contaminants identified in the waste storage silos are listed in Tables 2-2 and 2-3. 

of particular concern as a consequence of their radiological properties and the large 
present. Elemental uranium is also considered a chemical hazard because of its c 

Isotopes of uranium, radium-226 (Ra-226), thorium-230 (Th-230). and decay produc re 

E2-2 
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TABLE E2-1 
SOURCES OF INFORMATION EXAMINED IN THE 
OPERABLE UNIT 4 BASELINE RISK ASSESSMENT r -7  

I I 1  
Type of Information Obtained 

Concentrations of contaminants in environmental samples 

Boback et aL 1987 Source term estimates for silo residues 

Dames and Moore 

Site Remedial I n v e h g i F )  
I 

Dettorre et al. 1981 

Grumski 1987a 

Groundwater modeling parameters and characteristics 

Concentrations of contaminants in environmental samples 
and silo residues 

Uranium processing and purification information 

Engineering information on silos, ISP information, silo residues 
source term estimates 

L- 

Grumski 1987b Engineeqg information on silos, ISP information 

Engmenng information on silos, ISP information /. i? s 
I / \  \\ 

0 Grumski and Shanks 1988 

Heatherton 1953 

Weston 1987 

of silo leakage 

in environmental samples 

ODH 1988 Radon concentration data 

Karl 1953 

Litz 1974 

Camargo 1986 

Gill 1988 

Qualitative indication of silo-leakage- 

Source term information for K-65 residues 
1 -  i 

_i I r-- 

Silo engineering source term characteristics 

Analyses of K-65 residues 

E2-3 
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TABLE E2-2 
ESTIMATED QUANTITIES OF RADIONUCLIDES 

IN SILOS 1,2, AND 3 

!Radiological 
Constituent 

Quantity or 
Concentration Reference 

Total uranium 

Radium 

Ra-226 m Ra-228 

Total thorium 

Th-228 

Th-230 

Uranium 

Radium 

Silos 1 and 2 

~ 1400 ppm to 1800 ppm 

1672 g' to 
3164 g" 

1 1,200 kg (0.71% U-235) 

1.5 ppm to 2.1 ppm 

silo 3 

18,000 kg 

15.2 g' 

Grumski 1987a 

Gill 1988 

Grumski 1987a 
Litz 1974 

Gill 1988 

Gill 1988 

Gill 1988 

Gill 1988 

Gill 1988 

I_ IDOE 1988a 

DOE 1988a 

'Assumes all radium in K-65 residues is radium-226 with a specific activity 

bAssumes the total mass of K-65 residues is 8.79 x lo" kg. 

I 

of 0.988 W g .  

E24 



FMPC-04044 
August 20. 1990 

TABLE E2-3 
MEASURED QUANTIllES OF RADIONUCLIDES IN SILOS 1,2, AND Y 

Average Standard 
Concentration Deviation 

U-235f236 
U-238 
Total Uranium 
Ra-224 
Ra-226 
Ra-228 
Th-228 
Th-230 
Th-232 
Pb-210 
Ac-227 
Pa-23 1 

silo 3 

u-234 
U-235f236 
U-238 
Total Uranium 
Ra-224 
Ra-226 
Ra-228 
Th-228 
Th-230 
Th-232 
Pb-210 
Ac-227 
Pa-23 1 

772.6 
55.5 

704.2 

524Sb 
112627.0 

808Sb 
524.5 

28928.2 
808.5 

122252.0 
326.3' 
314.F 

2111.3 (pug) 

2891.8 
355.4 
825.0 

5 1678.3 
793.0 

2556.9 
584.4 
562.3 

313.0 
13.1 

29 1.4 
873.9 (pug) 

53761.0 

113.5 
10828.4 

42.5 
89383.7 

- 

417.0 
36.3 

459.6 
1242.5 (pug) 
133.7 

1525.6 
146.7 

I _ _ _ ~  275.5 
15039.2 

273.8 
1448.3 
272.7 
197.0 

E: J 

Analytical results obtained from the supplemental sampling anb-dalysis of the waste storage silos. 
Average concentration calculated as the arithmetic mean of detected concentrations reported in 
laboratory analytical results. Standard deviations calculated for the set of detected concentrations 
repOrted in laboratory analytical results. 
These values are assumed to be equal to the concentration of their most 
radionuclide for which there are analytical results. 
These values were calculated by multiplying the corresponding analytical results repotted 
by the ratio of the parent radionuclide activity concentration in Silos 1 and 2 versus Silo 3. 

E2-5 
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Nonradioactive inorganic constituents are also present in the waste storage silo residues. Tables 

2-4 and . . . . . 2-5 . . . present elemental, nonradiological constituents of Silos 1 and 2. Approximately 40 

0 
f the waste in Silos 1 and 2 is accounted for by silicates (SO&. Other 

ting at least 1 percent to the total mass of waste material include calcium. iron, 

ated biphenyls ( P a s )  were detected in low concentrations in Silos 1 and 2 with the 
maximum value being 4 ppm. Several volatile organic compounds were also detected during the 
1989 sampling. The Table 2-6. The table indicates that with the exception of three 

organics, most were ank samples. For example, of a total of 10 blank samples, 2- 
butanone was detect ethylene chloride and acetone were detected in nine and seven, 
respectively. The EP at a detected concentration of common laboratory contaminants 
should not be consi 
concentration for common laboratory contaminants and less than five times the blank concentration 

t if it is less than 10 times the highest detected blank 

for other constituents. 

The three volatile organic compounds not fo 
were detected infrequently and the waste res 
Chloromethane was detected in a single Si 
contaminant, was detected in two Silo 1 
in a single Silo 2 sample. 

e blank samples are also suspect because they 

-methyl 2-pentanone, a common laboratory 
amples, and trichloroethane was detected 

ought to be fairly homogeneous. 

Constituents in Silo 3 are residues from waste M i a t e  slurries 
evaporator, spray calcined, and pneumatically transferred to the 
a dry, powder-like form. Principal nonradiological constituents 
calcium, iron, magnesium, sodium, phosphate, and sulfate. M 
residues are physiologically essential elements and naturally occumng ions. 

1988b). The waste is in 

Extraction procedure (EP) Toxicity tests were performed to determine the leachabili 
nonradiological constituents of the silos. Results indicate that some of the silo ma 
soluble including lead in the K-65 silos and arsenic and selenium in the metal oxi 
2-7 summarizes the results of the EP Toxicity analyses. Note that in some i 
leachate concentrations exceed the former standards used to determine the p 
hazardous wastes. New standards under 40CFR261 are based on the Toxicity Characteristic 
Leaching Procedure (TCLP). Proposed sampling for the silo residues includes TCLP analyses. 

FEwowRAIIE89410&2090 E2-6 



FMPc-04044 
August 20, 1990 

TABLE E2-4 
ESTIMATED QUANTITIES OF NONRADIOLOGICAL CONSTITUENTS 

IN SILOS 1,2, AND 3’ 

Silos 1 and 2 silo 3 

(metric ton) (mmb) (metric ton) 

L 2  
Ag 
Al 
As 
Au 
B 
Ba 
Ca 
Cd 
a 
c o  
Cr 
cu 
F 
Fe 
La 

Mo 
Na 
Ni 
Pb 
PO, 
Sb 
SiO, 
Sn 
so* 
Ti 
V 
zn 
Zr 

0.176 
77.0 
-2.64 

4.4 
0.33 

105.6 
7.83 

110 
1.76 
1.76 

61.6 
19.8 

448.8 
C 
C 

3587.0 
0.7 

6.16 
1.85 

<0.060 
1.76 

C 

‘So=: DOE 1988b. 
bsource: Dettorre et al. 1981. 
‘Data not reported. 

18 

<40 - 78 

45,300 - 50,000 

C 
C 
1500 - 2000 

400 - 800 

13,000 - 18,000 r\ 

4.07 
98.67 

<O. 14 
0.70 
0.70 

144.48 

C 

C 
C 

8.81 
1.76 
8.81 

225.52 
C 

229.52 
17.27 
2.1 1 

C 

133.9 
22.9 
8.81 

683.62 
<OS3 

461.62 
1.41 

692.08 
2.11 
3.52 

C 
C 
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TABLE E2-5 
MEASURED QUANTITIES OF NONRADIOLOGICAL CONSTITUENTS 

IN SILOS 1, 5 AND 3’ n 
Average Concentration Standard Deviation I \ \  Chemical Constituent 

(mm.9 
J J  

S ~ O S  11 and 2 
I -  / 
hluminum’ 
Arsenic 
BariW 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 

Copper 

Potassium 
selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanide 

1018.7 
316.4 

3634.1 
2.0 
5.6 

45 158.2 
43.6 

704.1 
411.1 

20440.0 
27094.9 
3933.5 

164.3 
0.8 

922.5 

2461.1 

1-24.3 
43.1 
2.0 

685.2 
548.2 

2802.1 
1.4 
4.7 

85234.8 
44.6 

600.3 
475.7 

20379.6 
28327.9 
2349.2 

122.0 
0.6 

683.0 
128.8 
32.9 
6.1 

3788.4 
0.4 

56.6 
39.7 

1.3 
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I 

TABLE E25 
(continued) 

E m & ,  Constituent Average Concentration Standard Deviation 

1 1 \ s & 3  (mg/kg) 
I 1  J i  

Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 

Copper 

Selenium 

Sodium 
Silver 

Thallium 
Vanadium 
Zinc 

17227.3 
1952.9 
216.6 
24.2 
59.8 

29372.7 
288.1 

2104.0 
2546.4 

37800.0 
1727.8 

58581.8 
4380.0 
: 0.4 
2974.5 

,---I 7258.2 

/ 7-,1819.7 
‘*&o.o 

3733.1 
1568.0 

76.3 
9.0 

50.2 
6238.1 

134.7 
832.5 

1542.7 
15837.2 

967.1 
14676.8 
1433.9 

0.2 
1418.4 
6069.2 

76.0 
4.6 

8543.3 
21.8 

1214.0 
127.2 

‘Analytical results obtained from the supplemental sampling and analysis of the waste storage silos. 
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TABLE E24 
MEASURED QUANTITIES OF ORGANIC CONSTITUENTS IN SILOS 1,2, AND 3 n 

- 
Highest Average Concentration (pg/kg) 
B h k  @@g) silo 1 silo 2 silo 3 

[A&one’,,) 
2-Butanone 
Chloroform 
Chloromethane 
Methylene Chloride 

Styrene 
Trichloroethane 1 
Toluene 
Total Xylenes 
Aroclor - 1248’ LpL 
Aroclor - 1254 
Aroclor - 1260 

4-Methyl 

4800 
1 loo0 
720 
ND 
3000 
ND 
810 
ND 
160 
720 
ND 
ND 
ND 

2190 
1 1550 
715 
ND 
2 140 
1 175b 
350 
ND 
230 
ND 
3520 
4786 
ND 

~~ 

1450 
10900 
825 
ND 
3314 
1785 
200 
12@ 
191 
165 
2303 
ND 
340” 

5860 
13340 
694 
140’ 
1680 
ND 
ND 
ND 
3398 
ND 
ND 
ND 
ND 

ND = Not detected. 
* Detected in one of five samples. 0 

Detected in one of seven samples. 
Detected in two of six samples. 

defines the relative level of chlorination of the ‘compound. The higher this numerical designation 
the higher the level of chlorination of the compound and the higher the toxicity and potential 
carcinogenicity of the compound. 
Detected in one of six samples. 

/ 
/ 1 

’ Aroclor is a tradename for a polyc~orinaEd-biphk,,yl (PCB). The number (1248 and 1254) 
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TABLE E2-7 
EXTRACTION PROCEDURE TOXICITY RESULTS 

FOR OPERABLE UNIT 4 SILOS (mg/l) 

silo 1' 

LJ Paiameter Range Average 

Allowable 
Leachate 
Concentrationb 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Selenium 
Silver 
Mercury 

0.23 - 0.48 0.36 
0.08 - 14.5 4.4 
0:01 - 1.0 0.03 

0.33 

0.54 
0.09 

- - 

561.0 

Silo 2' 

5.0 
100.0 

1 .o 
5.0 
5.0 
1 .o 
5.0 
0.2 

Arsenic 0.16 - 0.59 r 0.39 
Barium 

Chromium 0.16 - 1.02 0.57 
Lead 0.16 - 719 322.0 
Selenium 0.24 - 1 6  0.7 
Silver 0.05 - 0 ! 2 1 r  0.13 
Mercury ND 

%2- -2f28/ k cadmium 

Silo 3" 

5.0 
100.0 

1 .o 
5.0 
5 .O 
1 .o 
5 .O 
0.2 

Arsenic 
Barium 
cadmium 
Chromium 
Lead 
Selenium 
Silver 
Mercury 

0.02 - 41.5 11.6 
0.02 - 1.6 0.07 
0.12 - 6.3 0.93 
0.34 - 11.9 4.8 
0.05 - 1.01 0.36 
1.2 - 11.7 2.8 
0.032 

ND 

T----i L- 5.0 
100.0 

1 .o 
5 .O 
5 .O 
1 .o 
5 .O 
0.2 

_i I- 

'Based on six samples and one duplicate sample. 
"Source: EPA 1990b. "Identification and Listing of Hazardous Waste," 40CFR261, May 1, 1990, 
Washington, D.C. 
'ND = Not detected. 
dBased on six samples. 
*Based on seventeen samples. 
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The area proximal to Operable Unit 4 has been monitored for direct exposure to penetrating 
radiation (gamma radiation). These measurements are collected at periodic intervals using 

cent dosimeters (TLDs) colocated at frxed air monitoring stations along the Fh4PC 

provide a composite annual measurement (Figure 2-1). The monitoring stations 
measure the annual external exposure rate from penetrating radiation. A summary 

Table 2-8. The summary external exposure rate data presented in Table 2-8 correspond 
netrating radiation data from WMCO’s environmental monitoring program is 

to measurement locations AMs-1 through AMs-7 (Figure 2-1). The background external exposure 
rate data presented in Table 2-8 correspond to measurement locations BKGD-1 and BKGD-2 
(Figure 2-1). Exam 
the waste silos and 
with the assumption 
rates in the vicinity 
are the source of 
exposure level used to quantitate risk is established in Chapter 3.0. External exposure rate data 
along the northern, eastern, and southern 
rates proximal to those fencelines are at bac 
FMPC fenceline due west of Operable Uni 
exposure rates along the K-65 silo fenceli 
fenceline exposure rates. 

MCO external exposure rate data reveals that radiation fields at 
FMPC boundary fenceline due west of the silos are consistent 
the primary source of above-background external exposure 

it 4. Thus, it is assumed in the risk assessment that the silos 
external exposure rates used to quantitate risk. The receptor 

fencelines indicate that public exposure 
evels. Exposure rate data along the western 

y elevated above background. The 
r of magnitude higher than all the boundary 

. . . . . . . 

Airborne radon concentrations at various locations on and off th 
throughout each year as part of the FMPC environmental monit 
monitors used in the FMPC environmental monitoring program 
Monitoring locations employ commercially available alpha-track 
exposed to the ambient air and, after processing, indicate the ra 
A summary of measured airborne radon concentration data coll 
foaming project is included in Table 2-8. The summary airborne radon concentration data presented 
in Table 2-8 correspond to measurement locations FMPC-A through FMPC-P (Fi 

background data in Table 2-8 correspond to measurement locations BKGD-1 and 
2-1). Examination of the WMCO radon concentration data reveals that concentrations 
silos and along the western FMPC boundary fenceline due west of the silos are consis 
assumption that the K-65 silos are the primary source of above-background airborne rad 
concentrations in the vicinity of Operable Unit 4. In addition, the K-65 silos are a unique source 
of large quantities of Ra-226 activity at the FMPC. Thus, it is assumed in the risk assessment that 

FERIoWRAlE89-4108-2090 E2-12 
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TABLE E2-8 

Radiation Dose Frequency of Range of Detected Range of Backgm~uri 
-or -Radionuclide Detection Valuesb Levels' 

Penetrating 
radiationd 

6.50 - 23.53 pm/hr 7.12 - 15.72 ~UWII& 

0.20 - 3.40 pCi/L 0.30 - 1.60 pCi/L Radon-222" 

'Data from the 
Pentrating radiation data obtained from locations AMs-1 through AMs-7. Radon data obtained from 

'Background penetrating radiation data and a i h m e  radon concentration data obtained from locations 
BKGD-1 and BKGD-2 (Figure 2-1). ,/ \ 

"Penetrating radiation is defined as energ?ic[electromagnetic emissions from radionuclides. 
"Analytical results from type "M' detectys,only \ 

monitoring program for 1988. 

10~ati0ns FMPC-A through FMPC-P. 
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the K-65 silos are the source of above-background airborne radon concentration used to quantitate 
risk. The receptor exposure level used to quantitate risk is established in Chapter 3.0. Radon 

along the FMPC boundary fenceline follow the trend of the external exposure rate 
ncentrations along the K-65 fenceline are several times higher than boundary 

amnent of Health (ODH) performed independent indoor and outdoor radon 
concentration measurements in the vicinity of the FMPC (ODH 1988). The ODH established 16 
outdoor radon monito around the FMPC, including 12 locations along the FMPC site 
boundary (samples) distant from the M C  (controls). In their report, the ODH 
concluded that anal tors located at the site boundary closest to the K-65 silos and at 
background locations consistent significant differences in measured radon concentra- 
tions (ODH 1988). 
radon progeny at 
tinguished from variations in natural background concentrations, and measured concentrations did 
not appear to correlate with distance or prev 
The data collected in the ODH study are not 
data were collected prior to the completion 
current exposure conditions. 

also concluded that environmental concentrations of radon and 

are sufficiently low so that they often cannot be dis- 

direction from the K-65 silos (ODH 1988). 
in the quantitative risk assessment because the 
ISP and are not representative of the 

Surface soil samples collected in the are 
radionuclides. To date, no Hazardous Substance List (HSL) an 
samples from areas surrounding the silos. Locations of RI su 
2-2. Radiological Characterization of surface soils surrounding 
elevated levels of uranium in the vicinity of the silos (Table 2- 
concentrations of uranium in surface soils as high as 37.4 pic 
pCi/g U-234 within the vicinity of Operable Unit 4. For comparison purposes, background concen- 
trations of U-238 in Ohio surface soils average 1.4 pCi/g (Myrick et al. 1983). In natural soils, a 
similar background activity concentration of U-234 may be expected. Details of 
analysis procedures are presented in the RWS project plans (IT Corporation 1988). 

rable Unit 4 have been analyzed for 
en performed on soil 

les are shown in Figure 
nit 4 silos reveals 

9 presents measured 
) U-238 and 11.0 

Radiological assessment of surface soils surrounding the Operable Unit 4 silos al 
concentrations of Ra-226 (Table 2-9). The highest concentration of Ra-226 in s 
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TABLE E2-9 
SUMMARY OF CHEMICALS AND RADIONUCLIDES 

SAMPLED w SURFACE SOILS 
IN THE VICINITY OF OPERABLE UNIT 4 - 

' 

Frequency of Range of Sample Range of Detected Background 
Detection Quantitation Limits' Concentrationb Levels 

Ra-226 31/38 

U-238 

u-234 

U-235 

Th-230 4/38 

0.3 - 0.5 pCi/g 

3.3 - 19.4 pCi/g 

d 

0.4 - 0.6 pCi/g 

0.3 - 6.5 pCi/g 

d 

r-7 

0.5 - 35.8 pCi/g 

2.4 - 37.4 pCi/g 

2.4 - 11.0 pCi/g 

None 

0.6 - 1.7 pCi/g 

2.2 - 295 pCifg 

1.5 pCi/s' 

1.4 pCi/g' 

1.4 pCi/g 

0.06 pCi/g' 

1.0 pCi/g' 

1.4 pCi/g 

'Sample quantitation limit is the lowest G.at the laboratory can accurate,j and reducibly 
in preparation or analytical method, the 

p r o m  and the FMPC 

quantitate in a sample. 

bAnalytical results obtained from 

Because a 
value for individual constituents may vary. 

Characterization Investigation Study (Weston 1987). Analyses were performed by either gamma-ray spectrometry or 
radiochemical separation followed by specific spectrometric techniques appropriate for the radionuclides of interest. 
RI/FS data correspond to locations 5650, 5647. 5644, 5884, 5887; CIS data correspond to locations 194 to 209, 318 
to 325, 566 to 569. 
'Myrick et al. 1983. 
dData not available. 

'Assuming natural isotopic ratios of U-235 to U-238. 
'Assuming secular equilibrium for U-238, U-234, and Th-230 under 
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p w g .  For comparison purposes, background concentrations of Ra-226 in Ohio surface soils 
average 1.5 pCi/g (Myrick et al. 1983). 

a 
1 samples were collected in 1983 from two diagonal slant boreholes drilled beneath 

Radiological analyses of these samples reveal elevated concentrations of uranium in 
0) (Vogel 1989). Analytical results provide some evidence of a decrease in uranium 

n with depth. The concentrations of Ra-226 are below background for soil (1.5 pwg).  
A similar sampling program that will include analyses for radionuclides, HSL inorganics, volatiles, 
semivolatiles, pestici 
new subsurface soil 
beneath the silos th 
an indication of wh 
from a historical s 
concentration gradi 
would be likely to result in a mobile plumesof contamination rather than a continuous concentration 
gradient. 

d EP Toxicity metals has been requested (Harmer 1989). The 
rovide a more extensive characterization of contaminants 
g effort conducted during 1983. The new data could provide 
and Ra-226 detected during the 1983 sampling effort resulted 

tinuous leak from the silos. If the silos m leaking, a 
f depth would be expected. A historical spill in the m a  

An additional potential transport pathway * 

diffusion through the K-65 silo walls and 
potential release mechanism. Diffusion 
curies of radon per year (Grumski 1987a 
walls into the berm soil, it decays to nongaseous progeny that 
progeny, lead-210 (Pb-210) and polonium-210 (Po-210). have su 
accumulate in the berm soil. The radiological characterization 
yet been performed; therefore, the extent of accumulation of rad 
cannot be fully assessed. However, calculations using RAECO 
Commission computer code for assessing radon releases from uranium mill tailings, indicate a 
potential for sufficient activity concentrations of Pb-2 10 to warrant concern during remedial action 
and in the future should the Pb-210 become available in soils used for agriculture. 
and assumptions used in the assessment of potential Pb-210 activity concentrations 
and the calculation results are presented in Attachment I. 

the risk assessment concern radon a 
rms. This pathway is considered a 
s is reported to release approximately 60 

radon diffuses laterally through the silo 
soil. Two of these 

silo berm soils has not 
contaminants in berm soil 

il 

Simplified modeling of the migration of radon into the berm soil suggests that radon m 
diffusing through the K-65 silo walls into the berm soils. hliminary estimates suggest that up to 
1 x 10’ pCi/g (approximately 0.2 pg/g Pb-210) may be present in the silo berms as a result of 
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TABLE E2-10 
SUMMARY OF CHEMICALS AND RADIONUCLIDES SAMPLED 

IN SLANT BORINGS 'BENEATH THE K-65 SILOS 

Frequency of Range of Sample Range of Detected Background 
Detection Quantitation Limits Concentration Levels 

Chemical 3) or 

Radionuclide 
i u 

Natural 
(total) uranium . 818 b 

b Ra-226 iFJ *Source:Vogel 1989. 
Qata not available. 
'Assumed to be the same as for surface soils. 

0.77 - 9.66 pCi& 2.9 pCi/g' 

0.68 - 1.2 pCi/g 1.5 pCi/g' 

E2-19 



FMPC-04064 
August 20. 1990 

radon diffusion through the silo walls. The background concentration for elemental lead in 
southwest Ohio is approximately 15 p u g  (USGS 1984). This suggests that the total mass of lead 

0 
the environment via this pathway may not be a significant increase above 
wever, the elevated Pb-210 activity would be of potential concern if the calculated 

present. An explanation of the method used to estimate the potential 
f Pb-210 in the berm soil is presented in Attachment I. These estimates demonstrate 

ation of Pb-210 in the bem soil could be sufficient to warrant control of berm 

materials during remediation and could be of concern in the future should uncontrolled access to 

the berm soil be pe 

Data on Pb-210 and 
Niagara Falls Storage 
of eight inches in 
concentrations at the 
soil sampling to determine whether significant berm soil contamination by these radionuclides exists. 
If soil samples collected from the berms a 5 silos reveal elevated concentrations of Pb- 
210 or PO-210 activity, the contamination mu 
alternatives. It is believed that if present, 

concentrations in the concrete walls of the K-65 silo at the 
that the activity concentrations of these radionuclides at a depth 

odeled activity concentrations have led to a request for berm 
by a factor of approximately 500 relative to the 

0 idered in the evaluation of remedial 
the soils is likely to be deep in the berm 

soils and not available for erosion in su 
& 

Groundwater in the area proximal to m Operable Unit 4 has been sampled for 
radionuclides and chemicals as part of the RI/FS (Figure 2-3). 
have been measured in water from all wells in the vicinity of 0 
west of the K-65 silos (Figure 2-3) revealed a maximum total u 
microgramsfliter (pa) (184 pCi/L) (Table 2-1 1). Total uraniu 
is below the analytical lower limit of detection of 1 p a .  Th 

concentration for groundwater flowing from the north is approximately 1 p a .  The source of the 
uranium in Well 1032 has not been confirmed. Well 1032 is located in a buried rubble pile that 
has been designated a suspect area to be addressed in Operable Unit 3. Therefore 
contaminated perched water in Well 1032 is not addressed in the Operable Unit 4 

The maximum concentration of total uranium in 2000-series wells is an order of 
than the maximum concentration in Well 1032. The concentration of total urani 
wells is comparable to background concentrations. If the source of the measured urani 
wells had been Operable Unit 4, one would also expect to detect Ra-226 in above-background 
concentrations because Ra-226 is a unique indicator of waste material from Operable Unit 4 (and 

centrations of uranium 
4. Well 1032 to the 
ntration of 276 

-series background wells 
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TABLE E2-11 
SUMMARY OF CHEMICALS AND RADIONUCLIDES 

SAMPLED IN GROUNDWATER 
IN THE VICINITY OF OPERABLE UNIT 4 

Frequency of Range of Sample Range of Detected Background 
Radionuclide- Chemic,d D -  or 1 Detection' Quantitation Limitsb Concentration' Concentrations' 

1000-Series Wells 

Ra-226 
Ra-228 
Sr-90 
Th-230 
Th-total 
U-total 
Arsenic 
Barium 
Cadmium 
Chromium 

Manganese 
Mercury 
Nickel 
Silver . 

Zinc 
PCBs 

1/11 0.0017 - 0.2 mg/L 
19/19 0.002 - 0.2 mg/L 
7/13 0.0007 - 0.005 mg/L 
6/20 0.0017 - 0.m-mgR. 
7/19 0.002 - o.# m a !  
6/13 0.002 - 0:2 m / L  
20/20 0.01 - oj02 ,m& 
3/19 0 . m  - 0.001-mg/L 
3/18 0.012 iO.p-mg/+ 
1/20 O.O005---0.01 
1/1 None given 
0/1 0.001 - O.OOO5 mg/L 

1 pci/L 
4.8 pCiL 
6.0 pCiL 
1.4 - 2.4 pCi/L 

2 - 276 j.~@ 
3 P g n  

0.003 pg/L 
0.035 -37 mg/L 
0.004 - 0.016 mg/L 
0.019 - 0.038 mg/L 
0.01 - 0.024 mg/L 
0.002 - 0.015 mg/L 
0.009 - 0.28 mg/L 
O.OOO9 - 0.026 mg/L 
0.021 - 0.025 mg/L 
0.03 mg/L 
0.042 mg/L 
ND 

<1 pci/L 

4 pci/L 
<1 pci/L 
<30 P a  

3.2 (5.1) p C i  

1.2 (2.3) pg/L 
0.002 (0.04) mg/L 
0.062 (0.11) mg/L 
0.003 (0.011) mg/L 
0.021 (0.032) mg/L 
0.016 (0.048) mg/L 
0.003 (0.008) mg/L 
0.044 (0.158) mg/L 
0.00022 (0.00037) rn@ 
0.02 (0.03) mg/L 
0.016 (0.055) mg/L 
NA 
NA 
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TABLE E2-11 
(continued) 

of Range of Sample Range of Detected Background 
Quantitation Limitsb Concenmtion‘ Concentrationd 

I --1 
2000-Series-Wells 

Ra-226 
Th-228 
Th-230 
U-total 
Barium 
Cadmium 
Chromium 

Lead 
Manganese 
Mercury 
Nickel 

Copper 

Di-n-butylphthalate 
Benzyl-buiylphthalate 
Ethyl benzene 
Methylene Chloride 
Bis (2 Ethylhexyl) 

2-propanone (acetone) 
phthalate 

3000-Series Wells 

TC-99 
Ra-228 
Th-total 
U-total 
BariW 
Cadmium 
Chromium 

Lead 
Manganese 
Mercury 
Nickel 
Silver 

Copper 

3/12 
4/8 
12/15 
4/13 
211 2 
2/2 
0/2 
2/2 
1/2 
1/2 
2/2 

1/2 
1/2 

2/12 
1/12 
1/9 
10/12 
9/9 
5/7 
3/12 
411 1 
2/6 
11/12 
1/10 
1/9 
111 1 

1/16 1 pci/L 

0.0017 -0.002 mg/L 
Oj002 - 0.2 mg/L 
0.002 - 0.2 mg/L 
0.01 - 0.02 mg/L 
0.0002 - o m i  mg/L 
0.012 - O.y-mg/L 
None given \ 
0.005 - 0.,001 tmg/L 
None @yen/ \ \ 
0.01 mg/L __ 
0.005 mg/L \ 
None given7- 

0.01 mg/L 
0.01 mg/L 

d 

1 PLgn 

0.0007 - 0.005 mg/L 

0.002 -0.2 mg/L 
0.01 - 0.02 mg/L 

0.012 - 0.04 mg/L 

4.3 pcQL 
1-1.1 pci/L 
1.2 - 1.9 pci/L 
2-27 pg/L 
0.03 - 0.049 mg/L 
0.002 - 0.02 mg/L 
0.022 - 0.025 mg/L 
0.012 - 0.017 mg/L 
0.004 - 0.024 mg/L 
0.002 - 0.105 mg/L 

1.11 (1.89) pCVL 
<1 pci/L 
<1 pci/L 
1 (1) P a  
0.63 (0.89) mg/L 
<0.005 mg/L 
0.02 (0.028) mg/L 
4.01 mg/L 
0.005 (0.022) 
0.046 (0.134) mg/L 

O.OOO4 - 0.0058 mg/L 0.00027 - 0.00076 mg/L 
0.021 - 0.03 mg/L 
0.012 - 0.032 mg/L NA 
ND ND 
0.00QJB-0.006JB m@ND 
0.001r mg/L ND 
0.002r m a  ND 
0.002JB - 0.006 mg/L”ND 

~0.02 mg/L 

0.05 B mg/L” ND 
0.006BJ mg/L ND 

36.4 F --44;5-pci/L 
I 3.8 #&-A 

1 

0.006L0.062 mg/L 
0.002 - 0.032 mg/L 
0.02 - 0.029 mg/L 
0.01 -0.09 mg/L 
0.003 - 0.013 mg/L 
0.006 - 0.47 mg/L 
0.0008 mg/L 
0.034 mg/L 
0.024 mg/L 

1+ Pg/L 

<30 pci/L 
<3 pci/L 
<30 Pg/L 
1.1 (1.6) pg/L 
0.63 (0.89) mg/L 
0.005 (0.006) mg/L 
0.021 (0.028) mg/L 
<o.p3g/L--- 
0.m- 10.022) m& 
0.047 (0134)=g/L 
0.00026 (0.00076) mg/L 
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TABLE E2-11 
(continued) 

detection is the number of times a chemical was positively detected in a sample over 
samples analyzed. The number of samples considered for the metals changes for each 

following data analysis consideration: Several metal analyses were unable to achieve 
quantitation limit, often due to mauix interference. For each metal, an 

and any analyses that did not achieve that SQL were not considered 
in the sample population. Acceptable SQLs are: Arsenic-0.002; Barium-0.05; Cadmium-0.002; 
Chromium-O.02; Copper-0.01; Lead-0.002; Manganese-0.05; Mercury-0.0002; Nickel-0.02; Silver 0.01. 

bRange of sample,quantitation limits devotes the instrument detection limits achieved throughout all 
analyses of the e~viroment&medium of intent. Because a specific sample may require adjustment 
in preparation of $alytical-&oc,edu~s, values for individual constituents may vary. Note that sample 
quantitation limiB, adsometimes noted for chemicals detected in 100 percent of the samples. In these 
cases, it was p?et&mined$at samples with high SQLs could not be included in the sample 
population (see fooTote aj) These high SQLs are reported in the table even though they were not 
included in the d p  evaluation\ 

'Range of detected-concentrations were determined fmm review of positive detections from the 
following Operable Unit 4 wells: 10oO series-1029, 1032. 1008. 1033, 1034, 1009, 1018; 2000 series- 
2008. 2034, 2009. 2018.; 3000 series -3034, 3009, 3018. 
Background concentrations are determined-by, analysis of background wells north of Operable Unit 
4. These wells include: 1000 series - 1024, 1059, 1060, 1065; 2OOO series - 2056,2050,2105,2066; 
3000 series - same as 2000 series plus 3&3, ,~39 ,  3100. For each series wells. an average and upper 
95% tolerance limit (TL) was determine$ as suggested by EPA (1989e). Downgradient concentrations 
detected above the TL indicate potential coon.iq,ation. 
J=below instrument quantitation limit;/B = compound found in associated blank, ND = not detected; 
NA = not analyzed. u--x 
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the K-65 silos in particular). No wells in the vicinity of Operable Unit 4 reveal concentrations of 0 
Ra-226 above 1 pCi/L (Table 2-11). However, the absence of Ra-226 in groundwater samples 

not preclude the possibility that uranium, in a more soluble form than radium, could 
ould be released from the silos. 

o presents results of analyses for metals in groundwater samples. One well in the 
urden, Well 1008, exhibited concentrations slightly above-background for barium and 

manganese. No other overburden wells exhibited above-background concentrations for metals. 
Well 1008 may be i e waste pits. Average metal concentrations for each Operable 
Unit 4 2000-series background well 95 percent tolerance levels. Selected 
groundwater samples yzed for semivolatile organics, volatile organics, pesticides and 
P a s .  No organics found in concentrations above quantitation limits. 

Surface water in the 
environmental monitoring program and the RWS. Surface water sampling locations are shown in 
Figure 2-4. Measured concentrations of chemi 
in Table 2-12. Above-background conentra 
W-10 in Paddys Run downstream from the ' 

and the storm sewer outfall ditch (SSOD). 
2219 pg/L (1480 pCi/L) from a sample c 
background total uranium concentration i 
approximately 2.1 pg/L (1.4 pCi/L) (WMCO 1989a). This ave 
averaging data from three sampling locations along the Great M 

Analyses of sediment samples from Paddys Run collected as p 
monitoring program and the RVFS provide a description of th oncentrations in stream 
sediments. Figure 2 4  presents sediment sample locations of RWS data. At each sediment sample 
location, a sample was collected from the eastern and western sides of the stream bed and from the 
middle of the stream bed. Concentrations of chemicals and radionuclides measu 
sediment samples are presented in Table 2-13. The maximum total uranium conce 
sediment samples collected is 30.3 micrograms/gram (pg/g). 

rable Unit 4 has been sampled as part of the WMCO annual 

d radionuclides in surface water are presented 
ranium have been found at sampling location 
pstream from the confluence of Paddys Run 

measured total uranium concentration is 
ion ASIT-10 (Table 2-12). The average 

the vicinity of the FMPC is 
nd was derived by 
pstream of the FMPC. 

the WMCO environmental 
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TABLE E2-12 

SUMMARY OF CHEMICALS AND RADIONUCLIDES 
SAMPLED IN SURFACE WATER 

IN THE VICINITY OF OPERABLE UNIT 4 

Chemica; ' or I_/F,&uency of Range of Sample Range of Detected Background 
Radionuclide ,Detection Quantitation Limits Concenttation" Levels 

Natural 
(total) uranium 6/6 

U-234 6/6 

U-235/236 2/6 

U-238 6/6 

m+L 5 -2219 pg/L 1.4 pCi/Lb (2.1 pg/L) 

1h.O pci/L 1.3 - 85.6 pci/L 1.0 pci/L 

r n P c i / L  6.0 - 6.7 pCi/L 0.2 pci/L 

1.0 pci/L 2.0 - 196 pCi/L 1.0 pCi/L 

1.0 pCi/L None 1.0 pci/L 

c 

"Data obtained from RI/FS sample locations ASIT-10,23,24,25,26; WMCO sample location W-10. 
bWMC0 1989a. 
'Data not available. 
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TABLE E2-13 
SUMMARY OF CHEMICALS AND RADIONUCLIDES 

SAMPLED IN SEDIMENT FROM PADDYS RUN 

Range of Detected Background Chemic? I 1  OJ ,,,$qup; of Range of Sample 
Radionuclide Quantitation Limits Concentration' Levels 

i u 
Naturaluranium 6/7 1.0 P& 1.0 - 30.3 clg/g 2.9 pCQg 

0.4 - 1.0 pCQg 1.5 pCi/g" 

'Sediment samples 
bAssumed to be 
'Data not available. 

as surface water samples. 

P 
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Sediment sampling conducted as part of the WMCO environmental monitoring program is sum- 
o 

marized in environmental monitoring reports (WMCO 1988, WMCO 1989a). Sediment samples 
every 100 meters in Paddys Run upstream of the confluence with the SSOD, every 200 
s Run between the SSOD and the Great Miami River, and every 100 meters in the 
amples were collected from each location, at each bank, and at the center of the 

amples were analyzed for isotopes of uranium, thorium, radium, plutonium, and Tc-99. 
results are summarized in the WMCO environmental monitoring reports (WMCO 1988, 

WMCO 1989a). In 1987 and 1988, above-background concentrations of uranium, thorium, and radium 
were detected in sedi 
radium detected in se 
1988, WMCO 1989a 

the SSOD. Concentrations of uranium, thorium, and 
s from Paddys Run were determined to be background (WMCO 

The source of above- entrations of uranium in surface water and sediment in Paddys 
Run is not confirm orthy that drainage ditches from the Waste Storage Area enter 
Paddys Run in this general area. Concentrations of total uranium detected in surface water samples 
collected from the waste pit area averag 
surface water samples from Paddys Run did 

Data on radionuclide uptake by biota wi 
One site sampled for radionuclide uptake 
adjacent to Operable Unit 4 (ASI/I’T 19 
uranium. Radionuclides were not detected in fish collected fro 

biota at Site PR-3 can not be reliably attributed to contaminati 
contamination in Paddys Run Site PR-3 could have originated u 
example from runoff from the Waste Storage Area). 

Although data are not available on uptake of radionuclides by biota within the boundaries of 
Operable Unit 4, potential uptake can be estimated using the range of vegetation:soil uptake ratios 

400 pg/L. Concentrations of Ra-226 in 
background concentrations at any location. 

ries of Operable Unit 4 are not available. 

0 
brates and fish, PR-3, is on Paddys Run 

ple from PR-3 contained 5.1 pCi/g total 
adionuclides present in 
le Unit 4 because 
Operable Unit 4 (for 

suggested by the NCRP (1986) of 0.002 to 0.01. 

The maximum concentration of uranium in soil in Operable Unit 4 was 48.4 pCi/g 
. . . . . . . . . . . . . . . . . uranium from this soil using thef&ot:soil 
:<.:.:.:.:.:.:.: . . . . . . . . . . . . . . ..... 48.4 0.48 pa/g total uwm. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

238 37.4 pCi/g and U-234 11.0 pCi/g). Plants taking up 
concentration factor of 0.01 would accumulate 0.01 times 
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The highest Ra-226 concentration in soil in Operable Unit 4 is 35.8 pCi/g. The vegetation:soil a 
uansfer factor used by the NRC for Ra-226 in forage (NCRP 1986) ranges from O.OOO1 to 0.2. 

984) suggests using 0.015. The estimated maximum concentration of Ra-226 in 
ble Unit 4 is therefore 0.015 times 35.8, or 0.58 pCi/g. Ra-226 contamination 

Paddys Run is therefore unlikely. Po-210, Pb-210, and Th-230, if present in berm 

en up by plants, but no data are available to test this hypothesis. 

2.3 UNCERTAINTIES, LIMITATIONS. AND GAPS IN DATA 
EPA risk assessment 
assumptions that co st uncertainty to the risk assessment rather than collecting 
sufficient data to co antitative uncertainty analysis @PA 1989a). Therefore, 
discussions of unce pter address sources of uncertainty only in a qualitative 
manner. 

hasizes the importance of identifying the variables and 

I 

The data used in the Operable Unit 4 quantitative risk assessment incorporate uncertainty from 
radiation exposure rate data and airborne rad 
in these quantities in the environment. stati 

radon concentrations are located at po'ints i 
external radiation exposure rate measureme 
fenceline exceed background levels by m 
differentiate between natural variations i 
radiation exposure attributable to Operable Unit 4 in the vicinity 

Uncertainty also exists in the data used to conduct the quantitati 
systematic biases. Examples include biased selection of sampl 
collected, media sampled, and types of analyses performed on 
attributable to Operable Unit 4 in the vicinity of the FMPC boundary fenceline. 

ntration data because of the natural variations 
toring external radiation exposure and a i h r n e  

ent on site and off site. Few of the 
me radon concentrations at the FMPC 

of two. This makes it difficult to 
1s and levels of radon and external 

boundary fenceline. 

ssment as a result of 

Analytical data for environmental media immediately adjacent to the silos are limit 
analytical data in the vicinity of the K-65 silos are very limited, including only fo 
locations (Figure 2-2). The K-65 silo berms have not been sampled and the soils 
the K-65 silos have not been samp1ed.a~ part of the RI/FS field investigation. The e 
current gaps in data applicable to Operable Unit 4 is that two important questions cannot#lbe . . . . . . . . 

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

definitively answered: 
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Are above-background concentrations of radionuclides and chemicals in surface soils, 
subsurface soils, groundwater, and surface water within and adjacent to Operable 
Unit 4 attributable to releases from Operable Unit 4? 

If so, to what extent are these conditions attributable to Operable Unit 4 rather than 
other source terms? 

analyses are planned for the berm soil and the soil beneath the waste storage silos to 
determine whether the silos could be releasing contaminants to berm soil, subsurface soil, and 
groundwater and to 
decay in the berm s 
assessment relies on 

oncentrations of Pb-210 that may have accumulated from radon 
sults of these analyses are available, the quantitative exposure 
f source terms and transport parameters. 

storage silos, measurement data from environmental monitoring, and information concerning uranium 
purification processes at the FMPC, the 
Unit 4 are: U-234, U-235, U-238, Th-230, 
and Pb-210 are also radionuclides of potenti 
data confirm that Th-230 or Pb-210 has 
could be of concern for groundwater path 
Pb-210 could be of concern if signific 
walls into the berm soil and depositing radon decay products in 
sampling is planned to determine if Pb-210 is accumulating in 

Ra-226, Pb-2 10, Th-230, Th-228, Th-232, Ra-228. Ra-224, Ac-2 
only current site-related chemical constituent of concern for 0 
chemicals of potential future concern for Operable Unit 4 are: uranium, arsenic, barium, beryllium, 
cadmium, chromium, cobalt, copper, lead, manganese, mercury, nickel, selenium, silver, thallium, 
vanadium, zinc, aroclor-1248, and mclor- 1254. The additional radionuclides and c 

radionuclides of concern for Operable 
-222, and the radon progeny Pb-210. Th-230 

ugh no environmental sample analytical 

begin to leach constituents in the future. 
n activity are migrating through the silo 

m the silos. Th-230 in the silo residues 

s. The site-related 
radionuclides of potential future concern for Operable Unit 4 are 235, U-238, Rn-222, 

included in the list of potential future concern because they are present inside the s ta 

exist to indicate that they have been released from the silos. Thus, these radionuclides 
chemicals may potentially be released in the future. 

The K-65 waste storage silos are a relatively unique source of large quantities of Ra-226 activity at 
the FMPC. In contrast, uranium contamination at the FMPC most likely originates from many 
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areas of the site. Measured above-background quantities of Ra-226 in environmental media in the 
a 

vicinity of Operable Unit 4 could indicate releases from the K-65 silos or contamination from past 
ted with silo filling. However, the relative absence of Ra-226 contamination in 

amples does not entirely preclude the possible release of uranium from the K-65 
dium in the silos in its insoluble radium sulfate form would be expected to be less 

anium in its soluble uranyl carbonate or phosphate form (Denorre et al. 1981). 
circumstances and assuming that materials are being released from the silos, uranium 

could be released at a €aster rate than radium. The planned sampling and analyses of the soils 
directly beneath the 

any significant curre ays other than direct radiation exposure and exposure to 
airborne radon fmm 

d to resolve the issue as to whether Operable Unit 4 presents 

Radiological and che 
listed in Table 2-14. licable to Operable Unit 4 axe determined to be 25 percent 
of identified exposure limits in order to prevent a single FMPC operable unit from conuibuting the 
total acceptable risk to a receptor. The al action level for Operable Unit 4 will 

be a total committed effective dose equivalen ) of 25 mredyr, or 25 percent of the DOE 
dose limit (100 mrem/yr) for the public The chemical action level for uranium 
intake is 0.75 microgram/kilogram/day (p is 25 percent of the 3 pg/kg/day 
reference dose (RfD). 

limits for radionuclides and chemicals of current concern are 
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-1 _Environmental 

prevent current and future above-background radiation doses to the 
1-3 public from a l l  pathways and all radionuclides (other than radon) from 

Radiation Doses 

1 exceeding 25 pe-rcent of the 100 mrem annual dose limit. (DOE Order 
(5400.5). 

Radon Emissions Prevent current and future radon-222 flux from a source from exceeding 
20 pCi/m'/s. (40CFR61 Subpart Q). 

Radionuclide 
Air Emissions 
(Excluding Radon) 

Groundwater 

Prevent current and future above-background radiation does to the public 
from airborne radionuclides (other than radon) from exceeding 25 
percent of thG-IO mredyear annual dose limit. (40CFR61 Subpart H). 

Prevent ynmination of the groundwater from reaching 25 percent of 
a 4 mrem a,bovy-background annual dose limit for radionuclides (DOE 
Order 5400;5);and\,Maximum Contaminant Levels (MCLs), proposed 
MCLs/or riskzbayd derived cleanup levels for nonradioactive hazardous 
materials/(40CJT&P_arts 141. 142, 143). 

/ A \ 
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3.0 EXPOSURE ASSESSMENT 

resents the estimation of contact, or exposure, between human and environmental 
adionuclides and chemicals from Operable Unit 4. The general.procedure for 
xposure assessment is @PA 1989a): 

Characterization of exposure setting 
Identification of exposure pathways 
Quantification of exposures 

This chapter covers e e exposure assessment. 

3.1 

3.1.1 
Operable Unit 4 is located west of the FMPC production area in the Waste Storage Area. To the 
north of Operable Unit 4 lies the waste pit area, which historically has contributed relatively large 
quantities of uranium to the environment 
Paddys Run, which flows south before feedin Great Miami River. Paddys Run is dry at 
times throughout the year. West of the cree 
fence. The land between Paddys Run and 

farmers for grazing cattle. This area is h radient of the silos. An on-site wooded 
area is located south of Operable Unit 4. 

rectly west of the silos is a creek, 

FMPC boundary, which is marked by a 
boundary is leased to local dairy 

The average annual rainfall for the area is 39 inches (99.2 ce 
Prevailing winds at the site are from the south-southwest at ap 
per hour (U.S. Department of Commerce 1985). 

A review of aerial photographs taken from 1950 through 1988 reveals that the course of Paddys 
Run has changed, flowing closer to the silos over time. Historically, the east bank of the creek has 

experienced significant soil erosion (Grumski 1987b, Boback et al. 1987). The silo 
an elevation approximately 15 to 20 feet above Paddys Run. The east bank of Pa 
covered with thick vegetation. Areas of water seepage have been noted from the east b 
Paddys Run below the silos. Surface waters generally run off the Operable Unit 4 area 

and southwest towards Paddys Run. The estimated flow rate into Paddys Run is 1.2 x 1 

gallordyear from the Waste Storage Area (WMCO 1987). 

orporation 1989). 
miles (16 kilometers) 
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A grass-covered soil bek sumunds the K-65 silos; however, no berm sumunds the metal oxide 
silo. The original berm eroded and has been regraded to reduce the erosion. The current slope of 

ils is 3:1 (horizontal:vertical). The bulk density of the soils is approximately 1.7 
ntimeter (g/cm’). A fence surrounds the K-65 silos at the bottom of the berm. 

S well boring logs, water elevation surveys, and geologic cross sections (Dames and 
veals that there are at least four layers of diverse soil types beneath the silos. 

.... 

Beginning at the ground surface these four layers are: 

0 Seven and one-half feet of dry, weathered till composed of dense brown silt and 

0 silty clay, fine sand, and traces of gravel 
dark-grey clay with traces of silt and unweathered till 

0 feet of dry, dense, tan to brown, fine sand 

The water table 
east with a Southeastern branch. However, water from Paddys Run may also enter the aquifer 
downstream of the silos, near the confluence o 
from that point. 

A general description of ecological habitats 
for Operable Unit 4. A complete descript 
Facemire et al. (1990). Two habitat type 

by contamination from Operable Unit 4, introduced grasslands in 
riparian woodlands along Paddys Run. 

ately 48 feet below ground surface and flows generally 

ys Run and the FhPC SSOD, and flows south 

C is provided in Chapter 3 of the RI report 

0 
gy of the FMPC can be found in 
acemire et al. (1990) may be affected 

unit itself and 

3.1.2 Potentially Exposed Populations 
Population centers in the area surrounding the FMPC include the 
kilometers) directly south of the plant site with an estimated population of 30; and New Baltimore, 
2.7 miles (4.4 kilometers) southeast of the plant with an estimated population of 200 (SAIC 1987). 
The villages of Ross, New Haven, and Shandon are also located near the M C .  
mile (80-kilometer) radius of the plant. there is a population of approximately 2,577,000 
Hamilton and Butler counties (SAIC 1987). Surrounding lands support several residen 
industries, and farms. Several industries are located south of the FMPC. These in 
Nease Chemical Company, Albnght and Wilson Chemical Co., and Delta Steel. The 
Dairy is located at the southeast comer of the property. Population density in the immediate area 

ald, 1.7 miles (2.8 
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0 is low, with approximakly 160 persons within a 1-mile radius of the plant boundary (SAIC 1987). 
Cincinnati, the largest menpolitan area, is approximately 20 miles (32 kilometers) southeast. 

t 4 is completely located within the FMPC boundaries. Human receptors are not 
direct contact with Operable Unit 4 or its constituents of potential concern. It is 
ng institutional and governmental controls will persist for a period of 100 years to 

with constituents from Operable Unit 4 may occur via radionuclide and chemical migration from the 
FMPC. Potentially exposed populations outside the FMPC boundary include persons living near the 
western FMPC boun 
downstream along P 
only children will be 
stream bed. A poten 
downgradient from th 

ment of the land within the plant boundaries. However, potential current contact 

onal potentially exposed population includes persons who live 
ave contact with sediments in Paddys Run. It is assumed that 

sed population includes well water users in the area 
cidental ingestion of creek sediments while playing on the 

For the purpose of this risk assessment, it is assumed that land use adjacent to the FMPC will not 
change appreciably in the future. Aside from 
local land use has always been primarily 
remain unchanged is supponed by studies 
and development of the area (OKI 1989 
prepared for the Hamilton County Metro 
Kentucky, Indiana (OKI) Regional Coun 
population growth of less than 1 percent for Hamilton County b 
population trends in the area immediately adjacent to the site sh 

25 percent (OKI 1989). The area will continue to exhibit lowd 
expected to be officially classified as "residential." Northwest 
grow economically by a factor of 7.78 percent because 24.7 
"potentially" developable as residential and 1.1 percent as industrial (CDM 1989). 

troduction of the FMPC in the early 1950s. 
assumption that land use in the area will 
evaluate future potential economic growth 

ese population and economic forecasts, 
ct (CDM 1989) and the Ohio, 
OK1 1989), conservatively estimate a 

ation decreases of up to 

ton County has the potential to 

10. More detailed 

ential levels and is not 

d is considered 

Groundwater south of the FMPC could be impacted by potential future releases fro t 
4. ODH (ODH 1988) received requests to sample 264 private wells in the vicinity of 
however, not all of these wells are downgradient from Operable Unit 4. Wells for 
are located directly south of the site; however, the groundwater is not used in co 
without treatment. In 1988, a single groundwater well was drilled for imgation purposesmtheast 
of the plant site. 
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The FMPC lies in the Oak-Hickory Forest Section of the Eastern Deciduous Forest, as described by 
Bailey (1978). Ecological communities at the FMPC consist of grazed and ungrazed pastures. two 

tions, deciduous woodlands, riparian woodlands, and a reclaimed fly ash pile area. 

ntially exposed to Operable Unit 4 contaminants include a variety of terrestrial plants 
the introduced grasslands and aquatic organisms in Paddys Run. Plants in the 

sslands include timothy (Phleum uratense), red top (Anrostis sp.), Kentucky bluegrass 
(Poa pratensis), teasel (Dipsacus svlvestris), ragweed (Ambrosia sp.), moth mullein (Verbascum 
blatteria), and wild parsnip (Pastinaca sativa). The dominant tree species in the riparian woodland 
along Paddys Run deltoides), hackberry (Celtis occidentalis), and box elder 
(Acer nepundo). Do 
hackberry saplings. 
(Allaria officinalis). 
well as algae, also 

ry species include trumpet creeper (Campsis radicans) and 
on herb is garlic mustard 

ar plants, e.g., cattails (Tvpha sp.) and sedges (Carex sp.), as 

A variety of small mammals occur in the int 
immediately to the south of Operable Unit 4. 
eastern cottontail (Sylvilapus floridanus), w 
shrew (Blarina brevicauda), meadow 
(Zapus hudsoni cus), eastern chipmunk 
deer (Odocoileus virninianus) also occ 
northeast portions of the Fh4PC. 

Common bird species in and adjacent to Operable Unit 4 includ 
rustica), red-winged blackbird (Anelaius phoeniceus), American 
meadowlark (Stumella mama), blue jay (Cvanocitta cristata). n cardinal (Cardinalis 
cardinalis), mourning dove (Zenaida macroura), and European starling (Stumus vubaris). The most 
abundant species in the introduced grasslands are the barn swallow, red-winged blackbird. and 
eastern meadowlark. The most abundant species in the riparian woodland are the 
American robin, and northern cardinal. 

include the fox squirrel (Sciurus niner), 

, meadow jumping mouse 
d several species of bats. White-tailed 

on the southwest and 

Aquatic organisms found in Paddys Run include benthic macroinvertebrates and fish. 
common macroinvertebrates in Paddys Run are the nonbiting midges (Chironomidae), ri 
(Stenelmis sp.), mayfly (Caenis sp.). and stonefly (Allocapnia sp.). Also common are isopods 
Girceus fontinalis). caddisflies (Cheumatopsvche sp. and Hvdropsvche sp.), oligochaetes, and 

0 
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blackflies (Simulium sp:). The most abundant fish a~ the bluntnose minnow .@meDhales notatus), 
creek chub (Semotilus atromaculatus), and stoneroller minnow (Cammstoma anomalum.. 

d threatened or endangered species have been observed at the FMPC or in its 

ty. Suitable habitat for one species of mammal listed as federally endangered, the 
rs along Paddys Run. However, the Indiana bat was not found on site. 

3.2 IDENTIFICATION OF EXPOSURE PATHWAYS 
This section summarizes the potential routes of migration and exposure applicable to the Operable 
Unit 4 risk assessm 
and potential future 

thways from Operable Unit 4 to human receptors under current 
ons are summarized in Table 3-1. These include: 

amma radiation from emissions of gamma rays from the 

as and radon progeny emitted from the K-65 silos and 

silos 

. dispersed through the air 

Ingestion of contaminated soils that have eroded into Paddys Run from the soils 
surrounding the silos 

e Ingestion of contaminated g and agricultural products contaminated by 
groundwater 

. . . . . . . . . . 

Ingestion of groundwater containing cont 
future is considered as a potential future 
not volatile; thus, it is not likely that any residues will partition 

y migrate from Operable Unit 4 in the 
nradiological constituents of the silos are 

3.2.1 Direct Radiation 
Penetrating radiation propagates in the form of electromagnetic 
are involved. The primary source of penetrating radiation from 
the K-65 silos. The silos contain large quantities of Ra-226 activity from the processing and 
purification of uranium ores. The Ra-226 decays to Rn-222, which decays to a series of radon 

progeny. Several of the radon progeny emit penetrating radiations that contribute si 
the intensity of penetrating radiation fields from the silos. The energy of pene 
reduced through scattering processes as it travels from the source and interacts with mate 

re, no transport media 
ble Unit 4 is the contents of 
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,. _ -  
Probability 
of Exposure/ Reason for 
Inclusion in Inclusion 

TABLE E3-1 
POTENTIAL EXPOSURE PATHWAYS FROM OPERABLE UNIT 4 

m 

Current Land Use' 

Nearby residents [ ~ D Y T  Radiation High/Yes 

Nearby residents High/Yes 

Children Ingestion of creek . LowrYes 
sediments eroded 
from soils 
surrounding Operable U ~ f ~ ~  

LoWryeS 
!-b 

Residents outside Ingestion of 
FMPC Fenceline contaminated 

groundwater 

Ingestion of LowrYes 
contaminated 
vegetables 

Ingestion of LowrYes 
contaminated meat 

Ingestion of 
contaminated milk LowrYes 

Current and future 
exposure may exist 

Current and future 
exposures may 
exist 

Operable Unit 4 
could be 
contributing to 
elevated levels of 
uranium and 
radium in creek 
sediments, under 
current and future 
land use. 

Current conditions 
in groundwater 
south of site are 
addressed in detail 
in the RI and RA 
for Operable Unit 
5. Future potential 
exposures via this 
pathway from 
Operable Unit 4 
are addressed 
quantitatively. 
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TABLE E3-1 

Y (continued) 

- Probability of Reason for 
Exposurelhclusion Inclusion or 

Pathway in Risk Assessment Exclusion 
I ,  

Resident at Direct Radiation High/Yes 
Operable Unit 4 . 

Resident at 
Operable Unit 4 

Children 

Residents within 
FMPC Fenceliie 

High/Yes 

LowrYes 
sediment eroded 
from soils in 
Operable Unit 4 

lr7 

groundwater 

Current and future 
exposure may exist 

Current and future 
exposure may exist 

Operable Unit 4 
could be 
contributing to 
elevated levels of 
uranium and 
radium in creek 
sediment under 
current and future 
land use. 

Potential Future 
exposures are 
evaluated 
quantitatively. 

Ingestion of 
contaminated 
vegetables 

LowrYes 

I r: Ingestion of 
contaminated meat 

Ingestion of 
contaminated milk LowrYes 

I! 

-7 I 'Current land use assumes institutional controls are in place for 100 years. Future land use ayumes / I  institutional conv~ls are not in place after 100 years. 
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(including air) in its path. The intensity of penetrating radiation decreases with increasing distance 
from the source. As a result. direct exposure to penetrating radiation exceeding background levels 

to areas a short distance from Operable Unit 4. Only a small segment of the general 
ntly subject to any potential above-background exposure to penetrating radiation from 
4. External radiation exposure rates are determined from TLD measurements taken 

undary, at off-site monitoring locations, and at monitoring locations around the K- 

3.2.2 Airborne Radon 
Radioactive decay of 
long radioactive half- 
nearly constant. Rad 
residues and the silo 
the K-65 silos. The 
including: 

-65 residues produces Rn-222. Because Ra-226 has a very 
), the rate of generation of radon inside the K-65 silos is 
in the airspace inside the K-65 silos between the surface of the 
in this airspace either decays to its progeny or escapes from 

on from the K-65 silos is affected by several parameters 

The short half-life of radon (3.82 days) 

The porosity of the residue 

s Local meteorological conditio shing pressure gradients between the outside 
air and the silo airspaces 

es. and the silo walls 

Exposure concentrations of radon are dete 
the FMPC boundary, at off-site air monit 
the K-65 silos. 

me concentration measurements taken at 
at monitoring locations surrounding 

3.2.3 Erosion of Soils 
Above-background concentrations of uranium and Ra-226 have 
in the vicinity of Operable Unit 4. The source of the uranium 
from leakage from the silos, from deposition of airborne emissi 
from historical spills and leaks in the K-65 area, from other areas at the site such as the waste pits, 
or combinations of the above. Because established institutional controls at the 
around Operable Unit 4 prevent unintentional access to the operable unit, potential 
expected to be directly exposed to soils in or immediately surrounding Operable Unit 
the potential exists for constituents from Operable Unit 4 surface soils to migr 
especially in the event of heavy rainfall. 

in surface soil samples 
ium is uncertain; it could be 

m other areas of the FMPC, 
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The Univelsal Soil Loss Equation (USLE) (Williams 1975, EPA 1988b) has been used to estimate 
the amount of soils eroding annually from the silo area. Additional equations have been used to 

ount of material that will erode from the silo berm into the surface water of Paddys 
ount that will remain in the sediments along Paddys Run (Haith 1980. Mills et al. 

equations are based on the ability of the material to partition between soil and water. 
these models is difficult without results of berm soil samples. Calculations have 

ed using the average measured uranium and radium concentrations in surface soil 
samples from the RI field investigation and three samples taken at the base of the benns during the 
CIS study (weston 1987). The model assumes that constituents in the upper one centimeter of soil 
are available for eros 
explanation of the 
compare well with 

f the modeling are presented in Table 3-2. A complete 
ing parameters is provided in Attachment 11. Modeling results 
of sediment samples collected along the banks of Paddys Run 

directly downgradient nit 4. 

3.2.4 Groundwater 
The presence of above-background concentrations of uranium in groundwater and surface water 
within the FMPC boundaries has been con!i 
and surface water sample data are available 
found in Silo 2 during recent core samplin 
bottom of the K-65 silos could occur, h 

Operable Unit 4 have been established a 
media within or outside the immediate a 4. Significant above-background 
concentrations of Ra-226 have not been detected in groundwater 
Unit 4. 

environmental sampling. Limited groundwater 
mediate vicinity of Operable Unit 4. Water 
lo residues suggests that leaking through the 

e K-65 silos nor the other areas of 
um contamination in environmental 

e vicinity of Operable 

Potential exposure to contamination currently in the regional aq 
Operable Unit 5. Consequently, evaluation of the groundwater ay under Operable Unit 4 will 
be confined to the potential for Operable Unit 4 to contribute to future groundwater contamination. 
This is performed by projecting the concentration of the contaminants of concern from the silos to 

in the vadose zone and numeric modeling for transport within the Great Miami Aquifer. 

nsidered under 

a hypothetical receptor, using a combination of analytical modeling for the rranspo ts 
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TABLE E3-2 

ESTIMATED CONTAMINANT RUNOFF FROM OPERABLE UNIT 4 
BERM SOILS USING THE UNIVERSAL SOIL LOSS EQUATION' 

- w 
Constituent 

Average 
Concentration 

(Pc i /g>mm 
in soils 

Modeled 
Concentration 
migrating to 
sediments 

(pCi/g)/(clg/g) 

9.8b/ 
15 

loC/ 
1.1 x los' 

Total Uranium 

Ra-226 

9.6/ 
14 

10.7/ 
1.1 105 

*See Attachment I1 for complete rnodeling/&d$. 
bAverage of four RI samples taken at thelbye of,the berm soils (5650, 5644, 5647, 5884). and 
three CIS samples (320, 322, 324) takyn at the northern base of the berm surrounding Silo 2. 

'Average of 1 RI sample taken at the baselof-the vrm (5884) and three CIS samples (320, 322, 
324) taken at the northern base of the berm surrounding Silo 2. 

il__i 1d 
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Two future potential land use scenarios are considered: Scenario 1 assumes that institutional controls 
will be active at the FMPC for the next 100 years and that the hypothetical receptor would be 

FMPC boundary. Under Scenario 2, institutional controls will be lost and the 
ceptor would be located directly at the waste unit after 100 years. 

receptors may potentially be exposed to constituents from Operable Unit 4 under 
both current and future land-use conditions. These potential receptors include various types of 
plants, animals, and aquatic organisms. Exposure of environmental receptors to constituents from 
Operable Unit 4 de 
to which environmen 
contamination attribut 

gree to which environmental media are contaminated, the degree 
exposed to contaminated media, and the portion of 

Data concerning co ental media and biological samples are presented in 
Chapter 2.0. These data are used to quantify potential effects of constituents from Operable Unit 4 

on environmental receptors. Quantitative results are presented in Section 3.3.3 of this chapter. 

3.2.6 
Airborne release of radon and other consti 
failure of the K-65 silo domes. This re1 suggested because a study of the structural 
condition of the K-65 silos indicates tha os were structurally stable at the time of 
the study, they may be expected to remain stable only for approximately five to ten years (Camargo 

K-65 silos is possible in the event of a 

1986). 

The Consent Agreement between DOE and EPA contains a pro 
action for the K-65 silos. The removal action is being conduc 
and a baseline risk assessment is being conducted by the Unive 
removal action. 

nducting a removal 
echtel National Incorporated, 

f Cincinnati to support the 

The University of Cincinnati risk assessment (Eckart et al. 1990) evaluates the h 

associated with estimated exposures from three airborne release scenarios (Acute Case A 
Case A2, and the Chronic Radon Case). Acute Case A1 involves silo dome failu 
weather event, Acute Case A2 involves silo dome failure due to prolonged structural de 
and the Chronic Radon Case involves continued release of radon without acute dome 
estimated lifetime human health risks associated with the three release scenarios are tabulated in the 
risk characterization chapter in Table 5-3. 
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3.3 QUANTIFICATION OF EXPOSURE 
es from environmental sampling are used to estimate receptor exposures for the 
f direct exposure to penetrating radiation and exposure to airborne radon from 
. Modeled results are used to estimate potential exposure to Operable Unit 4 

ediments and groundwater. 

An RME is identified for each potential current or future exposure to constituents from Operable 
Unit 4. The RME is defined as the highest exposure that is reasonably expected to occur at the 
site (EPA 1989a). I 
that may be subject t 

Operable Unit 4 RME is identified to account for an individual 
identified exposure pathways. 

3.3.1 

3.3.1.1 Direct Radiation 
Environmental measurements of radiation dose equivalent at monitoring stations along the FMPC 
boundary are used to quantify direct exposure 
current conditions. Examination of the radia 
WMCO environmental monitoring program 
average results along the western FMPC 
background locations. Thus, it is reason 
boundary fenceline as a representation of the potential receptor radiation exposure rate in the 
vicinity. For exposure to direct radiation, the RME individual 
boundary west of the silos) is assumed to be exposed to an ave 
equivalent rate of 5.4 premh.  This annual average above-bac 
associated with air monitoring station (AMs) No. 6 west of th 
used because AMs-6 exhibits the highest annual average expo 
fenceline. Nevertheless, the magnitude of the above-background exposure rate at AMs-6 is less 
than the annual average background exposure rate of 9.9 prem/hr from two locations distant from 
the FMPC. The RME individual is assumed to spend 24 hours/day in the vicinity 
days/year. This time is divided into: 

etrating radiation from Operable Unit 4 under 
equivalent rate data collected as part of the 

eals only slight differences between annual 
Paddys Run Road, and at two distant 
al average data from the western FMPC 

vicinity of the FMPC 

Waking hours spent outdoors 
Waking hours spent indoors 
Sleeping hours spent indoors 
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A shielding factor is applied to the time spent indoors to account for the reduction in dose 
equivalent rate provided by typical dwellings. The following expression is used to calculate the 

0 

DE = annual dose equivalent (mrem/yr) 
DE, = gross RME dose equivalent rate (prern/hr) 

DEbLs d dose equivalent rate (pm/hr) 

CF factor (mredprem) 
FI 
EF 

h4F 

t as waking hours (hr/day); time spent as sleeping hours (hr/day) 

ctor for waking hours spent outdoors; modifying factor for 
spent indoors; modifying factor for sleeping hours spent 

indoors (unitless) 
SF = shielding fa uction indoors (unitless). 

The dose equivalent rates for each of the 
annual RME dose equivalent rate from 
mredyear. The total annual RME dose 
equivalent by multiplying by 70 years 
parameter values used to calculate these results are defined in T 
estimate results for the penetrating radiation pathway are presen 

h e  periods are summed to obtain a total 
on exposure from Operable Unit 4 of 36 
s converted to total RME lifetime dose 

of 2500 mrem over a lifetime. The 

. . . . . . . 

3.3.1.2 Airborne Radon 
, . . . . . . . 

Environmental measurements of airborne radon concentrations ed at air monitoring stations 
along the FMPC boundary are used to quantify exposure to ai radon and radon progeny from 
Operable Unit 4 under current conditions. Examination of the airborne radon concentration data 
collected as part of the WMCO environmental monitoring program for 1988 reveals slight 
differences between annual average airborne radon concentrations along the weste 
fenceline, the remainder of the FMPC fenceline, at residences along Paddys Run 
distant background locations. Thus, it is reasonable to use annual average data from 
FIvlPC boundary fenceline as a representation of the potential receptor exposure concen 
vicinity. For exposure to airborne radon and radon progeny, the RME individual is as 
exposed to an average above-background airborne radon concentration of 0.75 pCi/L. This annual 

FERx)WRAlE89410&2@90 E3- 13 
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0 '  TABLE E34 
POTENTIAL HUMAN EXPOSURE ESTIMATES FROM 

PENETRATING RADIATION, AIRBORNE RADON, AND SEDIMENT INGESTION 

. -  Receptor 
Exposure Rh4E 

Constituent Level Dosebtake 

Current land Use' 

Direct radiation 

Inhalation of 
airborne radon 
progeny 

Ingestion of 
creek sediments 

Radiological 

Chemical 

Future Land Use' 

Direct radiation 

Inhalation of 
airborne radon 
progeny 

Ingestion of 
creek sedimentsb 

5.4 prem/hr 36 mremlyr 
above background 

- GSiifEi-radiation 

0.75 pCi/L 0.19 WLWyr 
above background 

Radon D) and, 

Uranium 1.2 mred6  yrs 
7.2 mremf6 yrs 
8.4 mremf6 yrs 

Radium 
SUm 

Uranium 0.13 pgkdday 

L__I 

Gamma radiation 

Radon and 
radon progeny 

280 premhr 1800 mrem/yr 
above background 

5.24 pCi/L 
above background 

Current land use assumes institutional cor mls re in pla 
institutional conmls are not in place after 100 years. 

e for 100 years. Future land use-assumes 

Sediment ingestion results under future land use are the same as under current land use. 
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average above-background airborne radon concentration is associated with radon monitoring location 
FMPC-L west of the silos. Data from this location are used because location FMPC-L exhibits the 

average radon concentration at or outside the FMPC fenceline. Nevertheless, the 
e above-background radon concentration at location FMPC-L is approximately equal 

verage background radon concentration of 0.90 pCi/L from two locations distant 
. The RME individual is assumed to spend 24 hours/day in the vicinity for 365 

e time is divided into: 

a Waking hours spent outdoors 
a Waking hours spent indoors 
a 

No shielding factor is 
background airborne 
indoors (NRC 1 
each of the three daily time periods: 

time spent indoors. It is assumed that the outdoor above- 
buted to releases from Operable Unit 4 is also present 

expression is used to calculate the radon exposures during 

MF 

- - onth radon progeny exposure (WLWyr) 
= gross RME ion (pCi/L) 
= background radon concentration (pCi/L) 
= conversion factor (WL/pCi/L) 
= radon daughter equilibrium factor om (unitless) 
= exposure frequency m y e a r )  
= fraction of time spent as waking ti 

(unitless) 
= modifying factor for waking time rs; for waking time 

spent indoors, and for sleeping time spent indoors (unitless). 

spent as sleeping time 

This equation is used to determine the airborne radon progeny exposure for each of 
periods. These three exposures are then summed to obtain a total annual RME rad 
exposure from Operable Unit 4 of 0.19 WLWyear. 

The total annual RME exposure is converted to total lifetime RIVE radon progeny 
multiplying by 70 years, resulting in a lifetime exposure of 13 WLM. The parameter values used 
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to calculate these resulk are defined in Table 3-3. Potential exposure estimate results for the 
airborne radon pathway are presented in Table 3 4 .  

both radiation dose and chemical intake were performed for the hypothetical 
sediments in Paddys Run. For purposes of this risk assessment, it is 
tration in the sediment is the average concentration of total uranium 

and the average concentration of Ra-226 modeled using the USLE. Modeled sediment concentra- 
tions are used instead of concentrations measured in sediment because the modeled results are based 
on measured surfac 
sediment from Padd 
Operable Unit 4. 

10 pg/g assuming na 
of Ra-226 in sedi 
radium from Operable Unit 4 that could exist in the vicinity of Operable Unit 4 in Paddys Run. 
This concentration assumes that a child could play in the creek immediately downstream of 
Operable Unit 4. Because sediments deposit e banks of the creek and the creek is often 
dry, sediments are frequently exposed. 

For the calculation of radiological dose, it 

sediment/day, 365 days/year. This is con 
months, exposure to creek sediments wou 
activity (3.5 pCi/g) is contributed by U-234 and one-half (3.5 p 
uranium isotopes are present in their natural percent abundance. 
50-year CEDE for ingestion of uranium or radium is: 

ons from the silo area. The concentrations measured in 
y to -be partially attributable to erosion from areas other than 
entration of uranium in sediment is 6.9 pCi/g (approximately 

g isotopic percent abundance) and the calculated concentration 
.1 x lo5  pg/g). This is the concentration of uranium and 

that a child consumes 0.2 grams of 
it is likely that, during the winter 
proximately one-half of the total uranium 

for describing the 

CEDE = (Cs)(DCF)(IR)(EF)(E 

where: 
. . . . . . . . . . . . . . . . . . . CEDE = 50-year committed effective dose equivalent (mrem) 

cs = concentration of contaminant in sediment @Ci/g) 
DCF = dose conversion factor (mrem CEDE/pCi) 
IR = sediment ingestion rate (g/day) 
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EF 
ED 

= exposure frequency (daydyear) 
= exposure duration (years). 

ent concentration of 3.5 pCi/g with a dose conversion factor a 4.1 x lo" 

B 1987); a U-238 concentration of 3.5 pCi/g with a dose conversion factor of 3.7 x 
1987), the resultant CEDE for total uranium is 0.2 mrem per year of 
-226 soil concentration' of 11 pCi/g with a dose conversion factor of 1.5 x 

B 1987), the resultant CEDE from ingestion of Ra-226 is 1.2 mrem per year of 
ingestion. It is conservatively assumed that children ingest sediment for six years, resulting in a 
total radiological do 
summary of the par 

for ingestion of contaminated sediments. Table 3-3 presents a 
r the sediment ingestion pathway. 

For the calculation o 
sediments at a rate 
10 pg/g of uranium in the sediments. The model describing intake is (EPA 1989a): 

e, it is assumed that a 16-kilogram child would ingest 
days/year for 6 years (EPA 1989b). The child is exposed to 

where: 
Isi = 

cs = 

IR = 

c F =  
F I =  
EF = 

ED = 

BW = 

AT = 

Intake from sedime 
concentration in 

conversion factor ( lo6 kg/mg) 

exposure frequency (days/yr) 
exposure duration (yrs) 
body weight (kg) 
averaging time (equal to ED x EF) (days). 

The resultant chemical intake from ingestion of uranium from Paddys Run sedimen 

pLg/kg/day. Potential exposure estimate results for the sediment ingestion pathway 
Table 3-4. 

3.3.1.4 Ingestion of Groundwater 
The evaluation of exposure to groundwater under the current land use scenario is described in 
Attachment 111, and is briefly described here. It is assumed that contamination of the groundwater 
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through the floor for Silo 3. The concentrations of constituents in the leachate flowing from the 
mined using EP Toxicity results and geochemical modeling. The flow of leachate 
to the receptor involves flow through both unsaturated (vadose zone) and saturated 
aquifer, perched zones). Estimates of movement were performed using a no- 
ption and using a best estimate of retardation. These two approaches produce two 
concentration at the receptor location. 

The major worst-case assumptions used in the modeling include: 

e e silos to act as the leaching fluid. At this time there is no 
happening at the site. 

e ncentrations are limited only by the solubility of the identified 

Leachate concentration from EP Toxicity data are based on acidic analytical 
conditions that may be unrealistic. 

e The leachate concentrations a ered to be constant over time throughout the 
source depletion period. 

The concentrations of contaminants at th 
current land-use scenario are listed in A 

are considered for exposure to contaminants in groundwater: 

ceptor beyond the FMPC fenceline for the 
les 111-1 and 111-2. Four intake scenarios 

e Direct ingestion of groundwater 

e Ingestion of beef from cows raised on and feed 
e Ingestion of milk from cows raised on and feed 

e Ingestion of vegetables irrigated with c 

For each contaminant the radiological doses and chemical intakes are summed across the 
groundwater exposure pathways. 

Intake via drinking contaminated groundwater is estimated using the following equ 

where: 
IDW = (&>@)(EF)(ED)(FI)/(Bw)(AT) 

IDW - - Intake from groundwater ingestion (mg/kg/day) 
c. - - concentration in groundwater (mg/L) 
IR - - ingestion rate @day) 
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EF = exposure frequency (days/yr) 
ED = exposure duration (yrs) 

body weight (kg) 
averaging time (equal to ED x EF) (days). 
Fraction of ingested water from contaminated source (unitless). 

received via drinking contaminated groundwater is estimated using the following 
equation: 

CEDE = (C,)@CF)(IR)(EF)(ED) 
. . . . . . . . . . . 

where: 
CEDE = itted effective dose equivalent (mrem) 
c, - - in groundwater (pCi/L) 
IR = 
DCF = ’ dose conversion factor (mrem CEDE/pCi) 
EF = exposure frequency (days/year) 
ED = exposure duration (ye 

Intake and radiation dose for the food inge 
estimated using the same equations used 
concentration in food for the concentratio 
concentrations in vegetables, meat, and 
used to calculate exposure results are presented in Table 3-3. 

The calculated lifetime radiological doses and chemical intakes 
pathways under current land-use conditions are presented in T 
results indicate that human receptors at the FMPC boundary us 
drinking water, imgating vegetables and animal feed, and watering animals could be exposed to a 
lifetime radiation dose from Ra-226 from Silos 1 and 2 as high as 50 rem. All of the radiation 
doses presented assume that the silos are leaking, that precipitation enters the silos 
leaching fluid, and that the contaminant source is depleted with time. In lieu of site- 
it was assumed that the silos contain very soluble forms of uranium (phosphate) and 

y (contaminated vegetables, meat, milk) are 
ter ingestion pathway, substituting the 

r. Equations used to determine 
in Attachment IV. The parameter values 

e groundwater exposure 
-5 and 3-6. The radiological 
ntaminated groundwater for 
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TABLE E3-5 

RADIOLOGICAL DOSES AND CHEMICAL INTAKES FROM GROUNDWATER 
PATHWAYS AT THE FMPC BOUNDARY AT 100 YEARS 

SILOS 1 AND 2 

Constituent 

U1235 
q - 2 3 8 3  
Th-228 
6-230 
Th-232 
Rb-226 
Rk228 
Pb-210 
AC-227 
Pa-23 1 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 

Lead 
Manganese 
Nickel 
Selenium 
Thallium 
Vanadium 
Zinc 
Uranium 

Copper 

Radiolo~cal Doses (lifetime mrem) 

Best Estimate 

2.4 x 10-3 

1.9 x 103 
1.6 x 10-9 
1.2 x 107 

1.6 x lo4 

1.7 x lo5 
5.0 x lo' 
3.0 x 10' 
1.5 x lV 
5.0 x 107 
3.6 x io7 

7.0 x lo6 
9.2 x 10' 

2.3 x 10' 
8.6 x lo" 

7.9 x 10-3 

2.1-X-1o7 
5.1 x lo.? 

2.4 ?-io" 
3.4 p 103 
8.7 7 lo" 
1;g-X 103 
8.9 x 109 
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TABLE E 3 4  

RADIOLOGICAL DOSES AND CHEMICAL INTAKES FROM 
GROUNDWATER PATHWAYS AT THE FMPC BOUNDARY AT io0 YEARS 

SILO 3 

w 
Constituent 

Pb-210 
AC-227 
Pa-23 1 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 

Lead 
Nickel 
Selenium 
Thallium 
Vanadium 
Zinc 
Uranium 

Copper 

Radiolonical Doses (lifetime mrem) 

Best Estimate 

1.8 x lo' 
1.1 x lV 
1.6 x lo' 
2.6 x 109 
2.3 x 107 
1.7 x 10' 
5.6 x 10' 
5.9 x 1V 
1.4 x 107 
3.4 x 10s 
2.4 x 105 m 

Chemical Intake (mg/kg/day) 

3.7 x 10' 
1.0 x 10' 
3.3 x lo4 
9.6 x lo4 
1.6 x lo4 
1.8-x-lOL 
6.0 lo6 1 
3.0 x 10' 
1.8 k O 4 d  
1.1 y-10 
6.8 p 10' 
2.0 x 104 
7+x lo2 
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radium and that the only factor limiting the concentration of uranium and radium in the leachate is 
the solubility of the species. These are potentially extreme upperbound estimates. 

results indicate that after 100 years, a receptor at the property boundary could be 
concentrations of several metals. The assumed soluble uranium in Silo 3 appears 

3.3.2 Exposure To Human Receptors - Future Land Use 

3.3.2.1 
Environmental measu ation dose equivalent rate at monitoring stations along the K- 
65 fenceline are used 
under potential future 
prohibit access to are C boundary fenceline is replaced with the assumption that 
receptors may potentially be exposed at locations closer to Operable Unit 4 as a result of future 
land-use conditions that do not include institutional control at the FMPC boundary. It is assumed 
under potential future conditions that receptors posed in the vicinity of the K-65 fenceline. 

exposure rates at the K-65 fenceline as a 
te in the vicinity. The average above- 
roximately 280 prem/hr. 

ct exposure to penetrating radiation from Operable Unit 4 
eyond 100 years, the assumption that institutional controls 

. Thus, it is reasonable to use annual average 
representation of the potential future recept 
background exposure rate along the K-65 

Using this value and the same exposure p 
conditions, the above-background RME increases by a factor of 
Potential exposure estimate results for the penetrating radiation 

ons used under current land-use 
50 to 1800 mredyr. 
sented in Table 3 4 .  

3.3.2.2 Airborne Radon 
Using the same rationale to quantify exposure to airborne rado 
conditions that is used for potential future exposure to direct radiation, it is assumed that receptors 
may be exposed to an annual average above-background airborne radon concentration of 5.24 pCiL 
in the vicinity of the K-65 fenceline. Using this value and the same exposure path 
used under current conditions the above-background RME increases by a factor of 
to 1.44 WLM/year. Potential exposure estimate results for the aiibome radon pathway 
presented in Table 34. 

future lind-use 
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The sediment ingestion exposure pathway under future land use conditions in the same pathway 
er current land use conditions because the exposure under current land use was an 
at assumed a modeled sediment concentration in Paddys Run within the FMPC 

vicinity of Operable Unit 4. Because the dose associated with exposure to 
diment in Paddys Run proximal to Operable Unit 4 is a worst-case overestimate and 

exposure is nominal, it is not necessary to refine the exposure to account for receptor 
locations under different land-use conditions. 

The evaluation of ex 
the same assumptions 
land use it is assum 

inated groundwater under future land use conditions involves 
used for current land-use evaluations. However, under future 
tor is exposed to leachate concentrations rather than 

boundary because institutional controls are not assumed to be 

in place after 100 years. 

The concentrations of contaminants in leachate 
scenario are listed in Attachment 111, Tables 
current land use are also evaluated for futu 

used, substituting the leachate contaminant 
concentrations used under current land u 
are presented in Table 3-3. 

Operable Unit 4 for the future land use 
1114. The intake pathways evaluated for 

for the modeled gmundwater contaminant 
r values used to calculate exposure results 

The same equations and assumptions are 

The calculated lifetime radiological doses and chemical intakes 
pathways under future land use conditions are presented in Tab1 
results indicate that human receptors at the waste unit who are 
water, imgating vegetables and animal feed, and watering anim uld be exposed to a lifetime 
radiation dose from Ra-226 from Silos 1 and 2 as high as 3700 rem. All of the radiation doses 
presented assume that the silos are leaking, that precipitation enters the silos to act as a leaching 
fluid, and that the contaminant source is depleted with time. In lieu of site-specifi 
assumed that the silos contain very soluble forms of uranium (phosphate) and radium, 
only factor limiting the concentration of uranium and radium in the leachate is the 
species. These are potentially extreme upperbound estimates. 

h m  groundwater exposure 
-8. The radiological 

ater for drinking 
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TABLE E3-7 

__RADIOLOGICAL DOSES AND CHEMICAL INTAKES FROM GROUNDWATER 
PATHWAYS AT THE WASTE UNIT AT 500 YEARS 

SILOS 1 AND 2 

Constituent 
w Radiological Doses (lifetime mrem) 

Conservative Estimate 

Pb-210 
AC-227 
Pa-23 1 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 

Lead 
Manganese 
Nickel 
Selenium 
Thallium 
Vanadium 
Zinc 
Uranium 

Copper 

1.7 x lo-' 
1.2 x 10' 
1.4 x lo-' 

9.6 x lo" 
1.3 x lo" 
3.7 x lo" 
2.2 x le 
1.1 x lo" 

8.5 x lo" 

1.2 x 107 

1.2 x 107 

LA Chemical Intake (mg/kg/day) 

Kl 5.2 104 
7.0 x lo" 

1 5.6-x-10L 
6.0 x 1W-i 

3.7 x-10-'-1 
5.0 rx--l@ 
p.8 jx 10' 
1.9 iX 103 
7;9-x lo' 
6.0 x lo6 
6.9 x 10' 
6.5 x lo7 

1.9 x 103 

8.2 jx-w 
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RADIOLOGICAL DOSES AND CHEMICAL INTAKES FROM GROUNDWATER 
PATHWAYS AT THE WASTE UNIT AT 500 YEARS 

SILO 3 - 

Radiolo~cal Doses (lifetime mrem) 

Constituent 

Ra-226 
Raz228 
Pb-210 
AC-227 
Pa-23 1 

c 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 

Lead 
Nickel 
Selenium 
Thallium 
Vanadium 
Zinc 
Uranium 

Copper 

Conservative Estimate 

6.5 x l@ 
4.2 x lo" 
5.9 x l@ 
9.6 x l0-a 
8.5 x lod 

2.1 x 106 
2.1 x 105 
5.3 x lc? 

9.0 x 106 

6.4 x 10-7 

1.2 x 107 

r?, Chem icah Intake (mg/kg/day) 

1.3 x 103 
3.7 x lo4 
1.3 x lo2 
3.5 x lo2  
5.7-x-1 0 L  
1.0 I X - l O A  

1.5 ix lo2 

2.6 ;X lo4 

6.6 ,x-1@3-- 7 1.2 x--i03 

a.5 (x io3 
5;7-'~ io5 
2.8 x 100 
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The chemical results indicate that after 500 years, a receptor at the property boundary could be 
h concentrations of several metals. The soluble uranium in Silo 3 appears to be of 

ated radiological doses and chemical intakes for each 
le Unit 4. The penetrating radiation, airborne radon, and 

sediment ingestion pathways are considered potential exposure pathways under both current and 
future land-use condit 
potential future path 
8). It has been dete 
direct radiation and 
individual from thes 

4). The modeled groundwater exposure pathways are considered 
current and future land use conditions (Tables 3-5 through 3- 

Operable Unit 4 site RME may potentially be exposed to both 

ughout a lifetime. The combined health effect for the RME 
dressed in the risk characterization in Chapter 5.0. 

3.3.3 Exposure to Environmental Receptors 
Exposure to environmental receptors is being 
Policy Act (NEPA) EIS being performed at 
of radiological dose equivalent rates to pl 
attributed to Operable Unit 4. These dose 
represent the dose equivalent delivered to 

(pCi/g) measured in the tissue. The estimated maximum uptake of uranium by vegetation in 
Operable Unit 4 of 0.48 pCi/g would produce a radiation dos 
using an average energy per decay for uranium of 4.5 MeV. 
with a maximum uptake of 0.58 pCi/g, is 0.05 rad per year, usi 
radium of 4.78 MeV. A total radiation dose to plant tissue of 
radiation dose reported to reduce the growth of conifers, plan 
radiation (Klechkovskii et al. 1973). Herbs have been reported to be unaffected by radiation doses 
as high as 350 rads per day. Vegetation samples with radionuclide concentrations less than the 
estimated maximum would have proportionately lower internal radiation exposures. 

No data are available on radionuclide uptake or exposure by mammals and birds in the 
Operable Unit 4. Radiation exposures causing detectable chronic to acute effects in m 
birds are several hundred rads (e.g., Iverson and Turner 1976, Snyder et al. 1976, 
1968). A body burden equal to the highest total uranium level in soil in Operable Unit 4, 48.4 
pWg, would produce an annual radiation dose of four rad per year. 

ed in detail under the National Environmental 
s section of Chapter 3.0 presents estimates 

and aquatic organisms from uranium uptake 
es are not committed dose equivalents. they 

one year from the uranium concentration 

ly 0.04 rad per year, 
g figure for Ra-226, 

per year is only 1 x 104 the 
ge energy of decay of 

ularly sensitive to 

0 
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The maximum concentration of uranium in surface water in the vicinity of Operable Unit 4 was 
ASIT-10 (2219 p a ) .  Constant exposure to this concentration of uranium could be 

However, the annual average total uranium 

988 (WMCO 1989a). Poston et al. (1984) reported that reproduction of the 

s and fish in Paddys Run. 
Paddys Run at Site W-10, adjacent to Operable Unit 4, was only 7 to 39 pCi/L 

mama was suppressed at total uranium concentrations of 0.5 to 3.5 m a ,  with 
as alkalinity and hardness of the water increased. Acute toxic effects occurred 

at higher levels. The 48-hour LC,, for E. mama in Columbia River water was 6 mg/L total 
uranium. Uraniumc c to fish are higher than those for invertebrates. For 
example, Parkhurst e rted that development of trout larvae was affected by uranium 
only at concentrations g/L. The 48-hour LC,, was 59 mg/L total uranium. It is 
thus unlikely that aq in Paddys Run would be exposed to toxic concentrations of 
radionuclides except unters with contaminated runoff. 

Accumulation of radionuclides in tissue is also an unlikely source of radiation exposure of aquatic 
organisms. The total uranium concentration o 
would result in an internal dose of 0.43 rad far below the one rad per day at which any 

effects on aquatic biota would be detectabl 

Ci/g for crayfish collected from Site PR-3 

3.4 UNCERTAINTIES 
A major source of uncertainty associated with modeling transport of constituents from Operable 
Unit 4 arises from. predicting migration through environmental that are needed' but 
were unavailable to model migration of constituents include: 

Characterization of the chemical species of the c 

Determination of the extent of potential leakage 

n Operable Unit 4 to 
determine solubility and soil sorption properties 

Operable Unit 4 waste storage 
silos 

Characterization of radioactive and chemical materials in the berm soils and the soil 
beneath the operable unit 

Several uncertainties are associated with receptor exposure estimates. The use of 
measurement data to estimate receptor exposure concentrations to contaminants. as 
Unit 4 as the single source term, tends to overestimate the dose and risk associ 
particular operable unit because contaminants could originate from various areas of the FMPC. 
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likely to have originated from the K-65 silos, in particular, because the K-65 residues are a unique 
e quantities of Ra-226 activity at the FMPC site. However, above-background 
of uranium may be attributed to releases from a variety of sources. 

s risk assessment are RME individuals. These scenarios assume that an individual 
tinuously 24 hours/day, 365 days/year. The receptors for the sediment ingestion 

ed to ingest sediment for 365 days/year. These scenarios err on the side of 
health protectiveness with regard to the period of exposure assumed. 

Three exposure path rable Unit 4 to human receptors have been identified as potential 
d-use conditions. A fourth pathway, involving 
a potential future pathway of concern under 

both current and future land-use conditions. Exposure pathways involving the use of contaminated 
groundwater assume that the silos eventually leak. The risks associated with exposures from all 

pathways are addressed quantitatively in the cterization presented in Chapter 5.0. 

. . . . . . . . . 

E3-33 



FMPC-0404-4 
August 20. 1990 

4.0 TOXICITY ASSESSMENT 
. . . . . . . . . 

hazards reviewed in this section include direct exposure to penetrating radiation, 
me radon gas, and constituents of Operable Unit 4 with emphasis on uranium and 

exposure to penetrating radiation and exposure to airborne radon are considered 
hazards in the Operable Unit 4 risk assessment because above-background levels of 

these constituents have been measured at the site boundary. Exposure to penetrating radiation or 
airborne radon gas poses a radiocarcinogenic health hazard. 

Oral intake of urani 
constituents that may 

evaluated for the sediment ingestion pathway. Silo 
tial receptor in groundwater are briefly discussed. 

4.1 NONCARCINO 

4.1.1 Uranium 
The chemical toxicity of uranium is the only 
pathways from Operable Unit 4 chemicals o 
effect of uranium is nephritis, or kidney d 
protein in the urine) and glycosuria (eleva 
pharmacodynamic studies on the toxicity 
limit are summarized ,below. 

inogenic health effect from current exposure 
The primary chemically-induced health 

ptons of this indclude albuminuria (elevated 
e urine). Pharmacokinetic and 
the development of a threshold effect dose 

4.1.1.1 Pharmacokinetics 
In general, uranium compounds are not easily absorbed across 
Soluble uranium compounds demonstrate the best absorption, b 
solution of uranyl nitrate hexahydrate, a water soluble compou 
was found to be absorbed (Hursh et al. 1969). Most recently. uranium metabolic models have 
estimated absorption from the gastrointestinal (GI) tract to the blood to be 0.6 percent (Wrenn et al. 
1987). Although human data for dermal exposure are minimal, water-insoluble u r d  ds 
are not absorbed in significant amounts across the skin and are not believed to pose a ri 
humans via this exposure route (Yuile 1973). 

astrointestinal tract. 
where patients drank a 

5 percent of the dose 

EA- 1 



Once absorbed into the bloodstream, uranium compounds are metabolically converted to uranyl ions. 
as a ligand in the systemic circulation, binding to the plasma proteins and 

e this uranyl-bicarbonate complex is stable at the pH of the .plasma, the pH of 
tion of the complex. This leaves the uranyl ion free to bind to the tissues in 

bule wall, resulting in cellular necrosis (Leggett 1989). 

In addition to being the only soft tissue that stores uranium in any appreciable amount, the kidney 
is the main organ of excretion (Hursh and Spoor 1973). Approximately 70 percent of a dose of 
uranium has been est xcreted by the kidney within 24 hours of intake (Berlin and 
Rudell 1979). Urani is stored in both the kidney and the bone. Binding to the 
bone is thought to be 
structure. 

affinity of uranium for the phosphate groups in the bone 

4.1.1.2 Human Studies 
Human data on exposure to uranium compounds were collected from 1940 to 1960 from acute 
studies on terminal and volunteer patients. Si 
to terminally ill patients resulted in proteinu 
and Rudell 1979, Luessenhop et al. 1958). 
injections ranging from 6.3 to 71 pg/kg. 
the enzyme catalase in the urine, occurre 
1973, Leggett 1989). 

ections of 70 to 100 p@kg of uranium nitrate 
reased levels of catalase in the urine (Berlin 
study, patients were given uranyl nitrate 

y signs of renal damage, the appearance of 
iving 55 or 71 pg/kg (Hursh and Spoor 
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4.1.1.3 Animal Studies 

Laboratory animals demonstrate a great deal of variation in thei 
toxicity studies with rabbits and guinea pigs appearing to be th 
intravenous toxicity of soluble uranium compounds like uranyl 
approximate dose at which 50 percent of the test organisms did not survive (LDA for rabbits is 0.1 
mg/kg; for guinea pigs, 0.3 mg/kg; for rats, 1 m a g ;  and for mice, 10-20 m@g (Stokinger 1982). 

In chronic animal experiments, sublethal threshold doses of uranium have been demons 
(Leggett 1989). Though the exact mechanism of tolerance is not known, it is believed 
regenerated kidney tissue is associated with tolerance. When uranium exposure ceases, 
regenerated epithelium will be transformed into normal renal tubular tissue (Yuile 1973 

FERDU4RA/IE89-4/Q8-2@90 E4-2 
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e chronic feeding study was performed on rabbits, rats, and dogs for periods of 30 
d 2 years (Maynard and Hodge 1949). These animals received uranium doses of 
mg)kg/day in the diet. Rabbits were maintained for 30 days, dogs for 1 year, and 
years. For all species, water soluble compounds were more toxic than insoluble 

d lowest observed adverse effect levels (LOAELs) were established for al l  

compounds and each species (Maynard and Hodge 1949). In all cases, the LOAEL could be 
established within the first 30 days (EPA 1989~). Of the three species, rabbits appeared to be the 
most sensitive with bited at all administered dose levels. The renal damage was 
judged to be only m 
on this, the lowest ur 
1 9 89c). 

ower doses, but moderately severe at the highest dose. Based 
2.8 mg/kg/day was established as the LOAEL by EPA (EPA 

4.1.1.4 Renulatory Guidance 
The EPA (1989~) has recently established a reference dose for uranium of 3 pg/kg/day. In lieu of 
a No Observed Adverse Effect Level (NOAE reference dose is based on the LOAEL of 2.8 

mg/kg/day from the Maynard and Hodge (1 

uncertainty factor accounts for intraspecies 
for the use of the LOAEL. No factor w 
exposure (30 days) because it has been s 
characterized with experiments of acute/subacute duration (EPA 1989~). 

say and an uncertainty factor of 1OOO. The 
ies variability in toxicological response and 
ccount for the short duration of the 
c nephrotoxic effects can be adequately 

A pharmacokinetic model has also been used to determine the a 
uranium levels in the kidney, which are then used to calculate 
National Council on Radiation Protection and Measurements (N 

a single compartment model with long-term retention in the ki 
on Radiological Protection (ICRP) (1979) developed a two-compartment model that also assumes 
long-term retention in the kidney (e.g. a 1500-day metabolic half-life). The NCRP model is 

shold dose for 
uraniumintake. The 

mational Commission 

considered more appropriate for the evaluation of chronic ingestion of uranium at 1 

in the environment because the ICRP model was developed for application to inhal 

forms by radiation workers (Kocher 1989) and the fraction transferred to the kidney is 
(Kathren et al. 1989). The NCRP model is: 

EA-3 
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Then 

fl 
f2 
T, =half 
I = daily 

= fractional GI abso6tion from GI tract to blood 
= fractional transfer from blood to kidney (0.1 1) 

I I m  

(0.0 14) 

where: 
C, = concentration of urani ey per pg/day intake, or the amount of 

ingested uranium that kidney at equilibrium. 

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

An acceptable daily intake (13 can then be calculated by: 

where: 

C, = threshold concentration in the kidney 
S = safety factor (SO). 

The threshold concentration of 1 pg/g suggested by the NCRP is lower than the g 

acceptable concentration of 3 p u g  kidney (Spoor and Hursh 1973). IT is based 
suggest 0.6 pg/g kidney may be below the threshold for man (Wrenn et al. 1985 

factor of SO is higher than recently suggested by Kocher (1989). 
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Based on this model, the IL for uranium is 186 pg/day. In terms of intake by a 70-kilogram adult, 
nds to an acceptable intake of 2.7 pg/kg/day, or approximately 3 pg/kg/day, which 

g/kg/day RfD determined using animal data. 

um is the only constituent from Operable Unit 4 that is currently and consistently 
present above background in the environment, toxicity information on additional silo constituents is 
presented in order to evaluate potential future exposures. Table 4-1 summarizes toxicity information 
for those silo constitu 
glacial overburden, 

to have the potential to migrate from the silos, through the 
ndwater aquifer in the future. 

f radiocarcinogenic risk coefficients for use in radiological risk 
assessments for Operable Unit 4. These risk coefficients have been obtained from three radiation 
protection publications (NCRP 1987, NAS 1988, ICRP 1987). Radiocarcinogenic risk coefficients 
are generally expressed as a function of expo 
radionuclides; therefore, they may be multip er the estimated radiation dose received or 
the estimated exposure to radioactive materi 

radiation or exposure to quantities of 

4.2.1 

Assessment of the lifetime radiocarcinogenic risk of fatal cancer 
performed using a somatic whole body risk coefficient of 125 x 
(1987). The NCRP presents a tabulation of risk coefficients ass 
(Table 4-2). The sum of the tissue-specific risk coefficients e 
risk coefficient of 165 x l o6  rem-'. The total whole body risk 
includes the somatic whole body risk of 125 x lo6 rem-' and the genetic risk of 40 x 104 rem". 

'The somatic whole body risk is used in the risk characterization in Chapter 5.0 to quantify the risk 
of fatal cancers in individuals exposed to ionizing radiation. The genetic risk of 
addresses the genetic risks to offspring from exposure of the parents' gonads to r 
of fatal cancer is used as the basis for assessing radiation-related human health ri 

to radiation is 
blished by the NCRP 
various body tissues 

total whole body 
cient of 165 x lo6 rem-' 
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TABLE E4-1 

ORAL TOXICITY VALUES 
FOR POTENTIAL NONCARCINOGENIC EFFECTS - 

Chemical 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium VI 

Cobalt 

Lead 

Manganese 

Selenium 

Silver 

Thallium 

Uranium 

Vanadium 

Zinc 

chronic 
Rp' w 
Jmdkdday) source 

-1.0-x-10-3 E A S T b  

IRIS' 

IRIS 
I 

IRIS 
5.0 x.104 (water) IRIS 

5.0 x 103 

- - 
NG 

3.7 x lo2 

6.9 x lo4 Marcus 1986 

2.0 x 10' IRIS 

3.0 x 103 IRIS 

NG NG 

7.0 x 105 IRIS 

3.0 x 10-3 IRIS 

7.0 x 103 E A S T  

2.0 x lo-' IRIS 

a Reference dose signifying acceptable daily intake 

' Integrated Risk Information System (EPA 1989c) 
Health Effects Assessment Summary Tables (EPA 19890 

Not toxic at highest dose tested (EPA 19890 
DWHA = Drinking Water Health Advisory 

critical 
Effect 

Keratosis 

Fetotoxicity, 
high blood pressure 

d 

Renal damage 
Renal damage 

Liver toxicity 

NG 

Local GI imtatim 

Renal damage, anemia 

Central-nervous system 

NG 

L.L 

Nephrotoxicity 

NG 

Anemia 

Uncertainty 
Factor 

1 

100 

100 

10 
10 

500 

NG 

NG 

5 

100 

15 

NG 

3000 

lo00 

ew5:17 
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TABLE EX-2 
RISK COEFFICIENTS 

AND RECOMMENDED WEIGHTING FACTORS FOR 
POTENTIAL RADIOCARCINOGENIC EFFECTS - 

Risk Coefficient Weighting Factor 

Breast 25 x lo" rem-' 

20 x lo" remm1 

20 x 106 rem" 

5 x 106 rem-' 

5 x IO6 rem-' 

Red Bone M m w  

Lung 

Thymid 

Bone Surfaces 

Remaindef 50 x lo" rem-' 
i 

0.15 

0.12 

0.12 

0.03 

0.03 

0.30 

Somatic (whole body)b 

Gonads 

0.75 

0.25 

Total (whole body)b 165 x lo" rem" 1 .oo r I 
I - - -  

'A weighting factor of 0.06 is assigned to each of the five remqnder..tissues 
receiving the highest dose equivalents under the particular 
conditions of concern. 
five remainder tissues are neglected. 

The genetic risk alone is 40 x lo" rem-'. 

Dose equivalents to any other tissues 

%e somatic whole body risk alone is 125 x lo4 rem". 

Source: NCRP 1987 
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AU of these risk coefficients quantify risk as deaths per unit dose equivalent received (rem-'). The 
ents presented by the NCRP are consistent with the recommendations of the ICRP in 

(ICRP 1977). 

. hole body risk coefficient may be used whether the dose equivalents received are 
xtemal penetrating whole body radiation exposure or by radiation exposure of specific 

tissues from internally deposited radionuclides provided that the tissue dose equivalents are 
expressed as risk-weighted dose equivalents. Risk-weighted tissue dose equivalents are tissue dose 
equivalents that have by the appropriate tissue risk-weighting factor (Table 4-2). 

Assessment of the ra c risk from exposure to airborne radon and its short-lived 
IV Committee (NAS 1988) and 

the ICRP (ICRP 1987), and adopted by the EPA for use in risk assessments @PA 19898). The 

BEIR IV and ICRP risk coefficients are selected by the EPA (EPA 1989g) because they represent 
the most recent comprehensive examinations ed health risks associated with exposure to 
radon and radon progeny. The risk estimati h employed by the BEIR IV Committee and 
the ICRP involves the evaluation of epide ta concerning underground miners. The 
BEIR IV Committee and the ICRP devel k models based on estimated radon 
progeny exposures of the miners and the g cancer mortality in the miners. The 
EPA selected an average of the risk coefficients obtained using the BEIR IV and ICRP models, 
consistent with the recommendation of the EPA's Radiation Ad ittee (EPA 19898). 

A fatal lung cancer risk coefficient for radon progeny exposure 
use in assessing risk (EPA 19898). The risk coefficient select 
from exposure to radon progeny is 360 excess lung cancer de 
due to lifetime exposure to radon progeny (360 x 106/WLM). 

opted by the EPA for 

persons per WLM 
EPA for assessing the risk 

4.3 UNCERTATNTIES RELATED TO TOXICITY INFORMATION 
Toxicity information used in the human health assessment incorporates considerable un 
This is because toxicity information is often based upon modeled projections that are 
empirical studies of animals or humans exposed to radiological or hazardous agents 
stances that differ from the circumstances of exposure in a site-specific human he 

FERx)WRAIJE894/0&2090 EA-8 



F M P c m  
August 20. 1990 

sources of uncertainty that are incorporated into the human health assessment for 
and radiological toxicity are: 

Four principal 

The use of dose-response relationships (models) based on exposures at high doses to 
predict low dose effects 

The use of dose-response relationships based on acute exposures to predict effects 
from chronic exposures 

e The use of dose-response relationships based on laboratory animal studies to predict 

nse relationships based on human study populations that may 

effects on humans 

e 

nt from the populations of concern in the site-specific human 

The radiologic 
assumptions that are considered to overestimate risk. This conservatism is built into the risk 
estimates because of the uncertainties that are 

the chemical toxicity RfDs presented incorporate conservative 

iated with risk estimation. 

The whole body risk coefficient selected by 
radiation protection purposes. This assum e dose-response relationship used to 
estimate risk is linear without threshold 
rates of importance in routine radiation 

incorporates a conservative assumption for . 

ge of dose equivalent and dose equivalent 
1987). 

. . . . . . . . . 

The risk coefficients associated with exposure to radon progeny 
WLM. The magnitude of this range is a factor of approximate 
to reflect an estimate of the uncertainty associated with the re1 
More detailed treatments of the uncertainties associated with 
are presented in the referenced documents (NCRP 1987, NAS, 19& ICRP 1987). 

140 x lo6 to 720 x lo? 

sk range is presented 
cient @PA 19898). 

al cancer risk factors 

The oral RfD for uranium (EPA 1989c) is based on a published LOAEL of 2.8 mg/kg/day 
(Maynard and Hodge 1949) and an uncertainty factor of 1OOO. The uncertainty fa 
to compensate for intraspecies and interspecies variability in toxicological response. 
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5.0 RISK CHARACTERIZATION 

vides a characterization of the potential health effects associated with the intake of 
sure to radionuclides that have migrated, or have the potential to migrate from 

4. Chapter 3.0 presented potential exposures and estimates of intake associated with 
res. Chapter 4.0 presents the radiological cancer risk factors and reference doses for 

chemical intake that will be used to characterize the potential health effects associated with 
identified exposures. 
approach that is 
evaluation of the 
a 70-year lifetime, is 
exposure under re land-use conditions is also presented. The exposure 
estimates for future land-use conditions calculated in Chapter 3.0 assume that future conditions 
allow receptor exposures inside the Fh4PC boundary close to the K-65 fenceline. 

e with methods described by EPA (1989a), a health protective 
te rather than underestimate risk is used. A quantitative 
ated with exposure under current land-use conditions, assuming 
evaluation of the lifetime risk associated with potential future 

5.1 CURRENT LAND-USE CONDITIONS 
This section addresses the concerns associat 
potential future land-use assumptions used 

entified current exposures. Current and 
posures are described in Chapter 3.0. 

5.1.1 Carcinopenic Effects 
Radiocarcinogenic risks from exposure to radiation and radionu 
radiation dose equivalents expressed as roentgen equivalent man 
radionuclides, and the appropriate risk coefficients presented in 
4-2 presents risk coefficients as a function of risk-weighted do 
Chapter 4.0 also presents a risk coefficient as a function of cu 

dated using estimated 
dative exposure to 

of this report. Table 

e exposure to radon progeny 
( W L M - I ) .  

Radiocarcinogenic risks are characterized under current land-use conditions for the 
exposure pathways: 

0 Exposure to penetrating radiation 
0 

0 

Exposure to airborne radon and short-lived progeny 
Exposure to uranium and Ra-226 in stream sediments from Paddys Run 
ingestion 
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a Exposure to contaminated groundwater and food raised with groundwater 

the estimated RME exposures to penetrating radiation, radiation from intemally 
ides from sediment ingestion, and radon progeny. Tables 3-5 and 3-6 present 
exposures to contaminated groundwater and food. The method for calculating 
by each of the exposure pathways is expressed by: 

R, = (E3 

where: 

RL 
ET, 
RC 

r from lifetime exposure to the pathway of interest 
e pathway of interest 

per unit exposure from the pathway of interest. ......... 

5.1.1.1 Penetrating Radiation 
The incremental RME exposure to penetrating 
exposure assessment to be 36 mrem/year, or 
somatic risk per rem to the whole body p 
Thus, the incremental lifetime risk of fat 
tion from the silos is 3 x lo-' for an indi 

on from the silos was estimated in the 
m over a 70-year lifetime. The lifetime 

toxicity assessment is 125 x lo6 rem". 
time RME exposure to penetrating radia- 

nder potential current conditions. 

. . . . .  5.1.1.2 Airborne Radon 
The incremental RME exposure to airborne radon and its short-1 from the silos was 
estimated in the exposure assessment to be 0.19 WLWyear or 1 r a 70-year lifetime. 

The lifetime risk per WLM presented in the toxicity assessment WLM'. Thus, the 
incremental lifetime risk of fatal lung cancer from lifetime RME exposure to airborne radon and 
radon progeny from the saos is 5 x 10' for an individual potentially exposed under current condi- 
tions. 

5.1.1.3 Inpestion of Uranium and Radium-226 in Sediments 
................. 

The incremental Rh4E exposure to uranium in ingested sediments from Paddys Run was Gkmated 
in the exposure assessment to be 1.2 mrem over a six-year period (Table 3-4). BecausefWs dose 

..... ..... ............ ............ 
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equivalent is a CEDE, it is already risk-weighted and is simply converted from mrem to rem and 
the lifetime risk coefficient per rem. The lifetime risk per rem presented in the 

ent is 125 x 106 rem-’. Thus, the incremental lifetime risk of fatal cancer from the 
to uranium in ingested sediment from Paddys Run is 2 x 10’. 

ental RME exposure to Ra-226 in ingested sediments from Paddys Run was estimated in 
the exposure assessment to be 7.2 mrem over a six-year period (Table 34). This exposure is used 

in the same manner exposure because it is also a CEDE. The incremental lifetime 

risk of fatal cancer r exposure to Ra-226 in ingested sediment from Paddys Run is 

to human receptors at the Fh4PC boundary fenceline under 
current land-use conditions using contaminated groundwater could exceed loo0 rem using modeling 
and exposure assumptions which greatly over te radiation doses. The corresponding estimated 
radiological fatal cancer risk exceeds 1.0. 

5.1.1.5 Summation of Carcinogenic Risks 
The lifetime risks from lifetime exposure 
because it is reasonable to assume that th 

from both penetrating radiation and airborne radon released from 
incremental lifetime risk of 5.3 x lo3. 

diation and airborne radon are summed 
may be exposed to the RME exposure 

s results in an 

The risks from exposure to uranium and Ra-226 in sediments a 
penetrating radiation and airborne radon because the sediment i 
unique exposure pathway for children. However, the risks contributed by the uranium and the Ra- 
226 in the sediment can reasonably be summed. This results in an incremental lifetime risk of 
1.1 x lo6. 

5.1.2 Noncarcinogenic Effects 
The potential health consequence of the noncarcinogenic effects of chemicals is evalu 
comparing estimated intakes (Chapter 3.0) with the RfD, which represents an estim 
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of intake that would not result in adverse health effects (Le., a "threshold" effect). The parameter 
the hazard index (HI) defined as: 

HI = I/RfD 

= hazard index (unitless), 
I = intake (pg/kg/day), and 
RfD = reference dose (pg/kg/day). 

This approach is di 
an HI of 0.01 does 
intake is 100 times 

probabilistic approach used to evaluate carcinogens. Note that 
100 chance of adverse effect, but indicates that the estimated 

rence dose. 

An identified potential exposure to elemental uranium from Operable Unit 4 is from ingestion of 
creek sediments by children. Table 3-4 pres stimated uranium intake of 0.13 pg/kg/day 
from ingestion of sediments contaminated soil from Operable Unit 4 to Paddys Run. 
The chronic RfD is appropriate for use in because the chronic effect of uranium 
toxicity, nephrotoxicity, is the same effect of concern during the six-year exposure. 
The estimated HI for this pathway is 0. w the specific operable unit action level 
goal of one-fourth of the allowable intake, which corresponds to 

Assuming leakage from the silos in the future, potential exposu 
constituents from Operable Unit 4 is possible via consumption 
food raised with contaminated groundwater. Table 5-1 indica 
potential exists for receptors at the FMPC boundary to be exposed to unacceptable concentrations of 

. . . . . . . . 
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TABLE E5-1 

NONCARCINOGENIC EFFECTS ASSOCIATED WITH FUTURE RELEASES 
FROM OPERABLE UNIT 4 - 100 YEAR SCENARIO 

Intake' RFD Hazard 
(mgfl<g/day) (mgfl<g/day) Index 

/ 
L-/ Arsenic 
BariUItl 
Beryllium 
Cadmium 
Chromium 

Lead 
Manganese 
Nickel 
Selenium 
Thallium 
Vanadium 
Zinc 
Uranium 

Copper 

4.4 x 1 0 5  

8.3 x 1 0 3  

9.9 x lo4 

x lo" 

6.9 x 1 0 5  

2.0 x 1 0 3  

7.5 x lo2 r 

0.001 
0.05 
0.005 
O.oooO5 
0.005 
0.037 
0.00069 
0.2 
0.02 
0.003 
O.oood7 
0.007 
0.2 

L 0.003 

0.044 
0.0014 
1.7 
49.2 
0.03 1 
0.0000048 
0.75 
0.00014 
0.42 
0.07 
52.5 
0.014 
0.0048 
25.2 

@ 'Combined intake from drinking water, vegetable ingestion, and milk ingestion from 
Silos 1, 2, and 3. 
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several toxicants, assuming worst-case leaching conditions. Beryllium, cadmium, thallium, and 
y have HI values greater than 1.0. Lead and nickel the remaining chemicals 

nit HI action level). 

with potential future exposures estimated in Chapter 3.0. 
Future land-use assumptions are described in Chapter 3.0. Potential exposures under future land use 
were estimated for ting radiation pathway and the airt>ome radon exposure 
pathway. These two cularly the radon pathway, present the most significant potential 
receptor exposures. diment ingestion pathway is of nominal concem under current 
land use; therefore, it ed under future land use. Exposure to contaminated 
groundwater is consi 
conditions. No evi 
Operable Unit 4; however, the risk associated with potential exposure to contaminated groundwater 
is being considered (assuming the silos begin 
collected in the form of slant brings benea 
be occurring. Evidence of leakage from the 
potential for contamination of groundwater 

exposure pathway under both current and future land-use 
nfirm the existence of a groundwater exposure pathway from 

the future). Additional RI data are to be 
to determine if leakage from the silos may 
soil directly beneath the silos would indicate 

om Operable Unit 4. 

5.2.1 Carcinogenic Effects 
In Chapter 3.0 the estimated exposure to direct penetrating radia 
conditions is approximately 50 times the estimated exposure un 
Thus, the estimated risk becomes 50 times the estimated risk un 
conditions, or 1.5 x IO2. 

ential future land-use 
d-use conditions. 
current land-use 

The estimated exposures to airborne radon under potential future land-use conditions is approxi- 
mately seven times the estimated exposure under potential current land-use conditions. Thus, the 
estimated risk becomes seven times the estimated risk under potential current land- 
3.5 xlOz. The combined above-background lifetime risk from lifetime exposure to 
radiation and airborne radon pathways under potential future land-use conditions is 5 x 1 
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The estimated lifetime radiation dose to human receptors at the waste unit under future land-use 
ing contaminated groundwater could exceed lo00 rem using modeling and exposure 

ch greatly overestimate radiation doses. The corresponding estimated radiological 

Results in Table 5-2 indicate that if institutional controls are lost after 100 years under future land- 
use conditions, the 
close to the silos. 
including: 

potential health risks to receptors within the FMPC boundary 
nted in Table 5-2 incorporate many worst case assumptions 

The ted immediately beside Operable Unit 4 and is exposed to 
leac prior to any dilution. 

time would deplete the source resulting in lower leachate concentrations. 
a The silos begin leaking at approximately 100 years because leakage prior to that 

a The leachate concentrations on EP Toxicity results, which are performed 
using acidic leaching solutio the solubility of the modeled metal species. 

5.3 UNCERTAINTIES 
The risk characterization integrates enviro 
analysis, and toxicological data. Uncertai 
process impact the. results of the risk characterization. The unc 
the environmental sampling data, fate and transport results, expo 
data have been qualitatively presented in previous chapters. Thi 

minimize the probability that uncenainties may result in an und 
hazards associated with the operable unit. Thus, each step of 
intended to overestimate the potential hazards being addressed. 

g, fate and vansport analysis, exposure 
with each step of the risk assessment 

ciated with analysis of 
s, and toxicological 

cterization strives to 

abon of the actual health 
cess has incorporated bias 

5.4 RISKS ASSOCIATED WITH POTENTIAL FUTURE SILO FAILURE SCENARIOS 
In Chapter 3.0, the potential for release of constituents from Operable Unit 4 silos 

risk assessment conducted for the K-65 removal action (Eckan et al. 1990). The total h 
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TABLE E5-2 

____NONCARCINOGENIC EFFECTS ASSOCIATED WITH FUTURE RELEASES 
FROM OPERABLE UNIT 4 - 500 YEAR SCENARIO 

1 -A-I-!Xnic 
Barium 
Beryllium 
Cadmium 
Chromium 

Lead 
Manganese 
Nickel 
Selenium 
Thallium 
Vanadium 
Zinc 
Uranium 

Copper 

0.0018 
0.00037 
0.015 

0.0057 
o p 1  

r 0 . o b o s z  
L 2 0 . 0 3 7  

0;O 16 
0.0035 

' 0.069 
2.78 

d 

0.001 
0.05 
0.005 
O.ooOo5 
0.005 
0.037 
0.00069 
0.2 
0.02 
0.003 
O.ooOo7 
0.007 
0.2 
0.003 

- 1.8 
0.007 1 
3.1 
82.0 
1.1 
0.00046 
54.3 
0.01 
29.6 
2.8 
224.1 
0.52 
0.35 
9275 0 'Combined intake from drinking vegetable ingestion, and milk ingestion from 

Silos 1, 2, and 3. 
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health risks associated with the silo failure scenarios addressed in the K-65 removal action risk 
presented in Table 5-3 (Eckart et al. 1990). Acute Case A1 involves acute silo 

ue to a severe weather event. Acute Case A2 involves acute silo dome failure due 
ctural deterioration. The Chronic Radon Case involves continued radon release 

te dome failure. 

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

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

..... 

................................. 
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9.1 x 

7-6 

TABLE E5-3 

, las-- 
7 ’  A 

‘7 

-ESTIMATED LIFETIME RISKS ASSOCIATED WITH POTENTIAL FUTURE 
SILO FAILURE SCENARIOS r=\ 

I \ I  Total Risks Determined for the Acute Case A1 Based on the EPA Slope Factor Methodology: 

Exposure Point - Risk 

Ta al Risk Det 

Work Force 3.0 x 10-3 

Resident 1.4 x 1V 

3.0 x lo4 

r m i i  for thLAcute Case A2 Based on the EPA Slope Factor Methodology: 

Risk Exposure Point - 
Work Force 2.0 x 10-5 

9.2 x 10-7 

Population 1.6 x 10-9 

Total Risks Determined for the chronic Radon Case Based on the EPA Slope Factor Methodology: 

=I rJ Exposure Point 

Work Force 

Resident 
I 

Population 4.1 xi,@ 

~ i l  Source: Eckart et al. 1990. 
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6.0 SUMMARY 

was used historically to store by-products of the uranium separation process. 
process information, it was found that the silos contain high levels of uranium, 

products, radon gas, and other inorganic materials found in the initial ores. 

Review of environmental sampling data suggests that silo constituents may be released to the 

environment from the ituents of concern based on sampling data include: 

um decay products, which emit gamma rays or penetrating 

ces radon gas that escapes from the silos 

Uranium and Ra-226 detected in surface soils within the silo study area 

Th-230 and Pb-210 are also radionuclides of 
analytical data confirm that Th-230 or Pb-2 
residues could be of concern for groundwa 
the future. Pb-210 could be of concern if 

through the silo walls into the berm soil 
Berm soil sampling is planned to determine if Pb-210 is accumulating in the K-65 berms. 

al concern, although no environmental sample 

if the silos begin to leach constituents in 
antities of radon activity are migrating 

n released from the silos. Th-230 in the silo 

don decay products including Pb-210. 

Due to the complex nature of the waste problem at the FMPC 

sample data, it is not possible to determine what fractions of 
groundwater, and sediment, if any, are attributable to releases 
that uranium and Ra-226 may be in the surface soils as a res 
the silos. Uranium detected in groundwater at above-background levels cannot be definitively 
attributed to releases from Operable Unit 4 because there is no confirmation of significant silo 
leakage into the underlying soils. Additional slant boring sampling is required to 
The necessary data are to be obtained under the proposed sampling and analysis plan. 
assuming leaking may occur sometime in the future, all constituents of the silos are co 
be of potential concern for future exposures. 

bility of analytical 
ts in surface soil, 

perable Unit 4. It is believed 
spills and leaks around 

e. 
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current exposure pathways from Operable Unit 4 have been identified: direct 
etrating radiation, exposure to airborne radon and radon progeny, and ingestion of 
ed from the surface soils into stream sediment. Penetrating radiation presents direct 

sure. Airborne radon is transported by the prevailing winds. Constituents found in 
the soils in Operable Unit 4 may erode into Paddys Run during periods of rain. Soil transport to 

exposure areas has been modeled using the USLE. 

Human exposure pa 
4. The RME indiv 
vicinity of the weste 
mredyear, or 2500 -year lifetime. The RME individual for exposure to airborne 
radon is also a person in the vicinity of the western FIvlPC boundary who receives an incremental 
exposure of 13 WLM over a 70-year lifetime. The RME individual for exposure to eroded soils is 
a child that ingests sediments while playing i 

modeled concentrations of 9.6 pCi/g of urani 
This sediment exposure scenario results in 
year exposure period. 

n identified for each constituent migrating from Operable Unit 
xposure to penetrating radiation is a person living in the 

dary who receives an incremental dose of approximately 36 

ys Run. This individual may be exposed to 

g/g) and 10.7 pCi/g of Ra-226 (Table 3-2). 
dent of approximately 8 mrem over a 6- 

Three potential future exposure pathways from Operable Unit 4 have been identified: direct 
exposure to penetrating radiation, exposure to airborne radon an 
groundwater potentially contaminated by releases from Operable 
direct exposure to penetrating radiation is allowed access to lan 
fenceline inside the FMPC boundary, assuming that institutional Is are not in place in the 
future after 100 years. This individual potentially receives an 
of approximately 50 times (1800 mredyr) the estimated dose equivalent under potential current 
conditions. The RME individual for radon exposure is also allowed access to land in the vicinity 
of the K-65 fenceline. 
approximately 7 times (1.44 WLM/yr) the estimated exposure under potential cu 

The results of groundwater modeling suggest that several silo constituents may reach the 
property boundary within 100 years, the time period for assuming institutional conmls. 

eny, and exposure to 
RME individual for 

This individual potentially receives an estimated increment re 
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these constituents, are at modeled concentrations greater than operable unit action level 
s of concern. Assuming institutional controls are lost after 100 years, an "intruder" 

exposed to higher concentrations of silo constituents in groundwater at the waste 

assessment of potential exposures to environmental receptors indicate that 
radionuclide contamination has been measured in vegetation samples and aquatic organisms 
collected in the vicinity of Operable Unit 4. These results are presented in Chapter 3.0. Estimated 
radiation doses from contamination are at least one hundred times less than radiation 
doses estimated to ca effects in the organisms considered. 

associated with Operable Unit 4 are the radiocarcinogenicity of 
the radionuclides and the chemical toxicity of uranium. The radiocarcinogenic hazard is quanuled 
using established risk coefficients expressed as a function of radiation dose or exposure to 
radionuclides. A risk coefficient of 125 x l o 6  ' (NCRP 1987) is used to quantify the lifetime 
fatal cancer risk from exposure to ambient radiation fields. This risk coefficient is also 
used to quantify the lifetime fatal cancer 
deposited radionuclides. A risk coefficient 
the lifetime fatal lung cancer risk from e 

0 
sure to radiation emitted by intemally 
WLM' @PA 1989g) is used to quantify 

e radon and radon progeny. 

Uranium is a potent chemical toxicant that acts as a nephrotoxic 
in rabbits at levels as low as 2.8 mg/kg/day. The Rfl) for hum 
pg/kg/day, incorporating an uncertainty factor of 1OOO. Individu 
than uranium are identified in Chapter 4.0. 

damage has been seen 

silo constituents other 
on the rabbit data is 3 

6.4 RISK CHARACTERIZATION 
The incremental lifetime risk of fatal cancer from lifetime exposure at the RME level to penetrating 
radiation from Operable Unit 4 under current conditions is 3 x 10-4. The incremen 
of fatal lung cancer from lifetime exposure at the RME level to airborne radon released 
Operable Unit 4 under current conditions is 5 x lo3. Each of these risk estimates is b 
annual averages of measurements collected at the FMPC boundary, which incorporates th 
assumption that it is reasonable to use annual average data from the western FMPC bo 
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conservative representation of the potential receptor exposure in the vicinity. Assuming that a 
ual could reasonably be exposed to both penetrating radiation and airborne radon, 

ncremental lifetime risk from lifetime exposure to these two exposure pathways is 

tal lifetime risks of fatal cancer from lifetime exposures to FUME levels of penetrating 
radiation and airborne radon from Operable Unit 4 under potential future conditions are 1.5 x 

and 3.5 x lo2, respectively. Each of these risk estimates is based on annual averages of measure- 
ments collected at 
annual average data 
receptor exposure in 
these two exposure p 

e, which incorporates the assumption that it is reasonable to use 
celine as a conservative representation of the potential future 
combined incremental lifetime risk from lifetime exposure to 

potential future exposure conditions in 5 x lo2. 

A perspective can be placed on the incremental lifetime risks associated with RME exposures from 
the penetrating radiation and airborne radon pathways under current conditions by considering the 
lifetime risks associated with background ese pathways. Using the same 

calculational approach, the lifetime risks fro 
and airborne radon levels under current con 
indicates that the background risks from 
same order of magnitude as their respecti 
the incremental RME exposures from the 
the background exposure levels. 

Exposure of children to uranium and Ra-226 via ingestion of co 
soils in Operable Unit 4 is considered separately because this ex 
unique to children. The exposure duration is assumed to be six 
risk of fatal cancer from this exposure pathway is 1.1 x 106. 

0 exposures to background penetrating radiation 
x lo4 and 6 x lo3, respectively. This 
ays under current conditions are in the 

, which is consistent with the fact that 
n a factor of approximately two of 

sediments eroded from 
pathway is considered 

rather than a lifetime. The 

The chemical toxicity hazard associated with exposure to the elemental form of u 
Run sediment does not appear to be of concern. The value of the HI ratio assoc 
ingesting 0.13 pg/kg/day of uranium in creek sediments is 0.043 using the RfD of 3 p 

the denominator, and 0.17 using the site-specific action level of 0.75 pg/kg/day in the 

FEWoWRAIIE89410&2&90 E 6 4  



FMPc-04044 
August 20, 1990 

This suggests that children would receive an intake of uranium that is less than 20 percent of the 
t even under the conservative exposure scenario assumed. 

per bound radiocarcinogenic fatal cancer risk associated with future groundwater 
either current or future land-use conditions exceeds 1.0. The potential chemical 
associated with future groundwater exposure under both current and future land use 

conditions indicates that at receptor may be exposed to unacceptable levels of several chemical 
toxicants, including arsenic, beryllium, cadmium, thallium, chromium, lead, nickel, selenium, 

. . . . . . . . 

E6-5 



mPC-04w4 
August 08. 1990 

REFERENCES 
...................... 

ces Incorporated (ASI), 
for K-65 Storage Silos 

nces Incorporated. 
.............. 

1987, "Independent Safety Review Draft, Final Safety 
Radon Mitigation and Dome Reinforcement," prepared by 

Advanced Sciences Incorporated/International Technology Corporation (ASWT), 1988, "Quantitative 
Analysis Report of Alternatives for Interim Remediation of K-65 Silos," prepared by Advanced 
Sciences Incorporated and International Technology Corporation. 

Advanced Sciences 
RWS Geochemical 
International Techno 

Advanced Sciences In 
Sampling Analysis 
International Technology Corporation. 

nal Technology Corporation (ASIDT). 1989, "Femald 
5, " prepared by Advanced Sciences Incorporated and 

for the U.S. Department of Energy. 

rnational Technology Corporation (ASWT). 1990, "Biological 
' Prepared by Advanced Sciences Incorporated and 

Baes, C. E, R. D. Sharp, A. L. Sjoreen, R. W. Shor, 1984, "A Review and Analysis of Parameters 
For Assessing Transport of Environmentally Released Radionuclides Through Agriculture," ORNL- 
5786, prepared by the Oak Ridge National L 

Bailey, R., 1978, "Ecoregions of the United 

Berlin, M., and B. Rudell, 1979, I' 
Friberg et al., North-Holland Biom 

for the U.S. Department of Energy. 

S. Forest Service, Ogden, Utah. 

, edited by L. 

Boback, M.W., T.A. Dugan, D.A. Fleming, R.B. Grant, and R.W. Keys, 1987, "History of FMPC 
Radionuclide Discharges," FMF'C-2082, prepared by Westinghou 
May 1987. 

Company of Ohio, 

Borak, T.B., 1985, "Calculation of Radon Emission, Dispersion, 
Tanks at the Feed Materials Production Center." 

Camargo Associates, Limited, 1986, "K-65 Silos Study and Ev 
Production Center," Volume 1 ,  sections I through IX, prepared 

from K-65 Storage 

Feed Materials 
argo Associates, Limited. 

Camp, Dresser & McKee (CDM), 1989, "Long-Range Projections for Cincinnati and Hamilton 
County: Final Repon," prepared by Camp, Dresser & McKee for the Hamilton County Metropolitan 
Sewer District for Greater Cincinnati. 

Dames and Moore. 1985, "Groundwater Study Task C Report," prepared for NLO, 
U.S. Department of Energy. 

ER- 1 



FMpc-04044 
August 08. 1990 

Dettorre, ........... J.F., B.S. Ausmus, E.P. Stambaugh, A.A. Lawrence, K.R. Yates, 1981, "preliminary 
matives for Processing and Disposal of the Afiimet Residues," BMI-2083, UC- 
ttelle Columbus Laboratories for the U.S. Department of Energy. 

, R. Janke, R. Janke, 1990, "A Baseline Risk Assessment for the K-65 Silos 
dology For Applicability to the EE/CA," Revision 1, University of Cincinnati, 

Guttman, D.R. Osbome, R.H. Sperger, 1990, "Biological and Ecological 
Characterization of the Feed Materials Production Center," Prepared Under Contract DE-ACO5- 
860R21600, U.S. Department of Energy, Oak Ridge Operations Office. 

Gas Research Institu 
prepared by Atlantic 

Gill, V.R. 
Speicher, 29, 1988. 

Grumski, J.T., 1987a, '"Feasibility. Investigation for Control of Radon Emission from the K-65 Silos, 
Revision 1," prepared by Westinghouse Materials Company of Ohio, July 30, 1987. 

"Management of Manufactured Gas Plant Sites, Volume III," 
Services, Inc. for Gas Research Institute. 

on K-65 Probe Samples," letter from V.R. Gill to B.L. 

Grumski, J.T., 1987b. "Conceptual Design Report: K-65 Storage Silo Radon Mitigation and Dome 
Reinforcement Study," prepared by Westingh 

G m s k i ,  J.T., and P.A. Shanks, 1988, "D 
Exterior Foam ApplicatiodRadon Treatment 
Materials Company of Ohio, February 198 

Haith, D.A., 1980, "A Mathematical Mod 
Environmental Quality, Volume 9:3 pp. 428433. 

Harmer, D.E., 1989, "Request for K-65 Silo Subsurface Soils S 
fmm D.E. Harmer to R.M. Galbraith, International Technology 

Heatherton, R.C.. 1953, "K-65 Storage Tank No. 1," memorandu 
Lead Company of Ohio, to central files, November 25, 1953. 

Hem, J.D., 1982, "Study and Interpretation of the Chemical Ch 
Geolo~ical Survey Water Sumly P a w  1473. 

rials Company of Ohio, April 14, 1987. 

on Report K-65 Interim Stabilization Project 
ration," prepared by Westinghouse 

I 

Pesticide Losses in Runoff," Journal of 

*' memorandum 

. Heatherton, National 

Hursh. J.B., W.R. Neuman. T. Toribara. H. Wilson. and C. Waternouse, 1969, "Ingestion of 
Uranium by Man," Health Physics, Volume 17, pp. 619-621. 

Hursh, J.B. and N.L. Spoor, 1973, "Data on Man," 
Elements, edited by C.H. Hodge, J.N. Stannard and 

a 
ER-2 

......... ......... ........ ........ .......... ........... ............. ................. ................. ....... ., ....... 



FMPC-04044 
August 08. 1- 

International Commission on Radiological Protection (ICRP), 1977, "Recommendations of the 
cal Protection," AMAS of the International Commission on 
, Pergamon Press, New York. 

mission on Radiological Protection (ICRP), 1979, "Limits for Intakes of 
Workers," Annals of the International Commission on Radiolonical Protection, 
rgamon Press, New York. 

Commission on Radiological Protection (ICRP), 1987, "Lung Cancer Risk from Indoor 
Exposures to Radon Daughters," Annals of the International Commission on Radiological Protection, 
Publication 50, Pergamon Press, New York. 

International Techno (IT), 1988, "Work Plan for Conducting the Sitewide Remedial 
Investigation and Fe the Feed Materials Production Center, Femald, Ohio," 
prepared by IT Corpo .S. Department of Energy, Oak Ridge Operations, March 1988. 

International Techno 
for Emissions from , Feed Materials Production Center, Femald, Ohio," prepared 
by International Technology Corporation, August 1989. 

n (IT), 1989, "Assessment of Radiation Dose and Cancer Risk 

Iverson, S.L. and B.N. Turner, 1976, "Effects of Acute Radiation on Survival of Captive and Free- 
Ranging Meadow Voles," pp. 359-362, in C.E. Cushing (ed.), Radioecolom and Enerm Resources, 
Dowden, Hutchinson, and Ross, Inc., Strouds 

Karl, C.L., 1953, "K-65 Storage Tanks," 
Area Manager, to G.W. Wunder, Nation 

Kathren, R.L., J.F. McInroy, R.H. Moore, 
Occupationally Exposed Individual," 

C.L. Karl, Atomic Energy Commission 
t Manager, December 1, 1953. 

89, "Uranium in the Tissues of an 
me 57:1, pp. 17-21. 

a 

Klechkovskii, V.M., G.G. Polikarpov, and R.M. Aleksakhin, 197 
Sons, New York. 371 pp. 

, John Wiley and 

......... 
Kocher, D.C., 1989, "Relationship Between Kidney Burden and 
Ingestion of U: Implications for Radiation Standards for the Pub 

se from Chronic 
, Volume 57:1, 

pp. 9-15. 
........... .......... .......... ..... ....... 

Leggett, R.W., 1989, "The Behavior and Chemical Toxicity of V'%I the Kidney: A Reassessment," 
Health Physics, Volume 57:3, pp. 365-383. 

Litz, J. E., 1974, "Treatment of Pitchblende Residues for Recovery of Metal Values," Hazen 
Research, Inc., for Cotter Corporation, Canon City, Colorado. 

Luessenhop, A.J., J.C. Gallimore, W.H. Sweet, E.G. Struxness, J. Ro 
Man of Hexavalent Uranium Following Intravenous Administration," 
RoentPenolom. Volume 79, pp. 83-100. 

FERIDWRuIE.89-4108-2D-W ER-3 
a 



FMPC-0404-4 
August 08. 1990 

Marcus, W.L., 1986, "Lead Health Effects In Drinking Water." Toxicolom and Industrial Health, 

H.C. Hodge, 1949, "Studies of the Toxicity of Various Uranium Compounds 
rimental Animals," in: The Phannacolom and Toxicolom of Uranium 

ume 1, edited by C. Voegtlin and H.C. Hodge. 

, Dean, J.D., Porcella, D.B., et al., 1982, "Water Quality Assessment: A Screening 
c and Conventional Pollutants: Parts 1, 2, and 3," EPA-600/6-82/004, U.S. 

Environmental Protection Agency, Office of Research and Development, Environmental Research 
Laboratory, Athens, Georgia. 

Myrick, T.E., B.A. 
Radionuclides in Su 

National Academy of 
Radiations (BEIR IV) 
National Academy 

wood, 1983, "Determination of Concentrations of Selected 
U.S.," Health Physics, 45:3, pp. 631-642. 

S), 1988, "Committee on the Biological Effects of Ionizing 
of Radon and Other Internally Deposited Alpha-Emitters," 
nal Academy Press, Washington, D.C. 

National Council on Radiation Protection and Measurements (NCRP), 1984a, "Radiological 
Assessment: Predicting the Transport, Bioaccumulation, and Uptake by Man of Radionuclides 
Released to the Environment," 
Measurements, Bethesda, Ma 

National Council on Radiation Protection 
Occupational and Environmen 
NCRP Report 78, National 

National Council on Radiatio 
for Determining Compliance With Environmental Standards," NCRP Commentary No. 3, National 
Council on Radiation Protection and Measurements, Bethesda, 

National Council on Radiation Protection and Measurements 
Limits for Exposure to Ionizing Radiation," Report 91, Nation 
and Measurements, Bethesda, Maryland. 

National Radiological Protection Board (NRPB), 1987, "Commi 
Committed Effective Doses from Intakes of Radionuclides," 
Radiological Protection Board. 

, 

tional Council on Radiation Protection and 

ents (NCRP), 1984b. "Evaluation of 
adon Daughters in the United States," 

ion and Measurements, Bethesda, Maryland. 

(NCRP), 1986, "Screening Techniques 

, "Recommendations on 
Radiation Protection 

ses to Selected Organs and 
GS7. August 1987, National 

Ohio Depamnent of Health (ODH), 1988, "Study of Radioactivity in Drinking Water and other 
Environmental Media in the Vicinity of the U.S. Department of Energy's Feed M 
Center and Portsmouth Gaseous Diffusion Plant," prepared by the Ohio Departmen 
December 1988. 

Ohio, Kentucky, Indiana (OKI) Regional Council of Governments, 1989, personal 

on 

ER-4 



FMPC-04044 
August 08, 1990 

Parkhurst, B:R., R.G. Elder, J.S. Meyer. D.A. Sanchez, R.W. Pennak, and W.T. Waller, 1984, "An 
uation of Uranium in a Rocky Mountain Stream," Environmental 
Volume 3, pp. 113-124. 

anf, M.A. Simmons, 1984, "Toxicity of Uranium to DaDhnia magna," Water, 
Volume 22, pp. 289-298. 

ations International Corporation (SAIC), 1987, "Populations within Five Miles of the 
Feed Materials Production Center at Femald, Ohio," prepared by Science Applications International 
Corporation, November 10, 1987. 

Shanks, P.A., and R. 
Production Center," 

Snyder, D.P., C.A. T 
in the Eastern Chi 
Enerw Resources, 

Spoor, N.L., and J.B. Hursh, 1973, "Protection Criteria," in Handbook of Exwrimental 
Phannacolom, edited by H.C. Hodge, J.N. Stannard, and J.B. Hursh, Volume 36, pp. 241-270. 

8, "The K-65 Waste Storage Silos at the Feed Materials 
pared by Westinghouse Materials Company of Ohio. 

bill 1976, "Effect of Gamma Radiation on Range Parameters 
,I1 pp. 354-358 in C.E. Cushing (ed.), Radioecolom and 

son, and Ross, Inc., Stroudsburg. Pennsylvania, 401 pp. 

Stokinger, H.E., 1982, "Uranium," Pattv's Industrial Hvniene and Toxicolom, third edition. 

Templeton, W.L., 
and J.N. Stannard. 
Arbor Sciences Pu 

Tester, J.R., S. McKinney and D.B. Sini 
discors, A. crecca, 
370. 

Till, J.E. and H.R. Meyer, 1983. (eds 
Prepared for Division of Systems Inte 
Regulatory Commission, Washington, 

United Nations Scientific Committee on the Effects of Atomic 
"Sources and Effects of Ionizing Radiation." Report to the Gen 
Nations Scientific Committee on the 

on (UNSCEAR), 1977, 
sembly, with Annexes, United 

United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), 1982, 
"Ionizing Radiation: Sources and Biological Effects," Report to the Geneml Assembly, with annexes, 
United Nations Scientific Committee on the Effects of Atomic Radiation, New Yo 

U.S. Department of Commerce, 1985, "Wind Rose for the Greater Cincinnati Ai 
National Climatic Center, Asheville, North Carolina. 

FERIoWRuIE.89-4108-2&W ER-5 



FMPC-04044 
August OS. 1990 

U.S. Department of Energy (DOE), 1988a. "Remedial Investigation and Feasibility Study, Feed 
Center, Development of Alternatives (Task 12) for the Feasibility Study," 

onal Technology Corporation, December 1988. 

of Energy (DOE), 1988b, "Preliminary Draft Environmental Impact Statement: 
Remedial Actions, Feed Materials Production Center, Femald, Ohio," 

Department of Energy. 

U.S. Department of Energy (DOE), 1988~. "Radiation Protection of the Public and the 
Environment," DOE Order 5400.5. 

U.S. Environmental P 
for Protection Against 
April 22, 1980. 

U.S. Environmental P CY (EPA), 

1980, "Environmental Protection Agency Standards 
40CFR192, 45 FR 27367, 

1988a, "Guidance for Conducting Remedial 
Investigations and F 
and Remedial Respo , D.C. 

under CERCLA," EPA/540/G-89/004, Office of Emergency 

U.S. Environmental Protection Agency (EPA), 1988b. "Superfund Exposure Assessment Manual," 
EPA/540/1-88/001, prepared by the U.S. Environmental Protection Agency, Office of Remedial 
Response, Washington, D.C. 

miting Values of Radionuclide Intake and 
ation, Submersion, and Ingestion," Federal 
the U.S. Environmental Protection 

Agency, Office of Radiat 

sk Assessment Guidance for Superfund, 
Human Health Evaluation Manual (Volume I), Interim Final," EPA 540/1-89/002, Office of 
Emergency and Remedial Response, Washington, D.C. 

U.S. Environmental Protection Agency (EPA), 1989b "Risk As 
Environmental Evaluation Manual (Volume 11), Interim Final," 
Emergency and Remedial Response, Washington, D.C. 

U.S. Environmental Protection Agency (EPA), 1989~. "Integra 
computer database, U.S. Environmental Protection Agency. 

U.S. Environmental Protection Agency (EPA), 1989d, "Exposure Factors Handbook,," EPA/600/8- 
89/043, July 1989, U.S. Environmental Protection Agency, Office of Health and Environmental 
Assessment. 

U.S. Environmental Protection Agency (EPA), 1989e, "Statistical Analysis o 
Monitoring Data at RCRA Facilities," EPA/530-SW-89-026, U.S. Environm 
Office of Solid Waste, Washington, D.C. 

ER-6 



FMPC-04044 
August 08. 1990 

U.S. Environmental Protection Agency (EPA), 1989f. "Health Effects Assessment Summary Tables: 
FY 1989," OERR 9200.6-303-(89-4), October 1989, U.S. Environmental Protection 
of Solid Waste and Emergency Response, Washington. D.C. 

Protection Agency (EPA), 19898, "Risk Assessments Methodology 
ct Statement NESHAPS for Radionuclides, Background Information Document - 

, September 1989, U.S. Environmental Protection Agency, Office of 

U.S. Environmental Protection Agency (EPA), 1990a, "National Oil and Hazardous Substances 
Pollution Contingency Plan; Final Rule," FR Volume 55, Number 46, March 8, 1990. 

U.S. Environmental 
Waste," 40CFR261, 

U.S. Environm 
for Hazardous 

U.S. Geological Survey (USGS), 1984, "Elemental Concentrations in Soils and other Surficial 
Materials of the Coterminous United States," U.S. Geological Survey Professional Paper 1270. 

, "Identification and Listing of Hazardous 

A), 1990~. "Regulations on National Emission Standards 
May 2, 1990, Washington, D.C. 

U.S. Nuclear Regulatory Commission (NRC), 1977, "Calculation of Annual Doses to Man from 
Routine Releases of Reactor Effluents for the 
50, Appendix I," Regulatorv Guide 1.109, U. 
Standards Development. 

U.S. Nuclear Regulatory Commiss 
on Uranium Milling," Appendices 
Material Safety and Safeguards. 

e of Evaluating Compliance with 10 CFR Part 
Regulatory Commission, Office of 

Generic Environmental Impact Statement 
latory Commission, Office of Nuclear 

U.S. Nuclear Regulatory Commission (NRC), 1988, "A Handboo 
Attenuation Through Cover Material 
Rogers & Associates Engineering Co 
Nuclear Regulatory Commission. 

Vogel, R.A., 1989, letter from R.A. Vogel to Thomas H. Tank, 
Corporation, WMCO:SWE:89-006, April 21, 1989. 

Vogel, R.A., 1990. "Monthly Sampling Results of K-65 Decant Sump Tank," memorandum from 

termination of Radon 
, prepared by 
for the U.S. 

ational Technology 

R.A. Vogel to S.W. Heisler, Westinghouse Materials Company of Ohio. WMCO:SWE:90-020, 
February 7, 1990. 

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

Westinghouse Materials Company of Ohio (WMCO), 1987, "Application for Permit 
Biodenitrification Surge Lagoon Facility, FMPC," prepared by Westinghouse Materi 
Ohio for the U.S. Department of Energy, November 19, 1987. 

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

ER-7 



FMPc-04044 
August 08. 1990 

Westinghouse Materials Company 

of Ohio WhlCO). 1988. "Feed Materials Production Center 
Report for 1987,".FMPC-2135, UC-41, prepared by 
of Ohio. 

of Ohio (WMCO), 1989a. "Feed Materials Production Center 
Report for 1988," FMPC-2173, UC-707, prepared by 
of Ohio. 

of Ohio (WMCO), 1989b, "Engineering EvaluationKost Analysis 
for theRemoval Action Wage Pit Area Stomwater Runoff Cont&l," prepared by Westinghouse 
Materials Company of Ohio for the U.S. Depamnent of Energy, September 1989. 

Weston, R.F., Inc., 1 
Characterization of S 

Williams, J.R., 
Energy Factor," a m e n t  of Agriculture. 

Wrenn, M.E., P.W. Durbin, B. Howard, J. Lipsztein. J. Rundo, E.T StiU, D.L. Wilis, 1985, 
"Metabolism of Ingested U and Ra," Health Physics, Volume 485, pp. 601-633. 

tion Investigation Study Volume 3: Radiological 
Waste Storage Area," prepared by Roy F. Weston, Inc. 

Prediction with the Universal Soil Equation Using Runoff 

lume 79, pp. 177-184. 

Yuile, C.L., 1973, "Animal Experiments (Ch 
Elements, edited by Hodge, Stannard and 

. . . . . . . . . 

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

...... 

. . . . . . . . . . 

ER-8 



8 

ATTACHMENT I 



FMPc-04064 
August 20. 1990 

ATTACHMENT I 

TENTIAL PRESENCE OF LEAD-210, POLONIUM-210, AND STABLE 
LEAD IN K-65 BERM SOILS 

sent in K-65 residues decays to radon-222 (referred to here as radon). Radon is a 
e gas and is free to diffise in all directions. However, before radon can escape to the 

atmosphere, it must migrate through air spaces (pores and cracks) in sumunding materials. The 
half-life of radon is 
65 silos can migrate 
the K-65 silos, the 
in the silo berms pri 

days; therefore, only a fraction of the radon gas inside the K- 
idues, walls, and any cracks before decaying. In the case of 
es laterally through the silo walls also passes through the soil 
into the atmosphere. 

As radon decays in e berm soils, radon progeny are deposited in these soils. The 
radon progeny can react physically and chemically with the soil matrix and will accumulate in the 
region of deposition. Radon progeny in 
have half-lives of 22.3 years and 138.4 days, 
sufficiently long to allow significant accumu 
However, radon progeny will ultimately de 

b-210) and Polonium-210 (F'0-210), which 
ely. The half-lives of Pb-210 and Po-210 are 
e berm soil sumunding the K-65 silos. 

Radon progeny can pose a health risk i 
a pathway to human receptors exists. 
consideration in the FMPC RWS if the Pb-210 becomes availab 
products. Both direct use of berm soils for agriculture and cont 
irrigated by groundwater containing 
of concern This appendix presents 
within the soil berms of the K-65 silos. These estimates demonstrate that accumulation of Pb-210 
in the berm soils could be sufficient to warrant control of berm materials during remedial actions 
under the WS, and could be a concern in the future should uncontrolled access t 
be permitted. 

Objective: 
The objectives are to assess the potential for radon diffusion through the silo walls and 
and to estimate the potential Pb-210 activity concentration in the berm soil resulting from radon 
decay. The computer code RAECOM (NRC 1988) is used to estimate radon fluence rates from the 
K-65 silo walls and the silo berms. RAECOM is a computer-based program developed for the U.S. 

tions reach significant levels and if 
rm soil is a significant 

d to grow agricultural 

potential pathways 
10 concentration 

1s 
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Nuclear Regulatory Commission to estimate radon fluence rates from uranium mill tailing piles. 
Source geometry restrictions of the RAECOM code require that the silo berms be considered as 

ntric cylindrical layers of soil sumunding each of the K-65 silos. Each layer of 
to be 2 meters thick for these calculations. The maximum berm thickness is 8 
ginal berm slope and 18 meters for the current berm slope. These thicknesses are 

ylindrical approximation of the berms and are equivalent to the maximum thicknesses 
conical shape of the berms. Calculation results are approximate because the computer 

model approximates the conical berm shape with a cylindrical berm shape. Using the differences 
between fluence rates g layers, as calculated by RAECOM, and assuming that these 
differences represen 
in the berm soil is 
soil is 1.0 x 10' pC 
pCi/g in soils withi 

silo walls and berm soil layers, the concentration of Pb-210 
alculated Pb-210 contamination in the first two meters of berm 

calculated Pb-210 concentration in the berm soils exceeds l@ 

the silo walls. 

a 
the 

Assumutions : 

. . . . . . . . . 

1. The fluence rate entering the 
10' pCi/m2-s/silo. 

The rate is obtained from 
emanate from the residue 
surface m a  of the residu 
activity released annually 
plus the activity at equilibrium in the silo dome 
on measured void volume radon concentrations ( 

The concrete wall has a porosity of 0.01 and a 
cm2/s (NRC 1988). 

The berm soil is mainly a sandy material with 
coefficient of 5.4 x 10- cm2/s (NRC 1988), 

silo wall from the residue is equal to 6.2 x 

radon activity per year that is available to 
adjacent silo walls and the estimated 
e radon activity is approximated by the 
y free air exchange (IT Corporation 1989a) 

s. The latter is based 

2. 

3. 

4. The activity deposited in a berm soil layer (2 meters thick) is estimated from the 
difference between the fluence rate entering and the fluence rate exiting the layer. 

The height of the residue has been reported as 20 ft  and 22 f t  fo 
north silos, respectively. An average of 21 ft  (6.4 m) is used as 
height. 

The maximum berm thickness is assumed to represent the total 
concentric cylinders for use in calculations. The thickness of 
slope berm is 8 meters and the thickness of the current 3:l slope berm 

5.  

6. 

7 .  The original berm has been in place for 25 years. The current berm (3:l) has been 
in place for 5 years. 
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8. The specific activity of Pb-210 is equal to 76.4 Wg. 

The berm surface m a  through which radon may migrate is approximated by a 
cylindrical surface m a .  This surface m a  is the area of the K-65 residues that is 
adjacent to the interior surface of the silo walls (approximately 490 mz per silo). 

Surface Area of Silo Walls = (2)(3.14)(12.2m)(6.4m) = 490 m2 

Results: Pb-210 Contamination in Berms 
Concentrations of Pb-210 in berm soil calculated by RAECOM are: 

n Concentration Concentration * 
Laver @Ci Pb-2lO/n soil) ug Pb-21Oh soil) 

Concrete 2Ocm 
Soil 1st 2m 1.0 x 107 1.3 x 10' 
Soil 2nd 2m 3.0 x 106 3.9 x lo2 
Soil 3rd 2m 3.5 x l@ 8.6 x lol' 1.1 x lo2 
Soil 4th 2m 1.0 x l@ 2.5 x lol' 3.2 x 1 0 3  

Soil 5th 2m 2.9 x 102 1.4 x lo" 1.8 x lo" 

Soil 8th 2m 6.7 x 10'' 4.3 x 

Soil 6th 2m 8.3 x 10' 5.3 x 1 0 5  
soil 7th 2m 2.4 x 10' 1.6 x 1 0 5  

Soil 9th 2m 1.4 x 10'' 8.7 x 1 0 7  

*The concentration of Pb-210 in units of vided to show the equivalent 
concentration of elemental lead after complete decay of Pb-210 and Po-210. 

The lead concentration in a two-meter layer of the original be 
rate is: 

i/m2-s entry fluence 

(1 pCi/m2-s)(25 y)(365 d/y)(24 h/d)(3600 s/h)( l/rm)(m3/106 c 

(246 pCi/g)(Ci/lo'2 pCi)(gn6.4 Ci)(lo6 pug) = 3.2 x lo6 pug 

The lead concentration in a two-meter layer of the added berm soil, per pCi/m2s fl 
factor of five lower because it was exposed for a 5-year period compared to 25 years 
the original berm. 

These calculated concentrations do not account for radiological decay of Pb-210 as it accumulates 
in the berm soil. The original 1.5:l slope berm soil has been in place for 25 years. 
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Approximately 45 percent of the Pb-210 deposited in the berm soil at the beginning of 25 years 
would remain at the end of 25 years. Similarly, the current 3:l slope berm soil has been in place 

ears. Approximately 85 percent of the Pb-210 deposited in this berm soil at the 
years would remain at the end of 5 years. 

known regulatory concentration limits for protection of human health and the 
t for Pb-210 or stable lead in soil. However, the DOE does use a Ra-226 soil 

concentration limit of 5 pCi/g for its F U S W  program @PA 1980). Since Pb-210 is a decay 
product of Ra-226, be used as a reference concentration until a more appropriate 
value can be selected ed potential Pb-210 activity concentration in the berm soil is 
several orders of ma 
refute these calculati 
to determine whe 
existing source of contamination. 

e referenced level of 5 pCi/g. The best way to verify or 
sampling. Sampling and analysis of the berm soil is planned 
estimates presented in this attachment reveal a signifcant 

. . . . . . . . . . . . . . . . 
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ATTACHMENT 11 

MIGRATION OF CONTAMINANTS FROM SURFACE 
SOILS INTO RECEIVING WATER 

Surface soils taken mund  the berms of the K-65 and metal oxide silos show above-background 
concentrations of uranium and Ra-226. The potential exists for additional constituents to be present 
in the berm soils, suc 
constituents to be res 
this event, some of th 

portion will dissolve, 
presents estimates of 
environmental and physical influences. 

d Pb-210 (See Attachment I). The potential exists for these 
igrate towards Paddys Run in the event of heavy rainfall. In 

will sorb to the soils and deposit in the creek sediments; a 
water, and flow into the creek surface water. This attachment 

r migration. It assumes steady state conditions for all 

Methodology: 
Annual migration of contaminants in surface 
Equation (USLE) (Williams 1975, EPA 19 
between soil and water (EPA 1988b. Haith 

be estimated with the Universal Soil Loss 
els describing contaminant partitioning 

The first step in the process is to estimate soil loss (Ys) using USLE: 

where: 
Ys = annual sediment yield fig) 
Ac = contaminated area (hectares) 
Rr = rainfall and runoff erosion factor 
K = soil erodibility factor (metric todunit R) 
LS = slope length and slope steepness factor 
C = cover factor 
P = correction for erosion control practice 
SD = sediment delivery ratio (D"") 

D = overland distance between erosion site and receiving water (cm). 
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p is to estimate the portion of contaminant in the eroded soils that will remain in the 
d the portion that will dissolve in the water 0s ) :  

Ss = [l/(l+Oc/(Kd*B))]*(Cad*Ys), and 

. . . . . . . . . . . . . . . . Ds = [(l/(l+(Kd*B)/Oc)](Cad*Ys) 

where: 
Oc = available in the top cm of soil (unitless) 

Kd = sorption 
B 

Cad = contaminant in surface soil (mg/kg) 
= bulk soil density (g/cm3) 

where: 
Ce = contaminant in effluent ( m a )  
Ds = dissolved substance in runoff ( m a r )  
Vr = site storm runoff (vyr) 

Vr = 1oO(Ac)(Qr)*lOOO Vm3 
Ac = contaminated area (hectares) 
Qr = depth of runoff (cm) 
Qr = (Rt - 0.2S~)~/(Rt + 0.8Sw) 
Rt = annual rainfall (cm) 
Sw = water retention factor (an). 

and 
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t concentration in the receiving water body downstream (Cw) is estimated by: 

Cw = (Ce*qp)/Qt, 

where: 
Ce = contaminant in the effluent (m@) 

The contaminant concentration in the creek sediments (Cs) is estimated by: 

CS = SsNs 

where: 
Cs = contaminant in the creek sedi 
Ss = sorbed substance in runoff ( 
Ys = annual sediment yield (kg/y 

This approach was used to estimate contaminant runoff from the 
soils immediately adjacent to the berms. 

Assumptions: 

Site-specific soil parameters were taken from ASI/IT (1989). Remaining assumptions were taken 

nit 4 berms soils and 

from GRI (1988). AU assumptions are listed in Tables EII-1 and EII-2 along with 
results. 

EII-3 
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dascr i p t  ion mi t s  var iable value References/ Aasrmptim -------- 
-------I 

((------------ lnpn Parmeters -I>* 

a 
hectares Ac = 0.485 1.5 acres 0.8 (port ion sloped t o  

creek)/2.47~(conversion t o  hectares) 
mtrc tons/mit R K = 0.26 MI, 1988 

LS = 9 CRI, 1988 
c =  0.003 CRI, 1988 
P =  1 Assum no erosion control 

rosion factor R r  = 200 GRI, 1988 
overland distance between erosion s i t e  and f t  D =  100 F r a n  bottan o f  k r m  t o  Paddy's R u n  

annual r a i n f a l l  R t  = 99.2 I T  Corporation, 1989 
SCS runoff curve mber Cn = 71 CRI, 1988 
avai table water capacity in top O c =  0.6 calculated 
sorpt ion p a r t i t i o n  coeff icent Kd = 33 NCRP, 19840 
hulk s o i l  density B =  1.7 Typical value f o r  FMPC s i t e  
contaminant a c t i v i t y  W i / g  9.76 Average U value s u r r w d i n g  s i l os  
spec i f i c  a c t i v i t y  o f  rdionvli ug/pCi = 1.50E+00 
contaminant concentration Cad  = 1.46E+O1 Average value detected a t  base o f  berm 
Paddy's R u n  flow ra te  l /yr Qt = 4.50E+07 1.19E7 gallocur/yr (WCO, 1987) 

receiving water 

Storm duration Yr S t  = 1 -------- - - - - - - - - D I M = U I ~ ~ X P X ~ = ~ = X U U U = = = = = U ~ = = = = = = = = X X ~ = = ~ = = = = = = = = = ~ = = = ~ = = ~ ~ ~ = E = E = = B X a = U U = = = = U U E B = = = = =  

<<----------I- 

del ivery r a t i o  0.36 Sd = D"-0.22 
annual sediment y i e l d  
water retent ion fac to r  -11.32 SW = (lOOO/CN) - lO(2.45) 
depth o f  rvloff 114.20 O r  ( R ~ - O . Z S W ) ~ Z / ( R ~ * O . ~ S ~ )  
runoff peak flow ra te  415184.84 cp = t(((Ac)(t.471)(4047))(Rt*0.01) 

(Qr)*lOOO)/(St(Rt-O.2Sw)l** 
sorbed substance quentity in m f f  m/yr Ss = 3571.424 1*/( (Kd) (E) 1 11 *(Cad. Y s) 
dissolved substance quantity in  runoff W Y r  Ds = 38.605 1+( (Kd) ( B) )/Oc 11 *(Cad.Y s) 
t o t a l  substance in  m f f  W Y r  TR = 3610.030 
s i t e  storm r imoff  per year l / y r  V r  = 5538648. Ac)(Qr)*1000 (m3 t o  l i t e r )  

Ce = 6.97E- Contaminant concentration in  e f f luen t  
Contaminant concentration in  receiving 

247.23 Y 8 = t ( Ac 1 (R r ) (K 1 ( L 1 (S) (C) (P 1 (Sd)l*1000 

mol 1 

water b d y  mg/ 1 
W i / l  

Contaminant Concentration in creek sediments 
d i r e c t l y  below Op. U n i t  4 m g / h  Cs =' l.UE+Ol Cs = Ss/Ys 

FJWg = 9.63 
---------- ~ ~ ~ ~ U ~ ~ I ~ P I P M ~ X U ~ ~ P ~ ~ ~ ~ X ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~ ~ ~ ~ ~  

K -. s i l t y  c lay  loem, 4% organic matter 
LS - See CRI ,  1988 exh ib i t  7-10; L = slope length (80 feet) and S = slope steepness (3:l) 
C - canopy o f  grass (50% - GI, 95 - 100% g r d  cover 
** - Note: edjustmnts f o r  hectares t o  acres t o  m2; an t o  m; and d t o  l i t e r s  

FEUmJ4RAm89-4ED8~90 E114 



TABLE EI I -2  C[#TAMINANT WVMENT TO PADDY'S RUJJ FRCU EROSION OF K-65 BERM - RADIUI-226 
(references: Ui l l iaas,  1975; Haith, 1980; Mi l l s  e t  at., 1982; EPA, 1988b) 

descr ipt ion mi t s  variable value References/ Assraptiom 
=--- ---11=1 

<<------------ Input Parmeters - -ww 

hectares Ac 0.485 1.5 acres 0.8 (port ion sloped t o  
creekW2.47 (conversion t o  hectares) 

mtrc tars/mit R K = 0.26 MI, 1988 
LS = 9 GRI, 1988 
c =  0.003 GRI, 1988 
P =  1 Assure no erosion control  

rosion fac to r  R r  = 200 GRI, 1988 
overland distance ktueen erosion s i t e  and f t  D =  100 F r o g  b o t t m  o f  k r m  t o  Peddy's Rm ' 

a k a 1  re in fa t  t R t  = 99.2 I T  Corporatlon, 1989 
SCS runoff curve nubr i t l e s s  c n =  71 GR1, 1988 
avai lable water capecity in  top i t l e s s  o c =  0.6 calculated 
sorpt ion par t i t ion '  cocf f icent K d  = 214 NCRP, 1984a 
bulk s o i l  density B =  1.7 Typical value f o r  FMPC s i t e  
contaminant a c t i v i t y  pci pCi/g = 10.7 Average Re-226 value surrounding s i l os  
spec i f i c  a c t i v i t y  o f  radionuclide sa ug/pCi = 1.01E-06 b s e d  on 0.988 Ci/g 
contaminant concentration Cad  = 1.08E-05 Average v a l w  detected a t  base of berm 
Paddy's R u n  f l ow  ra te  l/yr a t  = 4.50E+07 1.19€7 gallons/yr (WW, 1987) 

receiving water 

Storm duration Y r  S t  = 1 

<<-------I---- 

sediment del ivery r a t i o  0.36 Sd = DA-0.22 
annual sediment y i e l d  
water retent ion factor -11.32 Sw E (lOOO/CN) * lO(2.45) 
depth of r w f f  114.20 Qr (R~-O.~SW)^~/(R~+O.~SW) 
runoff peak flow ra te  15184.84 qp = t( ( (Acl(2.471 l(4047) )(R t*O.Ol)  

247.23 Ys = ~(Ac)(Rr)(K)(L)(S)(C)(P)(Sd)l*lOOO 

0 

car )*1000)/(st (R t -O.Zsw)l** 
sorbed substance v t i t y  in  r w f f  m/yr ss = 0.0026 
dissolved substance W n t i t y  in r w f f  m/Yr 
to ta l  substance in rvroff m/yr TR = 0.0026 
s i t e  storm r w f f  pir year yr/ 1 Vr = 5538648. c)(ar)*1000 (nJ t o  l i t e r )  

Ce = 7.96E-1 Contaminant concentration in  e f f luen t  
Contaminant concentration in  receiving 

me/ 1 

water body downstream mg/ 1 Cw = 9.57E-1 = ((ce)(qp)/at) 
p C i / l  

Contaminant Concentration in. creek sediments 
d i r e c t l y  below Op. U n i t  C m/kg  Cs 1 . a - 0 5  CS = SS/YS 

Pci/g E 10.68 

K - s i l t y  c lay loam, 4% organic matter 
LS - See CRI, 1988 exh ib i t  7-10; L = slope length (80 feet)  and S = slope stccpmss (3:11 
C - canow of grass (50% - GI, 95 - 100% groud cover 
** - Note: edjustmmts f o r  hectares t o  acres t o  a5; cm t o  m; and nJ t o  l i t e r s  

r n U 4 ~ 8 9 ~ % 9 0  EII-5 
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ATTACHMENT Ill 
MIGRATION OF CONTAMINANTS FROM WASTE RESIDUES 

INTO THE GROUNDWATER 

e Baseline Risk Assessment for Operable Unit Four at the FMPC, it is necessary to 
evaluate the fate and transport of constituents of concern through the potential groundwater pathway 
from the waste units to the regional aquifer. The objective of the analysis is to model the extent 
and magnitude of gro 
from DOE. Scen 
next 100 years and 
Scenario 2 it is ass 
receptor exposed 
the future. 

ination under two risk based scenarios based on guidance 
nstitutional controls are active at the FMPC boundary for the 

receptor is located on the FMPC boundary. Under 
controls will be lost after 100 years and the hypothetical 

water is located directly at the waste site 500 years into 

The objective is accomplished by projecting 
hypothetical receptor locations by reviewing 
geochemical modeling, and using a combi 
contaminants in the vadose zone and num 
Aquifer. 

ntration of the contaminants of concern at the 
gic conditions, water quality data, 

ical modeling for the transport of 
r transport within the Great Miami 

1.2 SCOPE OF WORK 
The scope of work for the fate and transport assessment is focu 
consists of the K-65 silos and the metal oxide silos. The opera 
disposal units is described in the Operable Unit 4 FU Repon 
following tasks: 

le Unit 4 which 
silos as waste 

ssessment includes the 

An evaluation of the Remedial Investigation/Feasibility (RI/FS) boring 
logs in Operable Unit 4 and along the potential flow pathways 

An assessment of the potential flow pathways hydrogeologic 
characteristics 

An evaluation of the existing groundwater quality of the area 

The development of a conceptual vadose zone/groundwater flow model 

FERxIwRA/JE894~8-2@90 EIII- 1 
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The selection of appropriate flow modeling techniques 

Geochemical modeling of leachate concentrations 

The projection of concentrations at the receptor locations under the two 
selected scenarios 

1.3 SUMMARY OF APPROACH 

The need to project concentrations at 100 years and 500 years in the future necessitates the use of 
estimation techniques d transport modeling. The development of a fate and 
vansport model pro development of a conceptual model based on the depositional 
history and hydrogeo the formulation of a mathematical representation of the 
conceptual model. vadose zone systems are complex and cannot be completely 
defined. Therefore mplification or abstraction is required to represent these 
systems. This simplification is bound to the conceptual understanding of the contaminant 
hydrogeology of the site and basic hydrologic principles. An important aspect of modeling is the 
understanding of the assumptions and limitati e analysis. In any application of the results 
of the fate and transport analysis the assumpt tations, and uncertainties must be kept in 
mind. 

Based on the available data and the work 
projecting the fate and transport in the vadose zone, and a numeric model was selected for the 
analysis of the Great Miami Aquifer. Since the primary recepto 
groundwater from the Great Miami Aquifer, the basic need for 
a conservative travel time and concentration to the aquifer. The 
geochemical modeling provides a conservative order of magnitu 

ate, an analytical model was selected for 

es is a user of 
ose zone model is to project 

olution combined with 
these concentrations. 

Flow paths within the Great Miami Aquifer are more critical as they determine the location of the 
hypothetical receptor. The numeric model selected has been calibrated for flow 
and extensively used for the assessment of groundwater conditions for the RVFS p 
investigations at the FMPC. The calibration and verification process for the regio 
been on-going since 1988 with input for the model being provided by the RVFS field p 

FEREOWRAIZE894KM-M90 EIII-2 
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Operable Unit 4 was divided into two waste units based on the waste characteristics of the different 

was evaluated as a separate waste source because the chemistry of these wastes is 
-65 silos were analyzed together because the waste within those silos is similar. The 

ents of Concern 
The constituents of concern based on risk assessment guidance for the site and the average 
quantities within the silos from the RIFS supplemental sampling and analysis are given in Chapter 
2.0 of the risk asses 

E AND TRANSPORT MODELING 

2.1 INTRODUCTIO 
The two major routes for groundwater contamination that can be expected at a waste site involve 
the leaching of solid contaminants and the percolation of liquid contamination to the underlying 
aquifer. In Operable Unit 4, spills and leaks aminated liquids were documented during 
active operations of the K-65 silos. Howeve umnt conditions the direct discharge of 
fluids is not likely, and the leaching of the s the most likely source of contamination. 
Attenuation and retardation are considered 
of the contaminant from the plume. Whi e contaminant is not changed, a certain 
percentage of the total contaminant will be removed from the solution and no longer be available 
for transport. Retardation consists of reversible reactions that sl of a constituent but 
do not act as a sink for contaminants. 

odeling. Attenuation is the irreversible loss 

Attenuation is used to model those processes that immobilize co For Operable Unit 4 
. . . . . . . . 

the attenuation process is accounted for by a combination of che modeling to determine a 

solubility constrained leachate concentration along the potential flow path and the use of decay 
constants for the radionuclides. The partitioning coefficient (Kd) is used to derive a retardation 
factor (Rf), which slows down the velocity of the contaminant movement. Though 
formulation of the reaction term of the transport equation has numerous assumptions and 
uncertainties associated with them. they nevertheless provide a practical means of inco 
reaction process into transport models. 

lXROU4RAIJE89-4108-20-90 EIII-3 
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3.1.1 Modeling Amroach 
r the various components of the contaminant hydrogeology the following steps were 

p the analysis of the conceptual flow model. 

The available information on the specific waste unit was reviewed to 
establish the characteristics of the waste. 

Geochemical modeling was completed to partially account for 
attenuation by determining the precipitation that would result from the 
reactions with the vadose zone material. 

were completed based on the existing 
tuents in wells immediately downgradient from the 

the anticipated leachate concentrations. 

completed to determine the effects of dispersion and 
ected leachate concentration at the receptor under 

2.2 GEOCHEMICAL ANALYSIS 

2.2.1 Models Used 
The geochemical modeling used three mod 
concentrations at the base of the silos to 
solubility/speciation/reaction path geoche 
National Laboratory primarily to solve problems related to nuclear waste disposal. The solubility 
portions of the code are used to determine the maximum mnce for contaminants in 
groundwater found along the potential flow path. The speciatio 
determine the various forms that the contaminants will take in 
portion of the code is used to predict the evolution of contami 
time as it migrates from one environment to another. 

EQ6, and PHREEQE, to project leachate 
. EQ3NR and EQ6 are 
rograms developed at Lawrence Livermore 

the code is used to 
The reaction path 
ater as a function of 

2.2.2 Approach 
The EQ3NR, EQ6, and PHREEQE geochemical models were used to develop solu 
leachate concentrations for the constituents of concern. These concentrations were 
into the flow model to analyze the fate and transport of the constituents of concern. Th 

conceptual model is based on infiltrating precipitation reacting with the waste solids. 
solids will be dissolved as the precipitation acquires the characteristics of leachate, whic 

FERIowRAIJE89-4/082@90 EIII-4 



FMpc-04044 
August 20. 1990 

assumed to be in equilibrium. or steady state. with the solids. The leachate moves downward into 
ne. As the leachate moves through the vadose zone, it is modified by reactions 

ogy of the zone. The reaction will buffer the leachate, and precipitation of solids 
concentrations of the contaminants. It is assumed that the modified leachate 

tate of equilibrium with respect to the vadose zone mineralogy. The modified 
s the regional aquifer and mixes with the groundwater. As mixing occm, precip- 

itation of solids may reduce the concentration of certain constituents. Again, equilibrium is 
assumed. 

To model leachate co d attenuation in the absence of site-specific data it is necessary 
recognize the limitations of the results. These include: 

. . . . . . . . . , , . . . . . . . 

It was assumed that precipitation could enter the silos to act as the 
leaching fluid. 

It was assumed that the projec 
represent the actual waste ph 

absence of user-supplied 
thermodynamically possibl 

It was assumed that the 
long enough to acquire the modeled compositio 

It was assumed that the 
modeling was representative of the vadose zone 

Modeled concentrations are limited by solubility 
cases these concentrations are conservative, (i.e., 
as adsorption, ion-exchange, and coprecipitation 
However, the concentrations determined from the procedure are not 
intrinsically conservative. Due to kinetic factors, the solid phases may 
not control concentrations and more soluble phases may actually control 
concentrations. 

eralogical phases of the waste 

The kinetics of dissolutio n were not considered. In the 
assumed that reactions that are 

2.4 LEACHATE CONCENTRATIONS 
The leachate concentrations are the result of the geochemical modeling. It should 
concentrations generally are conservative and represent the maximum concentratio 
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expected. There are no indications at this time that these leachate concentrations are being released 

. . . . . . . . . . . . . . . . . . 
2.5: FLOW MODEL 

for the evaluation of flow through the unsaturated zone and aquifer were STlD, a 

STlD was used for determining fate and transport in the unsaturated zone, and SWIFT In was used 
for flow in the regional aquifer. The initial source concentration was developed using leachate data 

analytical solution, and SWIFT 111, a finite difference three-dimensional model. 

deling results for other constituents of concern. Each layer in 
the conceptual flow s 
acting as the input co 

y with the concentrations from the upper layers 

To complete the analysis, it is necessary to make certain assumptions based on the adequacy of the 
data base and the type of code used for the analysis. These assumptions included: 

the silos was based on EP 1) The concentration of the 
Toxicity data and geoche g. These techniques assume that 
equilibrium conditions exist waste and the water that causes 
the leaching and that al l  
leaching fluid. This app 
overestimate the concentra nstituent. However, kinetics 
may limit precipitation 
solubility limits. Organic complexes may also form with certain metals 
that will produce a supersaturated condition for 

Steady state infiltration conditions were assumed. 
based on a projected water balance for the site 
HELP (Hydrologic Evaluation of Landfill Perf0 

The use of partition coefficients (Kd) and the 
describe the reaction tenn of the transport equation assumes that an 
equilibrium relationship exists between the solid and solution phase 
concentrations and that the relationship is linear. 

rial is in contact with the 
ve in that it will tend to 

concentrations above the 

2) 

3) 

4) Flow in the glacial overburden is assumed to be in a uniformly po 
medium. 

It was assumed that each layer in the vadose zone was homogenous and 
isotropic. 

5 )  

EIII-6 
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6) The analysis assumed steady state conditions in terms of both flow and 
contaminant loading. 

3.0 RESULTS AND UNCERTAINTIES 

tions of the constituents of concern are presented in Tables EIII-1 and Em-2 for the 
100-year scenario and in Tables EIII-3 and EIII-4 for the 500-year scenario. 

is the projection of attenuation and retardation of constituents. 
ative approach was used and may overestimate the Based on the data av 

stimated retardation factor also assumes a high degree of 
factors combined with the previously mentioned assumptions 

give the results an estimated low (less than one order of magnitude) to medium (one order of 
magnitude) d e p e  of uncertainty for the 

The fate and transport analysis is a conse 
concern at a hypothetical receptor unde 
potential plume from the two waste units within Operable Unit 4 
Unit Action Levels for several constituents under both scenarios. 

of concentrations of the constituents of 
e results of this analysis indicates that a 

To improve the fate and transport analysis, it would be necess 

additional sampling. Of particular importance would be the coll 
material to allow for the determination 
coefficient values through the use of leach tests. 

rate the results from 
of waste and vadose zone 

. . . . . . . 
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TABLE Em-1 

CONCENTRATIONS AT THE FMPC BOUNDARY 
SCENARIO 1 (100 YEARS) 

SILOS 1 AND 2 
K-65 SILOS 

RADIOLOGICAL CONSTITUENTS ( m a )  

Constituent Concentration' 

1.89 X lo7 
1.88 X lo7 
5.02 x 1013 
2.92 X 10-l' 
4.16 X lo7 
6.11 X lo4 

ICAL CONSTITUENTS ( m a )  

Constituent Concentration' 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Copper 
1.16 X lo-* 

Aroclor- 1248b 0.0 
Aroclor-1254b 0.0 

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

Conservative concentration is calculated assuming no retardation for the constituen 

"Retardation factor of 140,000 is used. 
Great Miami Aquifer. 
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TABLE Em-2 

CONCENTRATIONS AT FMPC BOUNDARY 
SCENARIO 1 

RADIOLOGICAL CONSTITUENTS (mgk) 
. . . . . . . . . . . . . . . . . . . . 

Constituent Concentration' 

Total Uranium 1.59 
2.12 x 10-7 
5.02 X 1013 
2.81 X 
2.84 X lo9 
4.19 X lo6 

ICAL CONSTITUENTS ( m a )  

Constituent Concentration' 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Lead 

Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Copper 

Manganese 3.74 x 1013  

Aroclor- 1248 0.0 
Aroclor- 1254 0.0 

Tonservative concentration is calculated, assuming no retardation for the constitue 
Great Miami Aquifer. 
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TABLE EIII-3 

CONCENTRATIONS IN THE GREAT MIAMI AQUIFER 
RECEPTOR AT THE WASTE UNIT 

SCENARIO 2 (500 YEARS) 
SILOS 1 AND 2 
K-65 SILOS 

RADIOLOGICAL CONSTITUENTS ( m a )  

'Rf= 1 

Concontration' 

1.39 X lo5 

3.68 X 10" 
2.14 X 
9.92 X lo8 
1.46 X lo4 

1.38 x 10-5 

CHEMICAL CONSTITUENTS (mg/L) 

Constituent Concentration' 

ArSeniC 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 3.24 X lo4 
Lead 8.50 X 1 
Manganese 1.16 X 1 
Mercury 8.56 X 1 
Nickel 1.29 X 1 
Selenium 3.20 X 1 
Silver 5.06 X 1 
Thallium 1.32 X 1 
Vanadium 1.45 X 1 
Zinc 7.02 X 10' 

Aroclor- 1248 
Aroclor-1254 

0.0 
0.0 

..... 
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TABLE EIII-4 

CONCENTRATIONS IN THE GREAT MIAMI AQUIFER 
RECEPTOR AT THE WASTE UNIT 

SCENARIO 2 (500 YEARS) 
SILOS 3 AND 4 

METAL OXIDE TANKS 

RADIOLOGICAL, CONSTITUENTS (ma) 

Constituent Concentration' 

5.83 X 10' 
7.77 x lod 
1.84 X 10'' 
1.03 X 10" 

1.54 X lo4 
1 . 0 4  x 1 0 7  

CHEMICAL CONSTITUENTS (m@) 

Constituent Concentration' 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 1.79 X l o 5  
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 5.89 X lo4 

Aroclor- 1248 
Aroclor- 1254 

'Rf = 1 

0.0 
0.0 . . .  

EIII- 1 1 
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ATTACHMENT N 
MODELING OF CONCENTRATIONS IN FOOD PRODUCTS 

used to estimate exposure to radionuclides and chemicals via ingestion of vegetables 
ontaminated water was from the NRC regulatory guidance (1977). The two-step process 

first involved the calculation of the concentration of the chemical in the plant, followed by the 
calculation of intake. The model used to estimate the concentration in vegetables was: 

where: 

t exO(-A, Lh) 1 f l B , v t  1 - e n d  - A ,  tb) I 
C 

1 

entration of the chemical in the edible portion of the crop (pCiig) 
eposition rate from imgated water @Ci/mz/hr) (equals concentration in 

CIV 

4 
water (pCi/l) x average irrigation rate (l/mz/hr) 

r - - fraction of deposited activity retained on crops 
Y" - 
k =  
f 
fi 

BIV 

& =  
P - - effective surface density for soil (kg(dry soil)/m2) 
tb 

tb - - holdup time that represents th al between harvest and 

- 
- - 
- - 
- al from soil by edible parts of - 

- - water (ius) 

consumption of food (hrs). 

Once the concentration in vegetation has been determined, in stimated as: 

where: 
intake of chemical in vegetation (mg/kg/day) 
concentration in imgated vegetable (mg/kg) 
ingestion rate (mg/day) 
fraction ingested from contaminated source 
exposure frequency (days/yr) 
exposure duration (years) 

averaging time (equals the exposure duration x 365 
MY weight o<g) 
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TABLE EIV-1 

on c 

)wing 

:rops: 

season: 

PARAMETERS 

sited activity retained 

of crops during gro 
weathering: 

year crops are irrigated: 
Concentration in edible parts from root uptake: 
Period for which soil is exposed to contaminated water: 

Time between harvest 
Exposure frequency: 
Exposure duration: 
Fraction ingested fro 

Irrigation rate: 
Fraction of deposited activity retained on crops: 
Removal rate by weathering: 
Time of exposure of crops during growing se 
Agricultural yield: 
Fraction of year crops are irrigated: 
Concentration in edible parts from root intak 
Period for which soil is exposed to contam 
Effective surface density: 
Time between harvest and consumption: 

DRINKING WATER PARAMETERS 

Exposure frequency: 
Exposure duration: 
Fraction ingested from contaminated source: 

ANIMAL PRODUCT PARAMETERS 

Exposure frequency: 
Exposure duration: 
Fraction of milkhxfhngested from contaminated source: 

SEDIMENT PARAMETRES 

Exposure frequency: 
Exposure duration: 

8.00E-02 l/mz/hr 
2.50E-01 
2.10E-03 l/hr 
1.44Ei-03 hr 
1.50E+OO km2 
3.80E-0 1 
1.70E-02 
1.31Ei-05 hr 
2.25Ei-02 kg/m2 
2.40Ei-01 hr 
365 daydyr 

1 .o 
70 Yrs 

8.00E-02 l/mz/hr 
2.50E-01 
2.10E-03 l/hr 
7.20Ei-02 hr 
8.00E-01 k g h 2  
3.80E-01 
1.70E-02 
1.31Ei-05 hr 
2.25Ei-02 k@n2 
2.16Ei-03 hr 

365 daydyr 
70 yrs 
0.75 

.... 
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2.0 Concentration in Animal Products 

antification of intake following exposure to vegetables, the concentration in animal 

be estimated prior to the determination of intake. The concentration of chemical 
animal products, such as beef or milk, was determined using the following 

the NRC regulatory guide (1977): 

C, = F,[(Cd(QJ + (C,w)(Q~w)l 
where: 

CiA 
FiA 

concentration of the chemical in the animal product ( m a g )  
ent (stable) transfer coefficient that relates the daily intake rate 

animal to the concentration in an edible portion of the 
product (mg/l for milk per mg/day or mgkg for beef per 
1 

C,P 
= QF 

c*w - 
QAw = 

ntration of chemical in forage ( m a g )  
consumption rate of contaminated forage by an animal (kg/day) 
concentration of chemical in water (mg/l) 
consumption rate of contaminated water by an animal (vday). 

- 

. . . . . . . . 
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