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December 17, 1990 

1.0 INTRODUCTION 

rials Pmduction Center (FMPC) is a government-owned, contractor-operated federal 
uction of pure uranium metals for the U.S. Department of Energy (DOE). The 

on 1,050 acres in a rural area approximately 18 miles northwest of downtown 

. The villages of Femald, New Baltimore, Ross, New Haven, and Shandon are all 

The Production Area is limited to an approximate 136-acre tract near the center 

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

On March 9, 1985, the 
Noncompliance to the 
associated with the 
conferences were h 
the steps the DOE pro 

ental Protection Agency @PA) issued a Notice of 

present operations. Between April 1985 and July 1986, 
and EPA representatives to discuss the issues and to identify 

EPA's major concerns over potential environmental impacts 

and maintain environmental compliance. 

On July 18, 1986, a Federal Facility C 
and EPA pertaining to environmental impacts 
into pursuant to Executive Order 12088 (43 
environmental statutes and implementing 
Conservation and Recovery Act (RCRA), 
Compensation, and Liability Act (CER FFCA was intended to ensure that 
environmental impacts associated with past and present activities at the FMFT are thoroughly and 
adequately investigated so that appropriate remedial response ac formulated, assessed, 
and implemented. 

(FFCA) was jointly signed by DOE 
with the FMPC. The FFCA was entered 

to ensure compliance with existing 
the Clean Air Act, the Resource 
ive Environmental Response. 

In response to the FFCA, a Remedial Investigation and Feasibili 
pursuant to CERCLA, as amended by the Superfund Amendme 
All RIPS activities are being conducted in conformance with 
Remedial Investigations and Feasibility Studies Under CERCLA" (EPA/540/G-89/004 October 
1988). The 1986 FFCA was amended by a Consent Agreement under Section 12 
CERCLA (Consent Agreement) in order to achieve consistency with changing re 
guidance, the operable unit concept, and the current commitments of the RWS 
modifying the underlying objectives. The Consent Agreement was signed on A 
became effective on June 29, 1990. 

/FS) was initiated 
Reauthorization Act (SARA). 

f 



-. . 

LEGEND: 

FMPC EFFLUENT LINE 
DISCHARGE POINT 

SOUTHWESTERN OHIO WATER 
COMPANY WELL FIELD 

0 

y 7 1  BEDROCK OUTSIDE 
GREAT MIAMI AQUIFER 

rA MUNICIPAL AREA 

MANHOLE A 

SCALE 
1 
0 5000 10,000 FEET 

0 
0 

8 
5 - 

FIGURE 1-1 
STUDY AREA AND VICINITY 



FMPC-ooo4-2 
December 17, 1990 

1.1 OBJECTIVES 
The overall objective of the Remedial Investigation (TU) is to determine the nature and extent of 

threat thereof, of hazardous or radioactive substances, pollutants, or contaminants, 
necessary data to support the FS. The groundwater program was designed to 
ct that the operations and waste disposal practices at the FMPC have had on the 
overall objectives of the groundwater program are as follows: 

Determine the hydrogeology for the area under and adjacent to the 
site 

Determine if subsurface water-bearing zones below the FMPC have 
been 

s of contaminants on site and the resultant 
undwater both on and off the FMPC Reservation 

and direction of contaminant transport away from 

Determine the effects on groundwater flow and contaminant transport 
that result from groundwater 

The purpose of this report is to present the 
data analysis that have been completed un 
for the entire site. 

e hydrologic investigation and groundwater 
to provide a comprehensive interpretation 

1.2 RELATIONSHIP TO RIPS 
The RYFS for the FMPC was initially designed to address the e 
environmental media that could be potentially impacted by past 
FMPC. The purpose of the RI is to determine the nature and e 
thereof, of hazardous or radioactive substances and to gather the 
evaluation of remedial action alternatives in the Feasibility Stud 

to focus on various 
perations at the 
release, or threat 

data to support the 

A Work Plan for the site-wide RIFS, based on the quirements of the FFCA, was originally 
submitted to EPA in December 1986. After a series of technical discussions, the 
modified and resubmitted in March 1988. It received EPA approval in May 1988. 

The Work Plan prepared for the site-wide RI/FS provided the overall technical a 
a number of investigative areas, developed objectives for each of the specified i 
established overall objectives for the evaluation of data collected during the RI activities. The 
Work Plan also involved the preparation of a number of detailed plans to establish specific 

000004 

PlTx;wIIs.1-2nZ17-90 1-3 



December 17, 1990 

. pIocedures to be followed in the completion of the RI/FS for the FMPC. These plans included the 
following: 

ty Assurance Project Plan 

ch was submitted in March 1988 in conjunction with the RI/FS Work Plan, 
contained objectives, sampling locations, and sampling procedures for the following: 

ent 

The Work Plan identified 27 units of the FhPC to be investigated in the WS. Several 
modifications to the list eventually increased 
investigation, it became apparent that for tec rogram management purposes, these 
39 units needed to be categorized and grou The concept of operable units was 
introduced into the program to accommod dules for each operable unit. This 
allowed the remedial action process to p on for the most well-defined or 
problematic units, while data collection and analysis continued for other operable units. 

to 39 units. In the course of the 

0 

Under the RIPS Work Plan, the 39 candidates for remedial actio 
operable units as follows (Figure 1-2): 

rized into five 

Operable Unit 1 - Waste Pits 1 through 6, Clearwe Pit . Operable Unit 2 - Other Waste Units 
Operable Unit 3 - Production Area and Suspect A 
Operable Unit 4 - Silos 1, 2, 3, and 4 
Operable Unit 5 - AU Environmental Media 

Operable Unit 5 includes those environmental media that represent pathways and/or 
receptors presently or potentially affected by FMPC contaminants. The Operable 
linked to the four "source control" operable units, but in and of themselves represent s 
contaminant release only in terms of serving as a transport pathway from one enviro 
medium to another. The environmental media for Operable Unit 5 are defined separately below: 0 

OOOOOS 
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Surface Water/Sediments: 

- Great Miami River: Addresses the sediments in the Great Miami 
River and their role as a potential source of contaminants to the 
verlying water column and the aquatic community; does not include 
urce conml, which is the focus of other operable units. 

s Run: Similar to the Great Miami River, with the additional 
ation of the effects of leakage from Paddys Run into the 
aquifer. 

- Storm Sewer Outfall Ditch: Similar to Paddys Run. 

o the Great Miami Aquifer (Le., the regional aquifer) 
a, with appropriate consideration given to the South Plume, 

arate removal action; does not include source control, 

d for in other operable units; 
oils and soil areas outside of the Production 
of the site, and suspect areas. 

The objectives of the groundwater investi 
groundwater program and Operable Unit 5.  

source d m e n t  for the Operable Unit 5 RI 
report as a source document that contains 
analysis, models, and results, the Operable 
focus on the most significant issues and concern. 

the direct relationship between the 
s groundwater report sewes as the primary 

reports. By utilizing this groundwater 0 
ons of the investigations, procedures, 

ports can be streamlined to more clearly 

Operable Units 1, 2, 3, and 4 are identified as possible source a 
overburden and/or the underlying sand and gravel aquifer. 

The information contained in this report is directly transferable portions of the RWSs for 
Operable Units 1, 2, 3, and 4 that pertain to environmental rele d their current and potential 
effects. For example, Chapter 17.0 is dedicated to the analysis of the hydrogeologic settings 
associated with each of the four operable units, and Chapter 22.0 addresses the long-term potential 
for environmental releases and migration from these operable units. 

ination to the glacial 
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2.0 SITE SETTING 

Energy Commission (AEC), predecessor to DOE, established the FMPC for 
and its compounds from natural uranium ore concentrates and recycled 

es for government needs. This integrated production complex began operations in 
AEC Orders in the early 1950s. In 1951, National Lead Company of Ohio (now 

entered into contract with the AEC as Operations and Maintenance (O&M) Contractor. 

Ohio (WMCO), a wholly owned subsidiary of Westinghouse 
gement responsibilities of the site operations and facilities 

This contractual relationship lasted with AEC, and eventually DOE, until January 1, 1986. 
Westinghouse Materials 
Electric Corporation, 
for a minimum of five 

Production peaked in 
product decline began in 1964, to a low in 1975 of about 1230 mtu. During the 1970s, 
consideration was given to closing the FMPC; 
minimized. The staffing level, which peaked 
538 in 1979. In 1981, the FMPC began pl 
requirements. Production levels significan 
areas for several years. Implementation of s restoration program followed. Then 
production ceased in the summer of 1989 to focus plant resources on the restoration program. 
Currently, the FMPC remains in an inactive status; however, the environmental studies and 
restoration activities continue. 

ly 10,OOO metric tons of uranium (mtu) per year. A 

, capital improvements and staffing were 
in 1956, slowly declined from 662 in 1972 to 

there was a rapid staff buildup in many 
mmodate increased production 

A variety of chemical and metallurgical processes are utilized at 
uranium products. During the manufacturing process, high quali 
introduced into the FMPC processes at several points. Impure s 
nitric acid and the uranium is purified through solvent extractio 
nitrate. Evaporation and heating convert the nitrate solution to uranium trioxide (U03) powder. 
This compound is reduced with hydrogen to uranium dioxide (UO2) and then conv 
tetrafluoride (UFJ by reaction with anhydrous hydrogen fluoride. Uranium metal 
reacting UF4 and magnesium metal in a refractory-lined vessel. This primary uranium 
remelted with scrap uranium metal to yield a purified uranium ingot. Various uranium 

for the manufacture of 

metalworking processes are also housed on the FMPC. 

0 
......... ........ ....... ....... ........ ......... 
........ .......... .......... 
......... ........ ........... ............. ............... ....... 

- 
From 1953 through 1955, the FMPC Refinery p m s s e d  pitchblende ore from the Belgian Congo. 
Pitchblende ore contains all daughter products of the uranium decay chains and is particularly high 

2- 1 G' 000008 
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in radium content. NO chemical separation or purification was performed on the ore prior to arrival 
at the FMPC. Beginning in 1956, the refmery feedstock consisted of uranium concentrates 

m Canada and the United States. Canadian concentrates were not processed after 
uction of these concentrates, most of the uranium daughters had been removed. 

-226 (Ra-226) remained in the yellowcake in amounts that varied with the process. 

of thorium were produced at the FMPC on several occasions from 
1975. Thorium operations were performed in the metals fabrication plant, the 

recovery plant, the special projects plant, and the pilot plant. The FMPC currently serves as the 
thorium repository for 
materials. 

ntains long-term storage facilities for a variety of thorium 

Large quantities of liq 
Before 1984, solid and 
Waste Storage Area. This area, which is located west of the production facilities (Figure 2-l), 
includes six low-level radioactive waste storag 
K-65 residues which are high-specific activity 
pitchblende refining process; one concrete sil 
silo; two Lime Sludge ponds; and a sanita 
Operable Units 1 and 4. 

astes were generated by the various operations at the FMPC. 
s from FMPC processes were disposed of in the on-property 

two earthen-bermed concrete silos containing 

g metal oxides and one unused concrete 
el radium-bearing residues resulting from the 

e Waste Storage Area is addressed under 

Solid waste materials associated with uranium metals production are presently stored on-FMPC in 
steel drums awaiting f u ~ e r  processing or off-site disposal at 
include oils, sludges, contaminated combustibles, filter cake, o 
(ThFJ, and reject U03. The drums sit on various pads and in 
weekly. Contents of deteriorated drums are repackaged. Other 
contained surfaces, include spent degreasing solvents and materi 
biphenyls (PCBs). 

ties. These wastes 
thorium tetrafluoride 

An Inactive Fly Ash disposal area and an Active Fly Ash pile, addressed under 0 
are located approximately 3000 feet south-southeast of the waste storage area. On 
active for the disposal of fly ash from the FMPC coal-fired boiler plant. An area 
adjacent to the fly ash areas, known as Southfield, is believed to be the disposal site 
construction debris and possibly other types of solid wastes from FMPC operations. S 
also being addressed as a solid waste unit under Operable Unit 2. 

2-2 
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Surface water runoff from the Waste Storage Area, fly ash piles, and other affected areas within the 
western portion of the FMPC enters Paddys Run, a tributary of the Great Miami River. Paddys 

just north of the FMPC and flows south-southeast along the western edge of the 
f the year it is a dry stream bed with occasional rainfall-induced flows. 

se same areas can potentially migrate vertically through a till layer of varying 
regionally important Great Miami Aquifer which underlies the site. This aquifer 

serves as a principal source of domestic, municipal, and industrial water throughout the region. A 

portion of the flow in Paddys Run is also known to enter this aquifer as a result of leakage 
through the stream bo 
west of the Waste S 

occurs over the length of Paddys Run, beginning at a point 
ing to the Great Miami River. 

process operations is sent to a general plant sump for Liquid waste effluent 
treatment and analysis 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 the FMPC. The discharge is regulated 
(NPDES) pennit and DOE Orders, with com 
the effluent leaves the FMPC boundary. 

Storm water runoff from the production a 
the south side of the hduction Area, to 
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 discha 
Outfall Ditch to Paddys Run. 

onal Pollutant Discharge Elimination System 
nitoring performed at Manhole 175 before 

storm water retention basins, located on 
moval prior to being analyzed and 

the Storm Sewer 

2.2 SURFACEFEATURES 

The FMPC lies on the boundary between the southemmost exte 
ancient unglaciated upland. The advance and retreat of continental glaciers not only shaped the 
topography, but determined the hydrogeologic setting for the site. 

ne Glaciation and the 

2.2.1 PhysiomDhic Province 
The FMPC lies in the Till Plains section of the Central Lowland physiographic provin 
characterized by structural and sedimentary basins and domes. Among these features, 
Geoanticline is structurally significant in this region. The underlying bedrock in the 
and fossiliferous limestone of Middle and Late Ordovician age (Fenneman 1916). It outcrops on 
steep valley walls in numerous waterfalls. In some areas, it is overlain by glacial deposits that 
range in thickness to as much as 400 feet. 
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The main physiographic features in the area are gently rolling uplands, steep hillsides along the 
major streams, and the Great Miami River Valley, which is a relatively broad, flat-bottomed valley 

er side by bluffs that rise to a maximum of 300 feet above the general level of the 

on along the northem boundary of the FMPC property is a little more than 700 

plain at an approximate elevation of 580 feet. The plain slopes from 600 feet along the eastern 
boundary of the FMPC 
elevation of 550 feet. 
exception of the extrem 

level. The Production Area and Waste Storage Area rest on a relatively level 

the K-65 silos, and then drops off toward Paddys Run at an 
the FMPC is from east to west into Paddys Run, with the 

mer which drains east toward the Great Miami River. 

2.3 SURFACE W 

The FMPC is located within the Great Miami River Basin drainage, but above the river's present 
day flood plain. The Great Miami River i stream for the FMPC effluent discharge 
and represents the main surface water feature 
flows generally to the southwest and has a d 
Hamilton gage, which is located about 10 

cinity of the FMPC (Figure 2-2). The river 
a of approximately 3360 square miles at the 

from the FMPC discharge outfall. 

The river exhibits meandering pattern that result in sharp directional changes over distances of less 
than 3000 feet. Directly east of the FMPC and within the RIPS study area, the river passes 
through a 18Megree curve known as the "Big Bend" Figure 2- 
also occurs near New Baltimore, approximately two miles do 
discharge. 

gree bend in the river 
the FMPC point of 

The average discharge of the Great Miami River at Hamilton, on 55 years of records, is 3305 
cubic feet/second (ft3/s). Using drainage area scaling, the co ing average flow at the FMPC 
point of discharge has been estimated to be 3460 ft /s. The maximum discharge ever recorded for 
the Great Miami River at Hamilton occurred on March 26, 1913 and was estimate 
352,000 ft3/s. The maximum discharge since the construction in 1922 of five reta 
located approximately seven miles upstream of Ross, was 108,000 ft /s and occu 
1959. The ten-year-flood discharge has been calculated to be 81.455 ft3/s for the site 
minimum daily discharge of 155 ft3/s was recorded on September 27, 1941. This value 
approximately half of the sevenday, ten-year low flow value (Q7-10) of 267 f?/s, as computed by 
the U.S. Geological Survey (USGS) for the Hamilton gage. This translates to 280 ft3/s at the site 
reach. 
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Natural surface drainage from the FMPC is primarily to Paddys Run. Paddys Run originates north 
of the site, drains southward along the west side of the FMPC, and eventually enters the Great 

roximately 1.5 miles south of the Fh4PC (Figure 2-2). This stream loses flow to 
fer along much of its course due to its highly permeable channel bottom which 

Great Miami Aquifer. Paddys Run is an ungaged, intermittent stream that flows 
January and May, with an estimated discharge for this period ranging between 

. Peak flows have not been measured. 

A principal drainage feature of the FMPC is a tributary to Paddys Run known as the Storm Sewer 
Outfall Ditch. This d riginates east of the Production Area, flows southwest across 
the southern portion nters Paddys Run near the southwest comer of the property 
(Figure 2-2). Mu ttom of this drainage course, which also collects runoff from 
an area east of the composed of sand and gravel. Vertical seepage rates 
through the stream to Paddys Run. This drainage courxe is generally dry 
throughout most of the year, with flows occumng during and immediately after precipitation. 

The Stom Sewer Outfall Ditch historically co 
directly to Paddys Run when the capacity o 
storm water to Manhole 175, was exceeded 
October 1986 and December 1989 at the 
runoff from the production area is now conveyed to these retention basins. After at least a 
24-hour retention period to allow for settling of suspended solids, the water is pumped out of the 
basins to the Great Miami River via the Fh4PC’s main effluent 1 sins are designed to 
retain the runoff from a IGyear, 24-hour rainfall event; only in an ovefflow would 
storm water from the Production Area enter the outfall ditch. 

d a c e  water runoff from the Production Area 
wer lift station, which diverts low flow 
r retention basins were constructed in 

Sewer Outfall Ditch. Storm water 

2.4 GEOLOGY 
The following provides a summary of the geologic history and hydrogeologic setting of the area 
surrounding the FMPC. 

The FMPC is located within a two- to three-mile-wide subterranean valley known 
Haven Trough. This valley formed as a result of Pleistocene Glaciation and subs 
with glacial outwash materials and till. The geological history of the Fh4PC area 
Fenneman (1916). is summarized in the following paragraphs. 

2-7 
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In Late Ordovician time, approximately 450 million years ago, sediments which would become a 
predominantly flat-lying shale with thin interbedded limestone were deposited in a shallow sea. 

atively impermeable bedrock which now underlies the FMPC area and forms the 

Glaciation, the area was relatively flat and sloped in a northward direction. 
contained a northward flowing drainage system. This system was referred to as the 

and consisted of two major streams with many tributaries. At some time 
during the early Pleistocene period, this north-flowing river system was disrupted by the advance of 
Nebraskan and Kansan 
developed south of the 
(Figure 2-3a). 

The Deep Stage Drai composed of three major rivers: the Miami River, the East 
Fork of the Little Miami River, and the Licking River. The Miami River followed much the same 
channel as the present-day Great Miami Rive 
Little Miami River entered the area from the 
in essentially its present-day channel, but co 

These three rivers combined to form what 
area from the east along the present-day 
the valley now occupied by the Little Miami River. There it was joined by the East Fork and 
flowed west through the Nonvood Trough to the Mill Creek V 
River. The stream then flowed north through the Mill Creek 
Miami River south of Hamilton. It continued to the southwest 
near Hamson, where it tumed and flowed south through what is 
figure 2-3a). 

the north of the Cincinnati area. The drainage system that 
sheets is known as the Deep Stage Drainage System 

iddletown to Ross. The East Fork of the 
The Licking River came in from the south 

the north of the present day Ohio River. 

ancestral Ohio River, which entered the 
hi0 River, then tumed northeast through 

joined the Licking 
ed west to join the 

New Haven Trough to 
tewater River Valley 

Several tributary streams of later importance entered the main stream in the vicinity of the FMPC. 

Two sveams originated near Miamitown: one flowed north to join the main stre 

Shandon and Femald and the other flowed south following the course of the prese 
Miami River. Two other small streams originated near New Baltimore and flowed n 
main stream. The Dry Fork of the Whitewater River, which now lies to the west of 
formerly tumed east to Shandon and then flowed south through what is now the Paddy 
(Figure 2-3a). 

2-8 
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0 During the time of Deep Stage Drainage and the early stages of Illinoisan Glaciation 
(300,ooO to 400,ooO years ago), the river valleys cut deeply into the shale bedrock to depths up to 

e Miami River and its confluence with the ancestral Ohio River. This caused 
the Mill Creek Valley. For a time, water still flowed to the west along the front 
ice sheet and carved the presentday Great Miami River Valley along the tributary 
itown (Eigure 2-3a). 

current land elevations. As the Illinoisan ice sheet advanced into the m a ,  ice 

When the confluence of the Miami River and the ancestral Ohio River was completely blocked, the 
ponded water in the ey rose until it overflowed low divides and carved outlets at 
Anderson’s Ferry an downtown Cincinnati. This created the present-day channel 
of the Ohio River. As ted, the valleys of the Deep Stage Drainage were filled with 
well-sorted sand and 
established in their 

eposits, and the Great Miami River and the Ohio River were 
s (Figure 2-3b). 

The last stage of glaciation, the Wiscons 
The ice sheet a d v a n d  only as far as the sou 
advance in the area was the displacement of 
channel into its presentday channel. As i 
channel which formed a dam. The dam 
lake permanently. The lake basin is now occupied by Paddys Run. 

disruptive to the drainage in the area. 
f the FMPC. The main effect of this glacial 

rk of the Whitewater River from its historic 0 
ice deposited a moraine in the historic 
o times, with the final breach draining the 

Since the last retreat of continental glaciers, the streams in the 
glacial overburden and lacustrine mantle left by the ice sheets. 
through the glacial ovehurden and is now in direct contact wi 

that comprise the buried valley aquifer. Paddys Run is also in 
lower reaches. The FMPC itself is located on a dissected till 
Wisconsin Glaciation. 

oved much of the 
iami River has eroded 
vial outwash deposits 

these deposits in its 
rine deposits left by 

2.5 HYDROGEOLOGY 
The bedrock in the vicinity of the FMPC consists of predominantly flat-lying olive 
shales with thin, interbedded layers of limestone. This shale forms the floor and v 
New Haven Trough. The buried valley is generally carved into this shale between 

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

........ ........ :.:.:.:.:.:.:.:< ........ ..... .... than 200 feet below the preerosional land surface in the vicinity of the FMPC. 0 
Unconformably overlying the shales in the bedrock channel are approximately 150 feet of regionally 
extensive Pleistocene glacial valley fill deposits. Figure 2 4  is a generalized stratigraphic column of 
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the valley fill deposits. As indicated by the generalized hydrogeologic cross sections, (Figure 2-3 ,  

the buried valley is about one-half to over two miles wide and is U-shaped, having a broad, 
#om and steep valley walls. Interbedded glacial till deposits occur within the 

in most cases are of limited lateral extent. The till deposits are composed 
y sorted pebbles, cobbles, and boulders in a predominantly clay matrix. 

, glacial overburden deposits overlie the bedrock uplands and portions of the 
where they form the thick unconsolidated sediment layers beneath the soil zone. 

This glacial overburden is composed of dense, silty clay that varies in composition vertically and 
laterally. The glacial 
gravel, silty sand, and 

Regional hydrogeologi 
reported by the USGS 
hydrologic and geologic properties that differ from the properties of the aquifer in adjacent areas. 
Five major hydrogeologic environments have 
Valley (Figure 2-6). Type I, III, and V envi 
conditions in the vicinity of the FMPC and 

ntains lenses of poorly sorted fine- to medium-grained sand and 
of silty clay. 

of the buried channel aquifer have been investigated and 
gic environment describes a portion of an aquifer possessing 

entified and mapped in the Great Miami River 
generally describe the hydrogeologic 

zed in the following paragraphs. 

The Type I hydrogeological environment i e flood plain of the Great Miami River 
to the south and east of the FMPC facilit of the aquifer consists principally of 
sand and gravel. Scattered lenses of clay and other fine-grained material may exist anywhere in 
this environment. However, these lenses are not of sufficient al extent to act as 
semiconfining layers or to otherwise affect groundwater moveme 
stream infiltration exists in these areas. Transmissivity values 
67,000 square feet per day (ft2/day). The Type I aquifer may 
coefficient of about 0.2. Individual wells can yield as much as 

ential for induced 
ge from 40,000 to 

gallons per minute (gpm). 

The Type 111 hydrogeologic environment is characterized by 50 or more feet of clayey glacial 
overburden overlying the main buried channel aquifer. In the region of the FMP 

channel aquifer is further divided into an upper and lower part by a semipervious 
approximately 10 to 20 feet thick, occurring approximately 120 feet below land 
lower aquifer is classed as a semiconfined or leaky confiied aquifer. A coefficient of 
0.001 was estimated for the lower sand and gravel aquifer. Estimated transmissivities 

4700 to 40,OOO ft2/day. 

2-12 
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The Type V hydrogeologic environment includes all of the area outside of the buried channel. 
These areas are uplands and consist of shale with interbedded limestone overlain by 50 or less feet 

ial overbuden Large quantities of groundwater are not generally transported 
rial. Well yields vary widely, typically ranging from near 0 to 10 gpm. 

sand and gravel lenses are erratically distributed throughout the overlying glacial 
completed in these units may yield up to 50 gpm. 

Large groundwater supplies occur in the outwash deposits of the buried channel aquifer and are 
recharged by three principal sources: recharge from bedrock, precipitation recharge, and recharge 
by stream infiltration. 
of water occur in erra 
deposits. The avera 
on the order of 
precipitation am 
and represents the dominant source of recharge on a regional basis. Under natural conditions, the 
gradient of groundwater flow is from the 
periods when the gradient is reversed. Inte 

shales and limestones have a low permeability, small amounts 
d joints and cracks and produce seepage into the glacial 

ductivity of the bedrock has been estimated to be very low and 
) of contact with the glacial deposits. Recharge by 
570,000 gpd per square mile of catchment area (12 in/yr) 

reat Miami River, except during dry 
arge to the aquifer also occurs along Paddys 

Run. 

The groundwater in the regional aquifer e 
west, north, and east. Natural gradients cause the groundwater to exit the FMPC study area by 
either flowing to the east to the Great Miami River upstream from New Baltimore, or by flowing 
south through the branch of the bedrock channel west of New 

study area from the buried valleys on the 

In either case, the Great Miami River is the ultimate receptor o 
Figure 2-7). The large pumping wells of the Southwestern 0 
"Big Bend meander of the Great Miami River east of the 
persistent cone of depression in the potentiometric surface 
Groundwater elevation maps indicate that the resultant cone of depression from the collector wells 
influences groundwater flow patterns beneath the FMPC. In particular, a groundw 
is created such that groundwater underlying the northern portion of the FMPC, inc 
underlying the waste storage area and the production area, flows to the east tow 
wells and the Great Miami River. Groundwater from the southern and southwe 
FMPC continues to flow along the natural gradient to the south-southwest throu 

Near the southwest corner of the FMPC, a groundwater component from the west is also present 
due to the western leg of the buried channel (Figure 2-7). This causes the recharge from certain 

ater in the study area 
mpany (SOWC) in the 
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reaches of Paddys Run to flow east-southeast until the regional southern component of flow is 
encountered. 

ater Cincinnati International Airport have been shown to satisfactorily characterize 
e of the FMPC area. The regional climate is defined as continental, with 

gmg from a monthly average of 29.0 degrees Fahrenheit in January to 75.5 degrees 
it 111 July. The highest temperature recorded from 1950 through 1984 was 102 degrees 

Fahrenheit in August 1962, and the lowest was minus 25 degrees Fahrenheit in January 1977. The 
average number of day 
110 days, and the ave 
or above is 20 days pe 

The average annual p e period of record is 40.14 inches (National Oceanic and 
Atmospheric Administration 1989). The highest precipitation occurs during the spring and early 
summer, precipitation is lowest in late summer 
inches, with heaviest snowfall in January. Th 

characterized by average monthly precipita 
The 1989 precipitation data indicate above- 

a minimum temperature of 32 degrees Fahrenheit or less is 

days with a maximum temperature of 90 degrees Fahrenheit 
depth ranges from 30 to 36 inches. 

. The average annual snowfall is 24.0 
from late 1987 through October of 1988 was 

y below normal, as shown in Figure 2-8. 

. . . . . . . . . . 

. . . . . . . 
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GLOSSARY 

3000 Series Wells 

4000 Series Wells 

Adsorption 

kions 

Anisotrophy 

Aquiclude a 
Aquifer 

Aquitard 

Bedrock 

Cations 

Cells 

Code Verification 

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

Wells or piezometers screened in water-bearing zones within 
the glacial overburden (see Figure 6-2). 

Wells screened over an intend from five feet above to 
ten feet below the water table in the Great Miami Aquifer 
(see Figure 6-3). 

Wells screened over a 10-foot interval just above the clay 
interbed or at an equivalent elevation in the Great Miami 
Aquifer (see Figure 64). 

Wells screened over a 10-foot interval ending 10 feet 
above the bedrock bottom of the Great Miami Aqufer (see 
Figure 6-5). 

Process whereby a dissolved ion or molecule becomes 
attached to the surface of a preexisting solid substrata. 

Negatively-charged ions in sokti u on. 

The 8 ts whose properties vary with direction. 

rly permeable bed, formation, or group 
not yield water freely to a well or 
aquiclude may transmit appreciabk 

A formation, group of formations, or part of a formation that 
contains sufficient saturated permeable material to yield 
economical quantities of water to wells and springs. 

iable quantities 
which 

Any solid rock exposed 
overlain by unconsolidat 

surface of the earth or 

Positivelycharged ions in solution. 

Rectangular parallelepipeds f m e d  by a 
model grid. 

Testing computer codes against known solutions 
that they produce the correct results. 
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Contaminant 

Darcy Velocity 

Data Verification 

Diffusion 

DischargeUte 

Dispersion 

Dispersion Coefficient 

Dispersivity 

Distribution Coefficient 

Drawdown 

Effective Porosity 

A depression in the groundwater surface that has the shape 
of an inverted cone and develops around a well from which 
water is being withdrawn. 

An aquifer that is confined under pressure by overlying and 
underlying aquitards or aquicludes; water levels in wells rise 
above the top of the aquifer. 

Hydraulic heads at the cell faces along the external edges of 
a model which are held constant during model runs. 

A substance that when introduced to either surface or 
groundwater causes a degradation in the water quality. 

Volume of groundwater flow per unit area of porous 
medium. 

A procedure by which the available data are tested for 

of a chemical species due to a gradient in its 

of a certain volume of water per unit of 

The spreading and mixing of chemical constituents in 
groundwater caused by diffusion and miXing due to 
microscopic variations 

An approxim t represents dispersion 
in a modeled 

A parameter that de 
solute plume as the 
away h m  its source. 

thin and between pores. 

amount of spreading of a 
ex carries the solute 

A parameter that describes the proportion of a solute that is 
absorbed onto the solids in a porous material. Retardation of 
solute movement increases as the distributi 
increases. 

The distance between the water level mom 
before pumping started and the surface of 
depression. 

The volume of void spaces through which liquids can travel 
divided by the total volume of the solid material. 
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(continued) 
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Geochemical Modeling 

Glacial Overburden 

Glaciofluvial 

Great Miami Aquifer 

Groundwater Contour 

Groundwater Elevation 

Groundwater Model 

Homogeneous 

Hydraulic Conductivity 

Hydraulic Gradient 

Hydraulic Head 

Loss of water in an area due to evaporation from soils or 
transpiration of plants. 

A numerical method used to solve the groundwater flow 
equation. In this method, the study area is divided into 
rectangular @ds. 

Mathematical techniques used to simulate chemical behavior 
in the subsurface, including chemical speciation, precipitation, 
and possibly adsorption and ion exchange. 

Silt, sand, gravel, and clay deposited by glacial action on top 
of the Great Miami Aquifer and surrounding bedrock highs. 

Pertaining to the meltwater streams that flow from retreating 
glaciers and to the deposits and landforms produced by such 
a s t r m .  

sand and gravels deposited by the meltwaters of 
ers within the entrenched ancestral Ohio and 

also termed as a buried channel or 
r. 

pore spaces in the subsurface. 

A line that connects equal groundwater elevations on 
a map. 

The height of the groundwater surface above mean sea 
leveL 

A mathematical r 

interest. 

A parameter that d e s c r i i  the rate at which water can move 
through a porous medium. May vary with the direction of 
the flow. 

The rate of change of hydraulic head per unit o 
flow in a given direction. 

The height above mean sea level to which wate 
a well screened at a specif'" depth. 
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Dispersion 

Induced Infiltration 

Infiltration 

Interbed 

Isoconcentration Map 

Isotopes 

Isotropic 

Lacustrine 

Leaky Aquifer 

Loess 

Lower Aquifer 

Mass Loading 

The process by which groundwater containing a solute is 
diluted with uncontaminated groundwater as it moves through 
the aquifer. 

The science that deals with subsurface waters and related 
geologic materials and their interaction with d a c e  water. 

A graph showing a characteristic of water, such as surface 
water flow or groundwater levels, versus time. 

Infiitration from a stream bed caused by pumping wells near 
the stream. 

The 
or stream into and through the upper soil layers 
or stream bed. 

flow of water downward from the land surface 

A relatively thin layer of material contained within a thicker 
erial of different composition. 

showing lines of equal concentration. 
entrations in a plume. 

t that have the same n u m k  of protons 
ers of neutrons in the atomic nucleus. 

Said of a medium whose properties are the same in all 
directions. 

A statistical method of 
a map. 

Deposits produced by 

An aquifer which is se 
underlying aquifers by 
permeability (aquitard) which allows the movement of water 
out of the aquifer. 

values between points on 

A widespread homogeneous fin 
believed to be windblown dust 

The portion of the Great 
interbed elevation. 

The mass of material added to a system per 
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GLOSSARY 
(continued) 

The adjustment of parameter input to a mathematical model, 
within an acceptable range, until the model is an adequate 
representation of the real system. It involves selecting 
parameters for successive trial computer nms until the known 
hydraulic heads and/or solute concentrations are adquately 
matched with observed values. 

Model Verification Testing a groundwater model against hydrologic input that 
was not used in the original calibration to verify that it may 
be used for predictive purposes. 

A well that is used to collect groundwater samples to 
monitor the water quality. It may be used to monitor 
groundwater level fluctuations. 

Buried channel of the ancestral Ohio River which fonns the 
portion of the Great Miami Aquifer directly beneath and to 
the west of the FMPC. 

Monitoring Well 

New Haven Trough 

Normalized Concentration entration at a given point divided by the 
source. 

Operable Unit of a site, specifc site problems, specific 
y involve discrete remedial actions 
tal steps toward a final remedy. 

Operable Unit 1 

Operable Unit 2 

Includes those facilities utilized for the disposal of 
radiological and (to a lesser extent) chemical wastes from 
FMPC operations. Related facilities that now contain similar 
waste types are included. context, the following 
facilities are included in t 1: 

waste pits 1 through 
BumPit . 

Clearwell 

Although areas surrounding these facilities are not considered 
an integral part of Operable Unit 1, an exception could occur 
if it is decided that inclusion of a given area would lead to a 
more effective and efficient remedial ac 
example, the berms and the 
be included under Operable 
control action for a given waste storage unit. 

Includes those facilities desi 
wastes into which low volumes of radio10 
wastes may have been codisposed. In particular, these units 
include: 

G-5 000052 



GLOSSARY 
(continued) 

Operable Unit 4 

Operable Unit 5 

Active Fly Ash Pile 
North and South Lime Sludge Ponds 

Abandoned Fly Ash Pile and Southfield 
sanitary Landiill 

Includes those facilities and suspect areas that are expected to 
involve localized cleanup actions using straightforward 
technologies. Three general types of units are involved, 
including: 

Any area or facility within the Production Area that is 
identified through the Production Area or suspected area 
investigation to represent a past, current, or future source 
of radionuclide or chemical releases to the environment. 

Suspect areas outside the production Area. The 
following is a list of the suspect areas currently being 
considered: 

t of the Production Area) 

t Different Locations 

Areas with elevated levels of uranium or other 
constituents in soil or perched groundwater within 
controlled site 

H a s  been established se facilities that represent 
unique technical prob likely involve specialized 
technologies. The luded in Operable Unit 4 are 
the two K-65 silos 
(Silo 3), and the empty 

2). the metal oxide silo 

Includes those environmental media that represent pathways 
and/or environmental receptors presently or potentially 
affected by FMPC contaminants. Each of 
environmental media is defined below: 

- Soils: Includes all surface soils not spec5 

Groundwater Limited to the Great Miami 

accounted for in other operable units. 

throughout the study area. Does not include source 
control, which is the focus of Operable Units 1 
through 4. 
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GLOSSARY 
(continued) 

. . . . . . . . 

. .  

0 Overshoot/Undershmt 

Oxidation/Reduction Potential 

Parameter 

Pathway 

Perched Aquifer 

Perched Groundwater 

Great Miami River Addresses the sediments m the Great 
Miami River and their role as a potential source of 
COntamlMn ts to the overlying water column and the 
aquatic community. Does not include source control, 
which is the focus of Operable Units 1 through 4. 

Paddys Run: The same as the Great Miami River, with 
the additional consideration of the effects of leakage from 
Paddys Run into the regional aquifer. 

Storm Sewer Outfall Ditch Similar to Paddys Run. 

Flora and Fauna: Involves the evaluation of the overall 
flora and fauna in the regional area, including terrestrial 
vegetation and animals, aquatic communities in the Great 
Miami River and Paddys Run, locally grown produce and 
feed crops. 

ough air is st i l l  considered to be an integral 
t 5 per the Federal Facility 

ent, it is anticipated that this media 
as a separate component of the RI/FS. 

usly high values of concentration 
sharp concentration front is approached 

from the upgradient side in a finitemereme model. 
Analogous behavior on the downgradient side is called 
undershoot. 

A measure of the abili 
bring about an oxidati n reactions. These 
reactions involve the 

A numerical val 
system being e hydraulic conductivity, 
recharge rate, 

dwater environment to 

an element of the 

The route along which contamination could move m the 
environment from a source to a receptor. 

A special case of an unconfined aquifer 
wherever a groundwater body is separated fo 
groundwater by a relatively impermeable 
areal extent and by an unsaturated zone 
of groundwater. 

Groundwater contained in a perched aquifer which is 
separated from and at a higher elevation than the 
groundwater in the regional aquifer. 
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GLOSSARY 
(continued) 

. . . . . . . . . . . . . . . . . , . . . 

Porosity 

Radioactive Nuclides 

Receptors 

Recharge 

Recharge Rate 

Remedial Investigation/Feasibility 
study (RYFS) 

Regional Aquifer 

Retar&tion/Retar&tion Factor 

River Leakage Factor 

saturated 

Small diameter well used to measure the hydraulic head. 

Period in geologic history when glacial ice covered much of 
North America, periodically advancing southward and 
retreating northward. 

The ratio of the volume of void spaces in a rock or soil to 
the total volume of the rock or soil. 

An imaginary surface representing the total head of 
groundwater in an aquifer that is defined by the level to 
which water will rise in a well. 

Refers to any process which occurs immediately in front of 
or just beyond the outer limits of a glacier or ice sheet; also 
refers to lakes, streams, deposits, and other features produced 
in this environment. 

emission of corpuscular or 
The rays most commonly emitted 

that are or potentially could be 

ater to the zone of saturation; also, the 
amount of water added. 

Rate at which water enters the top of an aquifer due to 
downward percolation o 

An investigation proc 
of contamination at a 

and lateral extent 
and the factors 

of the most suitable remedial 

Great Miami Aquifer. 

A measure of the reduction in the rate 
solute plume due to adsorption of the s 
an aquifer. Related to the distribution coeffki 

A parameter that describes the rate of 
between a stteam and an aquifer in response 
between the water level in the stream and th 
in the aquifer. 

A condition where all voids in a solid matrix are filed with 
liquid. 

- 
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GLOSSARY 
(continued) 

. s  

S 

A layer of subsurface material that is much less permeable 
than the layer above or below and impedes the upward or 
downward movement of groundwater. 

The identification and evaluation of variables which, when 
changed slightly, cause large changes in the result. 

Solute A dissolved constituent. 

Source Loading The rate at which a chemical constituent is added to an 
environmental system such as groundwater. 

The ratio of the volume of water a rock or soil will yield by 
gravity drainage to the volume of the rock or soil. 

Not varying with time. In steady-state flow models, 
hydraulic head does not vary with time. Time does not enter 
the calculations. 

Specific Yield 

Steady -S tate 

Stratigraphic 

Statistical Outlier 

- 
Storage Coefficient 

Till 

Tolerance Limit 

. Transient Model 

Transmissivity 

Unconfmed Aquifer 

Unsaturated 

Vadose Zone 

t of similar rocks in layers or beds. 

ult that has been statistically determined to 
th results of other samples. 

ter an aquifer releases from or takes into 
storage per unit surface area of the aquifer per unit change in 
hydraulic head. 

A mixture of boulders, cobbles, sand, silt, and clay deposited 
directly from glacial ice. 

The upper value of a to1 
expected to include 95 
randomly taken. 

Not a steady-state solute lransport 
model, concentrations vary with time. 

f low permeability. 

that would be 
ervations when 

Hydraulic conductivity of an aquifer multiplied by the 
thickness of the saturated unit (aquifer). 
at which water can move through a unit 

An aquifer where the water table is exposed to 
atmosphere through openings in the overlying 

The condition where the voids in a solid 
100 percent filled with liquid. 

The unsaturated zone of a stratigraphic unit. 

G-9 
000056 



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

GLOSSARY 
(continued) 

The vertical migration of groundwater from an upper 
permeability stratigraphic unit to a lower stratigraphic unit. 

The surface of an mconfiied aquifer at which the pressure 
in the water is equal to the atmospheric pressure. Usually, 
approximately the top of the saturated subsurface material. 

Water Balance A quantification of all the sources of water and the 
corresponding discharges with respect to an aquifer, a 
drainage basin, or a well. 

The area within an aquifer impacted by pumping from a well 
placed in the aquifer. 

Zone of Jnfluence 

. . . . . . . . . . .  
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PART L BACKGROUND 

been prepared to provide a comprehensive description of the groundwater flow 
and extent of con taminants at the Feed Materials Processing Center (FMPC) site. 

from the ongoing field investigation being conducted for the Remedial 

easibility Study (RT/FS) at the FMPC and contains data collected from August 1987 
' through April 1990. The investigation is continuing and additional data will be presented in the 

individual operable unit studies. 
- 

This report has been 
Unit 5. However, th 

of the RyFS for 0 

current and potenti 

rve as a foundation for the groundwater portion of Operable 
ontained in this report is directly transferable to those portions 
, 3, and 4 that pertain to environmental release and their 

Figure 1-1 presents a schematic of the 
figure not only provides a retrospective 
reported in Parts I and 11 of this report, 
the types of modeling as discussed in P 
Figure 1-1 also presents the logic and 
groundwater report has been divided into the following five parts: 

the FMPC groundwater report. The 
the planning and data collection phases 

an indication of the method of analysis and 
Part V is devoted to the report conclusion. 
tion of the report. The FMPC RI/FS 

Part I - Background: Provides background information on site 
geology/hydrogeology and groundwater use. 

Part II - Data Collection: Provides the reasons 
the detailed methods of data collection and doc 
field investigation programs. 

Part III - Data Analysis: Provides in-depth site 
geochemical settings, including groundwater quality. 

Part IV - Groundwater Modeling: Provides the formulation, testing, and 
results of regional and site modeling, as well as the long-term mod 
related to each operable unit. 

Part V - Results and Conclusions: Resents the results and conclusions 
the groundwater programs emphasizing groundwater flow systems, 
source-pathway-receptor relationships, and the ~ t u f e  and extent of 
contamination. 
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Part I is divided into five chapters: Chapter 1.0 discusses the objective of the report and its 
the FMPC RI/FS. A brief discussion of the site setting such as geology, 

d surface water features is presented in Chapter 2.0. A brief discussion of the 
is given in Chapter 3.0. The previous studies pertinent to FMPC groundwater 
identified in Chapter 4.0. Finally, the ongoing studies are presented in 

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

.......... 

..................... 
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The only significant pumping centers within the study area are the water supply Well 4103 at the 
FMPC and the two water supply wells used by the Albright & Wilson Co. The FMPC pumps 

any of three wells located along the southwestern edge of the Production Area. 
most commonly used of the three wells. Each is screened over a ten-foot interval 
feet above the bottom of the aquifer and well below the clay interbed. These 
routinely; however, there is no evidence of any contamination reaching these 

rage daily flow from Well 4103 in 290 gpm, although this well is in operation for 
only part of the day. 

The Albright & Wilso r from two wells located approximately 2000 feet south of 
the FMPC. The combi these two wells is approximately 225 gpm. Uranium 
contamination in the so t & Wilson Co. well has been documented since 1981. As 

will be discussed in Ch 

enough to impact flow 
volume of water extracted from these wells is not large 
ediate property. 

3.2 POTABLE WATER USE 
The residences in the area use either domestic 
cisterns are used in areas underlain by bed 

because of the bad taste and smell of the w 
the location of domestic and commercial 
and east. With the exception of large vo 
wells are generally completed in the upper part of the aquifer and pump only when there is a 
demand for water for domestic washing and sanitation. The pre 
insignificant in terms of their impact on groundwater flow. 

cisterns for water supplies. Generally, 
sidents use bottled water for drinking 
e parts of the aquifer. Figure 3-1 shows 

ngradient from the FIvlPC to the south 
in Section 3.1, the downgradient 

,e 

e wells, therefore, is 

3.3 AGRICULTURAL USE 
There are several large farms in the vicinity of the FMPC. Tw 
east of the site and northwest of Route 128 are cumntly being for field imgation. One farm 
on New Haven Road south of the site, between Route 128 and the village of New Baltimore, also 
is known to imgate from a well on the property. Those farmers east and south of 
are in close proximity to the Great Miami River, imgate their fields with water fro 
(Plummer 1990). 

ation wells on farms 

ho 
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a 4.0 PREVIOUS STUDIES 

vious studies related to the FMPC groundwater regime have been summarized. 
ludes discussion on geology, hydmgeology, surface water, and other pertinent 

Geologic investigations of the area that sumunds and includes the FMPC have contributed 
substantial infomation to the study. Fenneman (1916) performed an extensive survey of the 
geology in the Cincinn report is among the first that describes in detail the 
interbedded limestone 
Later workers, such as , supported the earlier observations of Fenneman. The shape 
of the buried channel 
surveys of the area 
and Hamilton counties, Ohio. More recent studies include various geologic maps of Hamilton and 
Butler counties, Ohio, and some quadrangles th 
Vormelker 1985; Ford 1974; and Swinford. in Maps showing the extent and age of glacial 
till in the study area have also been produc 

k and its mantle of glaciofluvial and alluvial sediments. 

er refined by Watkins and Spieker (1971) via geophysical 
h r c h  et al. (1980 and 1982). performed soil surveys of Butler 

located in those counties (Leow 1985; 

,e 
4.2 HYDROGEOLOGIC 
Dove (1961) and Spieker (1968a) extensiv 
Great Miami Aquifer in the lower Great Miami River Valley. These studies document recharge 
rates, penneabilities of various lithologies, and other aquifer cha 
specifically discuss groundwater/surface water interactions for the 
Run. Other studies by Spieker deal with increased pumping of 
development of the groundwater resources (1968~). Other stud 
Aquifer include a study by the Miami Conservancy District (19 
Depamnent of Natural Resources (Walker 1986; Walton and Schaefer 1956), and various contracted 
studies (Geotrans 1985; Dames and Moore 1985a; and ATEC Associates, Inc. 1982). 

hydrology and hydrogeology of the 

i River and Paddys 
ater (1968b) and future 

4.3 SURFACEWATER 
The Miami Conservancy District has kept precipitation and runoff records for the 
since the early 1900s (Houck 1921). Precipitation records have also been kept at 
Airport. Fluvial activity on most Ohio streams, including the Great Miami River 
has been well documented with respect to flow duration and water quality (Cross and Hedges 1959; 
Ohio Environmental Protection Agency [OEPA] 1982). Flood information for the Great Miami 
River and Paddys Run is available from the Federal Emergency Management Agency (19 
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Flow in the drainage basin is monitored using a gaging station on the Great Miami River at 
Hamilton, Ohio. Flow regulation on the Great Miami River has been studied by Spieker (1968a). 

have been compiled by Dames and Moore (1985a). Artificial modifications of 
its tributaries on the FMPC reservation have been documented by Dove (1961) and 

ce water quality data for the FMPC area are available from National Lead 
(NLO) (1979 through 1985). WMCO (1986 through 1988). and OEPA (1977 

4.4 OTHERS 
Dove and Noms (1951 
infiltrated the ground 
radionuclide contamin 
the Fernald, Ohio a 
fmm the FMPC 
DOE (1985) or are internal WMCO documents (Boback et al. 1986a and 1986b). Additionally, the 
ODH (1988) has documented radionuclide con 
Sedam (1984) investigated the occurrence of 
FIvlPC for the DOE. Starkey et al. (1962) 
distinguish between FMPC contamination contamination. 

For more than 10 years, the environment in and mund the FMPC reservation has been monitored 
by the DOE (1977, 1985, and 1987). Oak Ridge Associated Universities (ORAU) (1985). various 
FMPC-related committees (WMCO 1987; Aas et al. 1986; and 
various contracted agencies (IT Corporation [IT] 1986; Weston 1 
and ORAU documents include environmental impact assessme 
surveys. The internal reports include the annual Environmental 
Contamination Control Reports (various authors 1965-present). 
through WMCO. The material contained in these reports d 
groundwater, surface water, and air samples for radionuclides, organic compounds, and metals. A 
sampling program to comply with RCRA provisions have been under way at the 
The first five RCRA quarterly samplings were completed by Dames and Moore fo 
fourth quarter 1987 RCRA sampling was completed by the RI/FS sampling team. 

possible fate of chemical and radionuclide wastes if they 
at Miami Aquifer. Spieker and Noms (1962) investigated 
undwater and the transport of the contaminated water through 

eased in the last five years document radionuclide releases 
as well as into the air. These studies are from either the 

IIS in private wells in the FMPC area. 
in the groundwater in the vicinity of the 

I@ 983) performed internal investigations to 

. 1984 and 1985). and 
ttelle 1981). The DOE 

dies, and environmental 
Reports and the Aquifer 

e documents are available 
monthly analyses of 

Pertinent data derived from these previous studies were selected for use in the 

program. These data are addressed in Chapter 9.0 of this report. 0 
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3.0 GROUNDWATER USE 

r supplies occur in the deposits that N1 the buried valley. The aquifers that occur 
are together known as the Buried Valley Aquifer System of the Great Miami 
t Miami Aquifer) and have been designated a Sole-Source Aquifer by the EPA 
(a) of the Safe Drinking Water Act (Federal Register Vol. 53 No. 131 

d e r  this designation, the Region V Administrator of the EPA has determined that 
e or principal source of drinking water for this area and that contamination 

would create a significant hazard to the public health. 

Groundwater is the sou 

have been identified in 
Figure 3-1. The estim 
Additionally, there are 
users in the area. 

industrial and domestic use in the area. Groundwater users 
Pumping centers downgradient of the FMPC are shown in 
m the major well fields averages about 18 Mgd. 

industrial, commercial, agricultural, and private groundwater 

3.1 INDUSTRIAL WATER USE 
In 1952, the SOWC installed a large-diame 
outwash deposits east of the Great Miami , Ohio. The collector well was pumped 
for industrial water supply purposes at an 10 Mgd from 1952 to 1955. Its effective 
radius is approximately 200 feet. In 1955 ctor well was installed with an effective 
radius of 212 feet to establish an adequate water supply for 13 industries in the Mill Creek Valley 
am. Historical data from the 1950s indicate that the average p 
was about 14 to 15 Mgd after completion of the second well. 
pumping rate increased to about 18.4 Mgd (Miami Conservancy 
and Dove (1961) concluded that from 60 to 76 percent of the to 

comes from induced recharge from the Great Miami River. 

ector well in the sand and gravel glacial 

from the collector wells 
ugh 1986, this 

7). Spieker (1986b) 
m the collector wells 

Water which is pumped from Collector Wells 1 and 2 (Figure 3-1) is piped about 14 miles through 
a 36-inchdiameter main to a reservoir in the Mill Creek Valley. The water flow 
the reservoir to the industries served by the collector well system. In 1986, a thi 
was installed for emergency use only. Due to the standby status of Collector Well 3, 
from the three wells is not expected to exceed the cumnt 18.4 Mgd level. This 
to be maintained in the near future. 

UGO(P&;4 
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5.0 ONGOING STUDIES 

on the information available as of May 1, 1990. However, the gathering of 
continues. The ongoing studies pertinent to the groundwater investigation are 

ntinue at the FMPC. Groundwater elevation 
measurements are taken and samples are collected from wells placed in both the Great Miami 
Aquifer and the glacial 
term monitoring pro 
to satisfy critical data 

a quarterly basis, in accordance with the DOE/WMCO long- 
monitoring wells also continue to be installed and monitored 

5.2 
The analysis of groundwater flow and quality data continues as the field investigations proceed. 
Seasonal trends and changes in conditions foll 
of particular interest. 

A series of groundwater modeling studies 
investigation, risk assessment, and feasibili 
dimensional frnite difference groundwater flow model and a local three-dimensional finite difference 
solute transport model have been constructed. The models are calibrated against existing data and 
are being used to predict f u t u ~  plume development and movem of the evaluation of 
the feasibility of remedial alternatives. 

e abnormal conditions of 1988 and 1989 are 

port different aspects of the remedial 
es also continue. A regional three- 

5.3 SURFACE WATER PROGRAM 
Surface water quality in Paddys Run is monitored by WMCO’s 
WMCO Stations W5, W7, W8, W9, and W10. Station W5 pro 
W9 and W10 represent upstream and downstream locations with respect to the Waste Storage Area, 
Stations W11 and W7 provide a similar upstmm/downstream pair for the conflue 
Sewer Outfall Ditch with Paddys Run, and Station W8 is a downstream off-FMPC 
Weekly samples are analyzed by WMCO for uranium content and gross alpha 
Bimonthly composites of weekly samples are analyzed for RA-226 and RA-228. 

ring program at 
am control, Stations 
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FMPC groundwater report provides the reasons and rationale for selecting the detailed 

ents a schematic of the overall logic and structure of the report. Part I contains the 
collection and documentation used during the field investigation program. 

tion on the site hydrogeologic setting; the data analysis, groundwater modeling, 
and conclusions are presented in Parts III, IV, and V, respectively. Part 11 contains four chapters, 
6.0 through 9.0. 

Chapter 6.0 descri 
program. The field 

, methodology, and field procedures used in the site-wide 
eals with the installation of piezometers, groundwater elevation 

measurements, and plings. 

Chapter 7.0 describes the field investigation procedures and methods for the Production and 
Additional Suspect areas. 

Chapter 8.0 discusses the laboratory meth 
reporting requirements for each of the 
This section does not review the WMC 

on limit requirements, QA/QC procedures, and 
cipating in the W S  groundwater program. 
tory procedures and requirements. 

Data collected during previous investigations conducted at the FMPC were used during this study. 
Chapter 9.0 lists and briefly describes data selected for use fr 
Also listed and described are other sections of the RI/FS that 

. investigations and studies. 
groundwater study. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . 
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6.0 FIELD INVESTIGATION: SITE-WIDE PROGRAM 0 
s the rationale, procedures, and methodology of data collection used in the RUFs 

ydrogeology at the FMPC and vicinity. An extensive field investigation program 

tthg and to determine the surface and groundwater quality. The activities are still 
report documents the field investigation program through April 1990. The site-wide 

to obtain site-specific data to characterize the FMPC site geologic and 

discussed in th is  chapter. However, the field investigation specific to the Production 
Area is addressed in Chapter 7.0. 

Chapter 6.0 is divided . Section 6.1, "Well Installation Program," describes the 
rationale and field p advance soil brings, collect subsurface soil samples, and 
install wells. Alsod section are the Quality Assurance/Quality Control (QNQC) 
p r o c e d u ~ ,  docum other requirements followed during this investigation. 
Section 6.2, "Groundwater Elevation Program," describes the investigation procedures followed to 

measure groundwater levels in the we 
Program," addresses the rationale, procedures 
Analytical field and laboratory requirements 
Conductivity Testing," describes the me 
Section 6.5, "Geophysical Program," pres 
investigation and summarizes the 
addresses the rationale and procedures for surface water and sediment quality sampling and surface 
water elevation measurement. Section 6.7, "Surface Water Elevation Data," discusses the pattern in 
surface water level changes. 

6.1 WELL INSTALLATION PROGRAM 
The well installation and groundwater sampling portion of the 
hydrogeologic data from the site. The initial well installation 
1988 RVFS Work man based on data gathered before this investigation was undertaken. The well 

As subsurface soil conditions were ev ts 
of water table measurements and water quality analyses became available, additio 
added to the program through the approval of Work Plan Addenda. 

Section 6.3, "Groundwater Quality 

C performed during groundwater sampling. 
in th is  section Section 6.4, "Hydraulic 

sults of field hydraulic conductivity tests. 
ical techniques used during th is  

Surface Water and Sediment Program," 

the principal source of 
was developed in the March 

installation program proceeded in phases. 

00006.8 
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0 6.1*1 Obiectives The well installation program focused on identifying the nature and extent of contamination from 
evaluating sources of groundwater contamination and pathways for contaminant 
rogram was also intended to determine the need for groundwater remediation. 

ves of the well installation program were to: 

mine if subsurface water-bearing zones in the vicinity of the FMPC 
been contaminated 

Characterize the site hydmgeology and determine the rate and direction 
of groundwater flow within each separate hydrogeologic unit 

ns and sources of contaminants on the FMPC 
of contaminants to off-FMPC areas 

pumping has on groundwater flow and 

ce Contarmnan ' t migration and groundwater 
discharge 

6.1.2 Scow 
To achieve the objectives, a phased approach 
of work was to fill identified data gaps to d regional groundwater quality and flow 
patterns. Specific potential sources, path rs were also identified. Data collection 
and evaluation during the execution of s of the plan resulted in refinements in the 
understanding of the groundwater system, which in nun defined the need for additional drilling and 
sampling efforts. 

The initial work plan called for the installation of 90 wells d 
additional wells were added in three subsequent phases to bette 
extent of contamhation. Wells were also added to evaluate 
drainage, determine groundwater flow directions, and to refine 
changes in water table gradients. As of April 1990, 146 monitoring wells have been installed under 
the RVFS Work Plan and Addenda. The well installation program is continuing 
detailed interpretation of the groundwater system. 

6.1.2.1 Well Numbering System and Lo& 
Wells were installed to four different depths. Figure 6-1 is a diagram depicting the w 
depth and series numbers. Wells that are screened in the glacial overburden are numbered in the 
lo00 Series; wells that are screened at the water table in the Great Miami Aquifer are in the 

activities was planned. The first major phase 

of the W S ;  however, 
vertical and lateral 

harge from surface 
erstanding of seasonal 
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2000 Series. Wells screened 10 feet above the clay interbed layer sometimes present near the 
middle of the G m t  Miami Aquifer, or at the equivalent elevation if the clay was not encountered, 

Series; and wells that are screened 10 feet above bedrock at the bottom of the 
40oO Series. The three digits to the right of the thousands number identify the 

they were assigned in sequence with respect to time. Wells installed at different 
wells are installed. There is no geographic significance to the threedigit 

r at the same location have the same threedigit identifier. 

The March 1988 RUFS Work Plan used 100,200, 300, and 400 Series numbers. This allowed for 
only 99 locations. stem was expanded to four digits in September 1988 to allow 
for additional locations 

On- and off-FMPC we 
assigned four-digit w 
RUFS numbers assigned. The determination of whether these were 2000 or 3000 Series wells was 
made from the best records available. 

sampling program that existed prior to the RUFS were also 

e 6-1 lists the previous designation of these wells and the 

1000 Series Wells 
The glacial overburden material, which und f the Pmduction and Waste Storage areas, 
is the material most likely to be co ntact with wastes and by surface water 
inliltrating through waste areas. The 1000 Series wells were completed in the glacial overburden 
and were screened either in the first water-bearing zone encountered or, if water was not 
encountered, the most permeable zone based on field observations. The groundwater encountered in 
the glacial overburden is perched water. The well screen length 
wells and was based on the thickness of the water-bearing zone. 
during boring advancement, 10 feet of well Screen was installed. 

the 4-inch-diameter loo0 Series wells used for this groundwater 

2 to 10 feet in these 
as not encountered 

2 shows the location of 

2000 Series Wells 
The sand and gravel outwash deposits, known as the Great Miami Aquifer, underli 
overburden and are hydrologically less complex than the overburden. These depos 
extensive and constitute a regional-Scale buried channel aquifer. There are uns 
sand and gravels between the glacial overburden and the saturated outwash sand and 
the Great Miami Aquifer. 

6-4 
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TABLE 6-1 
RENAMED MONITORING WELLS 

Pre-RI/FS Designation 

2124 Cone House 
1053 Argonne A-S 
3053 Argonne A-D 
1054 Argonne B-S 

Argonne B-D 
Argonne C-S 
Argonne C-D 
BU-13 
BU-101 
12-5 
RB 

205? 
1058' 

2060' 
1 060' 
2061' 
3062' 
4101 
4102 
4103 
3063' 

3100' 

1 059' 

3099' 

2121' 
2122' 

2104' 
2109 

2123' 

Pallet Co. 
State 8 
State 16 

P-2 
P-3 
James Dill 

Vrivate weas. 
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The 2000 Series wells were installed as part of the Phase 1 program to a depth of approximately 
70 feet and screened at the water table. Fifteen feet of well screen was installed in a l l  the 

so that approximately 10 feet of screen was below the water table and 5 feet of 
e the water table to determine if nonaqueous phase contaminants were present on 

ce. Groundwater samples collected from the 2000 Series wells were designed 
ral groundwater quality at the top of the aquifer, which would be the first zone 

rtically infiltrating contaminants. Figure 6-3 shows the location of all the 
2000 Series wells installed or used by the W S  program as of April 30, 1990. 

3000 Series Wells 
3000 Series wells we 
from the upper porti 
pundwater moveme 
pathways. 

estigate the potential downward transport of contaminants 
Miami Aquifer. Knowing the vertical component of 
to assess the current and fuhm effects on contaminant transport 

Previous investigations had indicated the presence of a significant clay unit in the Great Miami 
Aquifer beneath the FMPC (Dames and Moo 
and was thought to be a barrier to vertical 
3000 Series wells were to better define 
influenced the migration of contaminants 
hydrologic data at a consistent hydrogeol 

. This unit was labeled the "clay interbed" 
r flow. Reasons for installing the 

clay unit, to determine if the clay layer 
flow, and to provide water samples and 
thin the Great Miami Aquifer. 

The anticipated average depth of these 3000 Series wells was 120 feet. If the clay layer was 
encountered, the well was constructed so that the bottom of the was at the top of the 
clay unit. Every effort was made during boring advancement netration of the clay 
unit, thereby avoiding the development of a new contaminant p gh the clay layer. If 
the clay was not encountered at the target elevation, the boreho advanced a minimum 10 feet 
beyond the anticipated depth of the clay to ensure that the present. If the clay 
unit was still not detected, the well was constructed so that the bottom of the well screen was at 
the target elevation of the clay unit. Figure 6 4  shows the location of the 3000 S 
installed or used by the W S  as of April 30, 1990. 

4000 Series Wells 
4OOO Series wells were installed just above bedrock in the lower part of the Gre 
underlying the "clay interbed." AU 4OOO Series wells were advanced until bedrock was 
encountered. Each boring was advanced several feet into bedrock to determine that it was bedrock 0 
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and not a large boulder in the outwash sands and gravels. The wells were constructed with the 
bottom of the scleen set 10 feet above the bedrock surface. 

ocations were selected on the basis of perceived data gaps identified from previous 
es and sampling results from existing wells. Well depths at each location were 

ide the necessary vertical distribution of sampling points. The number and specific 
locations of the wells were formulated around 17 unresolved technical issues and related needs 
identified from the data quality objectives process. These technical objectives were: 

a 

a 

a 

a 

e 

e 

a 

a 

e 

e 

a 

e 

e 

a 

a 

e 

a 

Monitor 
Provide around potential sources 
Examine 
Examine 
Examine 
characte 
Examine 
Provide additional data on the southern flow component 
Examine regional flow patterns 
Provide background (upgradie 
Examine effects of the main e 
Examine effects of the fly ash 
Examine effects of the Storm 
Examine groundwater quali 
Examine flow patterns n 
Examine the Production source area 
Examine groundwater quality at the FMPC boundary and off the FMPC 

the glacial overburden near waste areas 

in the upper Great Miami Aquifer 
the lower Great Miami Aquifer 
nents in the Great Miami Aquifer 

east of the Production Area 
divide and eastward flow component 

Table 6-2 shows the relationship of each new on-FMPC well in the March 1988 Work man to the 
issue or objective that determined the specific placement of the 
multiple issues, while each issue was addressed by at least one 
existing wells at each location to highlight the two-, three-, and 
the new wells. 

wells addressed 
6-2 also identifies 

usters being formed by 

Very little was known about the quality of groundwater directly beneath the Production Area. To 
determine if the Production Area was a distinct source of groundwater contamination, thereby 
requiring investigation and potenrial remedial actions, wells were placed in the gl 
and the upper Great Miami Aquifer along upgradient and downgradient sides of the 

Area. Si existing wells located in the Production Area were also included in the qu 
wells groundwater sampling program of the RUFS. These include three lo00 Series 
roughly equivalent to 3000 Series wells. The logs for those wells, drilled for the baseline study by 
Argonne National Laboratories, were reviewed and the wells were found to be suitable for the 

6-10 000077 
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PLACEMENT RATIONALE FOR PLANNED ON-FMPC MONKORINO WELL LOCATIONS 
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RI/FS. Data from the sampling of these existing wells, in addition to data from both new and 
existing wells upgradient and downgradient of the Production Area, were evaluated to determine if 

were necessary in the Production Area. 

plan called for forty-two 1000 Series wells to examine the extent of the impact 
r-bearing mnes in the glacial overburden overlying the Great Miami Aquifer. 
s wells were placed immediately around the waste storage units and other 

overburden stratigraphy is highly variable and subsurface inte~retations cannot be extended 
accurately across large 
program are listed in 

Groundwater data coll 
in the area immediate1 and east of the waste storage pits. Analysis of samples from 
wells south of the FMPC also exhibited elevated levels of uranium. Twenty-five 2000 Series wells 
were installed as part of the Phase 1 well 
axe listed in Table 6-2 and the off-FMPC we 

areas at the FMPC. This approach was necessary because the glacial 

OOO Series wells included in Phase 1 of the well installation 
shown in Figure 6-2. 

the RIPS indicated contamination in the Great Miami Aquifer 

n program. The on-FMPC 2000 Series wells 
ted in Table 6-3. 

Phase 1 of the well installation program s 
Table 6-2 lists the on-FMPC wells and ra 
FMPC 3000 Series wells installed in Phase 1. 

-five 3000 Series wells be installed. 
installation. Table 6-3 lists the off- 

Three 4000 Series wells were installed off the FMPC property. Two of these wells were installed 
to evaluate groundwater quality and vertical hydraulic gradients 
is where large pumping wells could influence the downward mi 
deeper aquifer zones. The third well was installed west of the 
pumping wells and upgradient of the facility. Figure 6-5 show 
wells installed or used by the RVFS as of April 30, 1990. 

r east of the site. This 
ntaminants into the 

ide the influence of the 
of the 4000 Series 

6.1.2.3 Phase 2 (24-Well Promam) 
The data from the first and second quarterly groundwater sampling verified that 
wells provided valuable infomation regarding the extent, location, and concentration of 
plumes beneath the FMPC. Plumes that had been previously identified were confim 
shape and distribution of these plumes were refined. The data indicated that there are 
uranium plumes under the Fh4PC. One plume is centered under, and appears to originate from, the 
Waste Storage Area This plume is moving east toward the production Area. The second plume is 

6-12 
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TABLE 6-3 
. . . . . . . . . . . . . .  OFF-FMPC WELL PROGRAM 

Location 

Southwest of FMPC 

2092/3092 Southeast of FMPC 

2093/3093 

2094/3094 

2095/3095 

2096/3096/4096 

2097/3097/4097 

2098/3098 

kefer to Figures 6-3, 64, and 6-5 for well 
......... 

south of FMPC 

south of FMPC 

south of FMPC 

East of FMPC 

Southwest of FMPC 

East of FMPC 

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

000080 
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located under the southwestern portion of the FMPC and off-FMPC areas to the south. The source 
of this "South Plume" was less clearly defined by the Phase 1 Well Program. 

ling indicated that there was a need for additional wells to refine the location 
f the plumes, determine the extent of vertical migration, and delineate the source 

of the Phase 2 Well Program was based on discussions with the EPA and OEPA. 
s the location of the 24 wells that were installed. Table 6 4  lists the wells and 

ns for their installation. Five additional contingency wells were included in the 

from the newly installed 24 wells. Table 6 4  includes a 
24-Well Program. The decision to install the contingency wells was to be based on data gathered 
from the groundwater 
listing of the conting the basis for the decision for their installation. 

6.1.2.4 
The source and extent 
been raised as an investigative issue in the RUFS Work Plan. The completed Phase 1 well 
installation, groundwater monitoring, and initi 
extent of this uranium plume. The availabl 
source of the plume was centered in the vic 
Ditch with Paddys Run, the Inactive and piles, and Southfield. Data from the first 
two rounds of quarterly groundwater sam ngoing groundwater modeling effort, were 
analyzed to target the Phase 3 wells and better define the South Plume. The EPA and OEPA also 
required that the extent of elevated levels of uranium in groundwater south of the FMPC be 
defined. Ten 2000 and 3000 Series wells were installed at six locations south of the FMPC 
(Elgure 6-7) to determine the width and extent of the plume so 
Table 6-5 lists the phase 3 wells and summary reasons for their 

6.1.2.5 Phase 4 (31-Well h r r r a m )  
The rationale for the Phase 4 well installation program was to e several issues identified 
during groundwater data interpretation and to more fully define the limits of the South Plume. The 
31-Well Program included 19 high priority wells, for which there were known is 
resolved, and 12 low priority wells. The decision to install the low priority wells 
on the data obtained from the high priority wells. The high priority wells inch 
Series and three 3000 Series wells. The low priority wells included one 2000 Series 
Series wells. 

e in the Great Miami Aquifer, south of the FMPC, had 

analysis provided insight into the width and 
rted the interpretation that the principal 
confluence of the Stom Sewer Outfall 

boundary. 

6-15 000082 
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TABLE 6-4 
24-WELL PROGRAM (PHASE 2) 

Location 

Waste Pit Area 
2054 
2055 

2109 Plant 6 

21 18 Plant 6 

4013 
4064 
4067 . . . . . . . . . . . . . . . . . Between the bduction Area and SOWC pumping center 

1064 Plant 6 

2018 
3018 

2107 - 

3107 

2046 
2047 

4016 Deep Great Miami Aquifer south of the site 

2048 
2045 
3065 
3049 
4014 

2106 
3106 

4010 

Evaluate the vertical ext uth plume 

Evaluate contamination in deep Great Mi 
Waste Storage Area 
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TABLE 6-4 
(continued) 

Location 

~ ~~ 

1000-, 2000-, 3000- 
Cluster East of Plant 6 

~ 

Plant 6 

loo0 Series South of 

405 1 

South of Plant 6. 

To determine the eastern extent of the Eastern Plume 

.. . 

6-18 
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TABLE 6-5 

10-WELL PROGRAM (PHASE 3) 

Location 

West of Well Locations 93 and 94 
.............. 

2125B 125 Northwest of Albright & Wilson Co. pumping center 
.............. 

2 1 26/3 126 Along Paddys Run south of previous location Well TW-2 

2127/3127 Along Paddys Run north of several private wells 

2128/3128 At the estimated center of the south uranium plume 

2129 stimated edge of the south uranium plume 

kefer to Figure 6-7 for the locations of w 

.............. 
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The 31-Well Program included various locations in the Production Area, Waste Storage Area, and 
off the FMPC. Table 6-6 lists the wells and summary reasons for their installation. Four 

wells were installed to investigate contamination found downgradient of Plant 6. 
also installed adjacent to Paddys Run to provide groundwater quality upgradient 

rage Area and K-65 silos. The remainder of the wells were installed to evaluate 
recharge ma, Southfield, and the Storm Sewer Outfall Ditch. Figure 6-8 shows 
the 31-Well Program that had been installed as of April 30, 1990. 

6.12.6 Production and Additional SusDect Area Wells 
The FU Work Plan Ad 
seven 2000 Series we 
24-Well Program. 
piezometer installation 
Plant 213 and Well 
Figure 6-3. 

uction and Additional Suspect Areas Work Plan," included 
3, 2054, 2055, 2109, and 2118 were installed under the 
o wells (2006 and 2007) were installed in conjunction with the 
g field activities. Well 2006 was installed downgradient of 

of Plant 8. The locations of these wells are shown in 

6.1.3 Drilling Procedures 
The drilling and sampling procedures desc 
continue to be used in the ongoing field ac 

Cable Tool Drilling Techniaues 
Borehole advancement for RVFS wells was performed using cable tool drilling techniques. The use 
of mud rotary or continuous flight hollow-stem augers was 
well requirements. continuous flight soil auger drilling techni 
collect soil samples and to install borings and piezometers in th 
phases of the RI/FS. Cable tool drilling was performed in 

0 re used in the first four drilling phases and 

inadequate for R4FS 
n used, however, to 

erburden during other 
Section 5.2 of the 

QAPP. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . ....... . ..... . . . _........: 1,. ....... ...:.. . . . . . . . . . .... 
.:.:.:.:.:.:.:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

The primary consideraton when selecting the drilling technique to be used for RI/FS wells was the 

prevention of potential for cross contamination during boring advancement. The o 
prevent the transport of contamination from the glacial overbuden through the 
gravel outwash into the Great Miami Aquifer. The cable tool technique advances a te 
casing which seals the upper borehole and prevents the migration of contam 
units. This temporary casing also maintains an open borehole without the use of 
which could inWuce foreign'materials into the subsurface environment. The temporary steel 
casing was a nominal 10-inch diameter to allow for construction of the well. The temporary casing 
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TABLE 6-6 

2388 
2389 
2120 
3 120 

2028 
2032 

2383 
2384 
3046 
3045 
2385 
2390 
2386 
2387 

2391 
2392 
2393 
2394 

Operable Unit 3 

Operable Units 1 8z 4 

Operable Unit 5 

3047 
3385 
3390 
3386 
3387 
Possible new well 

3391 South Plume Area 
3392 

3394 
............ 2395 3395 

8Refer to Figure 6-8 for the locations of the wells installed as o 

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

000089 
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in the 3000 and 4OOO Series wells deeper than 150 feet was telescoped from a nominal 10-inch to 

a nominal 8-inch diameter. 

used to dislodge the soils inside the temporary casing. Potable water was 
g to facilitate cuttings removal when drilling in unsaturated material. In the 
and unsaturated sand ahd gravel outwash, the soil cuttings and potable water 

m the borehole using a datt bailer. In the saturated sand and gravel material, 
not needed to dislodge the soil cuttings. A sand-pump bailer was used to 

remove soil cuttings from inside the temporary casing when drilling in the saturated sands and 
gravel. 

On several occasions, gravel would heave up into the temporary casing as the drill 
cuttings were being was caused when the drill cuttings and water were removed 
from the temporary er hydraulic head was created inside the temporary casing than 
in the formation To minimize this situation, additional potable water was added to the borehole to 

create a hydraulic head greater inside the tem 
result of this practice was that in some borin cant amounts of potable water were added to 
the borehole during drilling. Much of this was contained inside the temporary casing 
and removed as the boring was advanced. 
removed during well development. 

casing than in the outside formation. The 

water that did enter the formation was 

Auger Drilling Techniaues 

Borehole advancement for piezometer installation in the glacial overburden was performed using 
continuous flight auger drilling techniques. This drilling techni instead of cable tool 
drilling because the brings were scheduled to be drilled no dee feet and not through 

the glacial overbmkn. Continuous flight auger drilling was pe cordance with ASTM 
Designation D1452, "Soil Investigation and Sampling By Auger s"; the tentative test method 
entitled "Soil Investigation and Sampling by Hollow-Stem Auger Boring"; and Section 2.2.1.4, 
"Auger Boring Borehole Advancement," lT Manual of Practice. Subsurface Investigations. 

Continuous flight augers were used to advance soil brings through the glacial o 
collect subsurface soil samples. Standard 8-inch-outside-diameter (OD), 4.5-inch- 
(ID) hollow-stem augers were used. Borings were advanced by rotating the auger 
soil cuttings were brought out of the boring by the auger fins. Soil sampling and pi 
construction were conducted k i d e  the augers. If subsurface soil samples were not beiig 
continuously collected, a center plug was placed inside the augers to preclude cuttings from entering ' 
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. 

the lower augers during boring advancement. The auger drilling operations were performed dry, 
without the use of water, drilling muds, or additives. 

any borings on the FMPC, penetration permits were obtained from the Facility 

advancing any boring off FMPC property, access agreements were obtained by 
respective property owners. Area utility companies were also contacted to locate 

lines before drilling began. 

Management of Drilling Cuttings 
All drill cuttings and 
drums at the well site. 
drums were transpo 
disposal. UntilMarch 

Waste Storage areas, 
Ash pile. After drilling at the well location was completed, a composite liquid sample was 
collected for each borehole. This sample 
If the composite sample analysis was below 
soils were spread out on the inactive ~y 
RUFS wells installed outside the Produ 
limit and the cuttings were disposed of o 

from the borehole during drilling were contained in 55-gallon 
tion of the boring, a composite sample was collected and the 

area until a determination could be made conceming final 
ttings and water from borings outside the Production and 

C wells, were transported and staged on the Inactive Fly 

total uranium by the WMCO laboratory. 
t determined by WMCO, the liquid and 

a the composite sample analyses from the 
were below the WMCO action 

Soil cuttings and water from borings inside the Production and Waste Storage areas were left in 
sealed dxums at theii respective boring locations. After drilling at the well location was completed, 
a composite liquid sample was collected for each borehole. Li 
each drum and disposed of at the General Sump, located in 
the FMPC treatment system. This procedure was approved by 
results of a comprehensive laboratory analysis for radionuclide 
samples from existing wells considered to be the most suscepti 

Area, for treatment by 
OEPA based on the 

contamination from these 
areas. 

Soil cutting disposal was determined by full radiological analysis for soil samples 
boring advancement. Cuttings from inside the production and Waste Storage areas that 
the action limit detexmined by WMCO were disposed of on the clean soil pile located 
Plant 1, in accordance with WMCO’s operating procedures. If the analysis was above 
action limit, soil samples were collected from individual drums and analyzed by WMCO for total 
uranium. If individual drum results were below the WMCO action limit, the soil in those drums a 
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0 was disposed of on the clean soil pile north of Plant 1. Soils that could not be disposed of on the 

clean soil pile were collected by WMCO for proper disposal. 

0, soil cuttings wuld no longer be disposed of on the Inactive Fly Ash pile and 
e north of Plant 1 using the above procedures. Cuttings from wells outside the 
aste Storage areas axe currently disposed of on the Inactive Fly Ash pile only if 
concentration is below 4.4 pCi/g. If total uranium is between 4.4 and 35 pCi/g, 

staged in the K-65 storage area. If the total uranium is between 35 and 100 pWg, the 
soil is staged by Plant 1. If the total uranium is over 100 pCi/g, the soil is packaged for disposal 
as low level waste by 

Cuttings from wells 
Building 64, where a 
radiological analysis. 
RCRA low level waste, or clean soil. 

the Pmduction and Waste Storage areas are currently staged at 
ple is collected and analyzed for flash point, TCLP, and 
aboratory analytical results, the soils are either staged as 

If volatile organics were detected in the field 
Waste Storage areas, the cuttings would als 
be collected and analyzed for flash point, 
analysis the soils would be staged as R 

wells outside the Production and 
g 64. A composite sample would 

ological analysis. Based on the laboratory 
aste, or clean soil. 

EXCeDtiOnS to Methods 
All drill cuttings and water generated during boring advanc 
except those from Wells 2066, 3066, and 2065. These were co 
pits. However, removing the soils from the pits and protecting 
to be too difficult to implement and to satisfy the nquiments 
have been used for cuttings containment for a l l  subsequent w 
sample was collected for each temporary pit and analyzed 
analytical results were below the Limits specified by WMCO, and the soil cuttings and water were 
collected and disposed of on the Inactive Fly Ash pile. 

6.1.4 Subsurface Soil Sam~ling Prpcedures 
The sampling and logging of subsurface materials were conducted in accordance with 

Sampling Han, Section 4.0, and QAPP, Section 5.2 (ASr/rr 1988). Continuous 
collected in the glacial overburden. Outwash sand and gravel and Great Miami Aquifer material 
were sampled at five-foot intervals or at changes in lithology, as determined by the field geologist. 

in 55-gallon drums 
mporary plastic-lined 

m direct rainfall proved 
t. Therefore, drums 
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At locations where more than one well was installed, subsurface soil samples were collected only 
once through the geologic column, in the deepest borehole. Relatively undisturbed soil samples 

using standard 18-inch split-spoon samplers, in accordance with ASTM Method 

Plan called for a minimum of 20 undisturbed samples to be collected for 
ysis. Conventional 30-inch Shelby tubes were used to collect two undisturbed 

m each 1000 Series well boring during cable tool drilling. One Shelby tube was 
collected from the oxidized portion and one Shelby tube sample from the unoxidized portions of the 
glacial ovexburden. 
the "clay interbed" la 
encountered in Wells 

All subsurface soil s 
described and classified the samples based on their color (Munsell Soil Color Charts), texture 
(Unified Soil Classification System), e 
field observations were recorded on standard 

s were also to be collected from the uppermost portion of 
ons 3011, 3034 and 3037; however, the clay layer was not 

ined and described by a project geologist. The geologist 

, and depth from land surface. AU 
scribed in the QAFF. 

6.1.5 Well Installation Procedures 
After each boring Teached the designated as consmcted in accordanm with 

m e w m e n t s  and information such as the Section 5.3 of the QAPP. During well 
bottom of the boring, screen location, granular backfill interval, seals, grout, and height of riser 
above ground &ace were recorded on the Piezometer Install 
Installation Detail sketch. Quantities of grout, sand, and other 
the wells were recorded on the Field Activity Daily Log. After 
for horizontal and vertical control. 

in the construction of 
, the well was surveyed 

Well installation pn>cedures for both cable tool drilling, whic 1000,2000,3000, 
and 4000 Series wells, and auger drilling used for installing 1000 Series piezometers in the glacial 
overburden, were virtually identical (see Figures 6-9, 6-10, 6-11, and 6-12 for de 
these wells). In the following description of drilling procedm, the cable tool p 
emphasized. The temporary casing used with cable tool drilling and the auger u 
drilling served the same function. 
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FIGURE 6-9. SPECIFICATIONS FOR WELL COMPLETION 
1000 AND 2000 SERIES WELLS 
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0 The following materials and procedures were used to construct the W S  wells: 

Casing was 4-inch-inside-diameter, 316 stainless steel with flush-thread 
joints for W S  wells, and 2-inch- or 4-inch-insidediameter Schedule 40 

, 3-, 5-, lo-, and 15-foot sections of commercial 0.01-inch-slot 
ess steel well screen with a minimum 3-square-inch open area per 

screen were used for RI/FS wells; and 2-, 3-, 5- and 10-foot 
of commercial 0.02-inch-slot Schedule 40 PVC were used for 

VC with flush thread joints for piezometers. 

The required length of well smen and casing, with end caps, were 
rary casing at the desired depth. 

were installed on PVC piezometers. 
bottom of all stainless steel wells. 

annular space between the screen 
rary casing was removed from the 
re made to check the uniform 

placement of the sand pack. The depth to the top of the sand pack 
material was also measured to enme that it was never below the 
bottom of the temporary casing 

sand. Several grades, or pack material were used, 
depending on the type of 
Representative samples of e 
for documentation 

The screen packing mate sorted medium or come quartz 

well was completed. 
g material were retained 

Sodium bentonite pellets and Volclay grout were used in the backfill for 
1000 and 2000 Series wells. Only Volclay grout was used in 3000 and 
4OOO Series wells. Samples of pellet and grout materials used were 
retained for documentation. 

The 1000 and 2000 Series wells were backfilled 
height of two to four feet above the screen, then 
pellet plug was placed on top of the s 
above the bentonite plug was grouted to 
4OOO Series wells were backfilled with a 
feet above the screen and then grouted to the surface. 

Annular space grout seals were composed of Volclay grout mixed with 
potable water and activator as per the manufacturer's instructions. 

The temporary casing was gradually removed as the grout was pum 
into place using a mmie pipe so that the bottom of the temporary 
casing remained below the top of the grou~ 

A 5-foot minimum length, black, 10-inch-diameter iron pipe extending 
approximately 2 5  feet above the ground surface was set in the Volclay 
grout and a conmte apron. A drain hole was drilled in the protective 
casing one foot above the land surface. 
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A locking cover with padlock was installed to secure the top of each 
protective casing. 

f approximately 1:2 cement:sand and approved water or 
nite pellets was placed between the well riser and the outer 

e casing to a height just below the drain hole mentioned above. 
ign allows water which enters the annulus to drain, while 

tectmg the integrity of the well if material is injected into the drain 

The top of the inside stainless steel casing was finished with a vented 
cap that was not more than six inches from the top of the protective' 
Casing. 

with a number welded into the lid of the 
d on the inside of the cover with enamel 

ings were painted with high-visibility orange 

such that precipitation cannot enter the 
ff-Fh4FC wells located in agricultural areas, 

where pesticideherbicide spraying may occur, are equipped with gaskets 
and the annular space inside the 
materid This was done as add revent any foreign 
material from entering the well. 

A measuring point notch was 
well as a reference point for 
measurements. 

At off-site well locations where fanu equipment may be damaged by the 
protective casing, tall flag markers were installed. Wells 2097, 3097, 
and 4097 were completed with flush-mounted casing. 

AU dismbed drilling areas were regraded and res 
conditions upon completion. 

with absorbent 

n the inner casing of each 
rdinates and all water level 

6.1.6 Well Completion Procedures 
Well Develomnent 
After the wells were completed, they were developed in accord on 5.4 of the QApP 

to remove fines from b e  area around the sensing zone. Each well installed during the FU/FS was 
developed following the same general guidelines, in accordance with the RUFS 
development was performed no sooner than 48 hours after grouting was completed 

Well development is conducted to restore the natural hydraulic conductivity of 
vicinity of the well screen. It removes the sediment from around the well s 
material so that clear groundwater samples can be obtained. Well development was conducted with 
a sump and/or bottom discharge bailer, supplemented with a surge block. 
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The methods used to develop each well depended upon the well construction and the type of 
subsurface material in which the well was completed. Each well was developed until the well 

sediment free, to the fullest extent practical. 

acceptance/rejection value is five nephelometric turbidity units o). This 
n the need to minimize biochemical activity and possible interferences with 
ple quality. At a minimum, five times the water used during boring advancement 

standing water in the borehole were removed. The majority of the time the 
wells were developed to below the 5 NTU criteria before this volume had been removed. There 
were several wells th 
to yield turbid gro 

an attempt to achi ater. As aminimum: 

developed to below the 5 NTU criteria If the well continued 

cal Enforcement Guidance Document ("EGD) was followed in 
"Decision Chart for Turbid Ground-Water Samples" 

low permeability material, potable water was 
added to assist in the development of the well. No dispersing agents, 
acids, or disinfectants were used. 

During development of the 1OOO 
removed from the well near th 

OOO Series wells, water was 

During development of wells, water was 

f the well screen. 

removed from the uppe 

All equipment and materials used for well development were decontaminated in the same manner as 
the drilling equipment, before and after each use. The development equipment was also cleaned if, 
during well development, the equipment became visibly co 
coxmmmatl ' 'on with soil, decontamination was by high-pressure 
hydrochloric-acid wash, followed by two separate deionized w 
of the pumps were flushed using either dilute solutions of m 
hydrochloric acid and deionized water. 

e case of visible 
ash, then a dilute- 

e internal mechanisms 
and deionized water or dilute 

The data recorded on the Monitoring Well Development form included: 

Well designation (location ID) 

Date(s) of well installation and date(s) and time of well development 

Static water level before and after development 

Quantity of water removed and time of removal 

0 Depth of open hole inside the well before and after development o&)~ol 
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Physical character of the removed water (including changes of turbidity, 
color, and odor) during development 

ysical character of removed sediments, to include lithology, grain size, 
type 

....... ......... ............ .......... .... ..::. ........ .:.>:.> 
......... ......... .$siee/cap&ty ........ of p u p  and/or bailer used ........ ......... ........ ........ ........ :;.>>: ......... 
................. ................. 

scription of surge techniques, if used 

Field characteristics of water removed including pH, specific 
conductance, temperam, and dissolved oxygen 

AU purge water coll development was contained in truck-mounted tanks and 
transported to the FMP p for disposal. Water samples were collected at the end of 
development and axhi ference and/or analysis. Laboratory analysis was not 

purge water samples collected from "worst case" wells in the Waste Storage Area. 
the General Sump, based on previous testing mults from 

6.1.7 

Immediately upon opening each split-spoon s 0. samples were scnxned for volatile organics 
using a photoionization detector, HNu, wi 
detected, a soil sample of the core was 
are sensitive to moist, cool field conditi 
background readings by detecting exhaust fumes from the drilling equipment. During extreme cold 
and damp conditions in winter, Draeger tubes were therefore us the samples for volatile 
organics. 

Whenever volatile organics were detected and the HNu did not giving accurate 
measurements, a second insuument was used to confirm the first 
in sample bottles and allowed to volatilize before a confirmation m e m m e n t  was taken. If 
volatile organics were determined to be actually present in the soil sample, a representative portion 

mev lamps. If a volatile release was 
standard 40-ml VOA vials. HNu meters 

winds are calm, give high 

g. Samples were also sealed 

of the sample was collected and analyzed for full Hazardous Substance List (HSL 
semivolatile organics, inorganic metals, pesticides, and PCBs. At locations where 
well was installed and volatile organics were present, a confirmation sample was coll 
second boring. 

m e  samples were also screen& for gross alpha, beta, and gamma mese measurements were 
recorded on the boring log. After the boxing was completed and subsurface soil samples collected, 

6-35 00010z 



the samples were screened again for radionuclides utilizing a large-volume scintillation detector 
(SPA-3). The sample with the highest reading within each geologic horizon for each boring 

ted for full radiological analysis in the laboratory. If more than one sample from 

full radiological analysis. 
c unit had a similarly high reading, the project site field manager selected one of 

samples were selected for radiological analysis based on the results of the field 
. At least one sample from each of the four stratigraphic units at each well cluster 

location underwent radiological analysis. The sample selected for laboratory analysis was based on 
the highest relative re 

All samples sent to th 
or produced at the 
compliance moni 

ven location and horizon. 

ere tested for the set of radionuclides historically used, stored, 
m e t e r s  were the same as those being analyzed under RCRA 

Gamma Spectral Analysis 
Total Uranium 
uranium 234 
Uranium 235 
Uranium 236 
Uranium 238 
Radium 226 
Radium 228 
Technetium 99 
Thorium 228 

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

6.1.8 Decontamination Procedures 
Equipment and materials used for drilling, well installation, and 
decontamhted before and between each use. The ormally decontaminated 
by high pressure hot-water washing (steam cleaning). All do 
that came in contact with this equipment were decontmimed 
decontamination, all downhole drilling equipment was 
recontamination. The drill rigs and support vehicles were decontaminated between drilling 
locations. 

g equipment and tools 
and after each use. After 

revent inadvertent 

Drilling equipment used install wells outside the Production and Waste Storage 
the off-FMPC wells, was decontaminated at the decontamination pad constructed 
trailers, west of Waste Pit 5. Decontamination water was contained and dispo 
Sump, or analyzed for total uranium by WMCO and disposed of at the Inactive Fly Ash pile. Soil 
residue from the decontamination pad was sampled and analyzed by WMCO for total uranium. If 
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(b the analytical results were below the action limit specified by WMCO, the material was d q o s e d  on 
the Inactive Fly Ash pile. Decontamination water was supplied by the FMPC. 

used to install wells inside the production and Waste Storage areas was 
rher at the Production Area decontamination area, located near Building 69, or at 

by WMCO near the General Sump. All downhole drilling equipment and tools 
ted by RUFS personnel at the decontamination area near the General Sump, with 

steam supplied by the FMPC. All decontamination water and soil went directly into the 
General Sump. The drilling rigs and support vehicles were decontaminated at the Building 69 
decontamination area 

Subsurface soil samp 
decontamination proce 
and nonphosphate 
with methanol, followed by a final deionized water rinse. After decontamination, the samplers were 
either wrapped in plastic or stored in suc 
before being used again. 

hunps and hoses used to develop wells we 
decontamination prpcedures consisted of fi 
pressure hot water (steam cleaning). The inside of the pump and hoses were flushed with potable 
water. After decontamhtion, the equipment was wrapped in plastic until its next use. 

was decontaminated between each use at the drill site. The 
of first removing gross contamination with a potable water 
owed by a tap water rinse. The samplers were then rinsed 

them from becoming contaminated 

between each use. The e 
outside of the equipment with high 

6.1.9 Survey FVocedures 
All wells installed during the RI/FS were surveyed to establish 
according to the Ohio State Planar Coordinate System. The ele 
point on the well casing was also surveyed to provide vertical 
measurements. Also surveyed were the gmund surface and 

each well location. Horizontal coordinates were measured to an accuracy of less than 0.5 foot; 

location of each well 
e top of the measuring 

casing elevations at 
1 for groundwater level 

elevations to an accuracy of less than 0.01 foot. Existing wells included in the m O* 

were also surveyed to provide elevation and location accuracy. 

6.1.10 Oualitv Assurance and Oualitv Control 
The field investigation was conducted in accordance with the a p v e d  Quality Assuran 
~uality control (QAJQC) program. The salient elements for QAJQC are discussed in the following 0 Sections. 

000104 
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6.1.10.1 ResDonsibilities 
The Project Director is ult-nately responsible for project QNQC. To assist in this responsibility, 

roject QNQC Officer was assigned to the RUFS, who reports to the Project 
rporate QNQC Officer. The Project QNQC Officer is assisted by the Project 
ers and various Task and Field Managers assigned to the project. These 

red to oversee and direct the field personnel in following the appropriate data 
dures. Complete QNQC is the obligation of every individual working on the 

project. 

The QA Project Offi 

project QNQC activiti 
Representative, project 
performs project audi 
identify quality prob 
Officer may take actions independent of the project group to stop the project for noncompliance 
with the QAPP. 

A QA Field Representative reports to the 
QA Officer in the execution of the QAPP 
Representative assists the field task mana 
the Project QA Officer in performing p 
is involved with the day-today field activities. He identifies quality problems and initiates, 
recommends, or provides corrective actions as they occur. 

Additional QNQC oversight is conducted by WMCO and other 
EPA, and the OEPA. This oversight consists of field observati ent audits of the field 
records. Gemghty & Miller, Inc., is conmcted by the DOE to oversight and field 
records auditing of all active field operations. PRC, Inc., is contracted by the EPA to observe field 

le for guidance in the development of the QAPP and control of 
ect Officer provides the necessary guidance to the QA Field 

and task managers on quality-related matters and 
. The QA Officer has the authority and responsibility to 

, recommend, or provide corrective actions. The QA Project 

Officer. This individual assists the Project 
f project QNQC activities. The QA Field 

el with quality-related matters and assists 
eillances. The QA Field Representative 

retained by the DOE, 

operations and procedures. 

6.1.10.2 Field Audits 
To verify compliance with QAPP requirements, the QA Project Officer and QA Field 
Representative and other technically qualified personnel have planned, performed, and 
audits of project field activities related to data collection. These audits consisted of, 
an evaluation of QA procedures and the effectiveness of their implementation, an evaluation of 
work areas and activities, and a review of project documentation. Audits have been performed in 
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accordance with a written checklist, as appropriate. Audit results have been formally documented 
and sent to the Project Dinxtor and upper management, as q u i & .  

Fi included, but have not been limited to, the following areas: 

operations work procedures and records 
ment calibration and nxords 

Identification and control of samples 
Numerical analyses 
Transmittal of infoxmation 
Record control and mention 

Auditing has been pe 
project scope. An 
The audit plan identifi 
documents, and s 
findings with the individuals audited and cited corrective actions to be initiated. Minor 
administrative findings which could be resolved 
were not cited as items requiring corrective 
the course of the audit, and findings affe 
they are resolved, have been noted on the 

Following completion of an audit, the audi 
Project Director. This report has served to notify management of audit results. The report has also 
been sent to individuals contacted during the audit and the management of any affected 

ance with the QAPP and has remained consistent with the 

an has been developed to provide a basis for each task audit. 
ope, activities to be audited, audit personnel, applicable 

audit and upon completion, the auditor discussed the 

satisfaction of the auditors during the audit 
findings that could not be resolved dwing 

quality of the project Egardless of when 0 
and submitted an audit report to the 

subcontractor. 

a 

a 

a 

a 

a 

The audit reports contain, as appropriate: 

Date of the audit 

Identification of audit participants 

Identification of activities audited 

Audit results 

Description of items requiring corrective action and, if possible, th 
means of correction 

Due date for completion of corrective actions and/or audit response 

Means for audit response 
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If corrective action was required by the audit., it was taken as required by the QA Oficer. If 

c o d v e  action had not been taken in the time required, work impacted by the finding could have 

have been prepared in writing by the various Task Managers, or appropriate 
learly state the corrective actions taken. If all corrective actions had not been 
to issuance of the audit response, a scheduled date for completion was provided. 

All requests for corrective action had to be addressed to the satisfaction of the QA Officer. 

Completion of the co 
reaudit, or other appm 
closure report was iss 
verification of co 

was verified by the auditors through written communication, 
After acceptance and verification of corrective actions, an audit 

e individual receiving the audit report. After acceptance and 
audit closure report was issued by the QA Officer. 

Findings and Resolutions 
Audits have been periodically conducted during the data collection field activities. AU audits have 
been responded to, as required, and correctiv 
findings led to necessary changes and revisi 
Revisions to the Sampling Plan or QAPP 
Work Plan in the form of changed pages 

taken. On several occasions, the audit 
Work Plan, Sampling Plans, and QAPP. 

ed to holders of control copies of the 

ages. 

6.1.10.3 Chain-of-CUStOdV hcedUreS 
The following procedures were used for environmental samples collected as part of the RI. 
Identical chain-of-custody pmcedures were used regardless of th 
intended use of the results. 

The following procedures were used in the chain-of-custody pro 
activities: 

Sample identification and labeling 
Sample chain-of-custody form 
Sample collection log 
Laboratory request-for-analysis form 

Examples o1 a sample label, chain-of-custody form, request-d-analysis form, and sam 
log are provided in the QAPP, Section 7. 
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Sample Identification and Labeling 
Samples were marked for identification from the time of collection and packaging through shipping 

ample identification markings were made on a label attached to the sample container 

ect name and number 

ample location (i.e., well number) 
ampling date and time 

Sample preservative used 
Initials of the individual(s) performing the sampling 

A sample number sy 
location and type. Ea 
number which was use 
described in the 

hed for the purpose of identifying the samples according to 

during this investigation was assigned a unique sample 
sample from collection thn>ugh laboratory analysis, as 

Chain-of-Custodv Record 
Documentation of the sample chain of custod 
record that included the sample location, the 
time of sample collection, the name(s) of 
and time of all custody transfers, the si 
sample custody, and other pertinent inform 

vided by the use of a chain-of-custody 
ount of samples collected, the date and 
ponsible for sample collection, the date 
viduals relinquishing and accepting 

0 

Chain-of-custody procedures documented sample possession from the time of collection to disposal. 
A sample was considered in custody if it was: 

In one's physical possession 

In view, after being in physical possession 

Locked so that no one can tamper with it, after havmg been in 
physical custody 

In a secured ma, restricted to authorized personnel 

A chain-of-custody record was initiated in the field and accompanied each group o 
shipment to the laboratory. Each time custody of the sample changed, the new sample 
signed the record and indicated the date of transfer. If the samples were shipped to 
by commercial carrier, the original chain-of-custody form was sealed in a watertight 
secured to the inside lid of the shipping container, and the shipping container custody sealed prior 
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. 
to giving it to the canier. If the samples were transported directly to the laboratory, the original 
chain-of-custody form was kept in the possession of the person who delivered the samples. 

by cornmenial carrier, the waybill served as an extension of the chain-of- 
een the final field custodian and receipt in the laboratory. The carrier waybill 

all chain-of-custody duplicates retained at the site. Upon m i p t  in the laboratory, 
C Coordinator, or representative, opened the shipping containers, compared the 

-of-custody record, and signed and dated the record. The QC Coordinator 
also reecorded the carrier and waybill number on the original chain-ofcustody form if not already 
present. The original 
have been maintained . Project files a~ stored in a central frling system pending 
disposition by the DO 

A copy of the field 

dy records, analytical data, and other project documentation 

record is maintained in the Femald RUFS site office. 

SamDle Collection Log 
A sample collection log was prepared for eac 
sample. The following information was 

e to record information pertaining to the 
e sample collection log, as appropriate: 

Unique sample number 

Sample location 

Collector initials 

Sample identification (type, media, sequence, b plicate, 

Date and time sample collected 

split) 

Laboratorv Reauest-for-Analysis Form 
A laboratory request-for-analysis form was prepared to indicate the testing program required for the 
collected samples. The following information was recorded on the laboratory request-for-analysis 
form: 

Project name and number 

Date samples shipped 

Required report date and turnaround times for analysis 

Contact with telephone number for receipt of the analytical report 
and billing invoices 

000609 
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Sample identification numbers 

Sample volume collected and appropriate preservatives 

system is maintained in the RVFS site office on a personal computer (PC). The 
r, type, requested analysis, and shipping date are entered into the relational data base 

When analyses are received from the laboratory, they are logged into the tracking 
system to verify that the requested results have been received. The tracking also provides useful 
reports on the length es have been in the laboratory. 

Upon sample receipt, r or representative examined a l l  samples and determined if 
proper temperam ed during shipment. The receiving temperature was recorded 
on the chain-of-cu es had been damaged during shipment, the remaining 
samples were carefully examined to determine whether they had been affected. Any samples 
suspected of being affected were also consid 
record which specific samples were damag 
sampling program. Field personnel were 
samples, the probable cause of damage, 
changed. 

aged. It was noted on the chain-of-custody 
damaged samples were removed from the 

ting as soon as possible about damaged 
to be resampled or the testing program 

The Laboratory QC Coordinator or representative performed the following: 

Compared samples received against those lis 
custody m o d .  

Verified that sample holding times had not 
sample holding time had been exceeded, th 
representative, notified the field personnel in 
occurred and prepared a Nonconformance Report. 

Signed and dated the chain-of-custody record and attached the 
waybill to the chain-of-custody record. 

Placed the samples in appropriate laboratory storage. 

-red the samples in the laboratory Sample log-in book, which 
contains the following information: 

- PFoject identification number - Sample numbers - Types of samples 
- Date received in laboratory OOOdPO 
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Notified the laboratory manager or p u p  leaders of sample anival 

Placed the compiled chain-ofcustody mrds  in the project file 

without chain-of-custody forms or with incorrect chain-of-custody records, the 
were undertaken by the Laboratory QC Coordinator: 

If the chain-of-custody record was incorrect, a memorandum to the 
Project Director and field personnel was prepared stating the 
deviations. The memorandum was signed and dated by the person 
originating the chain of custody and by the QC Coordinator. The 

as an amendment to the chain of custody. If 

r or the field personnel, the affected samples 
chain-of-custody record could not be corrected 

sampling program. 

0 dy record was not shipped with the samples, the 
contacted and a memorandum prepared which 
olved in collecting, shipping, and receiving the 

samples and the times, dates, and events. Each person involved 
signed and dated this memorandum. The completed memorandum 
was maintained in lieu of the -ofcustody record. 

0 Results of audit and responses are m 
Office. 

ect central files at the Femald RUFS field 

Initiation of Testing Promam 
As stated in the QAPP Section 7, a request-for-analysis form submitted with the samples to the 
laboratory initiates the sample analysis. If the analytical pro 
shipment, the QC Coordinator immediately notified the 
definition of the analysis program. 

The laboratory manager and group leaders have been res zing samples on the 
basis of holding time and required time needed to include the sample into the laboratory sample 
stream. 

defined with the sample 
for the work for 

Sample Dimsal 
The chain of custody of the sample has been completed as part of sample disposal. 
been several possibilities for sample disposition: 

have 

The sample may be completely consumed during analysis. 

Samples may be retumed to the FMPC for disposal. 
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The samples may be stored after analysis. Proper environmental control 
and holding time had to be observed if reanalysis was anticipated. If 
reanalysis was not anticipated, environmental conditions for storage were 

0 
manager has detexmined disposal of samples if not specified on the request-for- 
The analyzing laboratory does not maintain samples or extracts longer than six 
completion of analysis, unless otherwise specified. 

6.1.10.4 ON0 C Documentation 
There are many fo 
provisions are made for reporting of quality-related considerations. Quality- 
related reports subm 

related reporting to various levels of management. Adequate 

0 nfonnances by project personnel to project 

Reporting of the QC Coordinator to laboratory management concerning 
data accuracy and precision 
analyses of performance eval 

nonconfoxmances observed laboratory system audits. 

through QC sample analysis and 

Reporting of the QC Coo ratory management of 

Audits conducted by the 

All field QA/QC records are maintained in central Nes at the F e d  RUFS site office. 

6.1.11 Results 
The following sections discuss the d t s  of the well install 

6.1.11.1 Boring Lops 

Boring logs (Visual Classification of Soils) are presented in Appendix A. All elevations and well 
coordinates are based on Ohio State Planar Coordinates. Appendix A contains the Visual 
Classification of Soil forms completed as each boring was advanced under the 

August 1987 through April 1990. Each form heading contains the boring num 
the boring, the ground surface elevation, the engineer or geologist who supervised 
drilling method, and the dates the boring was started and completed. The bo 

the sample depth, interval and number, sample type, hammer blows per sampl 
recovery, a description of the sample material, the Unified Soils Classification System (USCS) 
symbol, the measured consistency of the sample, and other remarks. 

0 , 
000Hg2 
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6.1.112 Well Construction Diamams 
Piezometer installation sheets and monitoring well installation details are presented in Appendix B. 

and well coordinates are based on Ohio State Planar Coordinates. Appendix B 
onitoring Well Installation Record forms completed under the RVFS program from 
ugh April 1990. The forms contain the boring and well number, the engineer or 

supervised the installation; the person who checked the records on the form; the 
the well; the date the installation was completed; the drilling method and fluid used; 

the bit type; the temporary casing type; the casing diameter, the well diameter, the screen size and 
length; and the riser pipe type, diameter, and length. The form also shows the well protection 
system, including the for the bentonite, sand, and well screen. 

rthy activities that occwTed during drilling, well installation, or 
ite not recorded on the Visual Classification of Soils forms or 

well installation forms are documented in the Field Activity Daily Logs. These logs a~ filed by 
the field activity and sampling crew at the si ce central files. 

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

6.2 Groundwater Elevation Promam 

6.2.1 Obiectives 
Starting in January 1988, water level measurements were taken in developed RUFS wells and wells 
installed from previous investigations. The network was expanded as additional RVFS wells were 
installed. The purpose of these measurements was to map the 
surface in the glacial overburden and Great Miami Aquifer 
variations. During the water level measurement period, the si 
periods. Water-level measurements are sti l l  being taken mo 
however, for this report, only data through April 1990 are re 

and potentiometric 
effects of seasonal 
extreme dry and wet 

m all the network wells; 

Water level measurements have only been collected from RVFS wells that have been developed. 
This ensures accurate water level measurements. Data are not collected from 
recovered from well development, hydraulic conductivity testing, groundwater s 
other activity that may have influenced the water level of the well. Water 1 
not c o U d  from off-FMPC private water supply wells. Some water level 
these private wells and have been used in previous studies. 
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Initially, water level measurements for all wells in the network were completed within a twoday 
period. At the completion of the last well measurement on the second day, the first five wells 

previous day were remeasured to determine if significant water level fluctuations 
r level measurements were collected during this short time frame so that they would 
level measurements at a single point in time. As more wells were completed and 

rk expanded, it was difficult to complete the monthly measurement within the two- 
. The time required to collect the monthly data has gradually increased to four days. 

6.2.2 Scow 
The purpose of mo 
groundwater flow, 
preparing maps of 

el measurements in the well network is to evaluate the 
onal fluctuation within the aquifer of interest. This is done by 

potentiometric levels in the glacial overburden and Great 
Work Plan indicated that the network wells were to be 

aluate the effects of seasonal variations on the water levels. 
At the conclusion of the initial year, however, wells were still being installed under addenda to the 
W S .  It was decided, therefore, to continu 
network as they are completed and develo 
existing and additional wells within the n 
further and more completely evaluated. 

The monthly water level measurements were collected from the existing well network during the 
last week in each month. This timing varied, depending on weather and well conditions. During 
quarterly groundwater sampling, the water level does no 
lo00 Series wells. Therefore, adequate time must be all 
before the wells are measured. Water level measurements 
weekend break to assure that all the wells have adequately 

y measurements and to add wells into the 
ntinuing to collect water level data from the 

hydrogeologic conditions at the site can be 

static conditions in many 
yield wells to recover 
en collected after the 

red from groundwater purging or 
sampling. 

Appendix C contains tabulated groundwater elevation data for all the monitoring wells installed 
under or used by the W S .  Included in this appendix is a listing of wells in 
dates the measurements were taken. The tables contain the well number and 
well as the elevations of the top of the well, top of the protective casing, gro 
the concrete pad, all with respect to mean sea level. The table also provides the de 
reading, the calculated water elevation, the reference point used for the measurement, 
of the reading. The column titled "Type of Well" provides a single digit code to inform the'reader 
of where the wells are located. The key to the code is provided at the bottom of the table. 
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6.2.3 Methods 
Water level meaSurements were and continue to be taken to the nearest 0.01 foot with an electrical 

d to the measuring point on top of the well casing. AU data are recorded on the 

procedures have been followed for collecting water level data from RVFS and other 

The well protective casing is unlocked and inner well casing cap 
removed. 

rganic contamination, the head space in the well 
e presence of volatile organics using a 
, HNU. If volatiles are present, the well is 
Only after field screening indicates the volatiles 

water level measurement made. 

ell is made, a clean electric probe is lowered into 
the well until water is reached. The probe is lifted above the water 
level and shaken to remove ps that are clinging to the 
probe. This process is repe measurements are achieved. 

The water level with the time and date. The 
exact measurem ell is also noted. 

To prevent cross contamination between ork, a l l  downhole water level 
measurement equipment is decontaminated between uses. Because there is only minimal contact of 
the water level probe in each well, the probe and measuring tape are decontaminated by rinsing 
with deionized water. If the well being measured is known to contaminated or if the 
probe and/or measuring tape becomes visibly contaminated, th ent is either decontaminated 
with high presswehot water (steam cleaner) at the decontam or scrubbed with a tap 
waterhonphosphate detergent mixture followed by a methan and a final deionized water 
rinse. When not in use, the water level equipment is stored 

6.2.3.1 Instruments 
Electric water level indicators are used to measure the depth to water in the w 
indicators operate by passing a small electric current through a wire inside the 
the probe, which is equipped with a small needle point. When the needle po 
electric circuit is completed with the probe housing and either a meter needle 
or buzzer tums on. The measuring tapes are 150 feet in length and are 
Measurements are made to 0.01 foot by intexpolating between the graduations. 
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@ 6.2.3.2 Calibration 
The water level indicators are calibrated upon arrival at the site and whenever routine maintenance 

. Calibration consists of comparing the tape graduations with a commercially purchased 
0.01-foot graduations. The entire length of measuring tape is examined to guarantee 

splices that could cause erroneous results. Periodic maintenance to the equipment 
g the needle points, replacing the disposable batteries, and replacing end probes. 

6.2.3.3 Precision and Accuracy 
When water level measurements were collected, =dings were taken several times until a minimum 
of three consecutive 
measurement was 
inner well casing 
recorded on the w 

were made. This technique was used to ensure that a c o m t  
ot influenced by outside factors, such as condensation on the 

ff the probe. Only the final consistent measurement value was 

Monthly water level measurements were made using two teams, each with similar instruments, 
calibrated to the same reference tape. To 
program employs one team, using the s 

6.2.3.4 Reference Points on Wells 
Reference points on the RVFS wells 
steel well casing. Reference points from previous FMPC investigations are 
either "v" notches in the PVC or iron well casing, or permanent marks made on the well casing. 
Reference marks vary on the off-FMPC private water supply consistently used for 
water level measurements. AU reference points are clearly ater quality collection 
form. AU well survey elevations and coordinates are taken 

marks. 

consistency, the current water level measurement 
nt for all monthly measurements. 

t were either cut or filed into the stainless 

to the well reference 

To investigate water level relationships between groundwater in the Great Miami Aquifer and 
Paddys Run, elecuonic transducers and data loggers were installed in March 1988 in Wells 1009, 

2009, 1014, 2014, and 3014, located adjacent to Paddys Run Stream stages 
stilling wells installed in Paddys Run adjacent to the wells. These wells were 
April 1988, so the first month of data measurement was recorded using an artificial 
adjusted to the surveyed elevation. Subsequent data were recorded using the survey 
Water levels have been recorded continuously over intervals of wet and dry pe 

. .  . 

1990. 
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6.2.4 Results 
Water level measurement results for the 1000, 2000,.3000, and 4000 Series well networks from 

thtough April 1990 are tabulated in Appendix C. Hydrographs of selected 1000, 
4OOO Series wells are presented in Appendix D. Appendix D contains groundwater 

ary 1988 through April 1990. The hydrographs present water table elevation 
from monthly water table readings in all the monitoring wells used in the 

Hydrographs are presented for individual 1000 Series wells since they represent water levels in the 
perched water syste 
location number, wi 

provides an easy ass 
of head over time. 

for the 2000, 3000, and 4000 Series wells are presented by 
in the cluster at a given location reported in one figure. This 
vertical gradient between these wells as well as the distribution 

6.3 GROUNDWATER OUAL,ITY PROGRAM 

6.3.1 Objectives 
The hydrogeologic field program focused 
disposal practices at the FMPC have ha 
groundwater quality program were to: 

g the effect that the operations and waste 
ter. The overall objectives of the 

Determine if subsurface water-bearing zones below the FMPC have &en 
contaminated either within or off-FMPC property 

Determine the source areas of contaminants at 
migration of hazardous substances off property 

Determine the effects groundwater pumping and 
mharge/discharge relationships have on ground 

discharge 
Define areas of subsurface 

Determine the vertical and horizontal extent of groundwater 
contamination from the FMPC 

To achieve the program objectives, a phased approach to field activities was planned. 
major phase of work concentrated on filling principal data requirements in the regio 
quality, near-specific potential sources, pathways, and receptors. Subsequent 
evaluation efforts have contributed to refinements in the program. 
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Initially, 89 monitoring wells were to be installed during the RVFS. The well locations were - - 
ata requirements identified from previous groundwater studies and sampling 

sting wells at the FMPC and the immediate vicinity. The existing well locations 

Well depths at each location were selected to provide necessary information on the 
maximum extent possible in establishing a monitoring network for the 

of concern Additional well installation programs, as discussed in 
Section 6.1.2, were subsequently initiated on the basis of results from the first two and later rounds 
of quarterly samplin 

Quarterly sampling 
through the first cal 
the first quarterly 
completed. Wells 
the next calendar quarter. Quarterly water s 
Beginning in June 1989, the revised RCRA 
sampling crews. Samples collected in June 
crew a~ included in the W S  data set. 
result of the continued installation of ad 
1990. Beginning in the first calendar 
monitoring was shifted to WMCO, under the "Long Tern Groundwater Monitoring Program" at the 
FMPC (WMCO 1989). Data from this sampling will be made available to the RI/FS. 

under the RUFS from the second calendar quarter of 1988 
f 1989. FU/FS wells that had not been completed by the start of 

pled quarterly until four quarters of sampling had been 
er addenda to the RUFS were sampled at the time of installation and 

under the RUFS ended in July 1989. 
g program was conducted by the RUFS 

and November 1989 by the RI/FS sampling 
llected by the RUFS sampling team as a 

also included as available through April 
e responsibility for routine groundwater 

Appendix E contains tabulated groundwater quality data for groundwater samples collected 
under the RUFS from the second quarter 1988 through the fo 
presents the chemical parameter in the left column, and the 
right of the parameter. In wells where more than four sampl 
of the analyses are presented on the following page. Analyses from only one well appear on a 
page. The heading over the analytical result gives the well number, the unique sample number, and 
the date the sample was collected. Duplicate samples collected for QNQC pu 
the tables. 

1990. The table format 
y analyses for that well to the 
e been analyzed, the remainder 

A total of 152 wells were originally identified for groundwater sampling. Groundw 
were collected from the new RWS wells, selected existing wells at the FMPC, and 
off-FMPC private wells. The FU/FS wells origudly included forty-two 1000 Series, twenty-two 
2000 Series, twenty-two 3000-Series wells, and three 4000 Series wells. Forty-five additional wells 

080118 
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0 existed on site, including three new RCRA wells and five off-FMPC wells then being sampled 
under the RCRA monitoring program. Additionally, approximately six glacial overburden wells, six 

ami Aquifer wells, and six bottom of Great Miami Aquifer wells, were selected at 
tions and sampled to establish background concentrations. As wells and piezometers 

RUFs through addenda to the Work Plan, they were incorporated into the 
pling well network. The number of wells used for groundwater quality sampling is 

e number of wells used for water level measurements, because it includes private 
wells where water levels cannot be measured. The Rl/FS wells included in the RCRA monthly 
sampling are summarized in Table 6-7. 

Since the selection 
monitoring well ne 
radiological parame 
overall study obje 
dissolved oxygen, and iron. All groundwater samples were analyzed for a set of radiological 
parameters that include those radionuclides 
are also consistent with those being tested ongoing RCRA monitoring program and 

ell was specifically justified within the context of the existing 
ecessary to analyze all groundwater samples for a full suite of 

focused set of general water quality indicators to achieve the 
es were analyzed in the field for pH, temperam, conductivity, 

rials handled at the FMPC. These parameters 

TotalUranium 

Isotopic Plutonium Technetium-99 
Radium-226 Cesium-137 
Radium-228 Strontium-90 
Neptunium-237 Ruthenium-106 

0 
IsotopicUranium 

All groundwater samples were also analyzed for the following 
drinking water quality under the ongoing RCRA program: 

used as indicators of 

PH Arsenic 
Specific Conductance Barium 
Chloride Cadmium 
Iron Chromium votal Hexavalent) 
Manganese Fluoride 
Phenols (total) Lead 
sodium Mercury 
sulfate Nitrate 
Gross alpha Selenium 
Gross beta Silver 
Alkalinity as CaC03 Ammonia 
Carbonate/E3icarbonate Total Organic Nitrogen 
Copper Molybdenum 
Nickel calcium 
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TABLE 6-7 

RVFS WELLS INCLUDED IN'THE WELL SAMPLING 

Location 

Upgradient, Glacial Overburden Wells 

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

1004, 1025, 1027, 1 

1031, 1038, 1072, 1 

1080, 1081, 1082, 108 

Downgradient, Glacial Overburden Wells 

2043B043, 2066/3066 Upgradient, Great Miami Aquifer Wells 

20 1 On01 0/4010, 20 13/3013/40 13, wngradient, Great Miami Aquifer Wells 
2019/3019, 2021, 2027, 2037/3037, 

205 1B05 1, 2055/3055, 2084/3084, 

3001/4001, 3008/4008, 3024. 

kefer to Figures 6-2 through 6-5 for locations of the wells. 

. . . . . . . . 
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Potassium Magnesium 
Phosphate . sodium 

f groundwater samples for organics and other toxic inorganics were performed on a 
The reason for this reduced scope is twofold: 

The RCRA groundwater monitoring program that was established 
prior to the RUFS included analyses for organics and metals on a 
quarterly basis at 44 on-FMPC and off-FMPC wells. 

The frequency and levels of detection of organic species in samples 
W S  in the RCRA program weR insignificant when 
iological problem that exists in the groundwater 

and adjacent areas. 

To conf i i  that the 
selected groundwate 
inorganics (including cyanide), HSL pesticides/PCBs, primary drinking water organics, and 
organophosphorus pesticides. These analys xmed the "extended HSL parameters." The 
wells that were sampled for the extended 
RCRA monitoring program. These incl 

detected in the RCRA program axe relatively insignificant, 36 
analyzed for HSL volatile and semivolatile organics, HSL 

eters were selected to augment the quarterly 
ing 29 wells in or near the Waste Storage 

h a :  

lo00 Series 

1004 1072 2001 2001 
1100 1073 2004 2002 
1109 1074 2008 2027 
1021 1075 2010 2034 
1025 1076 2011 2037 
1028 1078 2019 2042 
1029 1083 2020 2052 
1031 

Wells 1016, 2014, 2015, and 2016 near the fly ash piles, as well as Wells 1013, 2064, and 2065 
near the Production Area, were also sampled and analyzed for the extended HSL parameters. In 
addition, samples from six wells in the Waste Pit Area were analyzed for dio 
TCDDflCDF, and FCDD/PCDF. The specific well locations were selected foll 
ment, with emphasis on their proximity to the Burn Pit, Pit 4, and the sanitary lan 
likelihood of having received chlorinated hydrocarbons. A sample of treated water 
production well was also analyzed for the extended HSL parameters and dioxins. 
used in the drilling operations. 0 
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6.3.3 Groundwater SamDlinn Techniaues 

mideration in groundwater sampling is to obtain a representative sample of the 
y. To safeguard against collecting nonrepresentative stagnant water from a well or 

llowing guidelines and techniques for well purging were followed during sample 

A minimum of three well volumes of water were pumped or bailed from 
to collecting a sample. For wells that could not 

, at least three well volumes of water were purged 

0 rs that could be pumped or bailed dry, the well was 
to recover prior to sample withdrawal. If the 
rapid and if time allowed, more than one volume 
from the well; otherwise, sampling was conducted 

after sufficient recovery had occurred to allow sampling. 

After the well adequately reco samples were collected in 
accordance with a priority list ed on the stability and volatility of 

for the analysis of 
HSL volatile organic 
ratwe were collected first. 
sensitive were sampled next. 

to purge the 3000 and 
4000 Series wells prior 00 sample collection A water-level measurement 
was taken to determine the depth to groundwater in the casing, then the 
submersible pump was lowered to a depth of five to ten feet below the 
water level, but always above 
purged from this depth so that 
screened interval and moved 
the well. The pumping rate 
minute (gpm) and continued until field pH, tem 
conductance readings stabilized. 

displacement pump was used to purge the 2000 Series and selected 
1000 Series wells prior to sample collection A water-level measurement 
was initially taken to determine the depth to groundwater in the cas' 
then the pump was lowered to a depth of five to ten feet below 
level and a minimum of five feet above the bottom of the well, if possi 
The pumping rate was maintained at less than 20 gpm and continued 
field pH, temperature, and specific conductance readings stabilized. 

All purge pumps and lines were decontamimed following the sampling o 
each well using procedures specified in the RVFS Work Plan 
(ASWT 1988). 

A stainless steel submersible 
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. 6.3.3.2 Sample Collection 

ction was performed using the following procedm: 

the well was purged and allowed to recharge, samples were collected 
a stainless steel submersible pump, stainless steel and teflon positive 
cement pump, or teflon bailer. 

sampling, the pump was operated continuously, but the flow rate 
uced to approximately one liter/minute. 

Volatile organic compound samples were always collected with a bailer. 

at the discharge hose if the submersible or 
er pump was used. If the water samples were 

the water sample was collected by pouring 
from the bailer. 

were removed from a well, they wefe placed on 
id contact with the ground. 

To more efficiently collect the groundwater 
a teflon bailer after the well purging pump 

the sampling team often sampled the well with 
ved fmm the well. 

water, the samples were filtered in the field 
as soon as possible after collection. The following procedm were used in this process: 

The water sample was either filtered at the well site with portable sample 
filtering equipment or taken to the sample collec 
When sampling several wells in one day, it was 
the samples to the sample collection trailer for 

A Millipore filtration apparatus equipped with a 
used. A hand vacuum pump was 
was used at the sample collection 
filter. 

The filtering apparatus was cleaned by rinsing thoroughly with deionized 
water before filtering each sample. 

The fim 100 to 150 ml of filtrate fmm each sample was discarded 
the filter and filtration apparatus of any residual substances. 

After the sample was filtered, it was immediately transferred to the 
appropriate sample bode containing the correct preservative. 

Samples that were excessively turbid were prefilkred before final filtration 
with the 0.45 micron filter. The prefilter mesh size depended on the 
amount of suspended material in the sample. 
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6.3.3.4 SamDle Preservation 
AU water samples submitted for analysis were preserved prior to final packaging and shipment to 

as required in Section 6.0 of the QAPP. 

r the water samples were collected, the sample bottle was properly labeled, placed 
ed with artificial icing material, and with a temperature of 4 degrees Celsius. The 

delivered to the sample collection trailer for final packaging and shipment to the 
laboratory. When the samples were repacked, fresh artificial icing material was placed in the 

during hot weather, 
to ensure the t e m p  

ple temperature at or below 4 degrees Celsius. When sampling 
re delivered to the site sample collection trailer more frequently 

le was maintained at 4 degrees Celsius. 

mpounds, acid and base-neutral extractable compounds, 
parameters were pmerved by cooling to 4 degrees Celsius. 

rst by liltration, then with concentrated Samples analyzed for dissolved metals 
nitric acid (less than pH 2) and m l e d  to 4 

radionuclide parameters were first filtered 
s Celsius. Samples analyzed for dissolved 

reserved by cooling to 4 degrees Celsius. 

6.3.3.5 Sample Numbering 
Each groundwater sample was assigned number in the field. The sample number 
was used to track the sample from the sampling well to the analyzing laboratory. At the 
laboratory, the sample was assigned a laboratory sample number that was used to track the sample 
through the laboratory. Laboratory certificates of analysis list 
laboratory sample number for easy cross reference. 

The field sample numbers were assigned sequentially in 
quarter. The sample numbers assigned to the groundwater start with 07001 and go to 
08999. AU sample numbers were referenced to a master sample collection log that lists all the 
sample numbers, well numbers, times and dates of sampling, sampling teams, and types of samples 
collected. 

d sample number and 

were sampled for each 

6.3.3.6 Sample Packaging and Shining; 

Samples were shipped to the analyzing laboratory by several means. The gro 
were shipped primarily by overnight carrier. The samples were properly pa 
shipment and dispatched to the analyzing laboratory for analysis, as specified in Section 6.0 of the 

000124 
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QAPP. separate chain-of-custody and request-for-analysis records accompanied the samples to the 
receiving laboratory. The following requirements for shipping containers were used: 

Id personnel shipped samples in accordance with the provisions of U.S. 
rtation (DOT) regulations covering the transport of 
tained in the Code of Federal Regulations (CFR) 
, and with E's Manual of Practice: Sample 

Shipping containers were custody-sealed for shipment with filament tape 
wrapped around the container and a custody seal affixed at appropriate 

the container could be gained only by cutting the 

were secured by field personnel with a proper 
indelible pen or ink, and addressed to the 

for transportation of samples. When 
custody was relinquished to a shipper, field personnel telephoned the 
receiving laboratory custodian to report the expected time of arrival of the 
sample shipment and the e (holding times) for 
sample analysis. 

The following guidelines were used for s 
contamination: 

L 

g to avoid breakage and/or cross 

Sample container lids we lids stayed on the 
original container until time of sampling. Sample containers were only 
opened at the time of sampling. The original sample containers arrived in 
the field in packages with custody tape 
points. When sample container packag 
chain-of-custody form for shipping the 
appropriately marked to state if the cu 
package arrived. 

After a sample was placed in the app 
sample container was placed in a plastic bag to 
contamination from vermiculite or other packing material. Sample 
containers were placed between cardboard inserts or other appropriate 
packing material (Le., bubble wrap). Care was taken not to insulate the 
sample from the artificial icing material, which would cause the sam 
temperature to rise above 4 degrees Celsius. 

Shipping coolers with containers were filled initially with approxim 
three inches of vermiculite or a suitable noncombustible, absorbent pa 
material. 

The secured sample containers were placed in the cooler in such a way 
that they do not touch. Other additional container protection was used as 
required. 

ize the potential for 

6-5 8 



FMPC-oO04-2 
December 17, 1990 

Commercially available artificial icing material was used. If artificial ice 
was unavailable, ice was substituted provided that it was placed in a plastic 

aining space in the cooler was filled with inen packing material. 

original chain-of-custody and request-for-analysis records were placed 

n arrival at the laboratory, the QC Coordinator, or representative, 
examined the contents of the shipping container and documented on the 
chain-of-custody record if any sample containers did not have the custody 

a plastic bag and taped to the bottom of the cooler lid. 

6.3.3.7 
The following proce 
of the source of the 

for all  groundwater samples collected under the RI regardless 
ed use of the results: 

Sample identification and labeling 
Sample chain-of-custody form 
Sample collection log 
Laboratory quest-for-analysis 

0 A detailed discussion of the sample ch 
following is a summary of that material. 

presented in Section 6.1.10.3. The 

Sample Identification and Labeling 
All samples were adequately marked for identification from the time of collection and packaging 
through shipping and storage. Marking was made on a label ach sample container. 
Sample identification included project name and number, s ample location by well 
number, sampling date and time, the initials of the individual the sampling, and 
sample preservative used. 

Chain-of-Custodv Record 
Documentation of the sample chain of custody was provided by a chain-of-custody record that 
included the sample location, the type and quantity of sample collected, the date 
sample collection, the name@) of the person(s) responsible for sample collection, 
of all custody transfers, the signam of the person relinquishing and accepting s 
other pertinent information. Chain-of-custody procedum documented sample posses 

time of sample collection to sample disposal. 

000126 
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If the samples were shipped to the laboratory by commercial canier, the original chain of custody 
was sealed in a watertight container, placed in the shipping container, and the shipping container 

y tape prior to giving it to the canier. The carrier waybill served as an 
chain-of-custody record between the final field custodian and receipt in the 
carrier waybill was attached to a l l  chain-of-custody duplicates retained at the site. 

receipt in the laboratory, the QC Coordinator, or representative, opened the shipping 
containers, compared the contents with the chain-of-custody record, and signed and dated the record. 
The QC Coordinator e carrier and waybill numbers on the original chain-of-custody 
form. Auoriginalc records, analytical data, and other project documentation are 
maintained in the si 

The laboratory request-for-analysis form was prepared to indicate the testing program Rquired for 
the collected samples. The information laboratory request-for-analysis form 
included project name and number, date s 
for analysis, contact with telephone numbe 

ped, required report date and turnaround times 
pt of the analytical report and billing invoices, 

sample identification numbers and sample ected, and appropriate preservatives. 

Initiation of Testing Promam 
A request-for-analysis form was submitted with each group of samples sent to the laboratory. If 
the analytical program was not clearly defined with the sample shipment, the laboratory immediately 
notified the field personnel for definition of the analysis pro 

SamDle Diswsal 
The chain of custody for the sample was completed when 
possibilities for sample disposition included: 

disposed of. The 

9 The sample was consumed during analysis. 

Sample was retumed to the FMPC for disposal. 

The sample was stored after analysis. Proper environmental control and 
holding time were observed if reanalysis was anticipated. If reanalysis w 
not anticipated, environmental conditions for storage were not observed. 

6.3.3.8 Decontamination Procedures 
The groundwater sampling equipment was decontaminated prior to each use. The purge and 

sampling pumps and lines were drained and the outside surfaces decontaminated with a high 
0 
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pressure hot-water wash and rinsed with deionized water. The internal surfaces were 
decontaminated by pumping deionized water through the pump system. 

pment decontamination procedures varied, depending on the type of contamination 
sampling location. In the case of inorganic contaminants, the equipment was fixst 

nonphosphate detergent, then rinsed with dilute 0.1 normal hydrochloric acid 
y two separate deionized water rinses. In the case of organic contaminants, the 

equipment was first washed with a nonphosphate detergent, then rinsed with tap water, methanol, 
and two separate d 
ground or on other surfaces. The equipment was wrapped in or placed on 
a clean plastic sheet 

As part of the 
This rinsate sample was analyzed at a fmpency of one per every set of twenty samples, to check 
for potential cross contamination between mo 

Decontamination of the submersible sam 

at a designated central staging area at the 
to the decontamination areas, the sam 

equipment was never placed directly on the 

of the final deionized water rinse was collected. 

and other sampling equipment was performed 
was not practical to transport the equipment 

decontaminated in the field. 

6.3.4 Purge Water Management 
Prior to groundwater sampling, three to five times the volume of water standing in the well was 
required to be purged from each well. The purge water from 
contained at the well site and transported to the FMPC Gene 

To determine if the FMPC General Sump was adequate to 
RVFS wells, selected wells were purged and the resultant wate 
RVFS Work Plan Section 4.2.1.3. Well development was initiated at Well 1084, and a sample of 
the development water was analyzed for the extended HSL parameters, dioxins, 2,3,7,8-TCDD/ 
TCDF and PCDD/PCDF. 

The analytical results for the sample for Well 1084 are summarized in Table 6-8. 
the purge water analytical results by the EPA, authorization was given to dispose of 
at the FMPC General Sump. All development and purge water from the wells o 
on- and off-FMPC, was transferred to the General Sump for treatment at the FMPC wastewater 
treatment system, prior to discharge to the Great Miami River. 

000128 

C wells was 
treatment prior to release. 

d dispose of purge water from 
analyzed, as specified in the 
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TABLE 6-8 
WELL 1084 WATER ANALYTICAL RESULTS 

MARCH 7,1988 

Concentration 
(ug/L) 

Aluminum 
Antimony 
Arsenic 
Barium 
Baryllium 
Cadmium 

.... . 

Calcium 
Chromium 
Cobalt 

Copper 
iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanide 

90.0 B 
60.0 U 
10.0 u 
96.0 B 
0.2 u 
4.7 

139,000 
5.2 u 
5.8 U 

167 
34.0 B 
5.0 u 
61,100 
57.0 
0.2 u 

10.0 u 
19.0 B 

See footnotes at end of table. 
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TABLE 6-8 

Chloromethane 
Bmmomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l -Dichlomethene 
1.1 -Dichlomethane 
1 ,2-Dichlomethene (total) 
Chloroform 
1.2-Dichloroethane 
2-Butanone 
1.1.1 -Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 

Bmmodichlommethane 
1.2-Dichlompmpane 
cis- 1.3-Dichlompmpene 
Trichloroethene 
Dibmmochlommethane 
1.12-Trichloroethane 
Benzene 
trans- 1,3-Dichlompmpene 
Bromoform 
4-Methyl-2-Pentanone 

10 u 
10 u 
10 u 
10 u 
4 J  
4 J  
5 u  
5u 
5 u  
5 u  
5 u  
5 u  

10 u 
5 u  
5 u  
o u  
5u 
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  ........................... 

5 u  
5 u  

10 u 
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TABLE 6-8 
(continued) 

Concentmion 
(ug/L) 

2-Hexanone 
Tetrachlomethene 
1,1.2,2-Tetrachlometh 
Toluene 

... 

10 u 
5 u  
5 u  
5 U  
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TABLE 6-8 

Chlorobenzene 
Ethylbenzene 
Styrene 
Xylene (total) 
Phenol 
bis (2-Chloroethyl) e 
2-Chlorophenol 
1,3-Dichlorobenzene 
1 ,4-Dichlorobenzene 
Benzyl alcohol 
1 ,2-Dichlorobenzene 
2-Methylphenol 
bis (2-Chlorisopropyl) ether 
4-Methylphenol 
N-Nitrosodi-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitropheno 
2,4-Dimethylphenol 
Benzoic acid 
bis (2-Chloroethoxy) methane 
~ , ~ - D ~ C ~ ~ O X D P ~ ~ I I O ~  

. . . . . . . . 

5u  
5 U  
5 U  
5 U  

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

50 u 
10 u 
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TABLE 6-8 
(continued) (continued) 

Concentration 
(ug/L) 

10 u 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-meth ylphe 

2-Methylnaphthalene 
Hexachlomc y clopenta 
2.4.6-Trichlorophenol 
2.45-Trichlorophenol 
2-Chlomnaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphth ylene 
2.6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2.4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2.4-Dinitrotoluene 
Diethylphthalate 
4-Chlomphen yl-phen ylether 
Fluorene 
4-Nitroaniline 

Concentration 
(ug/L) 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
50 u 
10 u 
50 u 
10 u 
10 u 
10 u 
50 u 
10 u 
50 u 
50 u 
10 u 
10 u 
10 u 
10 u 
10 u 

. . . . . . . . . . . . . . . . . . . . . . . . . . 
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TABLE 6-8 

4.6-Dinitro-2-methylphenol 50 U 
N-Nitrosodiphenylamine (1) 
4-Bmmophenyl-phenyl 
Hexachlomknzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 

15 U 
10 u 
10 u 
50 u 
10 u 
10 u 

Di-n-bu t ylphthalate 10 u 
Fluoranthene 10 u 
srene 
Butylbenzylphthalate 
3.3-Dichlorobenzidine 
Berm( a)anthracene 
Chrysene 
bis(2-Ethylhexy1)phrhalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Berm&) fluoranthene 
Berm( a)pyrene 
Indeno( 12.3-cd)pyrene 
Dibenz(a,h)anthmcene 
Benzo(gbj)perylene 
1 -Hexadecyne 

10 u 
10 u 
20 u 
10 u 
10 u 
4 BJ 

10 u 
10 u 
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TABLE 6-8 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 
4,4’-DDE 
Endrin 
Endosulfan II 
4,4’-DDD 
Endosulfan sulfate 

4,4’-DM’ 
Methoxychlor 
Endrin ketone 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 

0.25 u 
0.25 u 
0.25 u 
0.25 u 
0.25 u 
0.25 U 
0.25 U 
0.25 u 
0.50 u 
0.50 u 
0.50 u 
0.50 u 
0.50 U 
0.50 u 
0.50 u 
2.5 u 
0.50 u 
2.5 u 
2.5 u 
5.0 u 
2.5 u 
2.5 U 
2.5 
2.5 
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TABLE 6-8 
. . . . . . . . . . (continued) 

Concentration 
(ut&) 

2.5 u 
Aroclor-1254 5.0 u 
Aroclor-1260 5.0 u 

B -Compound was 

J - Compound d 
estimate. 

required quatitation limit. The value given was an 

U - Compound analyzed for, but not detected detection limits shown. 
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. 6.3.5 Laboratory Screening 
Groundwater samples from the RI/FS wells undergo radiological screening at the IT Oak Ridge 

classify the samples into one of three categories. All samples are counted for gross 
activity. Samples that contain, or are suspected to contain, low energy beta 

yzed by liquid scinrillation counting. 

The purpose of the screening is threefold: 

To dete ples can be shipped to other IT laboratories 
., 

activity content is below the IT Oak Ridge 

6.3.5.2 Methods and Instruments 
When collecting each set of groundwater s 
also collected. The screening samples we 

m the sampling well, a screening sample was 
with the other sample bottles and included on 

After the sample shipment was received at 
the laboratory, the screening sample w yzed for gross alpha and gross beta 
activities using a scintillation counter. Samples that contain, or were suspected to contain, low 
energy beta emitters were analyzed by liquid scintillation counting. 

the chain-of-custody and request-for-anal 

6.3.5.3 Results 
Results of the laboratory screens are used by the laboratory 
the classification of the sample for laboratory management. 

ty officer to determine 

Category I: There are no radiological hazards as 
samples. Category I samples may be shipped to 

Catepory 11: Category 11 samples must be analyzed at the IT Oak Ridge 
Laboratory. Standard laboratory procedures are sufficient to protect the 
health of laboratory personnel. 

Category 111: Category III samples must be analyzed at IT Oak Ridge 
Laboratory. Screening results are reviewed on a case-by-case basis to 
specify handling and monitoring requirements and to verify that the 
radionuclide content of the sample does not exceed the license limit. 

The results of the screening are not included in the RUFS data base. 

~ 0 0 4 3 7  
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6.3.6 pUaliw Assurance/Ouality Control 

ater sampling, various QA/QC samples were collected on a routine basis to verify 
accuracy and precision. These QA/QC samples included duplicate and rinsate 
11 as trip (travel) blanks. 

Duplicate Samples 
Duplicate samples 
analyses were used relative percent difference between replicate samples. A 
duplicate analysis 
of duplicate analyses 
Ne. 

evaluate the precision of the analysis. Results of the duplicate 

henever a group of samples was analyzed at one time. Results 
with the corresponding sample analytical data in the project 

Trip (Travel) Blank 
Volatile organic samples are susceptible to c 
through the teflon-faced silicone rubber sep 
analyzed to monitor for possible sample c 
blanks were started, or generated, by the 
free water and shipping the blanks with e bottles. Trip blanks accompanied the 
sample bottles through collection and r e m  shipment to the laboratory and were stored with the 
samples. Following the analyses, if the trip blanks indicated 
samples were corrected for the trip blank concentration or the 

on by diffusion of organic contaminants 

during sample collection and shipment. Trip 
filling two 40-ml VOA vials with organic- 

e sample vial. Therefore, trip blanks were 

ination, the actual 
resampled. Results of 

trip blank analyses are maintained with the comsponding sam data in the project file. 

Rinsate Sam~les 
The decontamination process ends with a final water rinse of quipment. Samples of the rinse 
water after it passes through the sampling equipment are rinsate samples. They are analyzed to 

verify that the cleaning and decontamination procedures have been effective. Results of the rinsate 
samples are maintained in the central file at the project office. 

F m e n c v  of O N 0  C Sam~le Collection 
A trip blank sample set accompanied a l l  samples during sample collection and shipm 
laboratory. Trip blanks were shipped at a rate of one per day when samples w 
laboratory. The trip blanks were analyzed for the same set of parameters as the most-extensive 
analysis in the shipment. 
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0 Rinsate samples were taken from sample collection equipment following decontamination. Rinsate 
samples were analyzed at a frequency of one per every set of 20 samples, or portion thereof, in a 

. Thus, if there were 33 samples to collect, two rinsate samples were collected 

ples were collected at selected wells and assigned a unique sample number. 
ples were analyzed at a frequency of one per every set of 10 samples, or portion 

thereof, in a sampling program. 

To verify complian 
qualified personnel 

requirements, the QA Project Officer and other technically 
ed, and documented audits of groundwater sampling activities. 
on of QA procedures and the effectiveness of their 
an evaluation of work area activities and a review of project 

documentation. Audits were performed pecialist in accordance with written 
checklists. Audits were formally documen 
personnel. 

Findings 
Following completion of the audit, audi 

ent to the Project Director and other appropriate 

0 
ared and submitted to the Project Director 

and other appropriate personnel. During the audit, and upon completion, the findings were 
discussed with the individual sampling team members and task leaders. Corrective actions were 
immediately initiated, if required. Minor findings which were the satisfaction of the 
auditor during the audit were not presented as items requiring 
not be resolved during the come of the audit and that affect 
reported. 

action. Findings that could 
quality of the project were 

Resolution 
All audit report findings were comted and/or appropriate measures taken to comply with the 
Q N P  requirements. Findings that could not be corrected were reported as a v 
nonconformance, depending on the situation. Authorization was then sought to 
procedures and/or to revise the QAPP, so that the procedures would be appropriate 
specific conditions which required the change. 
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6.3.6.3 Chain-of-Custody Procedures 
The following procedures were used for a l l  groundwater samples collected as part of the RIPS 

e source of the sample or the intended use of the results: 

identification and labeling 
e chain-of-custody form 

log 
t-for-analysis form 

Sample identification, labeliig, and chain-of-custody procedures were previously described in 
Section 6.3.3.7. 

6.3.6.4 
Field QNQC docum 
QAPP Section 6.2. 

collected and proper procedures followed. The forms were filled out in the field as the tasks were 
accomplished. Calculations made in the field 
Instnunents calibratexi in the field and a l l  

members and the QA Field Representative, 

Water Oualitv Field Collection Remrt 
The project name and number, sampling 
members, and weather conditions were recoded on the Water Quality Field collection Report. In 
addition, field instnrment calibration data for the temperam, 
dissolved oxygen were recorded on this field form. Field me 
appropriate, were also recorded on this form. 

Sample Collection Log 
The sample collection log was used to record the sample 
members, and type of sample collected. The sample collection log is a master list to cross 
reference all groundwater samples collected to a unique sample number. The s 
used to track the sample from the sampling well to the laboratory and to cross 
analytical results to the appropriate well location. 

undwater sampling activities was conducted in accordance with 
checklists were used to ensure that a l l  required data were 

verified by other sampling team members. 
nts were observed by other sampling team 

time of sampling, sampling team 

6-73 



FMPC-m-2 
Decmber 17, 1990 

Field Activity Daily Log 
The field activity daily log was used to document a chronology of the sampling team's activities. 

s log were the times when well purging and sampling were conducted, well static 
fore well purging, volume of water removed from each well, and any noteworthy 
urred during the daily sampling effort. The Field Activity Daily Log was also used 

team to record any noteworthy data not specified on the sample collection form. 

Laboratom Log 

trailer. The labor 
wet chemistry analyses conducted in the sample collection 
g documented the alkalinity titration, iron (total and femus 

on (if required), and noteworthy laboratory events that 
the laboratory log were transferred to a computerized data 

made in the log were checked and signed by another sampling 
team member. 
requirements. 

6.3.7 Field Analvtical Propram 

base inputs and outputs were also checked per QAPP 

6.3.7.1 Parameters 
Immediately following sample collectio , pH, specific conductance, Eh (when 
measured), and dissolved oxygen of the groundwater were measured in the field. These parameters 
were documented on the Water Quality Field Collection Report. The field procedures that pertain 
to these tests were followed in accordance with Section 6.2 o All field analyses, 
except iron, were performed on unpresewed samples. During ather conditions, field 
analysis was performed at the site sample collection trailer, in 
25 degrees Celsius. Whenever possible, groundwater field me ents wen: taken either in situ 
(downhole) to avoid changes which might occur if the sampl m the well, or in a 
flow box to avoid sample reaction with the atmosphere. Test conditioning and methods employed 
were clearly noted on the Water Quality Field Collection Report form. 

Other types of wet chemistry analyses were performed in the site sample collection 
the need for special equipment and controlled conditions. These analyses measured 
total and femus iron. 
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6.3.7.2 Methods 
TemDerature 

of groundwater is required to normalize data fiom other field analytical 
ch as pH, Eh, specific conductance, alkalinity, and dissolved oxygen. Temperature 

r used to determine if a repmentative groundwater sample had been collected 

Temperature readings were obtained periodically during well pumping by partially immersing a 
thermometer in a wat 
to equilibrate for ab0 
filled thermometer. 

llected from the purged groundwater or flow box and allowing it 
. Temperature was measured using a standard glass, mercury- 
two consecutive readings were obtained at each well during 

sampling. 

DH 
pH is defined as the negative logarithm 
the effective hydrogen-ion concentration. 
basic nature of groundwater and the subse 

tivity in a sample and is a measure of 
ues are very useful for assessing the acidic or 

complex chemical reactions that are pH 
dependent. 

The apparatus used to measure pH consi pH meter (battery operated) with an 
expanded scale capable of measuring pH to the nearest 0.01 unit. The pH meter was equipped 
with a combination electrode that measured the hydrogen-ion potential and temperature. Three 
standard buffer solutions @H 4.0, pH 7.0 and pH 10.0) were the meter to the 
range of pH to be measured. Calibration of the pH meter w daily, prior to collecting 
of the fmt sample of the day and after the lunch break. The 
necessary. To determine if the pH meter required recalibratio 
was measured before each sample collection. All calibration the manufacturer’s 
instructions for calibration. 

as recalibrated as 
pH of the 7.0 buffer solution 

pH measurements were taken by first rinsing the electrodes with distilled water 
the pH electrode in the sample flow box or immersing the electrode in a portion of 
had been transferred into a 100-ml beaker. The electrode was then allowed to 
minutes. If the pH was measured from a beaker, the water sample was s t i d  
After the electrode had equilibrated, the pH values were read to the nearest 0.0 
meters used during this investigation had automatic temperature control (ATC) which automatically 
compensated the pH value displayed on the meter to the sample temperature. 
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Swcific Conductance 
The ability of a water solution to conduct an electric m n t  is approximately proportional to the 

f dissolved solids in the water. Since specific conductance of a sample can change 

e field specific conductance measurement aided in assessing whether the sample was 
m p e m ,  this measmment was taken in the field immediately after sample 

Specific conductance measurements were taken at the well site with a conductivity cell or probe. A 
thennometer was used to determine the sample temperature, which was then dialed into the meter. 
The measurement w ersing the conductivity probe in the water sample and reading 
the conductance in centimeter (mhos/cm) directly from the meter. The instrument 
readings were autom ted for temperature and were displayed in mhos/cm at 25 degrees 
Celsius. 

Dissolved Oxwen 
The concentration of dissolved oxygen in 
groundwater system is W i g  locally rech 
oxygen indicate that recharge is occuning 
that the groundwater is far from the re 
provide an indirect indicator that the 
reduced and sometimes indication of the mode and degree of biologic activities. 

r is an important indicator of the degree a 
dwater samples with relatively high dissolved 

or zero dissolved oxygen readings indicate 
the aquifer. Dissolved oxygen values also 

ent is either chemically oxidized or 

Dissolved oxygen is measured in the field by using a membr 
diffuse through a membrane into a measuring cell at a rate p 
molecular oxygen in the water. Inside the sensor, the oxygen 
reduced spontaneously or by an applied voltage, depending 
generated is directly proportional to the concentration of m 
sensor. The instrument reading is converted to the concentration of molecular oxygen present, by 
calculation or proper calibration of the instrument. 

Dissolved oxygen was measured at the well site with an oxygen-sensitive membran 
dissolved oxygen electrode was first calibrated with oxygen saturated air. During c 
existing temperahm (ambient and water sample), elevation (feet above mean sea le 
atmospheric pressure were measured and recorded. The electrode was calibrated 

Oxygen gas molecules 
the concentration of 

an electrolyte and is 
. The current that is 
the water outside the 

0 known dissolved oxygen concentration, 
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After the instnunent was calibrated, the probe was immersed into the water sample flow box. The 
electrode was inserted into the flow box without head space, such that sufficient sample would flow 

brane surface to obtain an accurate measurement and to overcome emtic instrument 
dissolved oxygen concentration was read from the meter and recorded on the Water 

ollection Report form. The instrument was then decontaminated with deionized or 
and properly stored until needed. The operation and calibration of the instnunent 

manufactum’s procedures and calibration instructions. 

Alkalinity Titration 
The alkalinity of a w 

in the soils and aqui 

ure of its capacity to neutralize acids. Bicarbonates represent the 
nned from the action of carbon dioxide on carbonate minerals 

Alkalinity is measured volumetrically by titration with sulfuric 
s of equivalent calcium carbonate (CaC03). 

Water samples were titrated to phenolphthalein end points of pH 8.3 and 4.5. The 8.3 end point is 
the equivalent point where the conversion of ion to bicarbonate ion occurs. The 4.5 end 
point is the equivalent point where the c bicarbonate ion to carbonic acid occurs. 
Calculation of the total alkalinity of the w was accomplished by plotting the titration 
values of pH versus (H2S04) acid added. an S-shaped curve, with the inflection point 
on the curve representing the equivalent conversion of carbonate to bicarbonate 
occurs. The amount of acid nquired to reach this end point is the total acid neutralizing capacity 
of the sample, or total alkalinity. 

Titration data were recorded in a laboratory notebook and late 
spmdsheet data base. The data were then plotted and the 
the computer algorithms. Algorithms were also formulated 
and to perform the appropriate calculation to convert this infl 
equivalent CaCO,. AU algorithms were checked using established QNQC pmcedures. 

were determined fmm 

point value to total auralinity in 

Eh 
During the first quarter of 1989 groundwater sampling, Eh was measured in the 
and determine if the calculated Eh values were representative of the aquifer sys 
to accurately measure in the field, so strict procedures were followed to obtain 
and precise values possible. The Eh measurement is based on the potential d 

constant voltage reference electrode and a variable voltage platinum electrode. The voltage of the 
platinum electrode is dependent of the concentration of electrons in solution. 
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The apparatus usai to measure ~h consisted of a standard p ~ / ~ h  meter mattery operated) with an 
expanded scale capable of measuring Eh to the nearest 0.01 electron volts. The Eh meter was 

a combination electrode that measured the Eh, and the pH and temperam were 
separate electrodes attached to the same meter. The Eh of water was measured at 

y immersing the combination electrode in a flow box, without head space, and 
potential difference with an Eh meter. The combination electrode consisted of a 

ox electrode and a silver/silver chloride reference electrode. 

Two standard Zobel solutions were used to calibrate the meter. The Eh meter was calibrated by 
measuring the pot 
the Water Quality 
to collection of the 
recalibrated more o 
manufacturer’s instructions for operation and calibration. 

the two Zobel calibration solutions and recording the values on 
Report. Calibration of the Eh meter was done twice daily, prior 
the day and after the lunch break. The Eh meter was 
tions required. All Eh field procedures followed the 

6.3.7.3 Instrumentation 
Temperature BCR mercury sealed gl 

35°C to 55°C that were 
thermometer using Natio Measures (NISM) a proCedureS. 

PH Fisher Scientific pH me 
SA250. 

specific 
Conductance 

Dissolved 
Oxygen 

Eh 

YSI conductivity meter, Model 33. 

YSI dissolved oxygen meter, Model S1-B. 

Orion pH meter, Model SA 250 with a platin 

The precision of the instruments is typically much greater than the uncertainties involved in sample 
collection and handling. This is the primary reason why all the field measurem e at .  
the well site immediately after the sample was removed from the well. 

6.3.7.4 Results 
Results for the parameters meaSured in the field are summarized in Appendix E. 

a 
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6.3.7.5 U"/W Analvsis 
To assist in determining the redox (Eh) of groundwater, 16 wells were sampled and analyzed for 

+ 4 + 6  to investigate the U /U redox couple. U4 and U4 (U4 = total U - U4) are 
of all uranium species for each oxidation state. The UA and total U analyses 

ted Nuclear Corporation Geotech Laboratories (UNC Geotech), Grand Junction, 
procedures for the U4 and total U field sampling and analytical methods are 
x of the Field Sampling and Laboratory Procedure Plan for the Geochemical 

Program (IT 1989). 

Groundwater samples 
groundwater. This ependent of Eh measurements obtained on the groundwater 
using standard pl 
precipitated with 
field procedure was as follows: 

for total U and U4 analysis to estimate the Eh of the 

hniques. The U4 in solution is complexed with cerium and 
is determined by the difference of total U and U+4. The 

Approximately 250 ml of sample was collected after Ntering the 
groundwater through a 0.45 m 

The sample was split and 
2) and shipped to the lab0 

25 ml of the remaining 
and 0.125 ml of cerium 
well. 

ed with HN03 @H less than 

o a 125-ml plastic bottle, 
to the sample and mixed 

1 . 3  ml of reagent grade HF was added to the solution to precipitate the 
U , and the solution was mixed thoroughly and 
in a cooler. 

The sample was removed from the cooler, shake 
0.1 micron filter. 

The sample bottle was rinsed three times with di 
rinse solution was passed through the 0.1 micron filter. 

The filter funnel and Nter paper were rinsed with distilled water prior 
to placing the filter paper ha container for shipment to the labora 
where it was analyzed for U . 

6.4 HYDRAULIC CONDUCTIVITY TESTING 
As part of the FMPC site characterization program, short-term hydraulic condu 
tests) were conducted on selected loo0 Series wells. These hydraulic conducti 
conducted to measure the hydraulic conductivity of the glacial overbuden in and around the Waste 
Storage Area and fly ash pile areas. a 
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Hydraulic conductivity testing could not be performed on preselected Wells 1004, 1009, 1014 and 
1045 because these wells have been dry since they were installed. A hydraulic conductivity test 

ed with gravel. The results from hydraulic conductivity tests performed on these 
xmed on Well 1022 because this well was constructed prior to the RUFS in a test pit 

Us would yield meaningless values. Alternative wells were, therefore, selected 

Falling head slug tests were conducted by injecting a known volume of water into the well and 
recording the water 

was conducted on 

e with time. The procedures used to conduct these tests followed 
Section 5.6. A duplicate rising head hydraulic conductivity test 

alidate the falling head slug test mults. 

res outlined in NAVFAC DM7. Design Manual, 

(Hvorslev Method). The data were using the Hvorslev Method. The hydraulic 
conductivity results are summarized in Tab1 
variations in subsurface soil properties in 

6.5 GEOPHYSICAL PROGRAM 

, 2nd Edition, Department of the Navy, 1971 

The variability in the values reflects the local 

0 
6.5.1 Obiectives 
Surface geophysical methods were used on a limited basis primarily to locate buried pipelines, 
debris, and previous construction excavations. The methods 
in drilling activities. Surface geophysics were used more sy 
Additional Suspect areas investigations to locate buried obje 
excavations. 

a screening tool to assist 
during the hduction and 
fine the limits of previous 

The geophysical techniques used were magnetometer, gravity, and ground penetrating radar surveys. 
Magnetometer surveys were used to locate buried metal objects such as drums, piping, underground 
storage tanks, and other miscellaneous metal debris. Gravity and ground pene 
geophysical techniques were used to locate and define areas of previous e 
nonmetallic materials. 
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TABLE 6-9 

HYDRAULIC CONDUCTIVITY TEST RESULTS 

( d s )  

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

1008 0.37 1.3 x lo-' 

1012 4.53 1.6 x 1 0 - 3  

1018 

1025 

1034 

1035 0.07 

5.7 x lo-' 

2.5 x 106 

2.5 x 10-5  

2.5 x 10-5 

1041 0.3 1 1.1 x lo-' 

1046 

1065 

... ... ... ... ... .... 0.19 .... ..:::: ... 

0.45 

0.06 
......... 

. . . . . . . . .  

6.8 x lo5 

1.6 x lo-' 

2.2 x 10-5 

1079 0.05 1.8 x 10-5 

. . . .  
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6.5.2 Methods - 
Magnetometer Surveys 

ter measurn minute changes or deflections in the earth’s magnetic field caused by 
. The accuracy of the magnetometer in locating buried objects depends on the size 
e object It also depends on any natural or man-made interferences in the afea 
. These interferences include electric power lines and large metallic objects such as 

gs that mask out the smaller objects being investigated. Magnetometer surveys were 
conducted at each RUFS well location to determine and conf~rm that buried objects such as utility 

and plant process 
to locate buried me 
magnetometer surve 
Probe. 

merit at the drill site. This geophysical technique also was used 
g the Production and Suspect areas investigations. The 

with a flux-gate magnetometer, Fisher M-Scope FX-3 Ferro 

To support the drilling operation, magnetometer geophysical surveys were conducted by 
systematically scanning or sweeping a 
not present. A minimum area of approxima 
and marked with pin flags. There were lo 
area had to be reduced because a region 
large as possible was cleared and marke 

an area where magnetic anomalies were 
feet in diameter was cleared for each drill site 
the Waste Storage Area where this minimum 
uld not be located. In this case, an area as 

s for the drilling crew. 

Ground Penetrating Radar Surveys 
Ground penetrating radar (GPR) is used to locate nonmetallic buried objects, such as concrete storm 
sewers and previous excavations and fill areas. GPR was u e disposal trench during 
the investigation of the former dnun bailing area and in the Area to locate buried 
objects and waste pit boundaries. Because of the composition ial overburden and high 

water table present at the FMPC, it was determined that GPR only penetrate approximately 
two to three feet in undisturbed soils. Therefore, only very-n urface objects and excavations 
could be accurately located using this geophysical technique. GPR surveys in the Waste Storage 
Area were not successful because of the high water content of the clay-rich soils present in this 

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

Gravitv Surveys 
The intent of the gravity geophysical surveys was to detect underground structures b 
disturbance they produce in the earth’s gravitational field. Small differences in the s 
gravity can be quickly and accurately measured with a portable gravimeter. In essence, what is 

000349 
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being measured axe the relative changes in density of the subsurface materials at each station. 
These changes in density may represent fill material or large buried objects. - - -  - . -  . . . . . . . . . . . . . . . . . 

the gravity survey, a reference point of known elevation had to be periodically 
unt for the continuous changes that occur in the earth's gravitational field. 
had to be made for changes in elevation and topographic conditions at each gravity 

values were presented as Bouguer anomalies, which are defrned as the discrepancy 
between the observed gravity field and that expected after correcting for a l l  known effects. 

6.6.1 Objectives 

objectives. These objectives are"to: 
pling programs have been combined due to a similarity of 

characterize the radiological and hazardous substances and their spatial 
distributions in surface water 
pathways from the FMPC to 
Paddys Run, as well as in P 

int in time along drainage 
s Run, discharge points into 

Identify the distribution and logical constituents in 
sediments from Paddys R 
Paddys Run. 

age systems leading into 

Determine the presence of radiological constituents and their 
concentrations at a given point in time at several locations in the Great 
Miami River both upstream and downstream 
the confluence of Paddys Run with the Great 

Identify radiological constituents in the sedim 
River at locations upsaeam and downsueam 
outfall, at the confluence of Paddys Run with 
and at two depositional locations in the Great 

Determine if the FMPC is a source of organics and selected inorganics 
to the Great Miami River and Paddys Run. 

A key component of this portion of the investigation was to examine the effects o 
effluent line on river water quality and, in tum, the interactions between the w 
sediments, and underlying Great Miami Aquifer. 

The two primary components of the surface water and sediment sampling were: the principal 
surface water courses, Great Miami River, Paddys Run, the Storm Sewer Outfall Ditch, and the 0 
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main effluent line, involving multielement sampling designed to make use of ongoing WMCO 
monitoring programs and previous study results; and a variety of surface water drainage paths in 

rage Area and Production Area. This limited effort was conducted to pinpoint any 
inant sources or problems that would otherwise continue undetected. The results 

e components of the sampling plan would indicate that additional sampling was 
y evaluate the respective source or pathway of concern. 

6.6.2 Surface Water Sampling Locations 
i 

Surface water sam 
established by WMC 

n the Great Miami River coincided with the sampling stations 
tional sampling locations (Figure 6-13). At the time the RUFS 

was collecting daily grab samples from Sampling Points W1 
collected at Point W4, downstream from the confluence of 

- 

Paddys Run with the Great Miami Riv 
for a determination of uranium, Ra-226 and 
additional locations are immediately op 
from the point of discharge of the main 
river downstream from the previous po 
Paddys Run. 

weekly samples are composited monthly 
, and gross alpha and beta concentrations. The 

ctor wells on the west bank, just downstream 
within the depositional area at the bend in the 

ly downstream from the confluence with 

6.6.2.2 Paddvs Run 
Surface water in Paddys Run was monitored at WMCO Statio W10, W11, W7, and W8 
(Figure 6-13). Station W5 provides an upstream control, S W10 represent upstream 
and downstream locations with respect to the Waste Storage W11 and W7 provide a 
similar upstream/doWnstream pair for the confluence of the S ewer Outfall Ditch with Paddys 
Run, and Station W8 is a downstream off-FMPC location. s were analyzed by 
WMCO for uranium content and gross alpha and beta activities. Bimonthly composites of weekly 
samples were analyzed for Ra-226 and Ra-228. 

The spatial distribution provided by these six stations was considered adequate 
surface water effects in Paddys Run. The ongoing progr;im was supported in the 
quarterly sampling at Stations W10, W11, and W7. Sample analysis was for 
program, TOC, TOX, and the general water quality parametq. 
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6.6.2.3 Storm Sewer Outfall Ditch 
Station W6 was used by WMCO to monitor effluent associated with the stom water drainage ditch. 

s were collected for uranium and gross alpha and beta analyses, while a bimonthly 
analyzed for Ra-226 and Ra-228. The RI/FS program involved a single sampling 
a stonn event at five locations along the ditch. Four samples were analyzed only 
t of radiological parameters, while the sample collected furthest downstream was 

for the full radiological parameter list, TOC, TOX, and the general water quality 
parameters. 

d by WMCO at Station W2. Station W2 is the sampling point 
nitor effluent fmm the Production Area and is the specified 
mit. Continuous samples are collected in proportion to the 

aily (24-hour composites) and analyzed for uranium content and 
alphabeta radioactivity. Monthly composites of the daily samples are analyzed for Ra-226, Ra- 
228, Ru-106, and Th-232. Two semiannual 

at Manhole 175 that 

tes are analyzed for other radionuclides. 

0, quarterly surface water samples were to be 
r the full set of radionuclides, TOX, 
sample was analyzed for the extended HSL 

In support of the data base being gene 
obtained from Station W2 for one year 
TOC, and general water quality param 
parameters. This program provided confirmatory data as to whether organics and selected 
inorganics are being discharged to the Great Miami River via the main effluent line. 

6.6.2.5 Waste Storage Area 
Numerous drainageways exist within or near the Waste Sto 

potential receptors of contaminants fmm spills, leaks, or o 
storage units or plant operations. Single surface water and 

the drainageways and analyzed for the base set of radiological parameters. 

ese drainageways were 
ciated with the waste 

nt samples were collected along 

6.6.2.6 Production Area 

Several drainageways and storm water run-off conveyances exist within the Produc 
Single samples from eight locations were analyzed for total uranium, Ra-226, 
alpha and beta counts. 

. .  . .  
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6.6.3 Surface Water Sampling 
The procedures and practices are to collect, grab, and composite water samples from streams, rivers, 

ps. 

hnique of sampling was grab or composite sampling, the sampling practice included: 

Sample containers with preservative were not used to collect the sample 
water. Initially, the samples were collected by a separate container 
(grab bottle) to obtain samples from a body of water. Subsequent to 
sampling, the sample was transferred into the container with a 

were clean and uncontaminated. Sample 
ed preservatives were filled to the top without 
loss of the preservatives. 

as chosen with c m  so that a representative 
be tested was obtained. 

Sampling was not conducted when there was visible surface debris or 
when artificial turbulence was in the stream. 

The sampling crew member s from the collection point 
to prevent any possible co g sample collection. 

Sampling consisted of plac outh down into the water, 
avoiding surface scum. was positioned toward the 
cumnt flow and away collector, the shore, the 
side of sampling platform, or boat. The sampling depth was 6 inches 
below the water surface. 

VOA vials were filled by pla 
preservative about 12 inches bel 
tuming the bottle over to allow 
glass container was then rem 
immediately filled from 

When more than one grab 
all the necessary sample containers, the portions were composited in a 
holding container prior to filling the individual sample containers. This 
provided for homogeneity of the collected sample. 

Field measurements were performed in accordance with Section 6.2 
the sampling plan. 

Stored collected samples in the field in an ice chest filled with ice and 
maintained at approximately 4 degrees Celsius. 

Samples were properly labeled and chain-of-custody records, sample 
collection logs, Water Quality Field Collection reports, and laboratory 
request-for-analysis forms were properly filled out. 
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6.6.4 Sediment Samding Locations 

es were collected on a quarterly basis from the same locations on the Great Miami 
ted at the quarter points in the channel and from depositional and flood 

each location. One sample from the most prominent depositional area at each 
used for full radiological analysis to determine if the potential for a long-term release 

of contaminants exists, and grain-size testing was performed at one location to assist in determining 
if sorption was an i cess. All other sediment samples from the Great Miami River were 
archived within thei ers in an environmentally controlled area. If the single sample 
analyzed from each 
background, all arc 

- background locatio 

ited a concentration of any parameter exceeding twice 
from that location and sampling event were to be subjected to a 

ped during the first round of sampling to better establish 
full radiological an on to this strategy was that al l  sediment samples from the 

background conditions. 

6.6.4.2 Paddvs Run 
Sediment samples were collected from Pa Stations W10, W11, and W7 on a quarterly 
basis. Station W5 was included in the s g program to provide a backgmund 
comparison. Samples from Stations W5: 0 were analyzed only for the base set of 
parameters (uranium, Ra-226, Ra-228, gross alpha and beta); whereas, a full complement of 
radiological parameters were tested along with grain size for sediment samples from Station W7. 
Sediment samples from the same four locations were analy asion for the extended 
HSL parameters. 

6.6.4.3 Storm Sewer Outfall Ditch 
Three sediment samples were collected along the length of set of radiological 
parameters and grain-size analyses were run to document these conditions and to establish any 
correlation with grain size. In addition, sediment samples were collected for the extended HSL 
analysis at two locations. These included a point just upstream from the conflu 
Run (downstream from the fly ash piles), and a point of depression in the ch 
midpoint of the ditch length (upstream from the fly ash piles). 

6.6.4.4 Manhole 175 
Sediment samples were collected fiom Manhole 175 concurrently with the quarterly surface water 
samples. The samples were analyzed for the full set of radiological parameters and grain size. 
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One sediment sample was analyzed for the extended HSL parameters during the initial round of 
sampling. 

cted for radiological analysis at numerous locations along drainageways 
rage Area. The object was to collect a single sediment sample from drainages to 

samples undenvent extended HSL analysis. 
from potential releases from the Waste Storage Area. These 

ter run-off conveyances exist within the Production Area. 
were analyzed for total uranium, Ra-226, Ra-228, and gross Single samples from 

alpha and beta counts 

6.6.5 Sediment Sampling 
The following practices were used for sed 

When traverse sampling of was conducted, a 
clamshell or dredge was us 

Prior to sampling sedime clam shell sampling device, 
was rinsed with stream water downstream from the sampling location. 

llection 0 
Sediment samples were collected to a depth of approximately six inches 
below the sedimenuwater interface. 

The dredge was decontaminated between each s 
cleaning with river water and a brush. 

6.6.6 Field Screening 
Surface water and sediment samples are field screened follo 
Section 6.35. 

6.6.7 ONOC 
QNQC procedures are followed as discussed in Section 6.3.6. Sufficient QNQC du 

and hip blank samples m collected and field audits conducted as required. QNQC 
is conducted as discussed in Section 6.3.6.4. 

rinse, 
entation 
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6.6.8 Field Analytical P r o m  

During sample collection, temperature, pH, specific conductance, and dissolved oxygen are measured 
e field procedures that pertain to these tests are followed in accordance with 

the QAPP and as previously discussed in Section 6.3.7.1. 

entification and p r e l i m i ~ ~ ~  characterization of potential sources and pathways is the 

is in a specific set of radiological parameters. These parameters 
principal goal of the surface water and sediment sampling, the supporting analytical programs will 

have a common co 
have been selected t tency with WMCO’s ongoing monitoring program and include 
total uranium, Ra-2 gross alpha and beta contents. Some surface water samples will 

undergo the same ex 
TOC and TOX 
waters from selected 
various organics in the Waste Storage 
analyzed for the extended HSL parameters. 

s, as the RIPS groundwater sampling program. 
indicator parameters of potential organic contamination in 

ys Run, and the Great Miami River. Based on the detection of 
water and sediment samples will be 

pling are presented in Appendices F and G. 
pling equipment was performed at a 

0 6.6.10 Results Analytical results of the surface water 
Decontamination of the surface water 
designated central staging area at the FMPC. 

6.7 SURFACE WATER ELEVATION DATA 
To assess the potential impacts of Paddys Run on groundwate FMPC, continuous 
water level recorders were installed to record hourly water le at Well Clusters 9 and 14. 
Well Cluster 9 is located along Paddys Run, midway betw e Area and the 
southern FMPC boundary. Well Cluster 14 is also loc , near the confluence 
of the Storm Sewer Outfall Ditch. Continuous water levels measurements were collected in Wells 
2009, 3009, 2014, and 3014. Stream stage was also recorded in stilling wells installed at these 
well cluster locations. The locations of these wells are shown in Figures 6-2 
level measurements were recorded hourly starring in March 1988 and continu 
three years. Water level elevations were measured with pressure transducers to wi 

Data from these recorders were used to detect pattern in water level c 
and the Great Miami Aquifer during dry and wet seasons. Hydrographs were generated from the 
collected data and stream stage/groundwater elevations were compared. Data from Well Clusters 9 
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and 14, from approximately February 21, 1989 to June 21, 1989, are presented in Appendix H. 
These data were chosen because they represent typical stream water/groundwater interactions and 

veral significant precipitation events. 
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7.0 FIELD INVESTIGATION: PRODUCTION AREA 

ty Compliance Agreement (FFCA) signed by the DOE and EPA on July 18, 1986 
ssing the environmental impacts associated with the FMPC. A site-wide RUFS was 

estigate the impacts, so that the remedial response actions could be formulated, 
implemented. One requirement of the FFCA was the development and execution of a 

sampling and analysis program to characterize all materials emitted, discharged, released, or 
potentially released 
addendum to the 
was presented to the 

nment in the Production Area To address this requirement, an 
entitled "Production and Additional Suspect Areas Work Plan" 
ber 1988, and was finalized in October 1989. 

7.1 OBJECIWES 

The overall obje 
determine if releases of hazardous and/or radioactive materials have occumxl, or have a reasonable 
potential for occurring. For purposes of this program, the term "Suspect A m "  was used to 
represent any localized area of the FMPC potentially contribute to environmental 
contamination due to a known use of the vious activity performed within the area. 

tion and Additional Suspect areas investigation were to 

Specific objectives of this investigation * owing: 

To define the nature and groundwater contamination 
associated with production facilities and identified suspect areas 

To evaluate the potential for groundwater contamination by defining the 
lateral and vertical extent of radionuclide and h 
contamination of surface and subsurface soils 

To determine if problems exist in the Productio 
with production facilities and suspect areas, an 
problems in terms of current or potential future 

To gain a refined understanding of the hydrogeologic system and groundwater 
flow panems throughout the glacial overburden underlying the Production Area 

7.2 SCOPE 
The sample locations and analytical parameters were established based on the histori 
areas and the materials handled in each a m .  The selection and prioritization of the 
investigated were based on the findings of a WMCO task force that was chartered 
areas where there is a high probability of historic, current, or potential releases. The subsurface 
data and analytical results generated by this investigation have been incorporated into the RI/FS. 1. 

oooar_3 
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container storage and transfer facilities 

southwest of the laboratory 

ychloxinated biphenyl PcB) transformer/hydraulic oil area 
Former waste solvent drum storage area behind the laboratory 

Plant 1 shot blaster area 
Abandoneddrum areas 

m the Clearwell to Manhole 175 

ction Area included the fire training area; an area north and east 
of the fire training area; an area south of the laboratory, where laboratory hoods are buried; 
Southfield, several rubble mounds and aband 
flagpole, near the entrance to the adminis 

The Production and Additional Suspect 
first program was to advance soil bori 
Area. The second program was to advance soil borings at the known or suspected locations of 
environmental releases. The third program was to install 2000 Series wells in the Great Miami 
Aquifer at selected locations. Piezometer boring and well 1 sented in Figures 7-1 
and 7-2 for the southern half of the Production Area and the 
respectively. 

7.2.1 Systematic Borinp Promam 
A 250-by-250-foot grid was established in the Production Area. Except for several special 
locations, borings were advanced at all points of intersection on the grid. Ninety-& borings were 
originally proposed. Where grid locations fell inside buildings, the borings were 
adjacent to the nearest wall of the building. Similarly, if a grid location fell insi 
containment mas, the boring was moved outside the diked area. If grid borings 
roadways, the boring location was shifted to the shoulder of the roadway. 

rum locations; and an area in the vicinity of the 

0 on included three boring programs. The 
25Gfoot grid throughout the Production 

m half of the Production Area, 

a 7.2.2 Focused Boring P r o m  
The focused boring program involved the advancement and sampling of borings specifically sited at 
locations where the potential for environmental contamination is high. The number and location of 

a!@O-I-rn 
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borings at each area of concern were in accordance with the "production and Additional Suspect 0 
lan" The focused program included borings inside of buildings in those cases when 

probability that an environmental problem exists under the building. 

ere advanced using 8-inch hollow-stem augers following the procedures described in 
Section 6.1.3 and as outlined in the "Production and Additional Suspect Areas Work Plan." If 
groundwater was encountered within the glacial ovehrden, piezometers were installed. If 
groundwater was not the borings were backfilled with grout and capped with cement. 

Production Area prior to the RWS. "The Production and 
I' called for the installation of seven additional 2000 Series 

monitoring wells and provided for several contingency wells. Five of the seven wells were 
installed under the 24-Well Program descri 
installed as part of the Production Area inv 
Work Plan. Each well was installed usi 
in Section 6.1.5. 

ection 6.1.2.3. Wells 2006 and 2007 were 
to complete the seven wells specified in the 
medures as for wells in the RI, as described 

7.3 METHODS 

7.3.1 Drilling 
Hollow-stem auger drilling methods were used to drill brings 
tool techniques were employed for well installation. Borings 
procedures described in Section 6.1.3 of this report and Secti 

7.3.2 Subsurface Soil Samding 
Continuous split-spoon samples were collected throughout the full depth of each boring using an 
18-inch split-spoon sampler. The sampler was driven at 18-inch intervals. Th 
increments were 0.0 to 0.5 foot, 2.0 to 2.5 feet, 5.0 to 5.5 feet, and at each 
increment until perched water or the projected depth of the boring was reache 
not collected for laboratory analysis below the water table. . 

ter installation. Cable 
following the drilling 

0 Each sample underwent full radiological and volatile organic screening and was characterized by a 
geologist in accordance with the procedures in the RI/FS Work Plan. If any soil samples exceeded 
the field screening criteria of a sustained reading greater than 5 ppm on the H N u  for at least 10 
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. seconds, the sample that exhibited the highest reading from each boring was transferred to the 
ple bottle and submitted to IT'S Oak Ridge Laboratory for full HSL testing. Other 

tted for full HSL analysis were from borings in mas where organics are known 
red and handled. From March to September 1989, samples from preselected depths 
WMCO FMPC laboratory for total uranium and total thorium analysis. After 

89, these analyses were done at the IT Oak Ridge Laboratory. 

7.3.3 Piezometer Installation 
Borings that encounte 
constructed of PVC. 
the water-bearing unit 

site geologist with 
0.020-inch slot size, 
4-inch diameter screens and casing were used. In those cases where the piezometers were finished 
in high traffic areas, flush-mounted protectiv 
The piezometers were installed following th 

completed as two-inch- or four-inchdiameter piezometers 
ar id  from two to ten feet and depended on the thickness of 
The screen length determination was made in the field by the 

e on-FMPC technical manager. Screens are 2-inch diameter, 
C. In some locations, where future pumping is expected, 

nclosures were used to secure the well head. 
discussed in Section 6.1.6 

7.3.4 Field Screening 
Field screening procedures for radiologic 
installation, as discussed in Section 6.1.4. 

were the same as for RUFS well 

7.3.5 Water Level Survey 
Water level measurements were taken following the procedures 
levels measurements were collected at the time the piezometer 
These measurements were incorporated into the overall wate 
conducted under the RI/FS. Water level measurements are 

d and monthly thereafter. 
ment program being 

7.3.6 Groundwater Sampling 
Groundwater samples were collected from each well after installation and at a mi 
more occasion under different seasonal conditions. Initial water samples colle 
2000 Series wells were analyzed for full HSL and full radiological piuamete 
were for gene& groundwater quality parameters and full radiological param 
RI/FS Work Plan. 

Samples from piezometers were analyzed for total uranium, total thorium, and nitrates at the time of 0 
completion and again approximately two months later. 

00,0464 
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7.3.6.1. PurPing 
mideration in groundwater sampling is to obtain a representative sample of the 

y. To safeguard against collecting nonrepresentative stagnant water from a 
elines and techniques for well purging discussed in Section 6.3.3.1 were 
um of thm well volumes of water was bailed from all piezometers prior to 

ple. For piezometers that could be bailed dry, the piezometers were evacuated and 

of water was evacuated from the piezometer. After the piezometer 
ples were collected in accordance with a priority list based on 

eter for which the sample was to be analyzed. All purging 
een wells using procedures previously specified for well 

allowed to recover prior to sample withdrawal. If the recovery rate was fairly rapid, and if time 
allowed, more than o 
had adequately recov 
the stability and vol 
equipment was deco 
development equipm 

Water generated while purging the piezometers was contained at the well and transported to the 
General Sump for disposal. Water fro econtamination pad, located at the site 
trailers, was also contained and transported 
equipment decontamination pad located e eral Sump flows directly into the General 
Sump. Water generated as a result of e entation at the FMPC equipment 
decontamination area (Building 69) was WMCO personnel. 

neral Sump. Decontamination water from the 

7.3.6.2 Sample Collection 
Water samples were collected from the wells and piezometers 
Section 6.3.3.2. Prior to sample collection, a water-level m 
depth to groundwater. The well or piezometer was then purg g. While purging. field 
pH, temperature, and specific conductance measurements corded. Water samples 
were collected with a teflon bailer and poured directly from 

e procedures discussed in 
taken to determine the 

iler into the sample bottle. 

7.3.6.3 SamDle Filtration 
When sampling for dissolved metals or radionuclides in water, the sample was fi 
following the procedures discussed in Section 6.3.3.3. The water sample was ei 
well or piezometer site with portable sample filtering equipment, or was taken 
collection trailer for filtration. A Millipore filtration apparatus equipped with a 0.45- 

was used. The filtering apparatus was properly decontaminated between samples. A 

was filtered, it was immediately transferred to the appropriate sample bottle containing the necessary 
preservative. Samples that were excessively turbid were prefiltered before final filtration with the 

Rl'GW/TS.1-2Il2-17-#) 7-7 
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0.45-micron filter. The prefilter mesh size depended on the amount of suspended material in the 

les submitted for laboratory analysis were preserved prior to final packaging and 
e laboratory, as required in Section 6.0 of the QAPP and as discussed in 

Section 6.3.3.4 of this report. 

Immediately after the 
in a cooler packed wi 

were delivered to the 
When the samples w 
maintain the sample 
weather, the samples wefe delivered to the site sample collection trailer more frequently to ensure 
the temperature of the sample was maintain 

Samples analyzed for volatile organic com and base-neutral extractable compounds, 
pesticides/PCBs, and general chemistry preserved by cooling to 4 degrees Celsius. 
Samples analyzed for dissolved metals ith concentrated nitric acid to reduce the 
pH to less than 2 and cooled to 4 degrees Celsius. Samples analyzed for dissolved radionuclide 
parameters were fdtered and then cooled to 4 degrees Celsius. 

7.3.6.5 Sample Numbering 
Each groundwater sample was assigned a unique sample num 
from the sampling well to the analyzing laboratory. At the 
laboratory sample number that was used to track the sample the laboratory. Laboratory 
certificates of analyses list both the field sample number and laboratory sample number for easy 
cross reference. 

were collected, the sample bottles were properly labeled, placed 
g material, and cooled to 4 degrees Celsius. The samples 
n trailer for final packaging and shipment to the laboratory. 
sh artificial icing material was placed in the shipping cooler to 
degrees Celsius. When samples were collected during hot 

4 degrees Celsius. 

used to track the sample 
sample was assigned a 

The field sample numbers were assigned sequentially in the order the wells in th 

sampled for each sampling event. The block of sample numbers assigned to the 
samples from the Production Area wells and piezometers start with 45120 and g 
sample numbers were referenced to a master sample collection log that lists all the s 

well numbers, time and date of sampling, sampling team, and type of sample collected. 
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7.3.6.6 Sample Packaning and Shipping 
hand canid to the WMCO FMPC laboratory and/or shipped to an analyzing 
vemight canier. The samples were properly packaged and dispatched to the 

ry for analysis, as specified in Section 6.0 of the QAPP and as discussed in 
of this report. Separate chainaf-custody and request-for-analysis records were 
ompanied the samples to the receiving laboratory. 

7.3.6.7 Chain of Custody 
The chain-of-custody 
samples shipped to e 
marked for identific 
Markings were m 
project name and n 
the initials of the individual@) performing the sampling, and the sample preservative used. 

Documentation of the sample chain of cust 
included the sample location, the types 
sample collection, the name of the perso r sample collection. the dates and times of 
all custody transfers, the signature of shing and accepting sample custody, and 
other pertinent information. Chain-of-custody procedures documented sample possession from the 
time of sample collection to sample disposal. 

scussed in Section 6.1.10.3 were used for all groundwater 
0 laboratory or the lT laboratory. All samples were adequately 

time of collection and packaging through shipping and storage. 
ched to each sample container. Sample identification included 
umber, sample location by well number, sampling date and time, 

rovided by a chain-of-custody form that 
f sample collected, the date and time of 

A chain-of-custody record was initiated in the field and a w m  group of samples during 
shipment to the laboratory. Each time custody of the sample 
the record and indicated the date of transfer. 

e new custodian signed 

If the samples were directly transported to the laboratory by project personnel, the original chain- 
of-custody form was kept in possession of the person delivering the samples. If the samples were 
shipped to the laboratory by commercial camer, the original chain-of-custody fo 
watertight container and placed in the shipping container, which was sealed with 
to giving it to the canier. The d e r  waybill served as an extension of the chain-o 
record between the final field custodian and receipt in the laboratory. The cani 
attached to a l l  chain-of-custody duplicates, which were retained in the site cen 
of custody for the sample was completed when the sample was disposed of. 

00016;7 
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The laboratory request-for-analysis form was prepared to indicate the testing program required for 
ples. The information recorded on the laboratory request-for-analysis form 
name and number, date samples were shipped, required report date and turnaround 
s, contact with telephone number for receipt of the analytical report and billing 
ple identification numbers, and sample volume and preservatives. A request-for- 

A sample tracking system was maintained in the RUFS site office on a personal computer (PC). 
The sample number, 
base onthePC. Wh 
the tracking system to 
provided useful rep0 

7.3.6.8 Decontamina 
The groundwater purging and sampling equipment was decontaminated after each use. The 
sampling equipment decontamination proced depending on the type of contamination 
anticipated at the sampling location. In the 
washed with a nonphosphate detergent and with dilute (0.1 N) hydrochloric acid, 
followed by two separate deionized water case of organic contaminants, the 
equipment was first washed with a no and then rinsed with tap water, 
methanol, and two separate deionized water rinses. Sampling equipment was never placed directly 
on the ground or on other potentially contaminated surfaces. 

As part of the RVFS QC requirements, one sample of the fin 
The rinsate samples were analyzed at a frequency of one per e 
thereof, within a sampling program, to check for cross con 

was submitted with each group of samples sent to the laboratory. 

ted analysis, and shipping date were entered into the relational data 
sults were received from the laboratory, they were logged into 
e requested results had been received. The tracking system also 

of time that samples had been in the laboratory. 

organic contaminants, the equipment was first 

ater rinse was collected. 
20 samples, or fraction 

wells or piezometers. 

7.4 FIELD ANALYTICAL PROGRAM 
The field analytical procedures required under the "Production and Additional Suspect Area Work 

Plan" are the same as those specified in the March 1988 RI/FS Work Plan, as di 
Section 6.3.7 of this report. 

7.4.1 Parameters 
Immediately following sample collection, the temperature, pH, and specific cond 
measured in the field and documented on the Water Quality Field Collection Report. Dissolved 
oxygen was measured only for the well samples. No dissolved oxygen or Eh measurements were 
made for piezometer samples. The field procedures pertaining to these tests were followed in 

000868 
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accordance with Section 6.2 of the QAPP and as discussed in Section 6.3.7 of this report. Field 
rfomed on unpnzserved samples. During adverse weather conditions, field analysis 

at the site sample collection trailer, in an area maintained at 20 to 25 degxees 

Field analytical procedures used in sampling piezometers were the same as those described for wells 
in Section 6.3.7.2. 

Instrumentation and 
Section 6.3.7.3. Ea 

for the field measurements were the same as discussed in 
calibrated as per the manufacturers’ guidelines and as 

Id, as discussed in Section 6.3.7.2. The calibration documents 
were maintained in the FMPC project files. 

7.5.1 O N 0  C Samples 
ere collected on a routine basis to verify 

and determine accuracy and precision. These QNQC samples included duplicate and rinsate 
samples, as well as trip blanks. The QA/QC samples were collected using the same procedures as 
discussed in Section 6.3.6.1, as summarized below. 

Duplicate samples were collected at the well location and we 
Duplicate samples were analyzed at a frequency of one per 
thereof, in a sampling program. Trip blanks were collected at 
were sent to the laboratory. Trip blanks were analyzed for the same set of parameters as the 
sample with the most extensive analysis. Rinsate samples wexe collected from the equipment 
following each well sampling. Rinsate samples were analyzed at a frequency of 
of 20 samples, or fraction thereof, in a sampling program. 

que sample numbers. 
samples, or fraction 

of one per day when samples 

set. 

7.5.2 Field Audits 
To verify compliance with the QAPP requirements, the QA Project Officer and other technically 
qualified personnel planned, performed, and documented audits of groundwater sampling activities. 
These audits consisted of an evaluation of QA pn>ceduxes and the effectiveness of their 

O W n , 9  
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implementation, an evaluation of work area activities, and a review of project documentation. 
rformed in accordance with written checklists and were formally documented. 

mpletion of the audits, a report was prepared and submitted to the Project Director 
riate personnel. During the audit, and upon completion, the findings were 

the individual sampling team members and task leaders. Corrective actions were 

APP requirements. 
immediately initiated, if required. All audit report findings were corrected and appropriate measures 
were taken to comply 

Field QNQC docume groundwater sampling activities was conducted in accordance 
field forms and checklists were used to ensure all required data 
s were followed. These forms were filled out in the field as 

the tasks were accomplished. Calculations made in the field were verified by other sampling team 
members. Instrument calibration and measure 
members, as appropriate. 

Water Ouality Field Collection Report 
The project name and number, sampling 
members, and weather conditions were recorded on the Water Quality Field Collection Report. 
Field instrument calibrations were also recorded on this field form, as were the field measurements. 

were obselved by other sampling team 

d time of sampling, sampling team 

SamDle Collection Log 

...... 

The sample collection log was used to record the sample num 
members, and type of sample collected. The sample collecti 
reference a l l  groundwater and soil samples collected to a 
number was used to track the sample from the well site to the laboratory and to cross reference the 
analytical results to the appropriate well location. 

location, sampling team 
a master list to cross 
ber. The sample 

Field Activity Daily Log 
. . . . . . . . 

The Field Activity Daily Log was used to document the chronology of the sampling 
activities. Included on this log the times when well purging and sampling were 
static water levels before well purging, volume of water removed from each.well, 
noteworthy events that occurred during the sampling effort. The Field Activity Daily Log was used 
by the sampling team to record any noteworthy data not specified in any of the sample collection 
forms. 

000170 
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7.6 RESULTS 

C records described in Section 7.5.3 are maintained in the site office central Nes. 
mal Classification of Soils) are presented in Appendix A. Piezometer installation 

well installation details are presented in Appendix B. AU elevations and 

s are based on Ohio State Planar Coordinates. 

. . . . . . . . 
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8.0 LABORATORY ANALYTICAL PROGRAM 

rface water, soil, and sediment samples have been collected to evaluate current 
nditions at the FMPC and surrounding areas. Additionally. the data were used to 
nditions resulting from the implementation of various remedial alternatives. 

been analyzed for parameters historically used, stored, or produced at the FMPC. 
Regulatory agencies have required that additional organic and inorganic parameters also be analyzed 
to more completely characterize the impact of operations on the environment. 

The laboratory tes 
divided into three el de: 

ucted on groundwater and subsurface soil samples can be 

* R  
* G  

Organic/imorganic analysis 

d for a set of radionuclides historically used, 
re the same as those being analyzed under stored, or produced at the FMPC. The 

RCRA compliance monitoring, and inch 

Gamma Spectral Analysis 
Total Uranium 
uranium 234 
Uranium 235 
Uranium 236 
Uranium 238 
Radium 226 
Radium 228 
Technetium 99 
Thorium 228 

Thorium 230 
Thorium 232 
Cesium 137 

. .. .. 

8.1.1 Analytical Methods 
Radiological analyses were performed in accordance with the 
and Procedures Manual. This manual includes the following procedures that we 
radiological analyses: 

RSL-001 Acquisition and Use of Standard Reference Material 
RSL-002 Standardization of Carrier Solutions 
RSL-IO2 Operation of Alpha Spectrometer Systems 
RSL- 103 Calibration of Liquid Scintillation Counting Systems 
RSL-104 Operation of Low Background A l p m e t a  Counting Instruments 
RSL-105 Calibration of Alpha Spectrometer Systems 
RSL-106 Calibration of Alphmeta Counting Instruments 000172 
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RSL-107 Operation of Liquid Scintillation Counting Instruments 
SL-108 Operation of Alpha Scintillation Counting Instruments 
L-109 Background Determination of a Germanium Detector Spectroscopic System 
L-110 Determination of Germanium Detector Counts Reproducibility 
L-11 1 Linearity Check of Germanium Gamma-Ray Spectroscopic Systems 

-1 12 Operation of Germanium Gamma Spectroscopic System (ND 66/680) 
SL-113 Determination of Germanium Detector Counts Reproducibility 
SL-201 Samples Preparation 

RSL-202 Extraction of Iron from Soil or Metallic Samples 
RSL-304 Determination of Selected Alpha Emitting Isotopes 
RSL-305 Determination of Strontium 89,90 in Water Samples 

on of Strontium 89.90 in Milk Samples 
on of Gross Alpha and/or Beta Activity 
on of Radium-226. 228 in Aqueous Samples 

Interlaboratory Quality Control Analyses 
Interlaboratory Quality Control 

of Technetium-99 
on 

urveillances and Audits 
RSL-703 Storage and Maintenance of Records 

RSL-802 Checking Laborato 

RSL-902 QA Orientation of 
RSL-903 Materials 
RSL-904 Reporting of mplianm per lOCFR21 
RSL-1001 Sample Rece 
RSL- 1002 Radiologi ification of Mixed Waste Samples 

RSL-801 In~truction~ Laboratory Housekeeping 

RSL-901 Training and Quali 

RSL-1004 Sample and Data Flow 

8.1.2 Detection Limits 
Typical detection limits for the radionuclides analyzed were s Table 8-1. As with any 
analytical method, it was not always possible to obtain these le 
analytical difficulties related to sample composition matrix and 

8.1.3 Differential Leaching Test 
Samples of subsurface materials from the Great Miami Aquifer were subjected to a differential 
leaching test to estimate the amount and type of adsorbed uranium on the so 
liquid that results from the mixing of a solvent such as water or an organic mix 
material. Various compounds of interest were transferred from the solid to the 
removal of the solids, they Can undergo chemical analysis. Leachates recove 
analyzed for uranium by standard laser-fluorimetry procedures. Detailed laboratory p 

tion because of 

the leaching test can be found in the Wok Plan for the Geochemical Program and the Field 
Sampling and Laboratory Procedure Plan for the Geochemical Pmgram. 0 
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TABLE 8-1 

CAL DETECTION LIMITS OF THE ANALYZED RADIONUCLIDES 

Detection Limit 

Total U 

u-234 

U-235, 236 

U-238 

TH-228 

TH-230 

TH-232 

PU-238 

PU-239, 240 

SR-90 
a 

TC-99 

NP-237 

RA-226 

RA-228 

Total TH 

. . . . . . . . . 

30 pCi/L 

1 p c f i  

...... 
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The differential leaching test was designed to distinguish between easily mobilized and available 
or amorphous d u m  phases from insoluble uranium in mineral lattices, such as 
available to the groundwater environment. The differential leaching test was 

de the following information: 

ranium present in fine-grained cahnate  minerals (i.e., pore cement) 

Uranium present as sorbed species on clay minerals and amorphous iron and 
aluminum oxyhydroxides 

urani 

. urani 

rbed species or within organics in the soils or wastes 

orphous solids or oxide phases such as UO, or U,O,. 

an be summarized as follows: The four-step extracti 

Sodium acetate was used to digest the fine-grained carbonate minerals 

Disodium ethylenediami 
from clay minerals and 

Hydrogen peroxide was used 

d (EDTA) was used to strip sorbed uranium 
and aluminum oxyhydroxides 

Nitric acid (1:l with distill 
of uranium. 

ed to dissolve amorphous solids and oxides 

At each step, the reagent was agitated with the sample, and the resulting leachate was recovered by 
centrifuging and analyzed for total uranium by laser fluorime 

Aquifer solids were also subjected to a leach test to determine of leachable iron and 
manganese. This test was conducted to assist in the evaluatio adsorption on iron and 
manganese oxyhydroxide films that coat grains or fractures in uifer. Detailed laboratory 
procedures for the iron and manganese leaching test are in r the Geochemical 
Program and the Field Sampling and Laboratory procedure Plan for the Geochemical Prom. 

The leaching technique was designed to recover iron and manganese from amorp 
coatings on grains or fractures and crystalline oxide minerals using a solution of 
hydroxylamine hydrochloride. Aquifer solids were mixed Mth the leaching soh 
the leachate recovered by centrifuging. Unlike the differential leaching procedu 
recently bound uranium, this procedure would also recover ancient uranium locked in the mineral 
lattices of detrital grains or fracture coatings. Therefore, uranium sorbed to iron- and manganese- 
oxyhydroxide coatings on grain surfaces or fractures would be removed and mixed with uranium 

0 
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recovered from the lattice sites in iron- and manganese-oxide minerals, deuital grains, or fracture 
atite or pyrolusite. The two uranium components cannot be distinguished in the 
e background component uranium in mineral lattices must be estimated from aquifer 

known to be uncontaminated. 

ANIC CHEMICALS 
Designated samples were analyzed for the following parameters used as indicators of drinking water 
quality under the ong 

Arsenic 
Barium 
Cadmium 
Chromium (hexavalent; total) 
Fluoride 
Lead 

Sodium 
Sulfate 
Gross alpha 
Gross beta 
Alkalinity as CaC03 
Carbonatebicarbonate 

Nickel 
Potassium 
Phosphate 

Copper 

Mercury 
Nitrate 
Selenium 
Silver 
Ammonia 
Total organic nitrogen 
Molybdenum 
Calcium 
Magnesium 

8.2.1 Analytical Methods 
The inorganic analytical procedures were: 

Inductively Coupled Argon Plasma Spectrom EPA Method 200.7 
Co, Fe, Pb, Mg, Mn, CLP-M) for the analysis of Al, As, Ba, Be, 

Mo, Ni, Si, Na, Th, V and 21) 

Method 206.2 CLP-M) and Selenium (U.S. EPA Method 270.2 CLP-M) 
Graphite Furnace Atomic Absorption Spe enic (U.S. EPA 

Cold Vapor Atomic Absorption Spectrophotometry for Mercury (US. EPA Methods 

Alkaline Extraction and Colorimetric Determination of Hexavalent Chro 
(U.S. EPA Methods 3060 and 7196) 

DigestiorJDistillation and Titrametric/Colorimeuic Determination of Cy 
(U.S. EPA Method 335.2 CLP-M) 

245.1 CLP-M and 245.2 W-M) 

Bellack Distillation and Specific Ion Electrode Determination of Fluoride (U.S. EPA 
Method 340.2) 

Colorimetric Determination of Nitrate Nitrogen (U.S. EPA Method 352.1) 
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its for the inorganic parameters analyzed are summarized in Table 8-2. 

ated for organic chemical analysis were analyzed for the following extended HSL 

HSLinorganics 
HSL volatiles 

r organics 
ticides 

8.3.1 
The analytical program for the HSL volatile organics, semivolatile organics, and pesticidesKBs 
followed the methodologies outlined under 
Multi-media Multi-Concentration Organics, echniques." A library search was also 

A, 1985 "Chemical Analytical Services for 

executed for non-HSL sample compounds se of tentative identification. 

8.3.2 Detection Limits 
Detection limits for the organic parameters analyzed were summarized in Tables 8-3, 8 4 ,  and 8-5 
for volatile organics, semivolatile organics, and pesticides and PCBs, respectively. 

8.3.3 SamDle Request for Analysis 
Table 8-6 lists the analytical parameters included in the HSL, 
radiological analytical p u p s .  These terms were used to ide 
throughout the RUFs program. 

HSL plus, and full 
ific groups of analyses 

8.4 RESULTS 
Results of the laboratory analysis are presented in Appendix E for groundwater 
Appendix I for subsurface soils. 

8.5 OUALITY ASSURANCE/OUALITY CONTROL 
Laboratory QA/QC procedures were followed as provided in the IT Analytical Services QA Manual, 
the IT Oak Ridge Laboratory QA Manual, and the Laboratory-Specific Attachments for IT Oak 
Ridge Laboratory, Mixed Waste and Middlebmk Pike laboratories. The laboratory results and QC 
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TABLE 8-2 
TYPICAL DETECTION LIMITS 

OF ANALYZED INORGANIC CONSTITUENTS (e) 

Detection Limit 

Chloride 0.5 
Iron 0.05 
Manganese 
Phenols (total) 
Sodium 
Sulfate 

Copper 
PH 
Nickel 
Potassium 
Phosphate (as P) 
Arsenic 
Barium 
Cadmium 
Chromium (hexavalent; total) 
Fluoride 
Lead 
Mercury 
Nitrate (as N) 
Selenium 
Silver 
Ammonia (as N) 

Total Organic Nitrogen 
Molybdenum 
Calcium 
Magnesium 
Sodium 

a 
Standard units. a 

~EW/rS.l-Zn2-17-90 

. . . . . . . . . . 

8-7 

0.001 

0.01 
0.002 

1 

0.01 
- + 0.018 
0.02 
0.1 
0.02 
0.002 

0.002 
0.002 
0.02 
0.1 

0.05 

0.1 
0.1 . . .  

0.02 
0.01 
0.05 

0.05 
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TABLE 8-3 

TYPICAL ORGANIC DETECTION LIMITS 
OF ANALYZED VOLATILE ORGANICS (ug/L) 

Detection Limit 

Chloromethane 
Bmmomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1.1 -Dichlomethene 
1.1 -Dichlomethane 
1.2-Dichloroethene (total) 
Chloroform 
1.2-Dichloroethane 
2-Butanone 
1.1.1 -Tetrichloroethane 
Carbon tetrachloride 
Vinyl acetate 
Bromodichlommethane 
1.2-Dichloropmpane 
cis- 1.3-Dichlompropene 
Trichloroethene 
Dibmmochlommethane 
1.1 2-Trichloroethane 
Benzene 
trans- 1.3-Dichloropropene 
Bromoform 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 

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

10 
10 
10 
10 
5 

10 
5 
5 
5 
5 
5 
5 

10 
5 
5 

5 
5 

5 
5 
5 

10 
10 
5 

. . .  

8-8 
000179 



December 17. 1990 

TABLE 8-4 

ETECTION LIMITS OF ANALYZED SEMNOLATILE ORGANICS (ug/L) 

Detection Limit 

1.1.2.2-Teuachlomthane 

Toluene ...... 

Chlorobenzene 
Ethylbenzene 
Styrene 
Xylene (total) 
Phenol 
bis(2-Chlomethyl)ether 
2-Chlorophenol 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
Benzyl alcohol 
1.2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropyl)ether 
4-Methylphenol 
N-Nitrosodi-n-propylamine 
Hexachloroethane 
Nimbenzene 
Isophorone 
2-Nitrophenol 
2.4-Dimethylphenol 
Benzoic acid 
bis(2-Chlomethox y )methane 

2.4-Dichlomphenol 
1.2.4-Trichlorobenzene 
Naphthalene 

5 

5 
5 

5 
5 
5 

10 
10 
10 
10 
10 
10 
10 . . . . . . . . . 

10 
10 

10 
10 

.. ... 

50 
10 

10 
10 
10 . ... 

10 
8-9 
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Hexachlorobutadiene 
4-Chlom-3-methylphenol 
2-Methylnaphthalene 
Hexachlom y clopenta 
2,4,6-Trichlomphenol 
2,4 5 -Trichlomphenol 
2-Chlomnaphthalene . . . . . . , , . . . . . . . . . 

2-Nitroaniline 
Dimethylphthalate 
Acenaphth ylene 
2.6-Dinitrotoluene 
3-Nitroaniline 

Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophen yl-phen ylether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosdiphenylamine (1) 
4-B romophenyl-phenylether 
Hexachlombenzene 
Pentachlorophenol 
Phenanthrene 

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

10 

10 

10 
10 

10 

50 

10 

50 

10 

10 

10 
50 

10 
10 
50 
10 

50 

10 

10 

10 

10 

50 . 

10 
. .  .... 

8-10 
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TABLE 8-4 
(continued) 

Detection Limit 

Anthracene 
Di-n-butylphthalate 
Fluoranthene 

pyrene 
Butylbenzylphthalate 
3,3-Dichlombenzidine 

. . . . . . . . . 

Chrysene 
bis(2-Ethylhexy1)phthdate 
Di-n-octylphthalate 
Bem(b)fluomthene 
Bern(k)fluomthene 
Bern( a)pyrene 
Indeno( 1 2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Bern(gb,i)perylene 

I 

8-1 1 

10 
10 
10 
10 

10 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . , . 

000182 
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TABLE 8-5 

CTION LIMITS OF ANALYZED PESTICIDES AND PCBs (ug/L) 

Detection Limit 

alpha-BHC 0.050 
beta-BHC -~~~ ~ 

delta-BHC 
gamma-BHC (Lindan 
Heptachlor 
Aldrin 

. . . . . . . . . . . . . . . . . 
Heptachlor epoxide 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

Endosulfan I 0.050 
Dieldrin 0.10 
4’4’-DDE 
Endrin 
Endosulfan II 
4,4’-DDD 
Endosulfan sulfate 
4,4’-DDT 
Methoxychlor 
Endrin ketone 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor-1016 
Aroclor- 122 1 

Aroclor-1232 
Aroclor- 1242 
Aroclor-1248 
Aroclor- 1254 
Aroclor- 1260 

. . . .  . ... . 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.50 
0.50 
0.50 
0.50 

’ 0.50 
1 .o 
1 .o ... .  .. 
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. . . . . . . 

TABLE 8-5 
(continued) 

Detection Limit 

Azinphos-meth yl 5.0 
Demeton 1 .o 
Diazinon 0.5 

Disulfoton 0.5 
Ethion 0.5 
Malathion 1 .o 
Parathionethyl 0.5 
Parathion-meth yl 1 .o 

. . .  . . .  

a .  
8-13 000184 
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TABLE 8-6 
ANALYTICAL PARAMETER GROUPS 

a 

Total Thorium 
IsotopicUranium Isotopic Thorium 
Isotopic Plutonium Technetium-99 
Radium-226 Cesium-137 
Radium-228 Strontium-90 

Ruthenium-106 

c Compounds 
Metals plus Molybdenum 
Mercury 
Cyanide 

Full HSL 

All of the above plus HSL Pesticid 

HSL + 
a 

All of the above plus Organophosphorus Pesticides, Dioxins, Furans 

~ 

%SL as defmed in 40 CFR Part 130. 

8- 14 
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data were reviewed by the appropriate laboratory manager and QC Coordinator. The QC data were 
the analytical results. 

ples were also analyzed following the criteria established by the U.S. EPA Contract 
gram (CLP). Other EPA-approved alternate analytical methods followed 

ytical procedures considered acceptable. Data generated by EPA-approved alternate 
analytical methods were verified and validated in accordance with the quality control specifications 
documented for the alternate method or its originating reference document. 

Internal QC checks 
and laboratory inve 

ed to verify the resulting quality of the measurements of the field 

8.5.1 Data Verificahon 
At the time this report was prepared, data verification was still in progress. 

8.5.2 Data Validation 
At the time this report was prepared, da was still in progress. 0 

8-15 
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9.0 DATA FROM OTHER STUDIES 

ental investigations and studies have been conducted in and around the FMPC. 
re focused primarily on potential health and environmental problems associated with 

the FMPC. Major past studies undertaken by the DOE, NLO, WMCO, and others 
e groundwater investigation are summarized below. 

9.1. ENVIRONMENTAL SURVEYS 
For more than 10 years, the environment in and mund the FMPC has been closely monitored by 
DOE (1977, 1985, dge Associated Universities (ORAU 1985), various FMPC-related 
committees Fleming and Ross 1984), and various contracted agencies (IT 
1986; Weston 19 . The DOE and ORAU documents include environmental impact 
assessments, EIS ronmental surveys. Internal reports of studies by NLO and 
WMCO include nmental Monitoring Reports and the Aquifer Contamination 
Control Reports (various authors, 1965 to present). These documents are available through WMCO. 

The contracted studies represent more e environmental sampling and analysis 
programs. The material contained in th document the analytical results from a large 
number of groundwater, surface water, 
included radionuclides, organic compo d general water quality parameters. A 
sampling and analysis program to comply with RCRA provisions is also ongoing at the FMPC. 

, and air samples. The analytical constituents 

FMPCoperations. The 
C. The data collected 

program, and continues to be used in the present study when evaluating releases to the subsurface 
environment from the FMPC. A stringent QNQC controls program was implemented during this 
study and the quality of the data was considered to be acceptable for use as p 
base. 

IT. 1988, Hvdrogeolonic Study of FMPC Dischanze to the Great Miami River. 
conducted a hydrogeologic study to determine the relationship between the FMPC 
and the water quality of the collector wells and other pumping centers. This study was highly 
dependent on the results of a two-dimensional groundwater flow model that represents an 

9-1 000187 
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intennediate point in the development of the model described in Part IV of this report. The 
conclusions from this model study were: 

e discharge from the FMPC effluent pipeline likely occuzs within a portion 
the Great Miami River that contributes flow, via inducted infiltration, to 
collector wells. 

incremental impact of the effluent on the quality of water pumped from 
e collector wells lies within the range of variability of previous 

observations of collector wells water quality; therefore, it may not be 
detected under average conditions. 

of the Albright & Wilson Co. and FMPC pumping 
to c a p m  water infiltrating through the Great 

FMPC discharge point due to their relatively low 
e distance from the effluent discharge point. 

of uranium observed in the collector wells was 
ode1 results indicate a potential eastward component of 
the FMPC Production and Waste Storage areas to the 

in relation to the capture zone of the 
collector wells. Water infiltrating from the Production and Waste Storage areas 
is within the zone of model un 
collector wells. The low levels 
unresolved issue that may a mass balance at the 
collector wells due to the wed in the collector 
wells. 

Weston. 1987. Characterization Investigation Studv. Roy E Weston conducted a Characterization 
Investigation Study (CIS) of the FMPC during 1986-1987. The CIS was primarily a data collection 
investigative study to characterize the materials in the Waste Storage Area Results of this study 
are contained in'several volumes. As part of this study, s 
collected from the Waste Storage Area for chemical and 
collected from Pits 1 through 6, the bum pit, the two lime 
A walk-over s w e y  was also conducted and samples were 
and Inactive Fly Ash piles. Conclusions from the testing p 
would be required to fully define the physical and chemical characteristics of the stored waste 
materials. 

sludge) samples were 
yses. Samples were 

, and the sanitary landfill. 
from Southfield and the Active 

indicated that more sampling 

The data collected during the CIS investigation have been extensively used in 
the potential contribution of the Waste Storage Area and the Southfield/Fly Ash A 
contarmnan t plume@) in the Great Miami Aquifer beneath.and south of the FMPC. 

aluate 

9-2 000188 
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Geotrans, 1985, Preliminary Characterization of the Groundwater Flow System Near the Feed 
Materials Production Center, Great Miami River Valley Fill Aauifer, Femald. Ohio. The Geotrans 

study evaluated a groundwater divide presented by the USGS (Sedan 1985) using a 
simulation model. Geotrans indicated that more wells were needed along the eastern 
to better define the groundwater divide and groundwater flow in that area. The 

undwater modeling study concluded that: 

There exists a groundwater divide which trends from the southeast to northwest 
across the south-central portion of the FMPC 

ifer near the Waste Storage Area will travel east 

te Storage Area will travel south and southeasterly 

This report 
and revision presented information on the discharge of mdionuclides from the FMPC during the 

years of plant operation (1954 to 1984). 
airborne releases were emphasized in the 
not available conceming the time and 
contained in the report follows: 

es to both air and water had occurred, but 
Estimates were made when historic evidence was 

leases from the FMPC. A summary of the data 

Air Emissions: Most of the calculated potential dose from FMPC operations is 
due to uranium; however, daughter products, fission products, and transuranic 
nuclides have been emitted. Over the years the FMPC was in operation, 
uranium was discharged from 110 stacks, with 
approximately 123,000 kilograms (kg). 

Wastewater Dischawe: Over the years the 
was discharged to the G m t  Miami River, 
74,308 kg. Thorium discharge data have 
estimated thorium discharged to the Great 
to 24-year records were available corn 
Tc-99, Ru-106, Cs-137, Ra-226, Ra-228, Np237, PU-238, and pU-239/240. 

Groundwater Dischawe: Twenty-two off-FMPC wells were routinely sampled. 
Three of these wells have above-background uranium concemtio 
wells were no longer used as drinking water sources. 

Radon-222 Source Tern: The estimated source tern for Radon-222 fl 
both K-65 silos under present storage conditions, is 60 curies per year. 
Dispersion code calculations predict that this flux will add an avera 
0.006 pCi/L to the Radon-222 concentrations, or 2.5 percent of the 
background Rn-222 concentrations in the Cincinnati area. The amount of 
Ra-222 in the silos was assumed to be 1,760 curies, instead of the 
previously used estimate of 1,652 curies. 

10@w39 
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9.2 GEOLOGIC INVESTIGATIONS 
Geologic investigations of the area that surrounds and includes the FMPC have contributed 

rmation to the RJ/FS investigation. Fenneman (1916) performed an extensive survey 
in the Cincinnati area. This report is among the first that describes in detail the 
estone and shale bedrock and its mantle of glaciofluvial and alluvial sediments. 
such as Dunell (1961) supported the earlier observations of Fenneman The shape 

ed channel aquifer was further refined by Watkins and Spieker (1971) via geophysical 

es, Ohio, as well as individual quadrangle maps of areas located in 
surveys of the area around Femald. More recent information includes various maps of the geology 
of Hamilton and B 
those counties (Leo elker 1985; Ford 1974; Swinford, in preparation). Maps showing 
the extent and age 
Lerch et al. (1980 

the study area have also been produced (Brockman 1986). 
rformed soil surveys of Butler and Hamilton counties, Ohio. 

9.3 SURFACE WATER INVESTIGATION 
The Miami Conservancy District 
Valley since the early 1900 (Houck 1921) 
Cincinnati Airport. Flood information for 
the Federal Emergency Management 
streams, including the Great Mi 
to flow duration and water quality ( 

and runoff records for the Miami River 
tation records have also been kept at the 

Miami River and Paddys Run is available from 
1982). Additional information on most Ohio 
Run, has been well documented with respect 

1959; OEPA 1982). 

Flow in the drainage basin is monitored by the USGS using a gaging station on the Great Miami 
River at Hamilton, Ohio. Flow regulation on the Great Mi 
Spieker (1968a). Paddys Run data have been compiled by 
Realignments and other modifications of Paddys Run and its 
documented by Dove (1961) and WMCO (1987). Surface 

are available fmm NLO for the period 1979 through 1985 
through 1983. WMCO has maintained surface water quality data since 1986. 

on the FMPC have been 
ata for the FMPC area 

OEPA for the period 1977 

9.4 HYDROGEOLOGIC INVESTIGATIONS 
Dove (1961) and Spieker (1968a) extensively described the hydrology and hy 
Great Miami Aquifer in the lower Great Miami River Valley. These studies docum 
rates, permeabilities of various lithologies, and other aquifer characteristics. Both al 
pundwater/surface water interactions, specifically for the Great Miami River and 

Other studies of the regional valley-fdl 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 

000130 
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(Walker 1986; Walton and Schaefer 1956), and various Wntmcted studies (GeoaanS 1985; Dames 
and Moore 1985a; ATEC Associates, Inc. 1982). "0 other studies by Spieker (1968b,c) deal with 

effects of increased pumping of the groundwater and future development of the 
sources, respectively. 

m s  (1951) were the fim to describe the possible fate of chemical and radionuclide 
wastes that infiluate the groundwater in the Great Miami Aquifer. Publications released in the last 

de releases from the FMPC into the environment. These studies are 
from either DOE (1 mal WMCO documents (Boback et al. 1985, 1986; WMCO 
1987, 1989; Clark ieker and Noms (1962) investigated radionuclide contamination 
of the groundwater of the contaminated water through the Femald, Ohio area. 

of Health (ODH) has documented radionuclide contamination in 
DH 1988). Sedam (1984) investigated the occurrence of uranium 

- 

in the groundwater in the vicinity of the FMPC for DOE. Starkey et al. (1962), and the NLO 
(Spenceley 1983) performed internal investi 
non-FMPC contamination 

to distinguish between FMPC contamination and 

. . . . . . . . . 
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PART IIL DATA ANALYSIS 

C groundwater repcnt provides an in-depth discussion on the regional and site- 
setting and geochemical and groundwater quality. Figure III-1 presents a 

overall structure of the FMPC groundwater studies being documented in this 
gure not only provides a retrospective summary of the planning and data collection 

phases reponed in Parts I and II of this report, but also gives an indication of the types of 
applications to be discussed in forthcoming Parts IV and V. The necessary transition step from 
data collection to p and data analysis is the subject of Part III of this report. 

Part III has been divi 
discussed in Chapter 
and 12.0. The m 

hapters. The rationale and sequences of the data analysis are 

onal geology and hydrogeology are presented in Chapters 11.0 

parameter estimation is given in Chapter 13.0. 

Surface and groundwater quality are discussed 
geochemical parameters as input data to m 
devoted to the discussion of the o p b l e  

pters 14.0 and 15.0. Estimation of the 
ade in Chapter 16.0. Finally, Chapter 17.0 is 

. . . .  

m-1 
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10.0 INTRODUCTION 

ent of an effective and economical remedial solution for a contaminated site 
C requires a comprehensive understanding of the source-pathway-receptor 

This understanding requires knowledge of the rate and quantity of the 
reaching the groundwater. It must also determine the rate of migration of the 

contaminants and their concentrations at different locations and times. This information 
will show the spatial and temporal concentrations of the various chemical constituents 

d around the FMPC site. 

stigation program, regardless of its magnitude, the data are 
times. These data should be interpreted and furthermore 

and temporal variations of the hydrologic setting and 
obtained at discre 

chemical constituent concentration 
between the field data and the extrapo 
importance of the hydrogeology, geoch 
receptor relationship, a great emph 
subjects. This interpretation has he 

model, identify the data gaps prior to groundwater modeling, and to develop a conceptual 
three-dimensional model of the site. 

the data analysis is to provide the link 
niques (e.g., modeling). Because of the 
d water quality to the source-pathway- 
laced on interpretation of the above 

e the key input parameters to the 

' 

For purposes of this report, the data analysis effort has 

subject mas. Both the regional and local hydrogeologic 
Chapters 11.0 and 12.0, with an emphasis on observed 

aquifer and the interpretation thereof to establish the se 

and velocities. This information provides a critical input for the calibration of the 
groundwater flow model and the overall evaluation of contaminant migra 

water elevations in each 

undwater flow directions 

A combination of published information and W S  field studies is used 
establish representative, site-specific values for the hydrologic parameters of p 
concern. These parameters include vertical and horizontal permeabilities 
infiltration and recharge rates, stream leakage rates, and pumping rates. They find their 
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principal use in this report as input values to the groundwater models, and were modified 

ed range as a consequence of model calibration. 

ysis is performed in Chapter 16.0 to establish representative values for the 
arameters of interest. The retardation factors for each radionuclide and 

oncern for the various operable units are the principal parameters addressed in 
this chapter. Separate values are derived for different subsurface environments, such as the 
Great Miami Aquifer and the glacial overburden underlying much of the site. Geochemical 
laboratory studies 
also discussed in th 

both the solute tra 

highly dependent o 
units and the saturated and unsaturated glacial overburden. 

al models used in support of parameter determination are 
e resultant parameters are principally used as input to 
d the model of long-term migration, with the latter 
stry of both the release from and depletion of the waste 

The reporting and interpretation of s and groundwater quality data for the 
FMPC are the emphasis of Chapters 14 0. These data provide direct evidence to 
establish the current nature and extent ater and groundwater contamination, as 
well as important baseline condition of source terms and calibration of the 
solute transport model for use in nditions. Incremental contributions of 
environmental contaminants attributable to the FMPC can only be distinguished once 
background conditions are established. The background c of each principal 

parameter of concern is estimated in Chapters 14.0 and 1 
information and W S  analytical data. 

n published 

The specific application of the groundwater data to operable units is the subject of 
Chapter 17.0. In this chapter, the hydrogeology in the immediate vicinity of each operable 
unit is developed with an emphasis on the locally viable overburden condi 
analysis was performed in support of the concurrent RI efforts for each o 
ensure that the individual RI interpretations are consistent with the under 
wide conditions. 

........ ......... ........ >:.:.:.:.;:.:.: ........ ......... ........ ............ .............. ................. .......... .......... ....... ....... ........ ......... ........ ......... ........ ......... ........ ......... ........ ......... ........ ........ 
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m e  eventual applications of the results of the data analysis effort, as reported in 

1.0 through 15.0, are subsequently described in Parts IV and V. Part IV is 
e various groundwater modeling studies, whereas Part V addresses various 
t to the RI/FSs being prepared for individual operable units. The specific 

f the results to operable units are summarized in Part V. Details of these 
presented in the RI and FS reports for the respective operable units. 

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

. I  

'... 000198 .., .- ... - 
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11.0 REGIONAL GEOLOGY 

of the FMPC study area has been previously described by Fenneman (1916), 
968). Previous reports by the above-mentioned authors and 

Spieker (1971) and B r o c k  (1986) provide detailed geologic descriptions. 
se studies, with modifications and extensions resulting from data collected 

during the RI studies, a comprehensive geologic history has been developed for the study 
as described in detail in Section 2.2.1 and is summarized 

below in relation ts of principal importance to the FU/FS. 

ximately 450 million years ago), sediments which would In Late ordovici 
shale with thin interbedded limestone were deposited in a 

shallow sea. This shale forms the relatively impermeable bedrock which now underlies the 
FMPC site area and forms the highlan 

During the Kansan-Illinoian interglaci 
watercourse (larger than the present ami River) cut a valley into this shale 
bedrock to a level of more than 
forming the Deep Stage Drainage System. During continental glacial events, sea levels 
drop because of the large amount of water stored as 
sea level allowed the rivers in the Deep Stage Drainage 
200 feet deeper into the bedrock in the Cincinnati m a  
level conditions. 

300,000 to 450,000 years ago), a large 

sent-day b a t  Miami River, 

tinents. This drop in 
carve valleys roughly 
happen under c m n t  sea 

As the Illinoian glacier advanced further into the Cincinnati area, the ancestral Ohio River 
(Figure 2-3) flowing in the Deep Stage Valley was dammed by the glacier. The lake that 
formed behind the dam overflowed at the low divide in the vicinity of 
Anderson’s Ferry. As the divide eroded, the present come of the Ohio 

established (Figure 2-3b). A further ice advance faced the ancestral Great 
was forced out of the Deep Stage Valley and carved a new narrow 
just north of New Baltimore to a location about one mile west of Cleves, 
to the original Deep Stage Valley. Because only water from the Great Miami River and 
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0 its tributaries carved this valley, it is much smaller than the ancestral Ohio River Valley. 

This two-mile-wide valley was termed the New Haven Trough by Fenneman (1916). 

oian glacial retreat, about 250,000 years ago, the Deep Stage Valley 

ew Haven Trough was f a e d  with about 200 feet of glaciofluvial sediments. 

nts were deposited by water d i g  from the margins of the glaciers and 

of well-sorted sand and gravel. This formed the Great Miami Aquifer. 

A blanket of poorly-sorted, clay-rich glacial overburden was deposited on top of these 

sediments during th ice advance, about 100,000 years ago. 

When the Wiscons' 

moraine, the She1 

and terminal moraine again blocked the course of the ancestral Great Miami River and 

forced it to abandon its channel under the valley of present day Paddys Run and cut a new 

valley to the south, where the modern i River Valley is presently located. The 

terminal moraine also blocked the ance 

lake as the ice sheet retreated. The 

Whitewater River to abandon its anc 

When the end moraine was breached, the lake drained and created Paddys Run, which now 

occupies the ancestral Dry Fork Valley. 

dvanced to its southern limit, it deposited a terminal 

raine, south of the present-day FMPC reservation. The ice 

Fork of the Whitewater River, creating a 

tion caused the Dry Fork of the 

d cut its present valley to the west. 

Postglacial erosion by the Great Miami River and its trib 

portions of the glacial overburden and left terrace remn 

higher than surrounding bottom lands. Today, in the 

River flows south from Middleton to just north of Ne 

Stage Valley. There is no surface stream occupying the Deep Stage Valley between the 

Great Miami River east of the FMPC and the Whitewater River west of the FMPC. 

ved significant 

and topographically 
the FMPC, the Great Miami 

the former Deep 

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

The FMPC site lies on glacial overburden above the terrace remnants left afte 

establishment of the present day Great Miami River channel. This geologic histmy ...... of ......... ........ ........ 
be&& erosion and subsequent fding in of the valley with glacial outwash and .......... ifl gave 

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

rise to the present day deposits within the FMPC area. 

~ / Q W ~ . l - 2 / 1 2 - 1 7 - 9 O  11-2 
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11.2 BEDROCK VALLEY 

The eroded bedrock beneath the Great Miami Aquifer consists of predominantly flat-lying 
ales with thin, interbedded layers of limestone. This bedrock unit reaches a 

of approximately 800 feet. During Pleistocene interglacial periods prior to 

d Wisconsin glacial advances, the ancestral Ohio River eroded a valley in 

. This bedrock valley has a broad, relatively flat bottom and steep valley walls 

(Figure 11-1). 

During the retreat 

glaciofluvial sand 

an ice sheets, the valley was filled with 200 feet of 

today is the Great Miami Aquifer. 

Watkins and Spi rmed extensive seismic refraction surveys to determine 

the thickness and d and gravel deposits f h g  the bedrock valley. Test 

drilling was used in conjunction with the refraction surveys to verify the accuracy of the 

seismic determinations of the depth of ey floor. The map of the top of bedrock 

(Figure 11-2) was derived from the b produced by Watkins and Spieker (1971), 

with additional information provided 985) and Vormelker (1985), and wells 

constructed for the RI. 

11.3 GREAT MIAMI AQUIFER 

The portion of the Great Miami Aquifer that underlies tl 

primarily of glaciofluvial sand and gravel outwash depo 

Pleistocene glaciations. These deposits lie unconfom 

the bedrock valley to a depth of 200 feet in places. In 
Great Miami Aquifer varies from 120 to 200 feet in t 

to only a few feet along the valley walls. Although the glaciofluvial deposits are 

heterogeneous, they are typically well-sorted sands and gravels with only 

silt and clay. Within the coarse-grained sediments of the Great Miami A 

interbedded clay layer that underlies most of the FMPC and parts of the 

(Figure 11-3). The clay interbed lies about 100 to 125 feet below the surface 

generally about 60 to 80 feet below the water table (Figure 11-4). It ranges 

feet in thickness and consists of a low permeability homogeneous clay which acts as an 

tudy area, the thickness of the 
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aquitard within the Great Miami Aquifer. Because of this interbed, the aquifer is divided 

into upper and lower halves. 

e interbedded layer is uniform in texture and contains only a small amount 

d. It was deposited in a lacustrine or low-energy fluvial environment and 

ing in some samples (Appendix A, Boring 4096). The interbed pinches out to 

and east, extends an unknown distance to the west, and grades into other 

lacustrine, glaciofluvial, and glacial till deposits to the north in the Shandon Tributary. 

Glacial overburden reat Miami Aquifer throughout most of the study area. It 

ding loess, lacustrine deposits, till, and glaciofluvial 

cannot be classified on a regional basis, as it is 

composed of varying amounts of the four materials, Mer ing  in structure and extent from 

location to location. For this reason, th 

purposes of both this discussion and 

materials are modeled. 

terials are grouped into one unit for the 

ations of how the glacial overburden 

Within the FMPC study area, the gl 

thickness, but most commonly averages between 20 and 30 feet (Figure 11-5). It extends 

to the north and west outside of the study area, but en 

and east where the Great Miami River has stripped off 

its present channel. The types of materials included as 
below: 

ranges up to 5 and 50 feet in 

study area to the south 

verburden as it carved 

Loess: Loess is an aeolian deposit cons 
sized particles. i t  blankets large areas within the study area and is 
derived from wind erosion of unconsolidated glacial and 
glaciofluvial sediments. The loess is typically a buff to 1 
yellow or yellow-brown silt bed between 1-1/2 to 3 feet t 

Lacustrine Deposits: The lacustrine deposits present in the stud 
area consist of well-sorted, stratified fine sands, silts, and clays, 
often with varving present. The clays may be interbedded with 
wave-sorted beach deposits along the margins of a former lake 
basin. Lacustrine deposits are found primarily along Paddys Run 
and are generally several feet in thickness. 

000204 
prrpwm.1 -VI 2-1 7-90 11-8 
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m: Undifferentiated till makes up the bulk of the glacial 
overburden materials in the study area. The tills were deposited 
either subglacially or at the melting margins of the glaciers and 
consist of a heterogeneous mixture of clays, silts, and pebbles. 
Tills may be of several types, including moraine deposits, ablation 
tills, and subglacial till sheets. The tills in the FMPC study area 
range in color from tan to brown to gray and are between 10 and 
40 feet in thickness. They OCCUT throughout most of the study 
area, but are not present in areas close to the Great Miami River, 
where they have been removed by erosion or were not deposited. 

Glaciofluvial Deuosits: Glaciofluvial beds deposited by marginal or 
r streams are interbedded within the till 
ds consist of well-sorted sands and fine gravels. 
discontinuous within the till and occur 

y area. They range in thickness from between a 
10 feet. Locally, interconnection of these beds 
n of groundwater within the glacial overburden. 

11.5 REGIONAL GEOLOGIC TRENDS 
Due to the large number of borings av 

geologic units is possible within the st 

locations, and Figures 11-7 through 1 
bedrock maps, topographic maps, RI re-RI wells. These cross sections 

exhibit the following trends and correlations: 

om the FU, extensive correlation of the 

Figure 11-6 shows the cross section 

regional cross sections derived from 

Cross Section A-A’ (Figure 11-7) is a typical cross section 
obliquely cutting the bedrock valley. Gla 
the western half of the section; on the e 
eroded away by the Great Miami River. 
is fairly constant in thickness throughout 
about 150 to 200 feet thick, with the cla 
western area beneath the FMPC. Bedro 
shown in this cross section. 

Cross Section C-C’ (Figure 11-9) shows a typical cross section 
perpendicular to the valley trend. The glacial overburden a 
thins in the direction of the Great Miami River where erosi 
stripped much of it away. The Great Miami Aquifer remains 
constant in thickness. The clay interbed is present beneath the 
FMPC. 

Cross Sections A-A’, B-B’, and C-C’ (Figures 11-7, 11-8, and 
1 1-9) all illustrate the geology underlying the M C .  Thick 
deposits of glacial overburden overlie the Great Miami Aquifer. 
The Great Miami Aquifer is thickest in the area which lies 

PlTx)Wm.I -W12-17-90 11-10 
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THE BORING LOGS AND RELATED INFORMATION 
DEPICT SUBSURFACE CONDITIONS ONLY AT THE 

SOIL CONDITIONS AND WATER LMLS AT OTHER 
LOCATIONS MAY DIFFER FROM CONDITIONS 
OCCURRING AT THESE BORING LOCAllONS ALSO 

IN THE CONDIllONS AT THESE BORING LOCATIONS 

THE DEPTH AND THICKNESS OF THE SUBSURFACE 
SlRATA INDICATED ON THE SECTIONS W E  CENERWZED 
FROM AND INTERPOLATU) BETwEp( THE TEST 
BORINGS. INFORMATION ON ACTUAL SUBSURFACE 
CONDITIONS WSTS ONLY AT THE LOCATION OF THE 
TEST BORlNGS AND IT IS POSSlBLE THAT SUBSURFACE 
CONDITIONS BETWEEN THE TEST BORINCS MAY VARY 
FROM THOSE INDICATED. 

SPEU~C LocAnoF(s AND DAW INDICATED. 

THE PASSACE OF nME MAY RESULT IN A CHANCE 

VERTICAL SCALE 
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HORIZONTAL SCALE 

0 2000 4000 FEET 

LEGFND: 

+ WATER LEVELS MEASURED 3/27/86 

/ ./’ INFERRED CONTACT 

OPEN OR SCREENED INTERVAL 

NOTE: 
FOR LOCATION OF CROSS SECTION E-E’, 
SEE FIGURE 11-6 

REFERENCES 

MODIFIED FROM U.S.G.S. PROFESSIONAL PAPER 

WATER WELL RECORDS, SOWC WATER WELL 
DATA, DAMES & MOORE’S “FEED MATERIALS 
PRODUCTION CENTER GROUNDWATER STUDY, 
TASK C REPORT“ FOR THE DOE (1985). AND 
IT  (1986) RI/FS BORING LOGS. 

flGURE ADAPTED FROM FERNALD LITIGATION 
DRAWlNG NO. 303063-620. PREPARED 
FOR U.S. DEPARTMENT OF ENERGY BY 
IT CORPORATION. NOVEMBER 1986. 

NO. 605-A USING AVAILABLE OHIO STATE 

F!GURE 11-11 
GEOLOGIC CROSS SECTION E-€’ 
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THE BORING LOGS AND RELATED INFORMATION 
DEPICT SUBSURFACE CONDITIONS ONLY AT THE 
SPECIFIC LOCATIONS AND DATES INDICATED. 
SOIL CONDITIONS AND WATER LEMLS AT OTHER 
LOCATIONS MAY D l m R  FROM CONDITIONS 
OCCURRING AT THESE BORING LOCATIONS. ALSO 
THE PASSAGE OF TiME MAY RESULT IN A CHANGE 
IN THE CONDITIONS AT THESE BORING LOCATIONS. 

THE DEPTH AND THICKNESS OF THE SUBSURFACE 
STRATA INDICATED ON THE SECTIONS WERE GENERALIZED 
FROM AND INTERPOLATED BETWEEN M E  TEST 
BORINGS. INFORMATION ON ACTUAL SUBSURFACE 
CONDITIONS EXlSTS ONLY AT THE LOCATION OF THE 
TEST BORINGS AND IT IS POSSIBLE THAT SUBSURFACE 
CONDITIONS BETWEEN THE TEST BORINGS MAY VARY 
FROM THOSE INDICATED. 

n 
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VERTICAL SCALE 

E 
0 100 200 FEET 

HORIZONTAL SCALE 
1 
0 2000 4000  FEET 

LEGEND: 

+ WATER LEVELS (MEASURED 3/27/86 
THROUGH 4/11 /86) 

/ /- INFERRED CONTACT 
. 

OPEN OR SCREENED INTERVAL 

NOTE: 
FOR LOCATION OF CROSS SECTION F-F', 
SEE FIGURE 11-6 

REFERENCES: 

MODIFIED FROM U.S.G.S. PROFESSIONAL PAPER 
NO. 605-A USING AVAILABLE OHIO STATE 
WATER WELL RECORDS, SOWC WATER WELL 

PRODUCTION CENTER GROUNDWATER STUDY, 
TASK C REPORT" FOR THE DOE (1985), AND 
IT (1986) RI/FS BORING LOGS. 

FIGURE ADAPTED FROM FERNALD LITIGATION 

FOR U.S. DEPARTMENT OF ENERGY BY 
I T  CORPORATION. NOVEMBER 1986. 

DATA, DAMES & MOORE'S "FEED MATERIALS 

DRAWlNG NO. 303063-621. PREPARED 

FIGURE 11-12 
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THE BORING LOCS AND REIATED INFORMATION 
DEPICT SUBSURFACE CONDITIONS ONLY AT THE 
SPEClFlC LOCATIONS AND DATES INDICATR). 
SOIL CONDITIONS AND WATER LEMLS AT OTHER 
LOCATIONS MAY DIFFER FROM CONDITIONS 
OCCURRING AT THESE BORING LOCATIONS. ALSO 
THE PASSAGE OF TIME MAY RESULT IN A OlANGE 
IN THE CONDITIONS AT THESE BORING LOCATIONS. 

THE DEPTH AND THICKNESS OF THE SUBSURFACE 
STRATA INDICATED ON THE SECTIONS WERE GENERALIZED 
FROM AND INTERPOLATED BETWEEN THE TEST 
BORINGS. INFORMATION ON ACTUAL SUBSURFACE 
CONDITIONS EXISTS ONLY AT THE LOCATION OF THE 
TEST BORING AND IT IS POSSIBLE THAT SUBSURFACE 
CONDITIONS BETWEPl THE TEST BORINGS MAY VARY 
FROM THOSE INDICATED. 
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THE SUBSURFACE CONDITIONS DEPICTED ARE 
BASED ON THE REFERENCES. M E  DEPTH AND 
THICKNESS OF SUBSURFACE STRATA INDICATED 
ON THE SECTION ARE BASED ON THESE 
REFERENCES AND IT IS POSSIBLE THAT 
SUBSURFACE CONDITIONS MAY VARY SINCE 
TEST BORINGS HAVE NOT BEEN CONDUCTED AT 
THESE LOCATIONS. 

REFERENCES: 
MODIFIED FROM U.S.G.S. PROFESSIONAL PAPER 

WATER WELL RECORDS, SOWC WATER WELL 
DATA, DAMES & MOORE'S "FEED MATERIALS 
PRODUCTION CENTER GROUNDWATER STUDY, 
TASK C REPORT" FOR THE DOE (1985), AND 
IT (1986) RI/FS BORING LOGS. 

FIGURE ADAPTED FROM DRAWING NO. 

OF THE GREAT MIAMI RIVER" PREPARED FOR 
U.S. DEPARTMENT OF ENERGY BY IT 
CORPORATION. AUGUST 1988. 

NO. 605-A USING AVAILABLE OHIO STATE 

303317-A104, FROM "HYDROGEOLOGIC STUDY 

FIGURE 11-13 
GEOLOGIC CROSS SECTION G-G' 

STUDY AREA 
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THE BORING LOGS AND RELATED INFORMATION 
DEPICT SUBSURFACE CONDITIONS ONLY AT THE 
SPECIFIC LOCATIONS AND DATES INDICATED. 
SOIL CONDITIONS AND WAT€R LEVELS AT OTHER 
LOCATIONS MAY D l m R  FROM CONDITIONS 
OCCURRING AT THESE EORING LOCATIONS. ALSO 

IN THE CONDITIONS AT THESE BORING LOCATIONS. 

THE D E P M  AND THICKNESS OF THE SUBSURFACE 
STRATA INDICATED ON THE SECTIONS WERE GWERAUZED 
FROM AND INTERPOLATED BETWEEN THE TEST 
EORINGS. INFORMATION ON ACTUAL SUBSURFACE 
CONDITIONS EXISTS ONLY AT THE LOCATION OF THE 
TEST BORINGS AND IT IS POSSIBLE THAT SUBSURFACE 
CONDITIONS BETWEEN THE TEST BORINGS MAY VARY 
FROM THOSE INDICATED. 

THE PASSAGE OF nME MAY RESULT IN A CHANGE 
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NOTE: 
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SEE FIGURE 11-6 

REFERENCE: 
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NO. 605-A USING AVAILABLE OHIO STATE 
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THE BORING LOGS AND RELATED INFORMATION 
DEPICT SUBSURFACE CONDITIONS ONLY AT THE 
SPECIFIC LOCATIONS AND DATES INDICATED. 
SOIL CONDITIONS AND WATER LEVELS AT OTHER 
LOCATIONS MAY D l m R  FROM CONDITIONS 
OCCURRING AT THESE BORING LOCATIONS. ALSO 
THE PASSAGE OF TIME MAY RESULT IN A CHANGE 
IN THE CONDITIONS AT THESE BORING LOCATIONS. 

THE DEPTH AND THICKNESS OF THE SUBSURFACE 
STRATA INDICATED ON THE SECTIONS WERE GENERALIZED 
FROM AND INTERPOLATED BOWEEN THE TEST 
BORINGS. INFORMATION ON ACTUAL SUBSURFACE 
CONDITIONS EXISTS ONLY AT THE LOCATION OF THE 
E S T  BORINGS AND IT IS POSSIBLE THAT SUBSURFACE 
CONDITIONS B E M E N  THE TEST BORINGS MAY VARY 
FROM THOSE INDICATED. 
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NOTE: 
FOR LOCATION OF CROSS SECTION 1-1') 
SEE FIGURE 11-6 

REFERENCES: 
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DIVISION OF WAl"ER TECHNICAL REPORT NO. 4. 
AND REPORT PREPARED FOR OHIO 
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THE BORING LOGS AND RELATED INFORMATION 
DEPICT SUBSURFACE CONDITIONS ONLY AT THE 
SPEClflC LOCATIONS AND DATES INDICATED. 
SOIL CONDITIONS AND WATER LEVELS AT OTHER 
LOCATIONS MAY DIFFER FROM CONDITIONS 
OCCURRING AT THESE BORING LOCATIONS. ALSO 

IN THE CONDITIONS AT THESE BORING LOCATIONS. 
THE PASSAGE OF n M E  MAY RESULT IN A CHANGE 

THE DEPTH AND THICKNESS OF THE SUBSURFACE 
STRATA INDICAEO ON THE SECTIONS WERE GENERALIZED 
FROM AND INTERPOLATED BETWEEN THE TEST 
BORINGS. INFORMATION ON ACTUAL SUBSURFACE 
CONDITIONS EXlSTS ONLY AT THE LOCATION OF THE 
TEST BORINGS AND IT  IS POSSIBLE THAT SUBSURFACE 
CONDITIONS BETWEEN THE TEST BORINGS MAY VARY 
FROM THOSE INDICATED. 

VERTICAL SCALE 
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NOTE: 
FOR LOCATION OF CROSS SECTION J-J'. 
SEE FIGURE 11-6 

REFERENCES: 
MODIFIED FROM U.S.G.S. PROFESSIONAL PAPER 

WATER WELL RECORDS, SOWC WATER WELL 
DATA, DAMES & MOORE'S "FEED MATERIALS 
PRODUCTION CENTER GROUNDWATER STUDY, 
TASK C REPORT" FOR THE DOE (1985), AND 

NO. 605-A USING AVAILABLE OHIO STATE 

IT (1986) RI/FS BORING LOGS. 

FIGURE 11-16 
GEOLOGIC CROSS SECTION J- J' 

STUDY AREA 
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THE BORING LOGS AND RELATED INFORMATION 
DEPICT SUBSURFACE CONDITIONS ONLY AT THE 
SPEClflC LOCATIONS AND DATES INDICATED. 
SOIL CONDITIONS AND WATER LEVELS AT OTHER 
LOCATIONS MAY DIFFER FROM CONDITIONS 
OCCURRING AT THESE BORING LOCATIONS. ALSO 

IN THE CONDITIONS AT THESE BORING LOCATIONS. 
THE PASSAGE OF nME MAY RESULT IN A CHANGE 

THE DEPTH AND THICKNESS OF THE SUBSURFACE 
STRATA INDICATED ON THE SECTIONS WERE GENERALIZED 
FROM AND INTERPOLATED BETWEEN THE TEST 
BORINGS. INFORMATION ON A C N A L  SUBSURFACE 
CONDITIONS EXISTS ONLY AT THE LOCATION OF THE 
TEST BORINGS AND IT IS POSSIBLE THAT SUBSURFACE 
CONDITIONS BETWEEN THE TEST BORINGS MAY VARY 
FROM THOSE INDICATED. 
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4000 FEET 0 2000 

LEGEND: 

+ WATER LEVELS (MEASURED 3/27/86 
THROUGH 4/11 /86) 
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N O E S :  

FOR LOCATION OF CROSS SECTION K-K'. 
SEE FIGURE 11-6 

DUE TO INSUFFICIENT BORING LOG DATA 
IN THE CROSS SECTION AREA, FURTHER 
DEFINITION WAS ADDED BY USING BORING 
LOG 3 0 6 6  TO EXPAND THE INTERBEDS OF 
CLAY IN THE BURIED CHANNEL. 

REFERENCES: 

MODIFIED FROM U.S.G.S. PROFESSIONAL PAPER 
NO. 605-A USING AVAILABLE OHIO STATE 
WATER WELL RECORDS, SOWC WATER WELL 
DATA, DAMES 8c MOORE'S "FEED MATERIALS 
PRODUCTION CENTER GROUNDWATER STUDY, 
TASK C REPORT" FOR THE DOE (1985). AND 
IT (1986) RI/FS BORING LOGS. 
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FIGURE 11-17 
GEOLOGIC CROSS SECTION K-K' 

STUDY AREA 



NORTHWEST SOUTHEAST 

850 

800 

750 

700 

650 

600 

55c 

50C 

45c 

40C 

35c 

30C 

25C 

7, STATE 11 

UNDIFFERENTIATED 
GLACIAL OVERBURDEN 

STATE 19 WK-1 

GREAT MIAMI RIVER 

UNDIFFERENTIATED 
LACIAL OVERBURDEN 

APPROXIMATE EXISTING 
GROUND SURFACE 

* p a 4 .  

' b -  

4 4 '  4 

. . SAND AND GRAVEL . 
0 * ' 0  

. - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
VERTICAL EXAGGERATION 7 0 X  

- 750 

- 700 

- 650 

- 600 

- 550 

- 500 

- 450 

- 400 

- 350 

i 3 0 0  

CROSS SECTION L-L' 
(LOOKING NORTHEAST) 

n 
J 
v) z 
c 
v 

!! 
1 
0 
F s 
W 
.J 
W 

THE BORING LOGS AND RELATED INFORMATION 
DEPICT SUBSURFACE CONDITIONS ONLY AT THE 
SPEClflC LOCATIONS AND DATES INDICATED. 
SOIL CONDITIONS AND WATER LEVELS AT OTHER 
LOCATIONS MAY DIFFER FROM CONDITIONS 
OCCURRING AT THESE BORING LOCATIONS. ALSO 
THE PASSAGE OF TIME MAY RESULT IN A CHANGE 
IN THE CONDITIONS AT THESE BORING LOCATIONS. 

THE DEPTH AND THICKNESS OF THE SUBSURFACE 
STRATA INDICATED ON THE SECTIONS WERE GENERALIZED 
FROM AND INTERPOLATED BETWEEN THE TEST 
BORINGS. INFORMATION ON ACTUAL SUBSURFACE 
CONDITIONS EXISTS ONLY AT THE LOCATION OF THE 
TEST BORINGS AND IT  IS POSSIBLE THAT SUBSURFACE 
CONDITIONS BETwEEN THE TEST BORINGS MAY VARY 
FROM THOSE INDICATED. 
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NOTE: 
FOR LOCATION OF CROSS SECTION L-L', 
SEE FIGURE 11-6 

REFERENCES: 

MODIFIED FROM U.S.G.S. PROFESSIONAL PAPER 
NO. 605-A USING AVAILABLE OHIO STATE 
WATER WELL RECORDS, SOWC WATER WELL 
DATA, DAMES & MOORE'S "FEED MATERIALS 
PRODUCTION CENTER GROUNDWATER STUDY, 
TASK C REPORT" FOR THE DOE (1985), AND 
IT (1986) RI/FS BORING LOGS. 

FIGURE 11-18 
GEOLOGIC CROSS SECTION L-L' 

STUDY AREA 
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underneath the FMPC where it approaches 200 feet. The clay 
interbed underlies the northwestem half of the FMPC, dividing the 
aquifer almost equally into upper and lower halves. The FMPC 
Production Well P3, shown in Cross Section B-B’, pumps an 
average of 292 gpm from the lower half of the aquifer. Cross 
Section D-D’ (Figure 11-10) shows a longitudinal view of the 
southern portion of the New Haven Trough. A topographic 
expression of the moraine which dammed a glacial lake in Paddys 
Run Valley appears on either side of Paddys Run. It should also be 
noted that the clay interbed is not present this far to the south of 
the FMPC. 

’ (Figure 11-11) is a section across the Paddys 
west and the current channel of the Great Miami 
The Paddys Run Outlet here has had its glacial 
away by the Great Miami River. Only small 

. This region of the Great Miami River Valley 
n and terracing and has levees along the river 

erbeds (probably fluvial in origin) are still 

channel. 

Cross Section F-F’ (Fi exhibits nearly the same features 
s an additional clay lens present 
e bedrock knob which separates 
may be a remnant of the glacial 

erosion by the bedrock knob. 
2-2) shows an elevated 

as Cross Section E-E’, 
in the Femald Outlet a 
the two valleys. This c 
overburden which w 
The surface topograp 
terrace which lies above the present stream valley and on which 
the town of New Baltimore is located. 

Cross Section G-G’ (Figure 11-13) shows 
further downstream from the Paddys Run 

Cross Section H-H’ (Figure 11-14) is almo 
New Haven Trough and is upstream of the 
valley is relatively narrow here, and the 
dominated by fluvial terraces and the flo 
Miami River. A small interbed of clay is found in this area; 
otherwise, the aquifer is fairly homogeneous. 

Cross Section 1-1’ (Figure 11-15) is a north-south section lo 
the east of the FMPC, and cuts longitudinally through the 
Bend area of the Great Miami River where the SOWC’s lar 
collector wells are located. Collector Well No. 1 is included on 
the cross section, and pumps an average of 6,026 gpm of water 
from the aquifer. Collector Well No. 2 (not shown) is located 
west of the section and has the same average pumping rate and 
design as Collector Well No. 1. The aquifer in this area ranges in 
thickness from 150 to 200 feet, and is composed almost exclusively 

Prrpwm.1 -?./I 2-17-90 11-24 000220 
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of sand and gravel with no silt or clay lenses. As it is 
hydraulically connected with the riverbed, the aquifer receives 
induced infiltration from the Great Miami River which is available 
for use by the collector wells. 

Cross Section J-J’ (Figure 11-16) shows the area west of the 
FMPC site in the buried valley. As at the FMPC, the valley is 
basically U-shaped with the Great Miami Aquifer filling it. The 
presence or absence of the clay interbed is uncertain due to lack of 
borings in the area. The glacial overburden is much thicker in this 
region, approaching 100 feet through part of the section, and is not 
breached by stream erosion. 

’ (Figure 11-17) shows a section through a 
Shandon Tributary, which lies north of the 

tributary valley to the New Maven Trough; thus, 
area of the aquifer is smaller than in other 
ecause of the decreasing bedrock valley depth. 
quifer has more interbedded clays present 

within its upper portions. Thick deposits of undisected glacial 
overburden also reduc 
groundwater flow in this 

and further reduce 

Cross Section L-L’ (Fi is perpendicular to the New 
C, and upstream of the 

Great Miami Aquifer is 

Haven Trough at Ross, 
SOWC collector wells. 
the northwestern half 
well sorted and homogeneous, with high transmissivity. 

f glacial overburden overlies 

PITDWm. I 412- 17-90 11-25 
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12.0 REGIONAL HYDROGEOLOGY 

dmgeological context, two major types of geologic material underlie the FMPC site: 

The Ordovician shale and limestone bedrock in which the New Haven 
Trough has been excavated. 

The unconsolidated glacial and fluvial deposits which overlie the 
Ordovician bedrock and fill the New Haven Trough. 

Saturated zones occur in the glacial ovextwden and the valley fill deposits. These saturated zones 
were monitored for water level and water quality using a series of monitoring wells (Figures 6-1 
through 6-5). The 1 
in the glacial ove 2000 through 4000 Series wells were used to monitor 
successively deeper e Great Miami Aquifer. 

Both the classic and regulatory definitions of an aquifer were considered when evaluating the 
hydmgeology of the study m a .  The classic definition of an aquifer is "a water-saturated unit that 
will yield water to wells or springs at a 
practical sources of water supply" (Dxisco 

withdrawals sufficient for water supplies, 
"the uppermost formation nearest to the 
amount of groundwater to wells or sp 
significant water may sti l l  be important as contaminant pathways. 

were used to monitor the perched groundwater system located 

so that the wells or springs can sewe as 
turated zones occur that cannot sustain 
regulatory definition of an aquifer, that is, 
that is capable of yielding a significant 
1986). Saturated zones that do not yield 

0 

In the FMFC study area, the sand and gravel deposits of the 
classic aquifer. The perched groundwater system within the 
representing a practical water supply, satisfies the regulatory 
locations and is important as a potential contaminant pathwa 
springs. 

Aquifer represent a 

an aquifer in some 
aquifer, streams, and 

The principal sources of recharge to these aquifer units m: 

Rechargefrombedrock 
Recharge from direct pmipitation 
Recharge from induced stream inNtration 

Rechargefrombedrock 
Recharge from direct pmipitation 
Recharge from induced stream inNtration 

. . . . . . . . 

.~ Recharge due to groundwater &g in the shale and bestone bedrock is bitedgime-&& . .. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 itself is nearly impermeable, with water movement limited to fractures within thin limestone lenses. 
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Recharge from the bedrock to the valley fill is approximately 200,000 gallons per day (140 gpm) 
per linear mile along the valley (Dove 1961). 

g within the basin is the dominant source of groundwater recharge. Infiltration of 
ximately 570,000 gallons per day per square mile (12 in&) of recharge to 

ted aquifer systems (Dove 1961). This includes recharge through the glacial 
ver terraces, and flood plain deposits. 

Induced stream infiltration resulting from pumping water supply wells near the Great Miami River 
causes a portion of ater to infiltrate through the bed of the river into the groundwater 
system. Therateo stream infiltration varies based upon fluctuating river levels, 
hydraulic gradients, tions, and water temperahm (Section 12.5.1). Natural recharge 
from Paddys 
west of the site 

side of the FMPC and the Dry Fork of the White Water River 
'ficant amounts of recharge on a seasonal basis. 

12.1 GREAT MIAMI AQUIFER 
The Great Miami Aquifer can be divided 
that are distinct from other adjacent areas 
as hydrogeologic envhnments (Spieker 
an aquifer possessing hydrologic and g 
aquifer in adjacent areas. During e major hydrogeologic environments were 
identified and mapped in the Great Miami River Valley (Figure 2-6). These environments include: 

with similar hydrologic and geologic properties 
fer. These subdivisions have been designated 

geologic environment describes a portion of 
differ from the properties of the 

0 Tyue I (Subhwes I-A-I and I-A-2): Sand and 
induced stream infiltration potentially availabl 

Tyue 11: Sand and gravel aquifer without th 
recharge. 

Twe 111: Sand and gravel aquifer overlain 
genedy not available. 

Tyue IV: Buried valleys filled with clay; large water supplies generally 
not available. 

Tme V: Shale and limestone bedrock overlain by till; large w 
supplies generally not available. 

Two characteristics of unconfined aquifers are used. These characteristics are 
specific yield, which describe the abiity of water to move through the aquifer mate 
ability of the aquifer to produce water, respectively. The higher the transmissivity the greater the 



December 17. 1990 

ability to transmit water. The specific yield is a measure of the quantity of water an aquifer will 

yield from storage when the hydraulic head declines, and is related to the porosity and the gain 
er the grain size, the more water that will be retained in the aquifer and not 

pumping well, Conversely, coacser sediment will retain less water and have a larger 

ydrogeologic environment describes the Great Miami Aquifer along the flood plain of 
Miami River to the south and east of the FMPC facility, and also in the valley of Paddys 

Run west and south of the FMPC Production h a  The Type I-A-1 aquifer is 150 to 200 feet 
thick, and the Type 
aquifer sediments c 
localstreams. The aquifer consists primarily of well-sorted sand with gravel, 
although scattered le 
lenses are not of 
significantly affect groundwater movement. Aquifer transmissivity generally ranges from 40,000 to 
67,000 square feet per day (ff/day), with a specific yield of about 0.2. Individual wells can yield 
as much as 3,000 gpm. 

The Type II hydrogeologic e n v h  by having less than 150 feet of sand and 
resent. Recharge by stream infiltration gravel, with no areally extensive inte 

is not available. The specific yield 0.2. Large groundwater supplies are 
not generally available from the Type II aquifer. Those portions of the Great Miami Aquifer that 
exhibit charactexistics of a Type I1 environment a~ of within the study area 

They are generally located in close proximity to bedrock vall 

The Type III hydrogeologic environment is characterized by 
Great Miami Aquifer. In the region directly beneath the 
and lower parts by a clay interbed approximately 10 
feet below land surface. Hence, the lower aquifer is classified as a semiconfined or leaky confined 

aquifer. Spieker and Noms (1962) have estimated a cuefficient of storage of 0 
sand and gravel aquifer. Spieker (1968a) estimated a transmissivity range of 4, 
40,000 */day. 

The Type N hydrogeologic environment is typified by valleys fiued largely wi 
examples of this environment are found within the study area 

is less than 150 feet thick; both are underlain by bedrock The 
; thus, stream infiltration is possible in areas proximal to 

r fine-grained material are also present. In the main valley, these 
al extent to act as semiconfining layers or to 

0 

overbuden overlying the 
is divided into upper 

ck Occurring approximately 140 

wer 

- -  

0 
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The Type V hydrogeologic environment includes a l l  of the areas outside of the buried valley of the 
Great Miami Aquifer. These areas are bedrock uplands consisting of shale with interbedded 

erlain by 50 feet or less of clay-rich glacial overburden. Large quantities of 
not generally transported through this material. Well yields vary widely, generally 

0 to 10 gpm. However, sand and gravel lenses are ensltically distributed throughout 
and, in some cases, wells completed in these units may yield up to 50 gpm. 

OVERBURDEN GROUNDWATER SYSTEM 
In addition to the regional hydmgeologic environments in the Great Miami Aquifer, localized 
perched groundwate glacial overburden. The perched groundwater system is not 
described by the U 
restricting layer of drogeologic environment. 

Dense, fine-grained 
as an aquitani in most locations. However, small-scale fluvial and beach deposits interbedded 
within the till form layers of lelativ 
perched zones at the site range from 8 x 
on falling head tests in 1000 series 
overburden vary with the season and s 
groundwater in the glacial o v e h d e n  
seasonally fluctuate by up to 10 
during the early spring and the lowest during the late fall. 

environment type, but is described as the uppermost, recharge- 

aciolacustrine deposits of silt and clay classify the overburden 

ctivity. Hydraulic conductivities in the 
to 0.85 (2.8 x lo6 c d s  to 3.0 x lo4). based 
-1). The hydmgeologic characteristics of the 

. At the FMPC, depth to perched 
15 feet A perched water table can 

0 
n, with the highest water levels occuning 

The four glacial overburden materials present in the regional 
hydrogeologic characteristics: 

g have the following 

Loess: Blanket deposits of loess deposited d 
post-Fleistocene time generally consist of silt 
clay. These deposits are moderately cohesiv 
40 to 50 percent. Hydraulic pnductivity for loep is reported as 
0.028 ft/day to 2.8 (1.0 x 10- cm/s to 1.0 x 10- ) Without secondary 
permeability. Near-surface deposits of loess have an enhanced 
secondary permeability due to fracturing, animal burrows, and 
tubes, as indicated by site borings. These features can impart a 
secondary permeability that greatly exceeds the unenhanced 
pexmeabiity (Freeze and Cherry 1979). 
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................ .:.: .............. ......... TABLE 12-1 

SUMMARY 
HYDRAULIC CONDUCTIVITY TESTING 

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

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

Subsurface Hydraulic Conductivity 
In;toring 

.......... 

Well No. soil Type (WS) 

1008 
1012 
1018 
1025 
1034 

1035 
1041 

1046 
1048 
1065 
1079 

w/Gravel, Shale Bedrock 

Fine Sand, Some Silt 
and Gravel 
Clay, Some Silt 

el 

1.3 x 10" 
1.6 
5.7 x 10" 

2.5 
2.5 x 10" 

2.5 IO-' 

1.1 x 10" 
6.8 x lo-' 

1.6 x 10" 
2.2 
1.8 

......... 
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Lacustrine Demsits: Offshore silt and clay with interbedded near-shore 
beach sands were deposited in meltwater lakes that existed during 
Pleistocene time. Unfractured, fine-grained lacusaine deposits can form 
large aquitards as evidenced by the clay intedxd within the Great Miami 

* Aquifer, while near-surface deposits are generally fractured. The 
interbedded sand and gravel beach deposits can form aquifers, but these 
are limited in extent and yield. 

m: Till consists of sediments that are deposited directly under, from 
within, or from the top of a glacier without the sorting action of water. 
At the site, no attempt has been made to differentiate the till types or to 
determine if individual till sheets exist. Till is a heterogenous mixture of 
silt, clay, sand, gravel, and boulder-sized materials. Although the comer 

the till in the study area is too fine grained to be a 

where shale and limestone comprise the regional 
sion has produced till comprised mainly of silt 

rmpC site (Spieker, 1968a. 1968b) 
as an aquitard which restricted 

erefore, has low permeability. Water supply 

surface recharge to the Great Miami Aquifer. Investigations in 
similar geologic settings (Hendry 1988; Cravens and Ruesduli 1987; 
Barari and Hedges 1985; G 

unweathered zone. Thes 
only in the weathered 
lost to evapotranspirati 
discharges to seeps or 
in the FMPC study 
during periods of high rainfall. 

Glaciofluvial Demsits: Most of the large productive aquifers found 
in areas covered by continental glaciation 
glaciofluvial outwash deposits left by the me 
glaciers. These deposits, which consist o 
gravel, occur as extensive blanket valley 
these deposits are confined by surface layers 
glaciolacustrine silts and clays and may also 
which act as aquitards. 

interbedded tills 

The perched groundwaters in the glacial overburden at the FMPC occur under both confined and 
unconfined conditions. General groundwater movement in the perched system 
FMPC is toward Paddys Run and the Storm Sewer Outfall Ditch. However, 
perched zones are not interconnected across the facility, the movement of fluids is 
discontinuous with different areas affected by different influences. The flow patte 
zones vary seasonally due to variations in recharge. Shallow bundwater 

... 
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influenced by the widespread presence of drain tiles installed by the previous owners of the 
propexty in support of agricultural activities of the (WMCO various memos, 1987). 

Miami Aquifer is shown in Figure 2-7. 
rs the study area from three directions. In the northeast, groundwater moves 

m the Ross m a  into the portion of the New Haven Trough now occupied by the 
r to flow from the northeast as flow from 

the Ross Section of the New Haven Trough. The second source of groundwater is the Shandon 
Tributary to the no C, which contains a tributary of the New Haven Trough under 
the town of Shando of the groundwater from the Shandon Tributary flows under 
the Waste Storage duction Area and leaves along the eastern boundary of the 
FMPC to discharge Miami River. This flow is strongly influenced by the pumping 
of the collector w water and surface water exit this area via the Great Miami River 
Valley at what will be r e f e d  to in this report as the New Baltimore Outlet. The third source of 
groundwater is from the west. The 
about two miles west of the 
This flow turns 

Fork of the Whitewater River, located 
ater to move to the east toward the FMPC. 

C and flows to the Great Miami 
Riverinthegla art of Paddys Run, termed the Paddys Run 
Outlet. A portion of the groundwater 
River via Paddys Run Outlet 

n Tributary also reaches the Great Miami 

Although these general flow patterns dominate the regional flow system, local and short-term 
variations do occur within it. Groundwater elevation contour 
3000 Series wells in the FMPC Study Area, are pmented in 
groundwater flow patterns for the period of January 1988 
Area. In addition, regional groundwater maps constructed 
surveys in August 1982, April 1986, and May 1988 are 

ped from the 2000 and 
The maps represent 

990 for the FMPC Study 

12-1, 12-2, and 12-3. 
ore comprehensive water elevation 

Within the context of these flow pattern, the following conclusions can be reached: 

Groundwater enters the FMPC from the north, west, and 
exits toward the Great Miami River Valley to the south 
Great Miami River and SOWC production wells to the 

The large SOWC pumping wells, located in the "Big Bend" meander 
the Great Miami River east of the FMPC, produce a pronounced and 
persistent cone of depression. This cone of depression cmtes an induced 
eastward flow of groundwater in the northern and central portions of the 
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FMPC Figures 12-2 and 2-7), resulting in a groundwater divide 
trending northwest to southeast across the southcentral portion of the 
FMPC. 

Paddys Run affects local groundwater flow along the western boundary 
and in the area south of the FMPC. During dry seasons when there is 
little recharge to the regional aquifer, groundwater flows southeastward. 
During periods of high flow in Paddys Run, stream water infiltmtes the 
Great Miami Aquifer and creates a groundwater mound and strong 
southward gradients. In the northern portion of the study area, the 
mound mates a local reversal causing a northward component of flow. 
Both of these flows are transient conditions which only last for the 
duration of seasonal high flow in Paddys Run. 

FMPC on the east and west also control 
The combination of the eastern and western 

dwater to flow due south toward the Great 
dwater gradient steepens in the narrow bedrock 

C 
........ ......... ........ ........ ......... ................. Momygroundwater ........ elevations show as shown in 

hydrographs of selected monitoring wells (Appendix D). The short-term 
fluctuations a ~ e  due to surface water/groundwater interaction, which is 
discussed in Section 12.5. ?:::::::::::::= 

Examination of the groundwater data 

transient effects resulting from both dro 
throughout the 2000 Series groundwater (Appendix K), although they can be seen in 
the 3000 and 4000 Series maps as well. Using these maps, the following trends and conditions can 
be identified: 

88 through April 1990 shows some of the 
conditions. These f e a m s  are prevalent 

Flow conditions across much of the FMPC 
due east. These flow pattems are relatively 
tend to shift slightly northward during 

Peak groundwater levels generally occur 
summer months, which are also the maj 
months. For the period of record, the highest groundwater contours 
occurred during the month of June 1989, when unusually large 
amounts of rainfall caused much recharge to occur. This caused 
groundwater elevations to rise to approximately 4 to 5 feet abov 
their mean levels. Wells proximal to Paddys Run exhibited 
elevations as much as 10 feet over their normal levels due to th 
large amount of groundwater recharge entering from Paddys Run 
(Appendix D-cluster hydrograph). 

Minimum groundwater levels generally occur during the late fall and- 
early winter months of the year. This corresponds with the dry 
season for southern Ohio, which generally starts in late Summer or 
early fall and IUIIS to late fall. For the January 1988 through April 

(April-May 1989). 
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1990 time period, minimum groundwater levels occurred during the 
monlhs of November 1988 through January 1989. Levels during this 
time were unusually low due to drought conditions that occurred 
from spring through fall of 1988. This caused groundwater levels to 
fall to approximately 2 to 3 feet below their normal seasonal lows. 

Recharge events occuning in Paddys Run can be seen in May-June 
1989 and March-April 1990. Leakage from Paddys Run can be seen 
to cause a "mound" in the groundwater as it infiltrates through the 
StFeam bed and entexs the groundwater system. This effect is 
transient, although it appears to occur on an annual basis as part of 
the recharge during the spring and early summer months (Section 
12.5.2). 

The hydrograph of 
is shown in Figure 
trend on a yearly b 
water levels gene 
exhibits this characteristic behavior, with seasonal fluctuations visible as cyclic patterns in the well's 
hydrograph. For most years, the groundwater experiences a fluctuation on the order of 4 to 6 feet, 
with increases occurring faster than dare  average recharge period is 4 to 5 months, while 
the average discharge period lasts 7 to 8 s is a typical water cycle for southern Ohio. 

The drought experienced by the Cin 7-1988 is visible on the hydrograph as the 
two lowest points on its m e .  Altho 
enough to counteract the water lost by the groundwater system during 1987. Thus, the peak 
groundwater level in 1988 was approximately the same as 
previous years. The regional groundwater map for May 
data taken during this drought period. Two other maps, on 
other in April 1986 (Figure 12-3, show similar water level 
were taken approximately midway through the dry season, 
just after peak groundwater season. These two data sets 
regime. primary influences on hydraulic head in the Great Miami Aquifer during these periods 

water well located in the flood plain of the Great Miami River 
usly discussed, the water level readings show a broad cyclic 
r levels generally occur in the spring or early summer, and low 
late fall or early winter. Well 02E to the east of the site 

occur during the spring of 1988, it was not 

undwater levels from 
was developed from 

2 (Figure 124) and the 
The August 1982 levels 

e April 1986 values were taken 
ar types of flow 

were the pumping rates of the collector wells, precipitation recharge, recharge from . . Paddys . . . . , . . . . . . . . . . Run, . . . . 

and the stage of the Great Miami River. 

. .  - - . ~  . 
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12.4 SURFACE WATER HYDROLOGY 
The surface water system in the FMPC area is dominated by the Great Miami River to the east and 

site and Paddys Run which flows along the western edge of the FMPC. Both of these 
are described below. 

located within the Great Miami River drainage basin. The river is the main surface 
in the vicinity of the FMPC (Eigure 1-l), and receives treated effluent from the 

facility. It flows to the southwest and has a drainage area of approximately 3,360 square miles at 
the Hamilton G d about 10 miles upstream from the FMPC discharge pipe. The 

sharp directional changes over distances of less than 

end  (Figure 1-1). A 90-degree bend in the river also 
ximately two miles downstream from the FMPC's point of 

C, within the RI/FS study area, the river passes through a 

discharge. As reported by lT (1988), the average discharge of the Great Miami River at Hamilton, 
based on 55 years of records, is 3,305 cfs. Using drainage a m  scaling, the corresponding average 
flow at the FMPC point of discharge has 

Figure 12-5 presents the continuous e at the Hamilton Gage for 1985 and 1986. 
The stage is shown to fluctuate by onl er most of the year, with periodic increases 
up to approximately 12 feet above no om. The average depth of water in the 
Great Miami River under mean flow conditions in the vicinity of the FMPC discharge is 5.4 feet, 
based on model results from the U.S. Army Corps of 
calculating water surface profiles. Input data for HEC-2 we 
Engineers, Louisville District, and included cross-sectional g 
river between Ross and New Baltimore (F&~R 12-6). The 
IT (1986b). 

ated to be 3,460 cfs. 

m the U.S. Corps of 
reach lengths along the 

eling is described in 

12.4.2 Paddys Run 
Paddys Run is an ungaged intennittent tributary of the Great Miami River that flows southward 
along the western edge of the FMPC. Paddys Run is critical in the evaluation 
Area, as it is the discharge point for the majority of natural drainage from the 
Storm Sewer Outfall Ditch. 

0 
12-15 
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Paddys Run has a 10-square-mile drainage basin and an estimated average discharge of 0.2 to 4.0 

cfs @ames and Moore 1985). High water marks suggest a water stage of up to 4 feet during peak 
C 1986). 

Paddys Run are steep to near vertical and display glacial overburden deposits. The 
Paddys Run rests on the underlying sand and gravel alluvium of the Great Miami 
the section between the silo area and the Great Miami River (Figure 11-5). The 

th the buried valley deposits results in the infiltration of surface flow in both of these 
stream valleys. Similarly, the bed of the Storm Sewer Outfall Ditch rests on the aquifer from a 
point at the storm 

January through M 
show evidence of 
material. 

asins to Paddys Run. Periods of recharge typically occur from 
heavy precipitation events. Various locations on the cut banks 

page from the perched aquifer zones that occur in the overburden 

The come of Paddys Run has been artificially modified by FMPC activities at least twice. Part of 
Paddys Run previously flowed close 
west, away from the waste pits. The now 
waste pit berms catches and retains s 
in 1970, downstream of the K-65 silos. 
erosion of Paddys Run Road. Appro 
from the bed of Paddys Run, near 
FMPC construction activities. 

Area, but in 1961 it was diverted to the 
, abandoned stretch of Paddys Run near the 

ys Run was straightened to prevent 

1952 and 1985 (WMCO 1987) for 

CO 1987). A second modification occurred 

ic yards of sand and gravel were removed 

There are several tributaries which contfibute significantly to Paddys Run. The most 
significant tributary is the Storm Sewer Outfall Ditch, which the surface water from 
east of the production Area, the southeast quarter of the on, and a considerable area 
southeast of the FMPC. The second largest tributary to Pad 
Production Area and flows west into Paddys Run on the railroad tracks northwest 
of the waste pits. Surface water runoff from the Waste Storage A m  enters Paddys Run via three 
tributaries. The larger of the three enters Paddys Run just north of the silos 
Clearwell. The two smaller tributaries drain the area north of Pit 5 ,  including 
of the Production Area and the area between Pit 5 and Pit 3. These two 
Run immediately south of the railroad tracks and about 100 yards south of the trac 

There is also a tributary that @ a h  the area west of the Production Area 
Storage Area. This tributary enters Paddys Run a little south of the K-65 silos. 

. drains the area north of the 

0- 
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0 The Stoxm Sewer Outfall Ditch historically conveyed surface water runoff fmm the Production Area 
when the capacity of the storm water collection system was exceeded and provided local drainage 

east and southeast of the production Area. Two storm water retention basins designed 
off from a 10-year, 24-hour rainfall event were constructed at the head of the 
tfall Ditch in October 1986 and December 1988. These basins essentially 

contribution of stoxm water from the Production Area to the outfall ditch. Stoxm 
m the Production Area is cwrently conveyed to these retention basins. After at 

on period to allow for settling of suspended solids, the water is pumped out 

to the Great Miami River via the FMPC's main effluent line. 

ys Run provides for interaction between 
the surface water an 
pexmeabiity glacial 
direct exchange of water between the surface water and groundwater, which is important in relation 
to incswsed usage of the aquifer for water 
Area. 

. Both surface water systems have eroded through the low 
aterial to the Great Miami Aquifer. This contact allows for the 

and contaminant transport in the FMFT Study 

12.5.1 
The Great Miami River bed is in conta 
Aquifer. Because the Great Miami Riv s the water table, a portion of its flow 
originates from surface water while a portion also comes from the aquifer beneath the river. The 
natural groundwater flow is generally from the aquifer to the , groundwater discharges 
into the river. However, pumping of the collector wells, whi close to the river, 
induces recharge to the aquifer by stream infiltration. This g a local hydraulic 
gradient, which causes flow from the river to the aquifer. infiltration allows the 
collector wells to maintain a higher yield from the aquifer 
not present. 

and gravel deposits of the Great Miami 

uld be achieved if the river was 

The rate of induced infiltration varies with resDect to the season and the location on the stream. 
Factors which influence the infiltration rate include: 

River stage 
Hydraulic gradient 
stream bed characteristics 

- Watertemperam - 0 
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The river bed infiltration rate had been investigated during the summer of 1956 near Ross 
@ove 1961). and in Fairfield Township in the summer of 1962 (Spieker 1968a). Infiltration rates 

to be 240,000 and 492,000 gpd per a m  (3,200 and 6,600 in/yr) of stream bed, 
0th tests were performed in similar terrains, under low stream flow conditions, at 

of approKimately 80 degrees Fahrenheit. 

the FMPC effluent discharge on groundwater quality due to the induced infiltration 

concluded that the FMPC discharge did not have a quantifiable effect on the groundwater system 
due to the high de 

ami River water has been evaluated in a separate report (IT 1988). This study 

infiltration that occurred upstream from the discharge point. 

12.5.2 
Paddys Run interac 
groundwater flow stream has eroded through the glacial overburden and into 
the top of the Great Miami Aquifer from its confluence with the Great Miami River to about the 
position of the silos (Figure 11-5). It is, therefore, directly connected with the Gxeat Miami 
Aquifer in that reach South of the FMPC, 
elevation of the stream bottom figure 12 ently, during most of the year, the stream 
receives groundwater in this reach. In the FMPC, however, the smam is above the 
water table and loses water to the regio generally dry, except during runoff periods 
following rainfall and snow-melt events has been reported in Paddys Run during 
the winter and spring by Dames and Moore (1985) and by stream gaging stations monitored during 
the RI. Relatively little recharge of the Great Miami Aqui 
clayey till north of the silos. 

Groundwater elevation contour maps derived from the 2000 
Figures K-1 through K-56) show that the regional water table 
readings, as much as 8 feet during the period of January 1 
fluctuation may be considered extreme, since the FMPC experienced drought conditions from spring 
1988 to early winter 1989, followed by an extended period of higher than ave 
from late winter to early summer 1989. The cycle repeats in the winter of 198 

Miami Aquifer in several different ways that affect 

ation of the water table is close to or above the 

Paddys Run is on 

es wells (Appendix K, 

. This water table 
ated, based on monthly 

n 

As shown in Figmix 12-8 and 12-9, there is a high degree of correlation betw 

readings using pmsure transducers and a data logger. As the Paddys Run hydrogr 
- - _  hydrograph and the regional aquifer hydrographs, These figures are based on co 
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groundwater hydrograph shows a peak a very short time later, which indicates the hydrologic 
connection between the stream and the regional aquifer. 

ff in Paddys Run leads to the formation of a groundwater mound typically 
ells 2108 or 2009, but under extremely wet conditions extending from Well 2004 to 
slight influence is seen in the dry months of a normal (nondrought) year, but the 

st pronounced during periods of high precipitation, such as from March to June 1989. 
forms a large transient groundwater mound in the regional water table, 

which affects the direction of flow in the vicinity of the mound (Figure K-18 in Appendix K). As 
the flow in Paddys 
mound decreases 

, and therefore the infiltration to the aquifer is Muced, the 
flow patterns show only slight influence. 

The effect of the re 
calculating the po 
determined by starting at an arbitrary point and calculating the movement for monthly intewals of a 
particle from that point using the slo the groundwater gradient at that point. The 
new gradient and slope for each p is taken from the monthly water table maps in 

n groundwater and contaminant movement is analyses by 
e of groundwater on a monthly basis. The position is 

AppendixK. 

Particle tracks for contaminants if the 
all 14 locations. There is no re1 
aquifer other than a prediction of movement if contamination was present. The contaminant tracks 
are based on contaminants moving at one twelfth of the v 
Wntamlnan ' t retardation factor of 12 is currently being used 

Figures 12-10 and 12-11 show the particle tracks for 14 loc 
September 1989 through April 1990. This period repres 
was sufficiently dense to provide good water table data and 
dry to unusually wet conditions. The points for January 1989 and 1990 are labeled on each track so 

also shown on Figures 12-10 and 12-11 for 
ks and any actual contamination in the 

water because a 

nod of transition from unusually 

the movement over a one year time period is easily comparable from location to location. 

The hydrographs in Appendix D show that from September through December 198 
was generally at its lowest level as a result of a dry year in 1987 being followed 
1988. The-particle-tracks for the September through December time frame-there 
groundwater flow direction if there is no recharge from Paddys Run Recharge fro 
began in January 1989 and peaked in June and July of 1989. Water levels fell until December 1989 
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but not to the low levels of 1988. Water levels rose again from January through April 1990 to 
levels equal to the highest levels in 1989. 

shows the particle tracks for locations A through E in the northwest comer of the 
OIL Locations A, B, and D lie along Paddys Run. Both locations A and B are 

ons where Paddys Run is flowing on glacial overburden north of the point where 
Paddys Run to the aquifer occurs. The northern most point where recharge begins 

be about 300 to 500 feet north of location D in Figure 12-10. The particle tracks from 
all five locations in Figure 12-10 were influenced by the recharge. The degree of the influence is 
in part a function o of the starting location from Paddys Run. 

For the particle at 1 normal gradient is to the south southeast parallel to Paddys Run 
as shown by the Se gh December 1988 points. The track is deflected to the east 
slightly during the 1989 period indicating that perhaps there is some leakage form 
Paddys Run through the glacial ovedmden. The track takes an abrupt turn to the north east in 
October of 1989 and continues on an northeast through April 1990. This emtic 
movement appears to be in response to a f gradient that mults from the effect of 
recharge fr~m the south moving to the no 
1990 is a path to the southeast rather 
COntamlMn ' t starting at Location A wo 
stayed well north of the main influence 

. 

t movement from January 1989 to January 

during the year because it 
southeast. The particle track for a 

For particles at locations B and C in Figure 12-10, the normal gradient is to the east. Both particle 
tracks show a slight shift to the north but the net movement 
to the east northeast. The contaminant track for both of th 

. 
1989 to January 1990 is 

short and to the east 
indicating that contamination in the aquifer from the waste pi y be migrating directly to 
the east. 

.: ..... ... . . . . . . . ... . . . _.... , . . . .,......... .... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . 

Particles at Location D, 300 to 500 feet downgradient the area where recharge appears to take 
place, and Location E just east of the K-65 silos show a different pattern. The September through 

December 1988 period indicates that flow without recharge from Paddys Run is 
slightly southeas The net movement form January 1989 to January 1990 is to 

net distance traveled is also greater than for the particles from Locations A, B, or C 
time period. This appears to be because of the steep-gradients developed by 
time when Paddys Run recharge was at its greatest, from January through May 1989. 
coIltarmnant particle tracks also have a distinctly different path than the water particles from 

L - c r -  . . - i  
- a  

prrxiwIIs.1-2n2.17-W 12-26 
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locations D and E. Due to retardation the contaminants stay under the influenceof the steep 
recharge gradients for a longer period of time and the net movement is to the east northeast. 

shows the particle tracks for Locations F through N. The groundwater track for 
ws that the highest groundwater velocities under the FMPC reservation occur where 
Paddys Run simply reenforces the normal gradient. As the track shows normal flow 

of east. Paddys Run is almost perpendicular to the groundwater flow lines so the 

flow path for the January 1989 to January 1990 period. The net flow direction is also essentially 
east as is the co 

e mcreases the gradient without changing the gradient direction The result is the longest 

For particles at 
of recharge from P 
to the northeast. 
Particle tracks for contaminants are essentially to the east in these two locations. 

the normal groundwater flow direction is to the east, The impact 
resulted in a net flow from January 1989 to January 1990 to be 

water flow without =charge would tum to the southeast. 

Particles at locations K and N have a sli 
upgradient side of Paddys Run. The norm 
the southeast. Flow is diverted to the so 
times. Location N is further north so it 
moving south along the length of Padd 
the stream to move farther and farther south before Mltrating. 

nt path because these locations are on the 

locations although at slightly different 
er than location K. The recharge front is 

from September through December 1988 is to 

d portion of the aquifer forces water in 

At location N the regional gradient caused movement to the 
through January 1989 and from July through December in 1 
this flow to almost directly south from February through J 
April 1990. The net movement for the January 1989 thro 
east of south rather then to the east southeaa The sho 
more to the south than the normal groundwater gradient indicates it should be. 

from September 1988 
from Paddys Run diverts 

again from January through 

period is only slightly 
is also considerably 

At Location K the flow is diverted to the south west in May of 1989 an appro 
change in direction. The flow rehms to a southeasterly direction July 1989. 
from January 1989 to January 1990 is to the south east rather than the east southeas 

’ 
t track is also diverted-from an easterly path to a southerly path.. contamLnan 

- ~ ~ - .  . .....:..:.._ . . . . . . . . . . . . . . . . .... . . ._. . . . 
. . . 

. . . . . . . . .. ~ . ~ . . . . ......... ..:..\ .. 
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Locations L and M show particle tracks that are strongly influen& by the steep groundwater 
gradient to the south out the Femald Outlet. The normal flow line approximated by the September 

ber 1988 period indicates that flow should be to the southeast. Only a slight i n c w e  
between the points in early 1989 indicate an inmase in velocity due to recharge. 
cation L turn almost south in May 1989 after the main recharge period. The net 

w for the L track is more to the south than the M track. Both tracks appear to be 
the location of well 2060 where off- FMPC contamination was first discovered. 

I 

These two tracks appear to show how the contamination transported by Paddys Run could have 
traveled south off the reservation. 

The particle track 
regional gradient is 
Ditch and its tribu 
therefore, even 
relatively short. It appears that the normal gradient is to the east and recharge causes a 
displacement to the south. The net m 
southeast. 

's different from the others because this is an area where the 

and it is influenced by recharge from the Stom Sewer Outfall 

spacing of the points indicates that the gradient is relatively flat 
number of abrupt changes in direction the net distance is 

1989 through January 1990 is to the 

Location G is in the vicinity of Plant 6 
particle path is very short again due to 
area. Although there is a slight defl 
track, the net movement from January 1989 through 1990 is to the east northeast. This location is 
within the area of influence of the collector wells located alo Miami River to the east 
northeast. The distance traveled by this particle is the sho tracks calculated because 
of the low gradient contaminant transport is also in a north on for this area. 

comer of the Production Area. The 
undwater gradient under the production 
e track to the north in the middle of the 

0 
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13.0 HYDROLOGIC PARAMETER ESTIMATION 

presents the informational and analytical basis for the selection of initial values for 
c parameters required as input to the groundwater flow model. Final values for 

were established based on the results of model calibration, as discussed in Part IV 

This section discusses the hydrologic parameters of the regional aquifer, including transmissivity, 
tion, the interaction of the Great Miami River and Paddys Run 

Aquifer with distinctive physical and 
hydraulic properties. He reported that transmissivity values generally ranged from 300,000 to 
500,000 gpd/ft (40,000 to 67,000 ft2 
gallons per minute (gpm). 

Geotrans (1985) summarized hydraulic 
approximately 10 miles north of the 
700,000 gpd/ft (4,000 to 94,000 
Hamilton. Most values are reported in the range of 100,000 to 300,000 gpd/ft (approximately 
13,000 to 40,000 ft2/day). The aquifer at the site is 180 
Consequently, hydraulic conductivities range from 20 to 520 
most values b e i i  in the range of 75 to 225 Wday (0.026 
conductivity reported for the aquifer near Hamilton was 774 
stated that slug tests showed hydraulic conductivity inmases 
Aquifer at Hamilton. 

idual wells can yield as much as 3,000 

Gnxt Miami Aquifer near Hamilton, Ohio, 
ivities ranging from 30,000 to 
for a site in the northern part of the city of 

0 

et al. 1987). 
10” to 0.18 a s ) ,  with 
The highest hydraulic 

Ws). Ward et al (1987) 
depth in the Great Miami 

Hydraulic conductivities derived from pumping tests of the collector wells have 
391 Wday (0.11 to 0.14 cm/s) (Geotrans 1985). 

The pumping tests of the Great Miami Aquifer at the FMPC are described by Spi 
(1962); They performed-tests that utilized-the FMPC water-supply wells; whi 
below the clay interbed. They used the leaky aquifer method of analysis and obtained a hydraulic 

- -  _ _ _  - 
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conductivity of 270 ft/day (0.095 a s ) .  Two separate pumping tests were performed and estimates 

of the vertical hydraulic conductivity of the clay interbed, 0.43 Wday (15 x lo4 d s )  and 
1.16 x lo4 cm/s) were obtained. These values are far outside of the typical range of 

which is usually about lo4 to ft/day (3.5 x lo-' cm/s) (Freeze and Cherry 

that the various analyses of the pumping tests reported for the Great Miami Aquifer 
adequately allowed for the combined effects of partial penetration and vertical anisotropy of the 
aquifer. Consequently, the transmissivities and hydraulic conductivities reported are probably lower 
than the true values 

The calibrated three 
(0.16 cm/s) for th 
values fall within 
reported; however, the model-calibrated values are consistent with the observation that the reported 
values probably tend to be lower than true v 
model layers increase downward, which is 

13.1.2 Porosity 
No estimates of porosity in the Great ere found in the literam. However, some 
estimates of specific yield have been made, and porosity of such deposits tends to be only slightly 
greater than specific yield. Spieker (1968a) stated that the aquifer may be classified with a specific 

ow model values reported in Section 20.2.3 are 450 ft/day 
aquifer and 600 Wday (0.21 cm/s) for the lower part. These 

alues. They are slightly higher than most of the values 

The hydraulic conductivities in the various 
n that has been observed near Hamilton. 

yield of about 0.2. A three-day pumping test reported by 
of 0.23. The average specific yield for aquifers composed of 
by Johnson (1967). A value of 0.25 was used for porosity in 
slightly higher than the single measurement of specific yield ( 
reported values in the literam. 

provided a specific yield 
was reported to be 0.25 

aquifer modeling. It is 
s within the range of 

13.1.3 Infiltration/Recharne Rates 
Spieker (1968a) estimated recharge to the Great Miami Aquifer throughout the 
inches per year (i i) ,  and used a recharge value of 152 Wyr in his electric 
calibration (Spieker 1968b). Walton and Schaefer (1956) estimated that recharge in 
SOWC wells was 8 5  i4yr at the lime of their study, which was a year of near-ave 
precipitation;- Smith (1962) estimated a recharge maximum of-21 b/yr in the Fairfi 
northeast of Ross. Geotrans (1985) produced a preiminary three-dimensional finitedifference flow 
model with a recharge of 15 b/yr where the Great Miami Aquifer is exposed at the ground surface, 

- -- - - - - - - _. 
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and 6 in/yr where glacial overburden covers the aquifer. The modeling described in Part IV of this 
report uses initial values of 14 in/yr where the aquifer is exposed at the surface and 6 in/yr where 

is present. These recharge values are consistent with the earlier estimates for 
area. A recharge value of 6 in/yr implies a vertical hydraulic conductivity of 
y (4.9 x 
ulic conductivities given for glacial till (Fmze and Cherry, Table 2.2). 

cm/s), under unit hydraulic gradient, which is in the middle of the 

13.1.4 Great Miami River Leakage 
The Great Miami River loses water by induced infiltration as it flows past the SOWC wells. 
Walton and Schae 
estimated induced 
wells. Basedon 
was from induced 

stigated this stteam leakage using a flow net approach They 
,!550,000 gpd, 62 percent of the water pumped from the SOWC 

og model, Spieker (1968) estimated that 75 percent of the pumping 

The flow model discussed in the present report uses a leakage coefficient to quantify the degree of 
intexormection between the river and the No information is available for values for the 
coefficient and it was established during m bration. Upon calibration, the three-dimensional 
flow model indicated 75 percent of the from the SOWC wells was from the induced 
infiltration, which is in good agreement y reported estimates. 

13.1.5 Paddys Run Leakage 
The main surface water drainage for the FMPC is Paddys Run, which flows along the western edge 
of the site. This is an intermittent stream which gains and 1 ng its course to the Great 
Miami River. A major tributary of Paddys Run is the Stom 
natural gully that has eroded through the glacial overburden 
Surface water infiltrates through the sandy and gravelly beds 
Outfall Ditch, providing recharge to the Great Miami Aquife 

0 

Ditch, which is a 
em portion of the FMPC. 

and the Stom Sewer 

Leakage from Paddys Run to the Great Miami Aquifer was assumed to occur along the reach of 
the stream bed south of the Clearwell to a point about 2000 feet to the south of the FMPC. 
Leakage from the Storm Sewer Outfall Ditch to the Great Miami Aquifer was 
along the stream channel south of the storm water retention basins to its 
Run. The actual amount of leakage is variable, depending on the magnitude and d 
in each of thest-channels. _ _  ._ _ _  - - - - .  

0 
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As will be discussed in Chapters 20.0 and 21.0, infiltration rates were established for the losing 
reaches of these stream channels based on the most appropriate interpretation of available data. For 

r flow model, infiltration leakage was set at 14 in,&, which is the same value used 
v e d  with glacial overburden. This should be a reasonable approximation of 
the losing stream reaches due to the relatively large cell sizes and steady-state 

e flow modeL Leakage ram were set at 32 i4yr in the solute transport model, 
areas of the cells had to be substantially reduced for numerical stability and 

were not reflective of actual stream widths. 

a significant effect on the gmundwater flow system are the 
of 6026 gpm used for each of these wells in the three- 
ge collector well pumping rate for March and April 1986, 

collector wells. The 
dimensional flow 

(Miami Conservancy District, unpublished data). The water level 
data used for calibration of the model were collected in these months. SOWC well pumping 
records for the period from 1952 through 19 
rates between the wells would be realistic 
Albright & Wilson Co. wells are not ac 
the three-dimensional flow model was 2 
Wilson Co.’s pumping. This value was WMCO (1988). 

cate that an equal allocation of the discharge 

the value used in the final calibration of 
e long-term conditions. Pumping rates for the 

0 
dered to be the upper limit of Albright & 

13.2 GLACIAL OVERBURDEN 
The term glacial overbuden has been selected to describe the 
the glaciofluvial material of the Great Miami Aquifer. The 
majority of the site. The exceptions include areas which ha 
Paddys Run and areas outside of the advance of the Wiscons 
includes loess, lacustrine, till, and glaciofluvial material. 

hic unit located above 
n is found over the 

d to erosion along 
The glacial overburden 

While these deposits are related, each has a unique depositional environment. These depositional 
environments impart on the material hydrogeologic characteristics that are based 
energy available for sorting at the time of deposition. For water lain deposits, 
soxthg energy was available at the time of deposition, the more able the deposit was 
water as an aquifer. In the Paddys Run glacial lake, there was higher sorting 
beaches than in the-deeper lake areas;-thusrthe beach sands and-gravels-are 
the clays that settled in the still part of the lake are not. Secondary pmesses that occur after 

- - - __ - . -. - __ 
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formation of the deposit, such as fracturing and the development of mot and worm tubes, will also 

affect the potential rates of flow. 

field investigations at the site, the material encounted during drill@ was 
physical characteristics rather than the depositional character of the site. Although 

in the boring logs (Appendix A) are based upon color and gradation, a depositional 
be made using the descriptions found in other publications (Brockman 1988; Hendry 

ens 1987; Barari 1986; Leggett 1976) and outcrop studies at the site. For example, it 

till is a weathering phenomenon and is not due to depositional 
can be generally it is assumed that the gray and brown clays and silts repxesent the Wisconsin age 

differences. 

al lake spillway (Brockman 1988) and descriptions found in the 
ring program conducted during FMPC construction, it is believed 

that near-surface brown silts found in the western portions of the FMPC area may represent 
lacustrine deposits. As described in this gram, these near-surface materials often 
exhibited varving. Varved clays are a type ring that is unique to glacial lake deposits. It is 
also likely that a portion of these near- silts and clay are loess deposits. 

Sand and gravel beds which are comm lacustrine and till deposits can result from 
processes such as small meltwater sits. These glaciofluvial interbeds axe 
important in the hydrogeology of glacial material as they form the majority of the small perched 
aquifer systems within glacial deposits. These intertill aquife 
conditions, very limited in extent, and can produce only sm 
FMPC study area, these small interbedded deposits within 

glaciofluvial materials without regard to the type of origin. 
a few inches to 10 feet or more with highly variable lateral 
these beds is highly variable across the site. 

y under confined 
f water. Within the 

rburden axe classified as 
an range in thickness from 

The interconnection between 

Each of the overburden layers have distinct hydrogeologic characteristics that affect the vertical and 
lateral movement of fluids. The hydrologic characteristics of the different units 

13.2.1 Glaciofluvial Dewsits 
Within the glacial ovexburden deposits there are numerous perched water bearing zo 

limited interconnection, The majority of these perched zones are of glaciofluvial origin and consist 
of small beds of highly sorted sands and gravels. These beds are probably the result of small 
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meltwater streams that occurred along the ice margin and within the glacier itself. These intertill 

aquifers have the following general characteristics: 

High variability in areal extent, thickness, and volume. 

pon hydrograph analysis, limited interconnection between the 
aquifers. 

The majority are confined by layers of relatively impermeable till. This 
results in conditions where water will rise in a well to a level higher 
than where the water was first encountered (confined or artesian 
COnditiOnS). 

es are &hly variable with an expected range of 
(10- to 0.1 cm/s) (Freeze and Cherry 1979). 
slug tests of water-bearing mnes in t h e p  
vifies ranging fromJ.6 Wday (5.6 x 10 cm/s) 

10- Wday (2.5 x 10 cm/s) in Well 1079. 

22.1 percent to 36.7 percent, with a mean of 
31 percent (Moms and Johnson 1967) 

Generally these glaciofluvial interbeds are 
glacial overburden. However, movement 
constrained because of the limited extent 

to be the major water-bearing units within the 
d contaminants within these units will be 0 ection of these units. 

13.2.2 Glaciolacustrine Dewsits . . . . . . . . . . . . . . . . . . 

In the meltwater lakes that existed during Pleistocene time, deposits of glaciolacustrine silt and clay 
were laid down offshore. These deposits form some of the most extensive shallow aquitards in 
North America. However, at the FUPC, the lacustrine deposi 
and weathered, and are expected to have a substantial second 
evaluating the groundwater systems at the FMPC, the glaciol 
have an insignificant effect on infiltration and contaminant 

dace ,  are both jointed 
Sty. For the purposes of 

sits are considered to 

13.2.3 Till Deuosits 
Within the glacial overburden at the FMPC, the till deposits repxesent the dominant control on 
water and contaminant movement. Dense, fine-grained glacial tills are the most 
in most of the northern part of the United States. These deposits have inte 
conductivities that are very low, with values ranging from 10" to lo-' Wday (3.5 x 
3.5 x - 10' cm/s) (Heath - -  1983; Cravens 1987). Extensive depositspf clayey till can 
from zones of near-surface groundwater flow. A comparison of the 

_ _  - 
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till with those measured in the water-bearing zones at the FMPC (Section 13.2.1) indicates the 
relative impermeability of the till unit. 

region and in parts of the Midwest, near-surface deposits of clayey or silty till 
clay have networks of predominantly vertical joints or fractures. This jointing 

Wisconsin tills has also been noted in the area surrounding the FMPC (Brockman 
FMPC area, joints were observed to be near vertical and to have a polygonal 

expression with a typical maximum axial dimension of 18 to 25 inches. The joints are generally 
oxidized for approximately a depth of two inches on either side of the joint surface. Within the 
FMPC, fractures 
reconnaissance. 
increased water con 

ted in the till during the RUFS drilling program and field 
increased lateral mses caused by overburden loading and 
c conductivity of frachmd till and clay decreases with depth. 

Recent investig logic settings indicate that till deposits can be divided from a 
hydrogeologic standpoint into a brown weathered zone and a gray unweathered zone mami and 
Hedges 1985; Hendry 1988; Cravens 
Kamw 1975; Grisak et. al. 1976; Hendry 1 
precipitation enters the upper zone, it do 
aquifer zones and that the majority of 
In addition to the losses due to evapo 

Jones 1963; Williams and Farvolden 1969; 
These investigations have found that while 

a significant source of recharge to deeper 
from till deposits is from evapotranspiration. 

r discharge to small seeps or drainages may 
occur. 

Although the degnx of fracturing within the upper tills at the FMPC has not been quantified, 
sufficient observations have been made at the site and in the 
a characteristic physical property of these tills. Since frac 
feature in most brown tills, it is necessary to consider the 
and contaminant transport within the tills. Fractures have 
conductivity of till by as much as loo0 times (Hendry 19 
of only 1 to 3 times. At the FMPC, the appreciable silt and clay content of the till was regarded 
as providing the Great Miami Aquifer with protection from the activities at the 
Noms 1951). This line of reasoning has justification because the low hydraulic 
produces very low velocities even if the hydraulic gradients are large. In addition m 
co- ' ts being aansported by seepage through the till matrix undergo amnuatio 

indicate their presence is 
noted as a dominant 
frachms have on water 

y enhanced the bulk hydraulic 
expected typical increase 

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

....... ........ _ ........ ........- - . .. ~ .. - ......... ....... ........ ......... ........ ........ ........ 
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~f the till is fractured these generalizations are not applicable because the velocities of water in the 
fracaves im relatively large compared to the intergranular pore velocities in the unfrachmd matrix. 

noted that although the velocities are relatively large, the contaminant flux may be 
because the Darcy flux is small. 

y control velocity but they also impart a much lower capability for anemation and 
y adsorption of non-wnservative contaminants. The adsorption processes are capable 

conraminant mass from solution if the water is in contact with larger surface 
areas in the matrix. Contaminants transported by seepage along fractures have only an opportunity 
to react with the m 
Therefore in the 
reduce the concentra 

present in a veneer layer on the exterior of the fracture. 
ere is less surface area available for chemical reactions that 

or slow the movement of that contaminant. 
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14.0 SURFACE WATER QUALITY 

i River receives treated effluent from the FMPC through a discharge pipeline. 
charging to the river can potentially contribute radiological and chemical 

to the Great Miami River, since runoff from a large portion of the FMPC 
surface water come (IT 1988). Flow from Paddys Run may also carry FMPC 

enters Paddys Run. A direct connection between the Paddys Run stream bed and the 
Great Miami Aquifer is and was most likely a pathway for contaminants entering the aquifer 
(Chapter 12.0). 

Because of the inte 
necessary to include 
the water quality o 
Great Miami River. 

groundwater and surface water in the vicinity of the FMPC, it is 
surface water chemistry in this report. This section discusses 
d associated tributaries, the Storm Sewer Outfall Ditch, and the 

14.1 PADDYS RUN 
Figure 14-1 shows the locations for the s 
FMPC and the RVFS. W S  surface w 
W-11 were analyzed for radionuclides, m 
parameters. Station W-10 is the furthes 
Monitoring Well Cluster 009; Station W-11 is located downstream of Station W-10 and is 
approximately 300 feet upstream of the Stom Sewer Outfall 

located furthest downstream and is immediately north of the 

14.1.1 General Chemistrv, Metals, and Ornanic Compounds 
Table 14-1 shows the average concentration of metals and g 
Run surface water samples collected during RVFS sampling. 
oxygenated and total dissolved solids O S )  range between 400 and 500 mg/L. The stream water 
is similar in composition to groundwater, calcium is the dominant cation, followe 
and sodium. Bicarbonate is the dominant anion, followed by sulfate, chloride, 
(Table 14-1). The major chemical composition of Paddys Run water does not 
flows through the FlMpc. 

Heavy metals were either not detected or concentrations were very low in samples of surface water 
collected from Paddys Run. Samples collected in January 1989 indicate that HSL organic 
compounds were not present in Paddys Run water at that time. N-nitrosodiphenylamine at 

d sediment sampling locations used by the 
m Paddys Run Stations W-7, W-10, and 
anic compounds, and general chemical 
n used by the RIPS and is located near 

ce; Station W-7 is 

eters in Paddys 
ys Run smam water is well- 

- - -  - -  - - -  - .  
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Station W-10 and diethyl phthalate at Station W-11 were the only HSL organic compounds 
detected, and both of these were detected at concentrations below the contract required quantitation 

an that the FMPC is not contributing any nonradiological contamination to Paddys 
though upstream background samples are not available for comparison, the paucity of 
avy metals and HSL organic compounds and the constancy of the major chemical 

f Paddys Run water from sample Station W-10 to Station W-7 support this 
conclusion. 

14.1.2 
Table 14-2 shows th 
Total uranium and u 
Table 14-3 shows th 
from Station W-10 

1989 sampling, uranium concentrations did not increase in the downsueam direction. The 
difference between the two sampling events is possibly due to the difference in runoff conditions 
which prevailed at the time of sampling. 
be a function of the duration and intensit 
conditions . 

S sampling of Paddys Run stream water for radionuclides. 
s are detected in samples from Stations W-10, W-11, and W-7. 

concentrations increased threefold in Paddys Run stream water 
during the May 1989 sampling. However, during the January 

bution of uranium in Paddys Run water should 
ipitation event and possibly also antecedent 

It is clear that uranium is entering Pad 
This is because the average total uranium concentration of Paddys Run stream water at 
Station W-5 is approximately 1 ugh, based on WMCO m 
Station W-5 is located north (upstream) of the FMPC, imm 
bridge over Paddys Run (Figure 14-1). The increase in the 
stream water between Stations W-5 and W-10 is most likely 
contaminated runoff from part of the Waste Storage Area 
Runoff from the area nearest to and including Waste Pits 1, d 3 flows into the Clearwell, and 
is subsequently pumped to the FMPC general sump (ASVIT 1987). However, runoff from a large 
part of the Waste Storage Area flows into Paddys Run at a point upstream of 
sampling at Station ASlT-003 (Figure 14-1) yielded a total uranium concentr 
this drainage of 433 u a .  WMCO (1989b) estimates that the mass loading o 
Run from this drainage is 210 pounds per year. A planned removal action b 

point or points upstream of Station W-10. 

1988 (WMCO 1989a). 
f the State Route 126 
ntration of Paddys Run 
inflow of uranium- 
Production Area. 

- -  - -  - eliminate this discharge to Paddys Run. - _ _  - - 

Runoff from another small drainage enters Paddys Run at a point approximately 500 feet 

downstream of the K-65 silos. This drainage collects runoff from an area around the K-65 silos, 
( J O O 2 6 3  

PIl'EW/lS.l-Zn2-17-90 14-6 
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TABLE 14-3 

PADDYS RUN SURFACE WATER 
YTICAL RESULTS FOR TOTAL URANIUM CONCENTRATION (ug/L) 

Sampling Month 1/89 5/89 

w-10 12 5 
w-11 19 9 
w-7 9 15 

. . . . . . . . 
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the K-65 slurry trench, and the southwestern edge of the Production Area. The total uranium 0 
concentration of runoff in the drainage ranged from 231 to 2219 ug/L during RUFS sampling. 

) estimates that the mass loading of uranium to Paddys Run from this drainage is 

ter was collected from Storm Sewer Outfall Ditch Stations ASIT-001, ASIT-002. and 
ASIT-003 during the RIFS sampling program. These sampling locations are shown in 
Figure 14-1. Station 
stom water retention 
Station ASIT-003 is 
confluence of the St 

furthest upstream and is situated near the spillway of the oldest 
n ASIT-002 is located just below the Active Fly Ash pile. 
tream and is located approximately 25 feet upstream from the 

Ditch and Paddys Run. 

14.2.1 General Chemistry and Metals 
Only Stations ASIT-002 and ASIT-003 were sampled for metals and general chemistry. Storm 
Sewer Outfall Ditch surface water was not s for HSL organic compounds. 

Table 14-4 presents metal and general che ntrations of surface water samples from Storm 
Sewer Outfall Ditch sampling mations SIT-003. Each location was sampled once; 
therefore, average concentrations and termined. The major constituent chemistry 
of the surface water sample from Station ASIT-003 is very similar to that of Paddys Run stream 
water. However, calcium is relatively lower and magnesium 
sample from Station ASIT-002 (Table 144). Similar to Pad 
detected or detected at very low concentrations in surface wa 
Outfall Ditch. 

relatively higher in the 
metals were either not 

m the Storm Sewer 

14.2.2 Radionuclides 
Table 14-5 lists the results of RWS sampling of Storm Sewer Outfall Ditch water for radionuclides. 
Uranium is detected in samples from Stations ASIT-001, ASIT-002, and ASIT-003. The total 
uranium concentrations of surface water samples from Stations ASIT-001 and A 
24 ug/L, respectively. These concentrations are considered similar enough that 
differences is warranted. However, total uranium concentrations observed at Station 
range from 2 to 7 ug/L, and are lower compared with those from the upstream stati 
uranium concentrations occumng at Station ASIT-003 may be due to dilution by runoff from a 
drainage which enters the Storm Sewer Outfall Ditch approximately 100 feet downstream from 

PlTmflX.1-Zn2-17-90 14-9 
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TABLE 14-4 

STORM SEWER OUTFALL DITCH SURFACE WATER 
GENERAL CHEMISTRY AND METALS 

ASIT-002 ASIT-003 
3/2 1/89 5/15/89 

General Chemistry (m@) 

Ammonia as 
Chloride 
Fluoride 
Nitrate as N 
Phenols 
Total Phosph 
Sulfate 
Alkalinity as HC03 
PH 
Total Dissolved Oxygen 
Total Kjeldahl Nitrogen 
Total Organic Carbon 
Total Organic Halides 
Total Organic Nitrogen 

Metals ( m a )  

Aluminum 
Arsenic 
Barium 
Cadmium 
Calcium 
Chromium 

Iron 
Lead 
Magnesium 
Mangantse 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 

Copper 

0.162 

0.21 
0.71 
0.01 u 
0.194 

29 

47.6 
NA 
NA 

NA 
0.002 u 
0.0271 
0.001 u 
0.0072 
0.0105 
0.292 
0.0022 

0.0084 
0.26 
0.003 U 
0.006 U 
1.88 
0.002 u 

39 

107 

. . ~  - 

0.126 

0.19 
5.44 
0.01 u 
0.161 

34 

51.3 
200.5 

8.57 
8.6 
0.691 
1 u  
0.01 u 
0.565 

0.0866 
0.002 u 
0.0399 

0.0097 
0.2 u 
0.01 u 

.. . - ~. - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . ...... 

See footnotes at end of table. 
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TABLE 1 4 4  
(continued) 

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

ASIT-002 ASIT-003 
5/15/89 

NA 3.89 
Silver 0.0005 U 0.01 u 
Sodium 138 14.6 

0.01 u 

NA - The parameter was not analyzed. 
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Station ASIT-002. This tributary to the Stonn Sewer Outfall Ditch drains a large area extending to 

stations in the vicinity of the Active Fly Ash pile show a wide range 
concentrations. Stations ASIT-04 and ASIT-005 are located in a small drainage 
Id and the Active Fly Ash pile, and Stations ASIT-006 and ASIT-007 are located 

side of the Active Fly Ash pile (Figure 14-1). Elevated total uranium concentrations 
of 1692 and 499 ug/L, respectively, are observed in runoff samples from Stations ASIT-004 and 
ASIT-005. These 
the Storm Sewer Ou 
very small compared 
between the sam 
concentrations o 

not cause an observable increase in uranium concentrations in 
addys Run, indicating that the rate of flow in the drainage was 
receiving streams, or that infiltration and/or dilution occurred 
the point of discharge into Paddys Run. Total uranium 
spectively, are observed in samples of runoff from Stations 

ASIT-006 and ASIT-007. 

14.3 GREAT MIAMI RIVER 

RI/FS samples of Great Miami River water 
Figure 14-1). Station W-1, located near 
pipeline. Samples from Station W-1 we 
Great Miami River. Station W-3 is loc 
Baltimore Bridge, and Station W-4 is situated downriver of the confluence of Paddys Run and the 
Great Miami River. 

ected at Stations W-1, W-3, and W4. 
dge, is upstream from the FMPC effluent 

lish the background water quality of the 
f the effluent pipeline near the New 

14.3.1 General Chemistry and Metals 
Table 14-6 shows the concentration of metals and general che 
Miami River water. Each station was sampled several times 
was sampled only once for metals. Samples of Great Miami River water were not analyzed for 
HSL organic compounds. 

eters in samples of Great 
emistry; however, each 

The major chemical composition of the Great Miami River water is similar to th 
groundwater. Calcium is the dominant cation, followed by magnesium, sodium, and 
Major anionic constituents are sulfate, chloride, and nitrate. Although not measured, 

-that bicarbonate is also a major constituent; Based on the low concentrations of iro 
manganese in the Great Miami River water (Table 14-6), the water is most likely well-oxygenated. 
The concentrations of several anionic constituents, such as chloride and nitrate, are quite variable. 

0 
QQQWQ 

mm/r’S.l-2n Z 17-90 14-13 



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

3 3 m  

I I I I I I I p Q ’ I  

3 
I h  

.. 

Fh4Pc-m-2 
December 17. 1990 

14-14 



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

0) 
M 

h 

c k 

00 
?sc?99c" o o w o o ~  

FMPC-m-2 
December 17. 1990 

14-15 



1 1  
8 8  

........ 

Y 0 c 

.......... 

MPC-0004-2 
December 17. 1990 

... 

000273 

14-16 



6 6 0 5  
FMPC-o004-2 
December 17. 1990 

This may be because sampling was conducted over a variety of flow conditions. The chemistry of 
surface flows can also be influenced by seasonal factors, such as farming activities and road salting. 

sampling, the FMPC does not appear to be a source of nonradiological 
the Great Miami River. No heavy metal concentrations are elevated in river water 

3 and W-4, relative to concentrations observed at background Station W-1. Total 

(Table 14-6). However, the total phosphorus concentration of Paddys Run water leaving the FMPC 

(Station W-7) is quit 
not the source of the 
Chapter 15.0, eleva 
south of the industri 

appears to be elevated in samples from Station W-4, relative to upstream samples 

to Great Miami River water. Thus, the FMPC is most likely 
phosphorus occurring at Station W-4. As discussed in 
IUS has been observed in groundwater at Wells 2094 and 3094, 
Run Road. 

14.3.2 Radionuclides 
Table 14-7 lists the results of RWS sampling of Great Miami River water for radionuclides. The 
detection of various radionuclides at the sam tions is as follows: 

Ra-228 W 4  
Th-228 W-3 
Th-230 W-4 
u-234 w-1, w-3, w- 
U-238 w-3, w-4 
U-Total W-1, W-3, W-4 

The detections of radium and thorium are one-time, neardete 
considered to be significant. The average total uranium con 
and W-4, 2.8 and 2 ug/L, respectively, are higher than those 
where the average total uranium concentration is 1 ug/L. 
slightly increased the uranium concentration of Great Miami 

nces which are not 
wed at Stations W-3 

background station W- 1, 
t FMPC effluent has 

water during the period of 
sampling. 

A detailed study of the effects of the FMPC effluent outfall on the Great Miami 
conducted by IT in 1987 and 1988 (IT 1988). The results of this study would i 
potential increase in the uranium concentration of river water caused by the 
be less than that observed. However, the 1988 RVFs sampling occurred during a d 
low flow condition, and the relative effects-of the FMPC effluent on river 

_ _  - . _ _  - -  _ _  _ _  - - 
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