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Re: NLO Subcontract S-1094
Groundwater Study at the FMPC and Vicinity

Dear Mr. Weidner:

We are pleased to herewith transmit two hundred (200) coptes of the
Task C Final Report under the referenced contract. This report incorporates
revisions and comments made in our review meeting of July 17, 198S.

As you know, the purpbse of the Task C work was to identify the source
or sources for the above-backqround concentrations of uranium detected in
three offsite wells near the FMPC.

Our work has concluded that the sources of these above-background
concentrations are runoff from the Plant Production Area and the Waste Pit
Stora?e Area. We have recommended short-term actions to mitigate this
condition and longer term options to enhance environmental protection.

The monitoring activities established under this program will be
continuing and constitute a significant component of comprehensive site
monitoring.

Sincerely yours
DAMES &Y%ORE
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Robert P. Blauveit
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EXECUTIVE SUMMARY.

This Task C Report, prepared by Dames & Moore under a subcontract
with NLO, Inc, a prime contractor for the Department of Energy, identifies
the sources of above-background concentrations of uranium which have been

" detected in three offsite wells. These wells are downgradient of the Feed
-~ Materials Production- Center,a-uranium metal-processing- facility; which-is—
managed by NLO, Inc. for the Department of Energy. |

This Report presents:

e Field and laboratory data collected during the drilling,
aquifer testing, and water sampling tasks of this project,

® Evaluation of site geologic and hydrogeologic conditions
based on recently collected and previously published data;

e The basis for the identification of sources for the
above-background concentrations of uranium in the three
offsite wells;

e The identification of sources for above-background
concentrations of uranium in the three offsite wells;

o Recommended short- and long-term alternative actions to
reduce the contribution of uranium to groundwater and/or to
mitigate its potential impacts.

The FMPC is located on a 1050-acre site in a rural agricultural area
about 20 miles northwest of downtown Cincinnati, Ohio. The site is in a
two-mile wide valley filled with about 200 feet of permeable sand and
gravel. Overlying this sand and gravel is 30 to 50 feet of impermeable silty
Clay till.

Dames & Moore




The sand and gravel deposit is the principal aquifer for the site area.
Flow directions in this aquifer generally follow surface topography and
groundwater flows generally towards the south. The three offsite wells
with above-background uranium concentrations are completed within this
sand and gravel aquifer and are located to the south of the FMPC.

" Surface drainage at the FMPC is generally southward via Paddy's Run.

Part of the runoff from the Plant Production Area flows to the Storm Sewer
Outfall Ditch and subsequently to Paddy’'s Run; the remainder goes to the
Great Miami River.

Two sources for the above-background concentrations of uranium in the
offsite wells have been ident_if ied. They are, in order of importance:

e Water flowing into the Storm Sewer Outfall Ditch via the
Storm Sewer Outfall.

e Water flowing into Paddy's Run from the Waste Pit Storage
Area.

These two sources were identified based upon the following
information which was collected and analyzed by Dames & Moore during the
course of this study:

® Above-background uranium concentrations in runoff water
from the Plant Production Area which flows into the Storm
Sewer Outfall Ditch.

® Previously collected NLO water quality data that confirm
the presence of above-background concentrations of uranium in
the Storm Sewer Outfall Ditch.

e_Above-background_concentrations-of-uranium-in-runoff-water

from the Waste Pit Storage Area which flows into Paddy's Run.

E-2
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e Above-background concentrations of uranium in water
seeping from the waste Pit Storage Area which flows into
Paddy's Run.

e Previously collected NLO water quality analytical data that
confirm the presence of above-background concentrations of

~~° ~ouranium in-downstream-surface -water of- Paddy'S‘RUD:“’ Tt

e Results of downgradient groundwater quality sampling
which support. the conclusion that uranium is. not migrating
from the FMPC to the offsite wells via a groundwater pathway
at concentrations high enough to account for the above-
background levels.

Uranium in surface water from the two identified sources is transported
toward the three offsite wells by flowing down Paddy's Run and the Storm
Sewer Outfall Ditch to an area where the relatively impermeable glacial till
grades into permeable sand and gravel. Surface water percolates into the
groundwater aquifer at an area near the confluence of Paddy's Run and the
Storm Sewer Outfall Ditch and follows natural (and, in part, pumping
induced) groundwater flow patterns toward the offsite wells. Surface
water containing above-background concentrations of uranium entering the
groundwater flow regime in this area is estimated to take approximately
0.25 years to 5.5 years to reach the offsite wells.

All concentrations reported in the three offsite wells are below the
Department of Energy guidelines and U.S. Public Health Service recommenda-
tions for uranium in drinking water.

Dames & Moore recommends the following five short-term actions to
reduce the contribution of uranium to groundwater and/or to mitigate its
potential impacts: '

E-3
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In ad&itibn to these short-term action recommen&étions-,-ihe following -
long-term conceptual alternatives should be evaluated for their remedial
effectiveness and applicability at the FMPC site:

Storm Water Retention
Surface Runoff Control

Excavation of Uranium-bearing Sediment
Expansion of Groundwater Monitoring System

Substitution of Drinking Water

Waste Pit Management Alternatives

Material Relocation

Provide Alternate Water Supplies

Active Plume Control
Partial Plume Control

E-4
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1.0 INTRODUCTION

On April 1, 1984, Dames & Moore entered into a subcontract with NLO Inc.
(NLO), a prime contractor for the Department of Energy (DOE), to perform a

. study at the DOE's Feed Materials Production-Center-(FMPC) in-Fernald; Ohio.- ~ —| -

The main purpose of the study was to identify the source or sources of
above-backgmund* concentrations of uranjium which had been detected in
three offsite wells. ’

This Report presents:

e Field and laboratory data collected during the drilling,
aquifer testing, and water sampling tasks of this pro ject,

e An evaluation of site geologic and hydrogeologic conditions
based on recently collected and previously published data;

® The basis for the identification of sources for the above-
background concentrations of uranium in the three offsite
wells; '

e Identification of sources for these concentrations;

e Recommended short-term and long-term actions to
remediate above-background concentrations of uranium- in
groundwater. | |

1.1 Project Background

As part of the NLO/DOE environmental monitoring program at the FMPC,
thirteen monitoring wells, drilled over a twenty year period and located

Y

"~ principally in the Waste Pit Storage Area, and three production wells have

been routinely sampled and analyzed for various water quality indicators.

* Underlined words are defined in the Glossary pressented in the back of the Report.

-1 ' . Dames & Moore




This monitoring started in 1952 with the installation of the FMPC's first
production well. Beginning in December of 1981, the monitoring program
was expanded and now includes both the onsite wells and over 22 offsite
wells located up and downgradient of the site.

Laboratory analysis of NLO samples (collected since 1981) has
demonstrated that the maximum uranium concentration of 0.578 mg/L in
the water of three offsite wells (0S-1, 0S-2, and 0S-3; Figure 1-1) is
above-background but below (by approximately 67%) the maximum
permissihle concentration (MPC) of 1.8 mg/L allowable for water released
to an uncontrolled area as per DOE guidelines (Reference 1). That
concentration is also below (by approximately 30 ®) the upper limit of S
mg/L recommended by the U.S. Public Health Service (Reference 2). Table
1-1 provides a summary of water quality data for these three wells.

Aithough the uranium concentrations were below MPC and remain below
MPC, concerns about the potential source(s) of this uranfum.led to a regional
groundwater study (Reference 3) performed in 1982 for NLO/DOE by the
United States Geological Survey (USGS). That study collected additional
data in the area and served as a basis for the Dames & Moore groundwater
study reported herein.

in April, 1984 Dames & Moore was retained to:

e Identify the source or sources of the above-background
concentrations of uranium in the offsite wells, and

e Recommend remedial measures if it is concluded that the
FMPC facility is the source of the above-background
concentrations of uranium in the groundwater in the offsite
wells. - I -

1-2
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1.2 Scope of Dames & Moore’'s Work

The Dames & Moore study consisted of three tasks. The results of Tasks
A and B are summarized below. The objective of the Task C study is to
identify the source(s) for the above-background concentrations of uranium

__reported in the offsite. wells and._to -.recommend- remedial-measures, - - - -

if necessary. Groundwater characterization, water quality, pathways
analyses, and geologic interpretation have therefore been performed only to
the extent necessary to provide data to accomplish this-objective. The
Dames & Moore work scope did not include the characterization or
monitoring of other waste management facilities at the FMPC.

To identify the source(s) of the above-background uranium concentrations
in the offsite wells, Dames & Moore developed a three-task program to
accomplish the work summarized below.

TASK A

Dames & Moore completed the first task of the groundwater study with
the submission of the Task A Draft Report (Reference 4) which reviewed
and evaluated relevant file information, data collected by and on file with
federal and state agencies, and generally available published literature on
the facility and its operations.

On the basis of this information, the Task A Draft Report preliminarily
identified five potential sources (Figure 1-2) for the above-background
uranium concentrations in the three offsite wells. Three principal criteria
were used to make this preliminary identification: the known or estimated
amounts of leachable uranium present at the potential source, the detection
of uranium in the environment near these sources by the NLO monitoring

1-3
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system, and the availability of an effective transport mechanism to
introduce this uranfium into the groundwater. The potential sources were
identified as:

(1) water flowing into and uranium-bearing stream sediments

_In Paddy’'s Run._ and the Storm Sewer. Outfall.Ditch.-. - - - - - | -

(2) waste Pit Storage Area.
(3) Fly Ash Piles.

(4) Plant Production Area.
(5) Scrap Metal Pile.

The Task A Draft Report also presented a preliminary characterization of
the site hydrogeologic conditions and briefly described the outline for the
proposed field program to be conducted under Task B.

Task B

The principal objective of the Task B work was to provide the necessary
data to confirm or repudiate the contribution of uranium to groundwater
from each of the potential sources listed in the Task A Report. This second
task of the groundwater study was divided into two phases: preparation of a
work plan (Task B Report) describing field activities to be performed, and
implementation of that work.

Work described in the Task B Draft Report (Reference S) was implemented
on December 9, 1984 and field work was completed on March 6, 1985. The
draft work plan described protocols and procedures for drilling, installing,
and developing 23 new monitoring wells in various areas of the FMPC site.
The draft plan also provided a rationale for the location of these wells,
described formation and groundwater sampling methodologies, laboratory

|~ -analytical-procedures, and outlined the scope of the aguifer testing program.

1-4
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Task C

The Task C Report interprets site geologic and hydrogeologic conditions
at the FMPC utilizing data gathered in the field as well as previously
- published information.- - Water quality-and- -geologic- characteristics are
interpreted and their effect on uranium migration from the site is
discussed. A computer model of the site has been prepared to illustrate
current groundwater contours = and quality and to predict their future
condition. The sources of the above-background concentrations of uranium
in the offsite wells are identified and several potential conceptual action
alternatives are presented.

1-5
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2.0 DESCRIPTION OF STUDY AREA
2.1 Setting

about 20 miles northwest of downtown Cincinnati, Ohio (Figure 2-1). Most
of the site is located within Hamilton County but approximately two hundred
acres lie in southern Butler County. The villages of Fernald, Ross, and -
Shandon are within a few miles of the site. The Great Miami River is about
three-quarters of a mile to the east.

The production facilities are oriented in a north/south direction and
occupy about 136 acres in roughly the center of the site. Topographically, the
production facilities rest on a relatively level plain at about 580 feet above
sea level. North of the production area the land surface rises to an elevation
of about 700 feet at the northern site boundary. Elevations decrease along
the western and southern edges of the site towards Paddy's Run to
approximately 550 feet.

The main drainage channe! for the western portion of the site is Paddy's
Run, a tributary of the Great Miami River. Paddy's Run originates just north
of the FMPC and flows south. Flow in this stream is typically constant only
between January and May. Flows range from 0.2 cubic feet per second to 4.0
cubic feet per second. For the balance of the year it is a dry stream bed
with occasional flows of a few hours’ duration following heavy rains.
(Reference 6).

2.2 Process Description

A wide variety of chemical and metallurgical process steps are used at

the FMPC to convert uranium compounds into either uranium oxide for

. __. The FMPC is located on a 1050-acre site.in a rural agricultural area -~ | -
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shipment to gaseous diffusion plants or machined uranium ingots and billets
for extrusion into tubular form for fabricating fuel cores and target fuel
elements. These FMPC products are used in defense programs of the
Department of Energy (Reference 7).

-+ - “Large-scale chemical operations at the FMPC consfst of dissolving |~

uranium-bearing materials in nitric acid to produce a3 uranyl nitrate
hexahydrate (UNH) feed solution for solvent extraction purification
(Reference 7). Purified UNH solution is concentrated by evaporation and
then thermally denitrated to uranium trioxide (UO3), commonly called
orange oxide. Orange oxide is converted to uranium tetrafluoride (UFg4),
commonly called green'salt, for reduction to metal.

Metal processing steps begin with the conversion of green salt to

-~ elemental uranium metal by reducing UF 4 with magnesium metal. Metallic
scrap and briquettes, recycled from subsequent fabrication operations, are -

combined with uranium metal and melted in a graphite crucible. At the
proper temperature, the melt is bottom-poured to a preheated graphite moid
to form ingots that vary in weight and size depending on their ultimate use.

A description of the waste disposal operations at .the FMPC is provided
in Reference 8. B -

2-2
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3.0 HYDROGEOLOGIC SETTING

This section of the Report describes the hydrogeologic setting of the
FMPC. Information has been drawn from the available geologic literature (as

3.1 Site Geologic Conditions

The FMPC is located in a two-mile wide valley filled with glacial
deposits (Figure 3-1). This valley parallels the Great Miami River between
the towns of Ross and Hooven, Ohlo (Reference 9). A generalized geologic
cross-section for the FMPC site area is presented in Figure 3-2.

The geologic history of the site area (as compiled from References 9, 10,
and 11) can be summarized as follows:

e 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. This shale (a part of the Cincinnatian Series) is
the relatively impermeable bedrock which now underlies the
FMPC site area.

e Sometime prior to, or perhaps contemporaneous with,
Pleistocene glaciation, a large watercourse (larger than the
present-day Great Miami River) cut its channel into this shale
bedrock to a level of more than 200 feet below that of the
present-day Great Miami River. This approximately two-mile
wide channel (informally called the New Haven Trough) may
be an abandoned course of the ancestral Ohio River.

"

_indicated) as well as from the Dames & Moore site-specific field program. |
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e During subsequent Pleistocene glacial advances and retreats
across the site area (lllinoisan-approximately 300,000 years
to 400,000 years ago and Wisconsinan- approximately 100,000
years ago) the New Haven Trough was filled with about 200

water running from the margins of the glaciers and consisted
mainly of well sorted sand and gravel. Deposited on top of
these sediments was a blanket of clay-rich, relatively
impermeable glacial till from a more recent glacial event.

e Erosion by the Great Miami River and its tributaries then
removed significant portions of the glacial till and left terrace
remnants which stand topographically higher than surrounding
bottom lands. The FMPC site lies on top of one of these terrace
remnants.

3.2 Shale Bedrock - Geology and Hydrology

The bedrock underlying the FMPC consists of a predominantly flat-lying,
grayish olive (10Y4/2)* shale with interbedded thin limestone layers. The
bedrock surface slopes generally to the northwest and forms the floor and
walls of the New Haven Trough as well as the hills rising above the glacial
till north and south of the valley. In these upland areas, the shale bedrock is
overlain by up to 60 feet of glacial till (Reference 11). At well 12 (Figure
1-1), drilled north of the Production Area, the shale is within approximately
65 feet of the land surface. To the south, along Paddy's Run Road and near
the center of the New Haven Trough, shale was encountered in well 15
(Figure 1-1) at a depth of approximately 214 feet below the land surface.

| —*-Color-designations are based on The Geological Society of America’s Rock Color Chart

(Reference 13)

3-2
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Shales of this type typically have a low (0.003 ft/day to 0.00003

ft/day) hydraulic conductivity (Reference 11). Water occurs primarily in
joints and cracks in the shale which have an irregular distribution.

Iransmissivity of the shale is usually too low to provide a reliable supply

of-water for- domestic-or-agricultural-purposes-(Reference 12).- - - - - . _. . ___

3.3 Glacial Outwash - Geology and Hydrology

uncmml:manlx overlying the shale bedrock is a sequence of highly
permeable sand and gravel glacial outwash deposits laid down by the
meltwaters of receding continental ice sheets.

These outwash deposits generally consist of an unconsolidated medium
to coarse grained, olive brown (5Y4/4), 200 foot thick layer of sand and
gravel. They are overiain by till. Occurring approximately 100 to 125 feet
below grade in some areas of the site is @ 10 to 20 foot thick layer of
greenish black (562/1) silty clay. This deeper silty clay layer has been
previously referred to by several authors as the "blue clay".

A series of 4 cross-sections (Figures 3-4 through 3_—7) have been
prepared using site drilling data. Locations of these cross sections are
shown on Figure 3-3. The cross-sections indicate that:

e The bottom of the surficial silty clay till layer occurs at
about elevation 540 ft MSL relatively uniformly across the site.

e The sand and gravel deposits underlying the FMPC site are
approximately 150 to 200 feet thick. They consist of
irregularly alternating layers of silty sand, medium to

coarse sand, and medium to coarse gravel. In the vicinity

3-3
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of the Waste Pit Storage Area, this layer is separated into two
units by a 10 to 20 foot thick layer of greenish-black silty
clay. The FMPC production wells are completed below this
"blue clay” layer.

e Figure 3-8 illustrates the areal extent of this "blue clay”
layer as determined by the onsite boring data. This layer
underlies about 360 acres of the site and occurs only in the
vicinity of the Waste Pit Storage Area and the production
wells. It was probably deposited in an ice marginal lake or as a
backwater deposit of a glacial stream (Reference 14). The top
of this "blue clay” layer lies at about 125 feet below the land
surface.

e Glacial outwash deposits show only gross tendencies towards
stratification.

Hydrologically, the sand and gravel above and below the "blue clay” layer
acts as a single unit. The “blue clay” layer is not sufficiently extensive to
act as an aquitard (Reference 14) and no significant head differences exist
between wells completed above and below this layer (Table 3-1).

The hydraulic conductivity of the “blue clay” has been estimated (using
temperature differences and pumping test results) to be about 0.4 ft/day
(References 8 and 14). The discontinuous distribution of the "blue clay,” as
well as lateral variations in its thickness and consistency, apparently allow
it to transmit water between the two sand layers despite its relatively low
permeability.

Transmissivities and hydraulic conductivities for the sand and gravel
have been measured by several authors (References 11, 12, and 14) and are

reported to range from 35,000 gpd/ft to 300,000 gpd/ft and 270 ft/day to
370 ft/day respectively. Total porosities have been estimated at 25% Refer-

3-4
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ence 14). Average hydraulic gradiepts for the area measured by the USGS
(Reference 3) from water level measurements made in August, 1982 are low
and were calculated to range from 0.001 ft/ft to 0.005 ft/ft. Using these

data, the rate of groundwater movement (horizontal groundwater velocity)
-_is calculated-to range- between._1.1 ft/day and 9.3 ft/day. (Appendix 1). ... .

Figure 3-9 is a Dames & Moore water level contour map for the western
portion of the sand and gravel aquifer. This map shows that groundwater

movement is generally to the south and east in this area. Figure 5-2 is the .

USGS water level contour map which shows that flow for the area is
generally to the south.

The upper 20 to 30 feet of the sand and gravel deposits are not
saturated and water in this aquifer occurs approximately 60 to 90 feet
below land surface depending upon surface elevation and thickness of till. A
more detafled discussion of groundwater flow patterns for the area is
presented in Section 5.0-Groundwater Modeling.

3.4 Glacial Till

At the surface of the site and overlying the sand and gravel outwash
deposits is a 20 to 50 foot thick layer of glacial till composed of a dense,
olive-gray (5Y3/2) silty clay. The till varies in texture and composition
both laterally and vertically and contains lenses of poorly sorted fine to
medium grained sand and gravel. The base of the till occurs at about
elevation of 540 ft MSL and overlies the sand and gravel outwash deposits.

To the west and south of the site, the silty clay till laterally grades into
a sequence of silty sand and silt with some layers of silty clay. The silty

clay till remains continuous to the north and east of the site and directly
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overlies the bedrock in these areas. In the lower reaches of Paddy's Run and

the Storm Sewer Outfall Ditch, the silty clay till has been eroded away and
the underlying sand and grave! are exposed.

A saturated zone occurs within the silty clay till approximately 4t09 _

feet below land surface in some areas of the FMPC site.. This saturated zone -

was encountered in five shallow wells (19TP, 20TP, 21TP, 22TP, and OB-1)
and is probably recharged by precipitation. It was not detected in test pits
near well clusters 13 and 18. This saturated zone may be present because of
the vertical variations of composition and texture of the till, or

near-surface weathering or desiccation induced fracturing of the till itself.

Dames & Moore's aquifer testing of this saturated zone has measured
hydraulic conductivities of 0.2 ft/day to 25 ft/day with associated
transmissivities of 3.5 gpd/ft to 150 gpd/ft (Appendix 1).

g\o
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40 INVESTIGATION OF POTENTIAL SOURCE AREAS

offsite wells.

This section of the Report provides the basis for the identification of
sources for the above-background concentrations of uranium in the three
The sources are identified and transport pathways are

described.

The Dames & Moore field program at the FMPC consisted primarny of the

following tasks:

data analysis in tljis Report.

e Drilling, constructing, and installing 23 new monitoring
wells. During drilling, 93 formation samples were collected and

a representative number of samples was submitted for

laboratory analysis of hydraulic conductivity and. grain size e
~ distribution. Results of Iaboratory testlng are presented in_
’ Appendix2 | _ _. -

° Purgtng monltorlng wells to lmprove well yleld and to collect . |
representative water quality samples. In addltlon short-term ,
- pumping/recovery tests were . conducted on |2 wells to .

measure/conf irm critical aqunfer characteristlcs

® Surveying the top of well casings to the nearest O.OI’I of -a’-A_

foot to relate accurately water levels to a common datu_m._

. cdliectlng 41 groundwater'sémples: fhdm“the wells installed
by Dames & Moore as well as those installed previously by
. NLO/DOE. The three offsite ‘wells were also included in this

sampling program. All groundwater samples were split with
NLO/DOE and analytical resuits are compared in Table 4-2.
Environmental Analysis Laboratory (EAL-the Dames & Moore
subcontracted llaboratory)'test data results have been used for

Dames & Moore
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e Collecting and analyzing 21 surface water samples from the
Waste Pit Storage Area, Plant Production Area, and one offsite
location.

4.1 Area-Specific Backgrouhd Uranium Concentrations

Before any sources were identified, an area-specific background vaiue
for uranium in the groundwater of the sand and gravel aquifer was
established. This was necessary to estimate the FMPC's contribution, if
any, to the above-background uranium concentrations reported in the offsite
wells. This background value was also needed to conduct statistical
comparisons.

As shown on Table A3-1 (Appendix 3), the background concentrations for
naturally-occurring uranium in groundwater upgradient of the FMPC range
from 0.0001 mg/L to 0.0027 mg/L. This range is lower than the typical
groundwater range reported in the literature of 0.001 mg/L to 0.01 mg/L
(Reference 15). An average background value of 0.0008 mg/L was calculated
by computing the geometric mean of 228 samples and was used for
statistical comparisons. These samples were collected by NLO over a two
year period from February, 1982 to December, 1983.

Table 4-3 lists onsite monitoring wells in the sand and gravel aquifer
which contain statistically significant above-background concentrations of
uranfum. The Wilcoxon Two-Sample Rank Sum Test was used to measure
whether there was a significant statistical difference between the average
background value and those reported in the onsite wells. This method was
used (instead of the Student's t-test) because of the tested pon-pormal
distribution of the groundwater quality data. These tests are described in
more detail in Appendix 3.
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42 \identification Methodology

Before performing any field work, Dames & Moore identified five
potential sources for the above-background concentrations of uranium in.the
three offsite wells based on data collected during the review of available
information (Task A - Reference 4). These potential sources were:

e Water f ibWing into and uranium-bearing stream sediments .
in Paddy's Run and the Storm Sewer Qutfall Ditch.

e Waste Pit Storage Area.
[ Fly Ash Piles.

® Plant Production Area.
e Scrap Metal Pile.

These potential sources were preliminarily identified using three
principal criteria: the known or estimated amounts of leachable uranium
present at the potential source, the detection of uranium near these sources
by the NLO monitoring system, and the availability of an effective transport
mechanism to introduce this uranium into the groundwater.

Dames & Moore’s Task B field program (Reference S) was designed to
monitor the movement of water from each of these potential sources
towards the three offsite wells. |n addition, surface waters were sampled
and their flow patterns characterized in critical areas of the site where
overland flow was thought to be a possible contributing factor to the
above-background concentrations of uranium reported in the three offsite
wells. The results of all laboratory analyses of ground and surface water
samples collected during the Task B program are presented in Table 4-2.

Dames & Moore




4.3 Source ldentification

An investigative program was implemented to identify the sources
of the above-background concentrations of uranium in the three offsite
wells. The following sub-sections describe that program.

. 43.1. Sampling Results of Runoff Water In Storm Sewer Outfall Ditch =

During a two day period in early March, 1985, 19 samples of runoff water
were collected from various locations within the Waste Pit Storage Area
(Figure 4-1) and two runoff water samples were collected from the Storm
Sewer Outfall Ditch (Figure 4-2). Samples were collected from drainage
ditches and from natural swales in the topography within a few hours after
an approximate 0.5 inch overnight rainfall.

Runoff from roofs, uncontrolled pads, and the open ground of the Plant
Production Area of the FMPC drains southward and is collected at the Storm
Sewer Lift Station (Figure 1-1). This 1lift station pumps the collected
runoff water through the process effluent line to the combined outfall in
the Great Miami River. During periods of high-intensity rainfall, runoff may
exceed the pumping capacity of the Storm Sewer Lift Station. This excess
runoff is diverted through a pipeline to the Storm Sewer Outfall which
empties into a natural gully which discharges to Paddy's Run.

In addition, groundwater contained within the glacial till is apparently
entering the Storm Sewer pipelines. A flow of water (less than 2 gpm)
empties almost continuously from the mouth of this pipe into the Storm
Sewer Outfall Ditch. This occurs even during periods of prolonged dryness
(Reference 16).

Laboratory analyses of uranium in water samples taken from the Storm

Sewer Outfall Ditch, both at the mouth of the Storm Sewer Outfall (Sample
OD-1; 03 mg/L-Table 4-2), and further downstream near its inter-
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section with Paddy's Run (OD-2; 0.01 mg/L-Table 4-2) demonstrate that
uranium is migrating via surface flow from the FMPC site along these
drainage channels. Previous NLO testing of this water has also confirmed
the presence of above-background concentrations of uranium (Table 4-5).

43.2 Previous NLO Sampling Data - Storm Sewer Outfall Ditch
Samples of runoff water flowing into the Storm Sewer Outfall Ditch have
been collected and analyzed by NLO on a regular basis. Results of sampling
conducted since 1975 are summarized in Table 4-5. Average annual
concentrations of uranium in this water have ranged from 0.34 mg/L to 3.8
mg/L.

Average annual concentrations of uranium reported in the two offsite
wells closest to the Storm Sewer Outfall Ditch (0S-1 and 0S-2-Table 4-6)
are approximately one-haif the average annual concentration of uranium

flowing to the Storm Sewer Outfall Ditch (except for 0S-2 in 1983 when the -

average concentrations were nearly identical). The similarity of these
concentrations supports the conclusion that uranium-bearing water flowing
in the Storm Sewer Outfall Ditch enters the groundwater system and
migrates to the offsite wells. Therefore, a source for the above-background
concentrations of uranium reported in the three off-site wells is water
flowing from the Storm Sewer Outfall.

43.3 Sampling Results of Runoff Water From The Waste Pit
Storage Area

Drainage patterns in the Waste Pit Storage Area are illustrated in Figure
4-3. The majority of surface runoff from the pits, pads, and berms in this
area is routed into the Clearwell where it is held prior to discharge to
the Great Miami River. Water from three of the four small drainage basins
in the Waste Pit Storage Area is conveyed to Paddy's Run at three points as
shown on Figure 4-3; the fourth drainage basin empties into the Clearwell.
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Samples of runoff water in these drainage ditches taken in March, 1985
within the waste Pit Storage Area have uranium concentrations ranging
from 0.007 mg/L (water from an area east of the pits) to 24 mg/L (water
from the berm surrounding pit 5). Samples of runoff water from the Waste
Pit Storage Area collected by NLO in June, 1985 contained concentrations of
uranium ranging from 0.005 mg/L to 1.9 mg/L. Weekly NLO sampling of
water in Paddy's Run has also confirmed the presence of above-background

at Willey Road.
43.4 Results of Seep Sampling
During the surface water sampling program, two seeps were observed.

One seep (Sample RO-9; 3.0 mg/L of uranium-Table 4-2) originated at the
northwestern corner of the closed pit area and was flowing at

~approximately 0.3 gpm into a drainage ditch which empties into Paddy's

Run. The second seep (RO-6; 4.6 mg/L of uranium-Table 4-2) was observed
flowing into the north side of the Clearwell at the rate of approximately 0.5
gpm. This second seep flowed directly into the Clearwell.

These seeps are probably related to the saturated zone in the glacial till.
Other seeps of similar character may drain into Paddy’'s Run along the
heavily vegetated western margins of the Waste Pit Storage Area although
none were observed during the field program.

43.5 Previous NLO Sampling Data - Paddy's Run
NLO has conducted an extensive environmental sampling and monitoring
program of Paddy's Run since 1955. Table 4-4 summarizes the data

coliected by NLO since 1975.

The average annual concentration of uranium present upstream from the
FMPC ranges between 0.002 mg/L and 0.008 mg/L. Average annual

_____downstream concentrations-in-Paddy:s-Run-at-Willey-Road-Bridge-range-from— - —
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0.014mg/L to 0.027 mg/L. Willey Road Bridge data have consistently
shown above-background concentrations of uranium in Paddy's Run; however,
at no time were reported concentrations greater than DOE guidelines
(Reference 1).

436 Downgradient Groundwater Quality Sampling Results

~ Figure 4-4 illustrates the approximate extent of groundwater that is

thought to contain above-background concentrations of uranium. As can be
seen from this figure, the distribution of the above-background
concentrations of uranium generally coincides with the channel of Paddy's
Run. :

The southern portion of the plume has uranium concentrations ranging
from 0.010 mg/L to 0.350 mg/L (Figure 4-4). These concentrations appear to
be caused principally by recharge of uranium-bearing runoff released via
the Storm Sewer Outfall Ditch. This water percolates directly into the
exposed portions of the sand and gravel aquifer (Section 4.4 -Transport
Mechanism).

The northern part of the plume exhibits lower concentrations of uranium
(0.001 mg/L to 0.009 mg/L-Figure 4-4). These concentrations are related
to the flow of uranium-bearing runoff and seepage water from the Waste Pit
Storage Area to Paddy's Run and the subsequent infiltration of that water
into the groundwater system. Recharge probably takes place through sand
and gravel lenses in the till which appear to be hydrologically connected to
the sand and gravel aquifer (Reference 4).

Previous sampling since 1975 by NLO in Paddy’s Run upstream of Willey
Road has shown that concentrations of uranium ranging from 0.003 mg/L to
1.2 mg/L are present in this recharge area (Table 4-4). The wide range of
values (three orders of magnitude) is probably related to the amount of
uranium mobilized by individual runoff events.

4-7
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Analytical results of samples collected in March, 1985, from eight
wells located upgradient of the three offsite wells and downgradient of the
Production Area and Waste Pit Storage Area sources (Well numbers P-1,
P-2, P-3, 1D, 8S, 8D, 20S, as shown in Figure 1-1) do not show
above-background concentrations of uranium. Other onsite wells in this area
show concentrations at background or lower than those found in the three
offsite wells. This indicates that uranium is not being transported offsite
* ~from the Wasté Pit Storage Area and Production Area via a groundwater
pathway at concentrations high enough to account for the above-background
levels in the three offsite wells.

)

4.3.7 Conclusions

Based on the analysis described above, two sources for the
above-background concentrations of uranium in the three offsite wells have
been identified. They are:

e Water flowing into the Storm Sewer Outfall Ditch via the
Storm Sewer Outfall from the Production Area.

e Water flowing into Paddy's Run from the Waste Pit Storage
Area. '

The identification of these two sources is based upon the following
information which was collected and analyzed by Dames & Moore:

e Above-background uranium concentrations in runoff from the
Production Area which flows into the Storm Sewer Outfall
Ditch.

® Previous NLO water quality analytical data that confirm the
presence of above-background concentrations of uranium (Table
_4-5)in _the Storm Sewer OutfallDitch_ . .
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e Above-background concentrations of uranium in runoff and
seepage water from the Waste Pit Storage Area which flows
into Paddy's Run (Table 4-7).

e Above-background concentrations of wuranium in water
seeping from the Waste Pit Storage Area which flows into
Paddy's Run.

e Previous NLO water quality analytical data that confirm the
presence af above-background concentrations of uranium (Table
4-4) in downstream surface water of Paddy's Run.

e Results of downgradient groundwater sampling which
indicate that uranium is not migrating via a groundwater
pathway from the Waste Pit Storage Area and Plant Production
Area at concentrations high enough to account for the
above-background levels in the three offsite wells.

The Storm Sewer Qutfall Ditch has been designated as the more important
source for the following reasons:

e Similarity in uranium concentrations between the water
released from it and those in the three offsite wells;

e Consistency of those values over the past two years as
shown on Table 1-1;

e Nearness of the Outfall Ditch to the transport mechanisms
described in Section 4.4-Transport Mechanism.

Results of groundwater sampling (Table 4-2) downgradient of the Scrap
Metal and Fly Ash Piles have indicated that these are not sources for the
above-background concentrations reported in the offsite wells.
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4.4 Transport Mechanism

Uranium-bearing water generated from the sources described above is
transported toward the three offsite wells via the following mechanism:

e Precipitation-induced runoff water from both the Plant
Production Area and Waste Pit Storage Area flows via natural

- and man-made-drainage channels into the-Storm—Sewer Outfall - ---— ~--— |~

Ditch and Paddy’s Run.

e Once in the surface water system, the water mixes with
upstream water and travels via channel flow to an area near
the intersection of the Storm Sewer Outfall Ditch and Paddy's
Run (Area A on Figure 4-5).

e Within this area, the relatively impervious glacial till
grades into more permeable sand and gravel. Surface water thus
percolates- into the sand and gravel aquifer and follows the
natural (and, in part, pumping induced) groundwater flow
pattern toward the three offsite wells.

Surface water containing above-background concentrations of uranium
entering the groundwater flow regime in this area takes approximately 0.25
years to 5.5 years to reach the three offsite wells. This is based on the
calculations provided in Appendix |.

The above-background concentrations in the three offsite wells are
representative of the quality of surface water recently released from the
site. Given the environmental improvements made by NLO/DOE over the past
several years, it is likely that the above-background concentrations in the
three offsite wells will not increase. In addition, environmental programs
currently underway will probably result in an overall decrease in the
above-background concentrations reported in the three offsite wells.
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5.0 GROUNDWATER MODELING

Computer modeling of the groundwater system at the FMPC site was
performed to confirm the interpretation of the hydrogeologic conditions to
the extent necessary to assist in verifying the location of uranium
transport to the aquifer. Modeling the hydrogeologic system in pian view as

_a two dimensional_system using Dames & Moore's TARGET computer- code -

was selected as an efficient way of achieving these goals. The USGS
potentiometric surface map (Reference 3) was used as the base map for this -
phase of the work. The area modeled in this study and the portion of the
USGS potentiometric surface map in the modeled area are shown on Figures
5-1 and 5-2, respectively.

3.1 Description of Model

Dames & Moore's TARGET-2DH ("Transient Analyzer of Reactive
Groundwater Effluent Transport”).finite difference. computer code was used
to model the FMPC site. The 2DH indicates that the version of the computer
code which was used is applicable to two dimensional modeling of a
horizontal (plan view) hydraulic system. The mathematical formulation of
the code is based upon the depth-averaged formulation of the differential
equations governing flow and mass transfer in saturated porous media.
Particular computational advantages accrue from the présent formulation
in which  the governing equations are expressed in generalized,
conservative forms. Such forms take computational advantage of the
similarity in the equations as well as of the non-dimensional terms
contained therein.

Modeling of groundwater flow using the TARGET computer code requires
the following data fnputs for each grid point shown on Figure S-1 within the
modeled system: hydraulic conductivity, depth to bedrock, infiltration rate,
and effective porosity.  Table S-1 and Figure 5-3 show the material
propertles used to model the system and the location of each type of

Dames & Moore




o S.Z'bata And Asisumpii-o—né |

material within the system. The elevations of any hydraulically fixed
locations (boundaries), and the location of no-fiow boundaries are also
required. The model assumes that the material properties are homogeneous
in the vertical direction throughout the saturated thickness, as is the case
in all plan view, 2-D models.

The potentiometric surface map developed by the USGS (Reference 3) was
used as the base map in the modeling because it covered the entire
groundwater flow system surrounding the site. Additionally, the
potentiometric surface data collected during the Dames & Moore program
were consistent with the potentiometric surface mapped by the USGS. That
is, the water levels gathered as part of Dames & Moore's drilling program
were generally within a few feet of those shown on the map prepared by the

Data input assumptions are based on the general geology of the site area
as well as available data. Modeling results showed good agreement with the
measured physical system operating at the FMPC.

5.2.1 Hydraulic Conductivity

During Dames & Moore's drilling program, soil samples were obtained
using a 2" inside-diameter split spoon sampler. Twelve remolded samples
from the aquifer were tested in the laboratory using a falling head
permeability test to measure their hydraulic conductivity.  Measured
conductivities of samples from the sand and gravel aquifer ranged from 2.3
ft/day to 31.2 ft/day. Other reported hydrauiic conductivities (Reference 8)
of 300 ft/day have been based on pump testing of the lower aquifer. These
test data compare with the hydraulic conductivity value of 60 ft/day
which was used in the model for the portions of the aquifer beneath the

~site—The differences between the 1aboratory and field values are not at all

-2
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unusual siﬁce the laboratory test cannot take into account large-scale
inhomogeneities in the hydraulic system and is affected by remolding of the
sample.

Hydraulic conductivity data were available only for the area included in
the drilling program. The model was therefore used to help estimate the

___likely hydraulic_conductivity = values in areas where data _were lacking. - - -

Except for well MW-12, the data from the various onsite drilling programs
indicated relatively consistent material properties in the sand and gravel
aquifer. It was therefore initially assumed that the offsite portion of the
aquifer would have approximately the same hydraulic conductivities. To
match the USGS potentiometric map in areas with no data, hydraulic
conductivities which varied from 0.06 ft/day to 300 ft/day were used.

5.2.2 Depth to Bedrock

_ ... The.depth.to.bedrock beneath.-the site was estimated-from the-Dames &-- - -

Moore drilling program, the USGS cross-section of the site (Reference 11),
and several onsite boring logs. Bedrock crops out to the north, west,
southeast, and southwest of the site, and the depth to bedrock surface is
not uniform throughout the modeled area. For the modeling, it was assumed
that in areas without nearby subsurface information the bedrock was at
elevation 370 feet above MSL. However, near the bedrock outcrops, it was
assumed the rock was closer to the ground surface. The assumed elevations
of the bedrock surface are provided in Table 5-2.

Minor changes in the bedrock surface elevation had little effect on the
modeling results. Variations caused by changes in hydraulic conductivity
were so much more significant than those caused by varying the aquifer
thickness that any small error (20-30 feet) in estimated elevation on the
bedrock will cause only a minor change in the potentiometric surface map.

5.2.3 Recharge

Direct recharge of precipitation through the surficial soils into the
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aquifer is the major source of water present in the sand and gravel aquifer
beneath the site. in addition, some water is derived from recharge into the
aquifer from the upgradient areas to the north and from recharge of runoff
along the various surface water drainages in the area. The amount of
recharge which was assumed at each point in the modeled area is shown on
Figure S5-4.

The sofl at the site is a silty clay till. This type of soil generally has
a low hydraulic conductivity, in the range of 0.003 t/day to 0.00003 ft/day,
which 1imits groundwater recharge to a smail percentage of the total
rainfall. A test for hydraulic conductivity from Well 13s, near the interface
of the till and sand and gravel aquifer had a measured value of 0.0004
ft/day. For modeling purposes, recharge through the till was assumed to be
about 0.5 inches per year. This number was estimated by assuming a
hydraulic conductivity of 0.0003 ft/day, a hydraulic gradient of 0.5 ft/ft,
and a continuous source of water.

USGS cross-sections of the site (Reference 11) Indicate that west of
Paddy's Run the surficial soils are sandier (and, therefore, probably have
higher hydraulic conductivities) than the onsite till. South of the site, the
till has been eroded away leaving sandy soils exposed at the surface. In
these two areas, a recharge rate of 1.04 inches per year was assumed.
Recharge may be somewhat higher at some locations, particularly in Paddy's
Run.

S.2.4 Effective Porosity

The effective porosity of a soil is determined by the interconnected pore
space available for fluid transmission and. is typically less than total
porosity. For the model, an effective porosity of 20%® was assumed, except
for the soils with the highest and lowest hydraulic conductivities. For the
soils with lower hydraulic conductivities, an effective porosity of 15% was
assumed. For the soils with higher hydraulic conductivities, 3 value of 238
was assumed (Table 5=1). S
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S5.2.5 Model Boundaries

Two typés of hydrologic boundaries were used in the model: fixed head
and no flow. At fixed head locations, the hydraulic head in the aguifer is
provided as input data. wWater is allowed to freely flow into or out of these
locations into surrounding areas. At no fiow boundaries, no water is allowed

to enter or leave the system. These boundaries are placed at locations such . -

as groundwater divides beyond which no flow will occur.

The area within Row 1, Columns 2 through 14; and the area within Row
22, Columns 10 through 20 (Figure S-1) were chosen as fixed head
boundaries. The USGS potentiometric surface map showed these to be areas
where flow would occur through the model boundaries.

The remaining boundary areas were chosen as no flow boundaries. Along
the east and west boundaries of the model, they correspond to groundwater
divides. Along the portions of the north and south boundaries which were not
fixed head, they correspond to bedrock outcrops through which little flow
occurs (Section 3.2 - Shale Bedrock-Geology and Hydrology).

5.2.6 Other Input Assumptions

The model used steady-state conditions. These are conditions which
would occur at an indeterminate time in the future assuming that no
remedtal actions will take place. The modeling program also assumed that
no radioactive decay of the uranium will occur and that no geochemical
processes are atlepuating the uranium concentrations in the groundwater.
These are both conservative assumptions. Since uranium is radioactive,
some slight decay will occur over time.

Geochemical processes could significantly affect the uranium migration
and trave! time through the aquifer. By assuming steady-state conditions

and no geochemical attenuation of the uranium, the areal extent 3 andrelative
" Concentrations of uranium in the aquifer are maximized. The fact that no
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concentratioﬁs of uranium in the aquifer are maximized. The fact that no
above-background concentration of uranium has been detected in any other
wells south and east of the site may indicate that some geochemical or
hydraulic process is occurring which has thus far prevented the uranium
from reaching that locatfon. '

The area of assumed uranium recharge is shown on Figure 5-4 as the area
with a recharge rate of 2.1 inches/year. The actual recharge area may
extend further south than shown on the figure.

S.3 Results

Above-background concentrations of uranium have been detected in most
of the onsite wells. The highest reported above-background concentrations
of uranium are confined to an area just south of the site boundary, near
Paddy's Run. The source of these higher concentrations is recharge of
uranium-bearing water from the Storm Sewer Outfall Ditch and Paday’s
Run to the underlying sand and gravel (See Section 4.0-Investigation of
Potential Sources). To assist in verifying these as the sources, uranium
transport was modeled using the 2.1 inches/year recharge area shown on
Figure 5-4 as the source area. As Flgure S-5 Illustrates, transport from
Paddy's Run to wells 0S-1, 0S-2, and 0S-3 is shown to be a viable
transport mechanism. |

To test the hypothesis that groundwater emanating from the waste Pit
Storage Area might be the primary source of the above-background
concentrations of uranium in the three offsite wells, a computer run was
made with the Waste Pit Storage Area as the source of the uranium-bearing
recharge to the aquifer. The resuiting plume indtcated a much larger area
with uranium in groundwater than has been observed. This lends additional
support to the conclusion that groundwater emanating from the Waste Pit

Storage Area is not the primary source for the above-background
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recharge via the surface water is the mechanism for the occurrence of
above-background concentrattons in the offsite wells.

The modeling showed that the potentiometric surface map drawn by the
USGS is consistent with the hydraulic conductivity data gathered as part of
Dames & Moore's exploration program, and that the groundwater ' flow

system can be duplicated using the existing data or reasonable assumptions

where data are lacking. The potentiometric surface as developed by the
modeling is shown on Figure S5-7.

S.4 Interpretation of Data

For several areas, such as the areas to the east and west of well 05-2,
data on the sediments and their hydrologic properties are not available. The
assumptions made to model the flow system in these areas do not
contradict any observations which have been made to date.

Water levels measured by the USGS at 0S-2 and verified during the
Dames & Moore study indicate that a potentiometric high exists at that
location. The elevation of the water level measured at the well is
approximately 10 feet higher than at wells 0S-! and 0S-3 which are
north and south of 0S-2. To duplicate the potentiometric high in the
modeling, it is necessary to assume that the sediments In this area have
a much lower hydraulic conductivity than those observed unde the FMPC
stte.

- well 0S-2 may be partially completed in @ saturated portion of the
glacial till. If this is the case, the groundwater flow directions may be
different than those shown on Figure S-6. Also, some of the groundwater
from the modeled area may be moving eastward towards the Great Miami
River in addition to moving southward as indicated in Figure 5-6. However,
given tiie existing data on uranium concentrations in the groundwater, it

appears that even. if some.of-the water-Is- flowing-eastward, the migratifon =
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of uranium in the groundwater is to the south since nO uranium has been
detected In ofrsite wells to the east.

In several areas besides the area surrounding the 0S-2 well, it was found
that to duplicate the USGS potentiometric surface map, it was necessary to
assume hydraulic conductivities similar to those used In the vicinity of
the 0S-2 well. This lends some support to the existence of isolated zones
of lower hydraulic conductlvity in the aquifer system. Given the complex
history of glacial and fluvial changes known to have occurred in this area,
areas with lower hydraulic conductivity shouid not be unexpected.
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6.0 RECOMMENDATIONS

Dames & Moore’'s recommendations for further work at the *MPC can be
broken down into three categories: (1) Short-Term Action Recommendations
(Section 6.1), (2) Recommendations for Additional Studies (Section 6.2), and

(3) Conceptuai Long-Term Action Alternatives (Section 6.3).

6.1 Short-Term Action Recommendations

Short-term actions that can be implemented to reduce the contribution
of uranium to groundwater and/or to mitigate potential impacts are:

e Storm Wwater Retention - Completion of the lined storm
water retention basin now under construction will minimize
the flow of runoff water from the Production Area into the
Storm Sewer Qutfall Ditch and Paddy's Run.

e Surface water Runoff Control - Divert, by regrading, surface
water runoff originating in the waste Pit Storage Area to the
Clearwell. As part of this action, runoff from other areas of the
site should be diverted away from the waste Pit Storage Area.
Before regrading, the capacity of the Clearwell should be
re-assessed so that it is not exceeded. This action will
minimize the flow of surface water from the waste Pit Storage
Area to Paddy’s Run.

e txcavation of Uranium-Bearing Sediment - A closely spaced
survey and sampling program of both the Storm Sewer Outfall
Ditch and Paddy’'s Run can be used to identify 2zones of
sediments which may be acting as intermediate uranium
sources for the groundwater. If cuch zones of sediment are
found, they should then be excavated for subsequent disposal.

Dames & Moore

BV



() : “e Expansion of Groundwater Monitoring System - The current
' offsite groundwater monitoring program should be expanded to
include wells, if any, southeast of the site and adjacent to
Paddy's Run which are not currently being monitored by
NLO/DOE. These are the areas that will most likely be
influenced by the sources identified in the report.

e Substitution of Drinking Water - If it is found that water
: from the offsite wells is being used for drinking purposes, an
(A alternate water supply (such as a bottled water system)
: should be provided to the users of offsite wells 0S-2 and
0S-3 (0S-1 already has an aiternate supply).

6.2 Recommendations For Additional Studies

Several recommendations for additional studies necessary for the
. selection of appropriate Long-Term Actions are:

e Downgradient weils - Additional wells to the south and east
of the plume are required to better delineate the extent of the
plume. Specifically, these wells should confirm the existence
of high groundwater elevations around 0S-2 and west of 05-2
across Paddy's Run. They should also be located to delineate the
full extent of tha plume to the east and south.

e Eastern Boundary Wells - The USGS potentiometric surface
map (Figure 5-2) implies a groundwater divide east of the site
boundary. This divide would prevent groundwater flow to the
east towards the Great Miami River. To verify the existence of
this divide, | to 3 wells should be drilled east or southeast of
well cluster 13. Verification of the groundwater divide would
virtually preclude the possibility of any uranium being
transported eastward via a groundwater pathway: o

6-2
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e Surface Water Flow - The surface water flow directions and
quantities for each drainage basin onsite can be identified
based on the topography of the site and storm records
available from the National Oceanographic and Atmospheric
Administration. Thig analysis will be necessary for the design
_of any long-term surface water flow modifications. - in
addition, a water balance for the site should be developed to
provide necessary flow and infiltration and/or recharge data.

e Uranium Transport - The transport of uranium in groundwater
is contralled by the movement of the groundwater and by
geochemical processes. The rate of movement can be changed
by processes such as sorption, where the uranium may
become temporarily bound to the soil. The sorption process can
slow the movement of uranium to some fraction of the rate of
movement of the water. Uranium precipitation may also occur.
This would cause the uranium to change from a soluble to an
insoluble form preventing and/or retarding additional
migration. This might explain why no uranium has been detected
south of 05-3. The chemistry of the uranium, groundwater, and
soils should be studied to determine what geochemical
processes are active in the groundwater transport system.

6.3 Conceptual Long-Term Actions

This <section presents a set of long-term alternative actlons In
addition to the action recommendations described in Section 6.1-
Short-Term Action Recommendations. Each of these long-term actions
should be thoroughly evaluated to provide quantitative information on their
effectiveness and appitcability. It Is recognized that some _of these
actions (upon more in-depth analysis) may be judged not to be appropriate.

As part of this evaluation, criteria included in the National Contingency Plan
(40CFR Part 300), and any other applicable-regulations, must be taken into —— -
consideration.

6-3
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These long-term actions should not be considered as final recommended
actions; rather, they are proposed for an evaluation of their appiicabiiity to

the FMPC situation.

For the purposes of these conceptual long-term actions, it is assumed that
groundwater monitoring will be continued by NLO/DOE. Also, data regarding

- both onsite and offsite groundwater quality will be collected on a regular

basis and Impacts assessed.

Several of the alternative actions discussed below could be combined to
reduce further the contribution of uranium to the groundwater and/or
mitigate its potential impacts:

e Wwaste Pit Management Alternatives - The covers on the
waste pits need to be improved to control more effectively
infiltration. The long-term permeability of the covers
should be greater than that of the underlying liners to prevent
the pits from rilling with water and overflowing at the surface.
It may also be desirable to provide some sort of coarse
drainage layer within the covers as an additional guard against
infiltration. The cover ard surrounding areas should be graded
to eltminate any surface water run-on to the waste pit covers.
Numerous materials and designs of covers are available for
consideration.

Several test pits dug by Dames & Moore In the vicinity of the
waste pits demonstrated that the till was saturated in places.
If this is the case (which can be more fully evaluated by
longer-term testing), groundwater may be flowing lateraily
into and out of the waste pits. A system to controi more
effectively groundwater on a long-term basis will require
2dditional data on the hydraulic properties of the titl.

--@ Matertal Refocation - Materials nthe waste Pit Storage Area
and Production Area which are contributing uranium to water

6-4
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flowing into Paddy's Run could be relocated to some other
location. Prior to moving the materials, a suitable disposal
location (either on or offsite) would need to be selected.

e Provide Alternate Water Supply - If it is determined that

_alternative water supplies are needed , such water_could. be.

supplied by the installation of new wells and pipelines as
necessary, by wellhead treatment, or by provision of bottled
water. Because wellhead treatment requires continued
maintenance, providing an aiternate water supply may be
preferable unless wellhead treatment is used as a temporary
solution. Botitled water is generally used only as a temporary
supply because of the long-term inconvenience to the users.

e Active Plume Control - Active plume control involves the
placement of pumping wells downgradient of the site to
withdraw groundwater with above-background concentrations
of uranlum. Assuming no other control measures were
implemented, this system might need to operate well into the
future.

e Partial Plume Control - This action would be viable only in
conjunction with other previously mentioned conceptual
long-term action alternatives. It would be instituted prior to
or along with another control alternative, depending on the
rinal goais of the long-term action program.

The amount of plume control used at 3 site shouid be
selected to fuifill specific clean-up needs. To remove and
treat all groundwater Dbeneath the site . would require
pumping and-handling of at least 6.5 billion gallons. If any
geochemical processes are affecting the transport of uranium

‘s\o

p— =t 1N

1n groundwater (which is likely), the volume of water which

would have to be pumped to restore groundwater to
background levels could be much higher. Incontrast, the

A-5
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groundwater with the highest concentrations could be
removed by pumping less than 0.5 billion gallons of water
assuming no geochemical retardation of the uranium. If the
plume is larger than currently mapped, or if the uranium has
sorbed to the soil in a reversible reaction, more water may

have to be pumped and treated to signtficantly decrease
concentrations.

6-6

Dames & Moore

an



TABLES

A%



DATE

e 11-81 —

12-81
1-82
2-82
3-82
4-82
5-82
6-82
7-82
8-82
a-82

10-82

11-82

12-82
1-83
2-83
3-83
4-83
5-83
6-83

URANIUM CONCENTRATION (mg/L)*

0S-1

“0.190 "

0.160
0.240
0.240
0.280
0.310
0.250
0.270
0.234
0.238
0.280
0.220
0.230
0.255
0.306
0.239
0.225
0.249
0.287

TABLE 1-1

WATER QUALITY DATA FOR OFFSITE WELLS WITH
BACKGROUND URANIUM CONCENTRATIONS

0S-2

0.320

0.520
0.410
0.450
0.450
0.440
0.440
0.470
0.480
0.490
0.502

0.539
0.578
0.483
0.460
0.419
0.416

ABOVE -

0.059
0.069
0.071
0.075
0.078
0.099
0.046
0.061

0.054
0.066
0.065

0.055

0.045

0.060
0.057
0.066

na
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TABLE 1-1 (Cont'd)

WATER QUALITY DATA FOR OFFSITE WELLS WITH ABOVE-
BACKGROUND URANIUM CONCENTRATIONS

URANIUM CONCENTRATION (mg/L)*

DATE 0S-1 0S-2 0S-3

7-83 0.275 0.370 0.056
8-83 0.287 0.376 0.059 _
983 o214 0.379 0.068
10-83 0.260 0.390 0.062
11-83 0.252 0.393 0.053
12-83 0.230 0.363 0.041
1-84 - 0.360 0.053
2-84 0.235 0.358 0.045
3-84 0.256 0.355 0.052
4-84 0.270 0.388 0.050
5-84 0.266 0.318 0.051
6-84 0.270 0.311 0.059
7-84 0.256 0.298 0.055
8-84 0.236 0.286 0.048
9-84 0.257 0.292 .-
10-84 0.222 0.312 0.068
11-84 0.240 0.355 0.058
12-84 0.190 0.30 0.054
1-85 0.189 0.360 0.048
2-85 0.240 0.290 0.041

--- Analysis Not Available

~ T * DOt Guideline for Uranium in water released to Uncontrolled Areas
=1.8 mg/L .
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: TABLE 3-1
HYDROSTATIC LEVELS RECORDED IN WELLS
SCREENED ABOVE AND BELOW
THE BLUE CLAY LAYER

Differences in

Elevation of Screened above Water Level
Well Water Level (A) or below (B) Elevation (ft)
No. (ft) 3 Blue Clay (Shallow-Deep)

1s 524.38 A -0.57
1d 524.81 B
8s - 523.37 A 0.58
8d 522.37 B
20d 522.70 A 0.10
P-2 522.60 B

o Water Levels Recorded in April, 1984.

o Production Hell #2 (P-2) is outside the cone of influence for
Production Well P-3. Water level recorded is probably true static
level.
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TABLE 4-2

LABORATORY RESULTS FOR GROUND AND SURFACE WATER SAMPLES
COLLECTED BY DAMES & MOORE DURING TASK R FIELD WORK*

EAL Uranium NLO Uranium EAL Iron
Sample Concentration Concentration Concentration
# mg/L mg/L mg/L
MWls 0.0089 0.0085 0.4
”"““"*‘"“"TMld"‘*‘”""““UXMOO"*“;““‘”“""UJMOS“"‘““'““’“575‘”"’*"‘“‘““"'“”“*‘”*”

MW3 0.0024 0.0029 0.8
MW4 0.0092 0.0096 0.2
MWS (.0042 0.0051 3.0
MW8s 0.0006 0.0010 1.1
MW8d - 0.0000 0.0003 3.2
MW9 0.0015 0.0015 <0.2
MW10 ~0.0190 0.0277 0.5

. MW11 0.0039 0.0004 (1) 3.6
MW12 0.0000 0.0006 0.3
MW13s 0.0150 : 0.0400 3.3
MW13d 0.0100 0.0222 6.6
MW14s 0.1200 0.1250 <0.2
MW14d 0.1400 0.0300 (1) <0.2
MW15s 0.1400 0.1240 <0.2
MW15d 0.0018 0.0009 4.0
MH16s 0.0310 0.0290 <0.2
MW16d 0.0250 0.0202 <0.2
MW17s 0.0033 0.0200 (1) <0.2

@
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TABLE 4-2 (Cont'd)

LABORATORY RESULTS FOR GROUND AND SURFACE WATER SAMPLES
COLLECTED BY DAMES & MOORE DURING TASK B FIELD WORK

EAL Uranium NLO Uranium EAL Iron
Sample Concentration Concentration Concentration
# mg/L mg/L mg/L
MW17d 0.0015 0.0032 - 0.4
T T T T T T TMNI8s T T 000018 T T T 000221 (1) T T TR0 T T T T T T T
MW18d 0.0033 0.0085 <0.2
MW19tp 0.2900 0.4960 1.6
MK19s 0.0021 0.0350 (1) 0.4
MW19d 0.0240 0.0320 <0.2
MW20tp 0.0410 0.0532 0.7
MW20s 0.0006 - 0.0009 <0.2
MW20d 0.0021 0.0133 (1) - 0.7
MW21tp 1.50 1.4200 , 1.9
MW21s 0.0140 0.0211 <0.2
MW22tp 2.10 1.2200 <1.2
MW22s 0.015 0.0181 0.2
P-1 0.0006 0.0065 (1) 5.9
P-2 - 0.0006 0.0069 (1) 3.6
P-3 0.0000 0.0012 (1) 2.6
0B-1 0.0053 0.0149 1.4
0D-1 0.2700 0.2710 0.5
0b-2 0.0080 0.0150 3.5
0s-1 0.3000 0.2270 <0.2
0S-1A 0.0030 0.0028 <0.2
page 2 of 4



TABLE 4-2 (Cont'd)

LABORATORY RESULTS FOR GROUND AND SURFACE WATER SAMPLES
COLLECTED BY DAMES & MOORE DURING TASK B FIELD WORK*

EAL Uranium NLO Uranium EAL Iron
Sample Concentration Concentration Concentration
# mg/L mg/L “ mg/L
0s-2 0.3500 0.3020 <0.2
e 0S-3 __..0.0430 . _._0.0810. . _ 1.4  ____ ___ _ ...

RO-1 0.0270 -—- <0.2
RO-2 12,0 --- <0.2
RO-3 0.0068 -—-- | 1.5
RO-4 28.0 --- 0.6
RO-5 24.0 --- 1.0
RO-6** 4.6 --- 0.8
RO-7 0.3100 -—- <0.2

‘ RO-8 34.0 --- 0.5
RO-9** 3.0 --- 6.3
RO-10 3.6 --- 2.0
RO-11 0.8300 --- 0.2
RO-12 0.3400 -—-- <0.2
RO-13 0.5400 -—-- 1.1
RO-14 0.4800 -—- <0.2
RO-15 0.7100 --- <0.2
RO-16 0.6200 -—-- 0.6
RO-17 11.0 -—-- <0.2
RO-18 0.5300 -—- <0.2
RO-19 0.0018 -—- <0.2

@
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. TABLE 4-2 (Cont'd)
LABORATORY RESULTS FOR GROUND AND SURFACE WATER SAMPLES
COLLECTED BY DAMES & MOORE DURING TASK B FIELD WORK*
NOTES:
EAL (Environmental Analysis Laboratory) was subcontracted by Dames &
.. ____Moore to perform analytical services.
Iron was analyzed for use as a possible uranium indicator. Results
show no correlation between Iron and Uranium values.
See Figures 1-1, 4-1, and 4-2 for well, seep, and runoff sampling
locations
MW: Monitor Well
P: Production Well
0B: Observation Well (on west side of storm water retention basin)
OD: Storm Sewer Outfall Ditch
. . 0S: Offsite Wells (0S-1A-shallow dug well)

RO: Runoff Sample
*  DOE Guide for Uranium in water released to Uncontrolled
Areas = 1.8 mg/L

**  Surface Seep Samples
--- Samples Not Split with NLO
(1) Indicates an order of magnitude difference between EAL and NLO

values. EAL values were used in data analysis -and
interpretation.

See Table 4-1 for Well Specifications
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WELL

MW

MW

MW

MW
MW
Mw
MW
MW
Mu
MW
MW
MW
MW
MW
MW
MW
MW
MW
MW
MW
MW
MW
MW

MW .

w

|
|
1
l
{
|
I
|
|
&
4
|
4
1

5

9
10
11
13s
13d
l4s
14d
15s
15d
16s
16d
17s
17d
18s
18d
19s
19d
20d
21s
22s

NOTES

A:

B:

TABLE 4-3

ABOVE-BACKGROUND CONCENTRATIONS OF URANIUM
IN GROUNDWATER SAMPLES FROM ONSITE WELLS
IN THE SAND AND GRAVEL AQUIFER

SCREENED VALUE*
ZONE (U in mg/L)

0.009

0.002
0,009
0.004
0.002
0.019
0.004
0.015
0.010
0.120
0.140
0.140
0.002
0.031
0.025
0.003
0.002
0.002
0.003
0.002
0.024
0.002
0.014
0.015

[=>l=o)

PP ROOPPIIPITIPOPIPETPOIPOIIOIEI®

Screened above Blue Clay Layer, in upper part of Upper Sand and.
Gravel Aquifer.
Screened above Blue Clay Layer, in lower part of Upper Sand and
Gravel Aquifer,

Samples taken March, 1985 by Dames & Moore

Background ranges from 0.0001 mg/L to 0.0027 mg/L.

0.0008 mg/L was used for statistical comparisons.

*DOE Guideline for Uranium in water released to Uncontrolled

Areas = 1.8 mg/L.

Average value of




TABLE 4-4

SUMMARY OF NLO WATER SAMPLING DATA
" FOR URANIUM FROM
PADDY'S RUN*

Ubgradient samples collected at intersection of Paddy's Run and SR 126.

Downgradient samples collected

YEAR

1975

1976 -
1977
1978

1979
1980
1981
1982
1983
1984

UPGRADIENT

AVERAGE

CONCENTRATION RANGE
(mg/L) (mg/L)
0.006 0.001-0.026
0.004 0.001-0.014
0.008 0.001-0.120
0.008 0.001-0.120
0.003 0.001-0.014
0.003 ' 0.001-0.009
0.004 0.002-0.010
0.004 0.002-0.008
0.002 0.001-0.006
0.002 0.001-0.010

at_intersection of Paddy's Run and Willey Road.

DOWNGRADIENT

AVERAGE .
CONCENTRATION RANGE
(mg/L) {mg/L)
0.027 £ 0.007-0.140
0.016 0.005-1.10
10,014 0.007-0.310
0.022 0.006-1.20
0.015 0.009-0.052
0.015 0.008-0.090
0.020 0.004-0.400
0.022 0.003-0.170
0.027 10.003-0.908
0.023 0.008-0:249

* DOE-Guideline for Uranium_in_water_released_to_Uncontrolled_Areas = 1.8 mg/L.

g\
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‘ S TABLE 4-5
» © SUMMARY OF NLO WATER SAMPLING DATA
| FOR URANIUM FROM

STORM SEWER OUTFALL DITCH

AVERAGE TOTAL QUANTITY

YEAR CONCENTRATION* DISCHARGED
T | (mg/L) __(kg)
S -7 T i 1 | 1 -

1976 . 2.60. - 88
1977 3.80 145
1978 1.00 43
1979 | 1.07 70

1980 » 0.74 15
1981 . 0.34 ' 4
1982 | 0.83 11
_. | 1983 0.47 a4
1984 0.63 56

* This is an onsite discharge and the DOE Guidelines for Uranium in
water released to Uncontrolled Areas (1.8 mg/L) does not apply at
this location.
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TABLE 4-6
' COMPARISON OF AVERAGE URANIUM CONCENTRATIONS IN THE

THE OFFSITE WELLS WITH ABOVE-BACKGROUND CONCENTRATIONS
OF URANIUM RELEASED TO THE STORM SEWER OUTFALL DITCH

OFFSITE WELLS AVERAGE URANIUM CONCENTRATION
- AVERAGE URANIUM RELEASED TO STORM
YEAR CONCENTRATIONS - - SEWER OUTFALL DITCH

0s-1 .~ 0s-2 . 0s-3

(mg/L) (mg/L) - (mg/L) - (mg/L)
1982 0.25 0.47 0.07 0.83
1983 0.26 0.43 0.06 0.47
1984 0.25 0.33 0.05 0.63




Samples Collected in March, 1985 by Dames & Moore.

SAMPLE -

*DOE Guidelines for Uranium in water released to Uncontrolled

TABLE 4-7

CONCENTRATIONS OF URANIUM IN DRAINAGE
DITCHES WITHIN THE WASTE PIT STORAGE

AREA

DRAINAGE
BASIN/CONCENTRATION

(mg/L)

B/12.0
€/0.007
C/28.0
B/24.0
C/4.6
€/0.31
€/34.0
B/3.0
D/3.6
D/0.83
D/0.34
B/0.54
B/0.48
B/0.71
B/0.62
D/11.0
D/0.53

Areas =1.8 mg/L

CONCENTRATION AT

~ DISCHARGE PT*

__(mg/L)

Clearwell
Clearwell
0.048
Clearwell
Clearwell
Clearwell
0.048
0.340
0.340
0.340
0.048
0.048
0.048
0.048
0.340
0.340



‘ TABLE 5-1

MATERIAL PROPERTIES .
(SEE FIGURE 5-3 FOR MATERIAL LOCATIONS)

MATERIAL PROPERTY 1 2 3 4
Hydraulic Conductivity 0.06 1.0 8.0 60.0
(ft/day)

Effective Porosity 0.15 0.2 0.2 0.2

300.0

0.25

0'5

0.2




¥ Jo T sbed

0Lg
0Lg
0L€
0Lg
0Lg
0Lg
0L
08¢
00y
o€y
0ty
08y
08y

0Lg
0L¢
oe
0L€
0lg
0L¢
0Lg
08¢
00v
0ty
OtV
09v
09¢

0LE
0Lg
0Le
0L¢
0Lg
0Lt
0LE
0Le
0Lg
00t
oot
(1% 7
Ott

M~ o~
™M ™M

LE
LE

~
™

= = e = R o I = = e = e o I
® D @D ,
< ™ o

(a2
<

-4
-l

0L¢
0LE
0L¢
0Lt
0L¢
0Lt
0L¢
0L¢
0Lg
0/¢
08¢
.og
ovy

0LE
0lE
0Le
0LE
0L
0LE
0LE
0Lt
0L€
0Lt
08¢
ooY
00t

o

0LE
0L¢
0L¢
0Le
0Le
0L
0Lg
.cum
0L€
0L¢
owm
00Y
oot

8

0Lg
0L
0LE
0L¢
0Lt
0Le
0LE
0L€
0LE
0L¢
08¢
00t
0ov

i

2§ 38V

0LE
0L¢
0LE
0Le
0L€
0Lt
1743
08¢
08¢
08¢
18
oov
0ot

9

INIOd QI¥9 HOV3 1V
¥34In0V 40 3Sva 40 NOILVAIT3

oLg
0L€
oLg
o€
oLe
WL
08¢
01¥
oty
0lY
00t
00¥
00%

|

0L€
0LE
0LE
0L¢
0Le
08¢
og
oty
oty
(11%
1%
oty
113

<

0L¢
0L€
0L€
0L€
08¢
oot
Oty
oey
oty
419
0tv
V1%
0ty

™|

0Lg
0L¢
0L¢
08¢
oty
oov
0cy
oey
oty
(11%
1137
(1%
ott

aval

0Lg
0L€
0L€
08€
0ty
Oty
0gy
o€y
o€y
o€y
o€y
o€y
o€y

el
A
11
01




b Jo ¢z abed

oty

0ot

00v 0ot 00v 0L€ 0LE
(]9 ocy oov ooy 0oy 0L€ 0L¢
0ty oty 0Ov (110) 00t 0Lg 0LE
(1197 Oty oot ooy 0L€ 0Le 0L€
oty owc 00v 0Le 0L¢ 0Lg 0Le
0Lg 0L¢ 0Le 0L¢ owm 0Lt 0Lg
0L€ 17A% 0LE 0Lg 0L¢ 0Le 0Le
08¢ 08¢ 08¢ 08E 08¢ 08¢ 08¢
0ot 0ot 0ot 0ot 00t 00t 0ot
oty 1% oty oty (1% Oty Oty
1% Otv 11X 1187 ocr (11944 ocy
O6Y 06Y 06t 06v 08¢ 08Y 08t
06v 06v 06v o6t 08y 08¢ 08v
T2 02 6 st 1 9T ST

INIOd GT¥9 HIV3 1LV
(P,3u0)) ¥341NDV 30 3SVY8 40 NOILVAIT3

(a,1N0D) 2-6 318vL

£l
Al
11
01

nv



<o

# 3o ¢ abed

0L¢
0LE
0LE
0Lg

0Lg

0LE
0LE
0L¢
0Le

0L¢
0L¢
0Lg
0L€
0L€
0L¢
0L€
0Lg
0Le

0Lg
0Lt
0L€
0Le
0LE
0L€
0L¢
0L€
0Le

0L€
0L€
0Lg
0L€
0Lg
0L€
0L€
0Lg
oLe

00t
0oy
08¢
08¢
0Le
0Lg
0Lg
0Lg
0Lc

ot

0ot
0oy
0ty
08¢
0L€
0Lg
0L€
0L¢
0Le

o

434100V 40 3Sve 40 NOILvA313

1%
0tY
0ty
08¢
0L€
0Le
oz
0L¢
0Lg
8

0Y
0EY
0P
08¢
o€
0L€
o€
0L€
0L€
L

0Ly
0Lt
0tV
08¢
0L€
0Lg
0LE
0L¢
0Le

9

INIOd QI¥9 HIV3 Lv

(a,1N02) 2-5 318vL

0Ly
(A
oty
08¢
0Lt
0Le
0L€
0L€
0Le

w|

0Ly
oLy
0y
08¢
o€
0Lg
0Lg
0LE
0Lg

<|

0Ly
0Ly
0cy
08¢
0L€
0Lg
0L€
0L¢

0LE

™|

0Lt
0Ly
(1%
08¢
0LE
0LE
0L€
0L€
0L¢

|

0Ly
0Ly
%7
08¢
0Lg
0L¢
0LE
uLe
0L€

éé
1e
0¢
61
81
(1
91
61
LA




oov
oov
ogy
1%
00v
00t

0L

0L€
(4197
12

00F 00V - O00v O/  OLE

00v 00y 00 O 0L

0y 0ty Otk 00V OLE
0t Otk 00 O/ OLE
0cv Oty 00y O OLE
00 00V 00 O  OLS
0L& O OLE O 0L
0L 0L Ol O OLE
00y 00y 00v OOV  OLE
%z o 8 O o

INIOd QT¥9 HOV3 1V

oLe

0L¢
0Lg

0LE

0Lt
0L€
0LE
0L¢
0L€

ST

(P,3u0)) ¥3JINDY 40 ISV 40 NOILVA313

(0,1N02) 2-§ 378Vl

2¢
12
0¢
61

81

L1
91
S1
v




FIGURES

n»



I-T 34N9I4

SNOILYO0T 173M

279NVHAYNO (1861) OIHO ' NOGN
'dYN DIHIVHNOOJOL,SL "S'O'S'N WONA NINVL dVI

W3L1SAS 3LYNIQHO0D LNVId - 0002S
NOILVO0T 113M NOILONdoNd WP

NOILVO0T 173M ¥3ismd  #F-
NOILV201 113M 3TONIS $

‘NOILVNVIdX3

NISVE NOILN3LIN \)
43LVM WHOLS )

I

VHS
3Sva 3IDN3HILIY.

000lIs

00001Ss




S

00093

0004 S -

ST13M 31IS440 3IIYHL IHL NI
SNOILVHLINIDONOD ANNDUDINDIVE-IAQ8Y 3IHL HOS
S324NOS TVILN3LOd 40 NOILVOI4ILN3d!l AYVNIWIT3Yd
‘UNIDI0 AVYMW mZD{.-QZﬂu 3S3HL
HOY¥4 SNOILVYINVA °ViVO w._n<.:<.>< ATVINISIHd
40 NOILVLI3YHYILNT NOdGN oww<.n SNO1LIQNOD
3TOvaadNd 1SOW 3IHL 40 NOLLVYATVAI Nv
ANISINGIY NAOHS SVYIHY IIBNOS NVILINILOD IHL
3Ivos
LC H11 3 vayy 3I5dn0os IviiNdiod R
14334 0001 00¢ o
INOILVYNVIdX3
- m U m
§ 8 H g
HOLIQ 71IvdLino
¥IMIS| WHOLS 3IHL

m& NI ONI

N\
. f) W

i

N\

>
e

.\
A0

(371Id IYL3IW dV3DS S3IANTIONI)
V34V NOILONAo™d

/
T

J9VH0LS LId JLSYM _

& {i

.
N :
— N '
_ 210§ zos_:ﬂ.J / 7

aNVY NNd S, AQQvd

MO1d ¥3L1lvMm

AIRN03  83ing V\

n6

FIGURE 1-2



=

-
[Nt | :

3 (S
:HAI‘ILTON eea P
3 5 =
i RQUTE i
NT. CARMEL - . &
’Q, : 4 rJ
” PADOY'S RUN Y \
: $ CREEX \‘ \
Els £ )
o I Q&
g"ﬂ 126 ~
JS
3 .
"'i SHANDON
i 2 —._BUTLER CO._
.l. cmemeam s ey < o HANILTON €O, ™ = m.eo ="~ .
v %,
FMPC “) .
< 115
MIANI. WHITEWATER o N o
FOREST FERNALDo > qp"
Y NEW
7/3  BALTIMORE
» \Y
A 2
ad
—
&4
> 2
d 3 Vor ".) ey
olg W 7 AMITOWN Yy )
£ip 3 S S L N
....... ;
glS TREM - ure, 3
<o < ‘> l
wi 4 -9
HOOVEN !
ree ;
—
{' CINCINNATI
O, N
S -
S ¥ .
,--l

0 1 2 3 4MHES
[ —]
SCALE

SITE LOCATION MAP

FIGURE 2-1

r\\l



<~

T-€ 34N9Id

BEMOOW 8 SENWVa

S314VANNOS8
HONOYL N3IAVH M

379NVHAVND (1861) OIHO ‘' NOONVHS

'dVN JIHJVY90dOL, 9L 'S'9°S'N WOH NINVL dVN 3SvE *30NINIJIY

NOILYJ01 71713M NOILONAONd %

NOILVO0T T713m ¥31isn1o

HONOYL N3IAVH M3N
340 AYVANNO8 3ILVWIX0YddV

NOI L¥20T 113M 3T19NIS bwv
L]

NOILVNVIdX3

C

1334 000¢€

o e gy - B
e

A
’//\\—/—:

000lIls

00001S




B

HONOY 1

Q7314 71T13IM
‘0D d¥31vM OIHO MS

1Sv3

|

NIAVH M3N 40 NOILOIS SSOHO 51907039

X02 ‘NOILWVHIHOVWYXI TVDI1Ld3A
ITYOS
— i —
1334 ooov 0002 0

Xo0¥A38 3TVHS

J3ZITVY3IN39

“HNO20 AVW SNOIL

GNOD

3S3HL WOMZ SNOTLYIHVA ‘viva 378vIIvAay
ATLN3S3¥d J40 NOILYLIWGH¥ILNI NOgN Q3SVE

SNOILIGNOD 378vE0dd :1SOM 3H1 J0 NOILvn
NY INISI¥dI¥ NAGHS SNOILD3ISEn

S11S0d30 HSYMLINO 13AVYY GNV ONVS

—_— e ———— ——
—_— ST T = [r—
.

H3IATIY IWVIW LV3Y

3LIS OdWd

NNy s, AQdvd

1S3

VA3
S 3IHL

- oo¢

— 00%

— 00S

~. 009

=1 004

IATd NI NOILVAATH

FIGURE 3-2



<~

£€-¢ JUNOIA

'dVIN NOILVD07T NOIL93S SSON9

e g e Vg — e

s

o

\
A

et Lo

3I9NVHAVND (1861) OIHO ‘' NOONVHS

‘dYN DIHJVH90dOL,S'L 'S'9°S'N WONI NINVL dVN 3sve *3INIYIIIN

NOILvD01 NOILO3S SSOHD

NOIL1vI07 173M NOILINQOYd

NOILY207 113M ¥31SN1D
NOILV201 173M 3719NIS @

‘NOILVNVYIdX3

e g ——— —

0o0o0llIs

00001s

0006




T-1
-_——
580 ‘
CLAY
CLAY AND GRAVEL T-3 i
560 X T-4 T-5 T-9 .
[ - :
. g .
cLAY oy PADDY'S RUN
CLAY .. LAY CLAY VALLEY ' ,
PADDY S RUN VALLEY
o — 16D ' :
—_ o = e LAY AND™ ~— e e o
540 . SAND SAND AND CLAY 170
SILT
SAND SAND T T —
SAND SILT
!r ¥ % !7 1’ ¥ SILTY SAND
¥ I sano
1 SILTY SAND 2 | siLty sanp
~ 520 T +
g . 4 SAND
! g sgggvﬁo i SAND AND GRAVEL
@ N d |
H o SAND AND GRAVEL i Toravel
ry ] T SILTY sanD
S 4
R s00 )
AND AND GRAVEL
g 1[5 SAND AND GRAVEL SAND AND GRAVEL SAN
N Q
< Q SAND WITH .
t D 1 1 TRACE OF GRAVEL
~
W
480
T sanp
SAND AND BOULDERS L SILTY SAND
SAND '
460 i <
-’
—~ 4 SAND AND GRAVEL ;
oE — i )
:E;'tn) “BLUE CLAY" . —
N 500 1000 FEET '
490 - 3 ) 108
“ HORIZONTAL SCALE
@ VERTICAL_EXAGGERATION: 25x
g NOTE: CONTACTS DASHED WHERE INFERRED
@ 3
~ . '
. CROSS SECTION A-A
420 |

THE SUBSECTIONS SHOWN REPRESENT AN

EVALUATION OF THE MOST PROBABLE CONDITIONS

BASED UPON INTERPRETATICN OF PRESENTLY
AVAILABLE DATA. VARIATIONS FROM THESE

CONDITIONS MAY OCCUR,

FIGURE 3-4



B
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1000 FEET
1

EXPLANATION:

PILE OF CLEAN SOILS REMOVED
FOR CONSTRUCTION PURPOSES
FROM VICINITY OF RO-11

| LIQUID IN THE CLEARWELL IS
' DISCHARGED FROM THE FMPC'S
PERMITTED OUTFALL

DIRECTION OF FLOW IN SURFACE
DRAINAGES

SURFACE WATER SAMPLE

|
SUIQFACE WATER SAMPLING LOCATIONS
WASTE PIT STORAGE AREA

REFERENCE : BASE MAP TAKEN FROM U.$.G.S. 7.5' TOPOGRAPHIC MAP,

SHANDON, OHI0 {1981) QUADRANGLE DAMES 8 MOORE

FIGURE 4-1 Q?
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1000 FEET
]

BASINE - To

EXPLANATION:

(D@ DISCHARGE POINT FOR BASIN A
@@ DISCHARGE POINT FOR BASIN B

@@ DISCHARGE POINT FOR BASIN D
i

NOTE: Basin C discharge point
‘ is to clearwell.

i
I

GENERALIZED SURFACE WATER FLOW PATTERNS

WASTE | PIT STORAGE AREA

REFERENCE : BASE MAP TAKEN FROM U.S.G.S. 7.5' TOPOGRAPHIC MAP, THE SURFACE WATER FLOW PATTERNS SHOWN REPRESENT

SHANDON, OHIO (1981} QUADRANGLE AN EVALUATION OF THE MOST PROBABLE CONDITIONS
' BASED UPON PRESENTLY AVAILABLE DATA., VARIATIONS

FROM THESE CONDITIONS MAY OCCUR. ’ DAMES 8 MOORE

FIGURE 4-3
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SCALE

REFERENCE : BASE MAP TAKEN FROM U.S.G.S. 7.5' TOPOGRAPHIC MAP,
SHANDON, OHI0 (198!) QUADRANGLE

MODELED AREA

FMPC, FERNALD, OHIO

FIGURE 5-1 0\\
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SCALE

\U $ RESERVATIC
NRTMENT OF

EXPLANATION:

e 505 = WATER LEVEL CONTOUR IN FEET
' DASHED WHERE INFERRED
(NATIONAL GEODETIC VERTICAL DATUM OF 1929)

US.G.S. POTENTIOMETRIC SURFACE MAP

|

REFERENCE : BASE MAP TAKEN FROM U.S.G.S. 7.5' TOPOGRAPHIC MAP, |
SHANDON, OH!0 (198!) QUADRANGLE j

ADAPTED FROM REFERENCE 3 ]

| FIGURE 5-2
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SCALE

REFERENCE : BASE MAP TAKEN FROM U.$.G6.S. 7.5' TOPOGRAPHIC MAP,
SHANDON, OHIO (1981) QUADRANGLE

MATERIAL - PROPERTIES

(DATA USED FOR TARGET MODEL)

FIGURE 5-3
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4000 FEET

EXPLANATION:

RECHARGE RATE

0.44in./yr.

1.05 in./yr.

2.10in./yr.

RECHARGE AREAS - BOUNDARY PLOT

REFERENCE : BASE MAP TAKEN FROM U.S.G.S. 7.5' TOPOGRAPHIC MAP, (DERIVED FROM TARGET MODEL)
SHANDON, OHI0 (1981) QUADRANGLE .
DAMES 8 MOORE

FIGURE 5-4




U S RESERVA’
ARTMENT OF ENERGY

.SYORM SEWER’
OUTFALL. DITCH.

A

4000 FEET
J -

v
"

EXPLANATION:

AREAS WITH HIGHEST URANIUM
CONCENTRATIONS

EXTENT OF URANIUM PLUME,
NO ATTENUATION

REFERENCE : BASE MAP TAKEN FROM U.S.G.S. 7.5' TOPOGRAPHIC MAP,
SHANDON, OH1O (1981} QUADRANGLE

RELCATIVE CONCENTRATIONOF URANIUM—
(PERIVED FROM TARGET MODEL)

i

DAMES 8 MOORE

| FIGURE 5-5



4000 FEET

|
EXPLANATION:
— 525 WATER LEVEL CONTOUR IN FEET

- FLOW DIRECTION

!

GROUNDWATER

FLOW-DIRECTIONS

REFERENCE : BASE MAP TAKEN FROM U.S$.G.S. 7.5' TOPOGRAPHIC MAP,
SHANDON, OH!0 (1981) QUADRANGLE

(DERIVED FROM TARGET MODEL)

FIGURE 5-6
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REFERENCE : BASE MAP TAKEN FROM U.S.G.S. 7.5' TOPOGRAPHIC MAP,
SHANDON, OH10 (1981) QUADRANGLE

SURFACE MAP

(DERIVED FROM TARGET MODEL)

FIGURE 5-7
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AQUITARD: A confining bed that retards but does not prevent the flow of the
water to or from an adjacent aquifer.

ATTENUATION: A reduction or lessening in concentration.

" BACKGROUND: Ambient or naturally present.

CLEARWELL: Receiving basin for Pit 5 supernatant and runoff from the waste
Pit Storage Area.

CLOSED PIT AREA: The northwest corner of the Waste Pit Storage Area
which includes pits 1, 2, 3 and the Burn Pit, which are not operating.

CONE OF INFLUENCE: A cone-shaped' depression in the potentiometric surface
of a body of groundwater that has the shape of an inverted cone and develops
around a well from which water is being withdrawn

CONFINING BED: A body of relatively low permeability material
stratigraphically adjacent to one or more aquifers. Innature, however, its
hydraulic conductivity may range from nearly zero to some value distinctly
lower than that of the aquifer. -

QESLCCAIJ_QN_LND_UCED_EBACIHB]NQ: Cracks in sediment produced by drying.

- EEEECTIVE POROSITY: The amount of interconnected pore space available for
fluid transmission.

ft/day (feet per day): A measure of hydraulic conductivity. Reduced from the
volumetric units of ft3/ft2/day.

ft/ft (feet per foot). A measure of hydraulic gradient.

G-1
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gnd/ft (gallons per day per foot): A measure of transmissivity.
gmmzjgalmﬂmmmmmmmnz A measure hydraulic conductivity.

gpm (gallons per minute): A measure of flow rate

GLACIAL QUTWASH: Stratified detritus (chiefly sand and gravel) removed or
"washed out™ from a glacier by meltwater streams and deposited in front of
or beyond the end of the margin of an active glacier.

GLACIAL TILL: Dominantly unsorted and unstratified material, generally
unconsolidated, deposited directly by and underneath a glacier without
subsequent reworking by meltwater and consisting of a heterogeneous
mixture of clay, silt, sand and gravel and boulders ranging in size and
shape.

HEAD: The height above a standard datum (for this Report, Mean Sea Level) of
the surface of a column of water.

HYDRAULIC CONDUCTIVITY: (Permeability Coefficient) If a porous medium is
isotropic and the fluid is homogeneous, the hydraulic conductivity of the
medium is the volume of water at the existing kinematic viscosity that will
move in unit time under a unit hydraulic gradient through a unit area
measured at right angies to the direction of that movement.

HYDRAULIC GRADIENT: The change in hydraulic head (level) per unit of -
distance in the direction perpendicular to hydraulic head contour lines.

LEACHABLE: Able to be dissolved and washed out by a percolating liquid.

mg/L _(milligrams per liter - often used interchangeably with parts per

-million (ppm))--A method of expressing-concentrations. The number of grams

G-2
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of solute per million grams of solution. One part per million is
approximately equal to one teaspoon of sugar in 10,420 eight ounce cups of
coffee.

MPC (MAXIMUM PERMISSIBLE CONCENTRATION): The concentration of a

radioactive substance which, when ingested or inhaled for an extended
period of time will give the maximum allowable dose to an individual.

MSL (MEAN SEA LEVEL): Sea level or sea level datum - as a standard datum
for heights or elevation, based on tidal observation over many years at
various tide stations along the coast.

NON-NORMAL DISTRIBUTION: A set of variable data which is not distributed
symetrically about the mean.

QUTCROP: That part of a geologic formation or structure that appears at the
surface of the earth.

POROSITY: The percentage of the bulk volume of a rock or soil that is
occupied by interstices (openings), whether isolated or connected.

POTENTIOMETRIC SURFACE: An imaginary surface representing the total
head of groundwater and defined by the level to which water with the same
density and viscosity will rise in a well (e.g. the water table).

RECHARGE: The process involved in the absorption and addition of water to
the zone of saturation.

REMEDIATE: The process of relieving, curing, or correcting an environ-

mental concern.

-SEEP: An-area,-generally small; where-water percolates slowly totheland—— —|

surface.=
G-2
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-

STATISTICALLY SIGNIFICANT: Numerical data having or expressing a
mathematically demonstrable difference from other numerical data.

STEADY STATE: in equilibrium, a stable, balanced, or unchanging system.

JERRACE: Any long, narrow, relatively level or gently inclined surface,
generally less broad than a plain, bounded along one edge by a steeper
descending slope and along the other by a steeper ascending slope.

JRANSMISSIVITY: The rate at which water of the prevailing kinematic
viscosity is transmitted through a unit width of a confined aquifer under a
unit hydraulic gradient.

UNCONFORMABLY: Not succeeding the underlying rocks in immediate order
of age. A break in the geologic record.

UNCONTROLLED AREA: An area of unlimited public access.

UNCONTROLLED PADS: A pad on which material is stored and runoff from it
is not collected as part of the surface water recovery system.

URANIUM (NATURAL). A combination of U-238, U-235 and U-234, by mass
U-238 = 99.27%, U-235 = 0.72 ® AND U-234 = 0.006%.

Dames & Moore
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A1.1 EXPLANATION OF HYDRAULIC TEST ANALYSIS. .
Dames & Moore's testing of selected monitoring wells was conducted to:

e Confirm already well established hydraulic
charactertistics of the sand and gravel aquifer;

e Gather data on the saturated portions of the
glacial till, and; ‘

e Evaluate these data as they are related to
source id_entif ication.

Testing of these wells consists of pumping the well a't~a'constant_ rate A
until steady state conditions were reached. Pumping is then stopped and the .. .

water level is measured as it rises (recovers) in the well. Data are
subsequently analyzed in accordance with the assumptions and calculations
inherent in the recovery analysis method as described in Reference 18.

wells screened in the sand and gravel aquifer had ytelds too high to allow
for short term testing.- Therefore, laboratory tests for hydraulic
conductivity were performed on representative sediment samples from this
aquifer. Results of this testing are provided in Appendix 2.

Al
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A1.2 MONITOR WELL RECOVERY TEST ANALYSIS

Al.2.1 Recovery Test for MW #12
STATIC WATER LEVEL = 31.96 ft
PUMPING RATE (Q) = 6 gpm (0.80 ft3/min)
DATE TIME t t t/t DEPTHTO - RESIDUAL REMARKS
(min)  (min) WATER (ft) DRAWDOWN
S s  (ft)
1-15 0900 1600 0O @ - 00 .= 5433 22.37 . Pump-off
1642 042 39.10 51.33 1937
1733 133 13.03 4350 1154
18.00 2.00 9.00 42.25 - 10.29
‘ » 20.00 4.00 3.00 40.08 8.12
2150 550 391 36.96 5.00
23.00 7.00 329 3637 = 44
2500 900 278 3400 204
Data plotted on Figure A1-1
AS = 1.4f1t.
Transmissivity = 2303Q
. 474 S
= (2303080 t3/min)
(12.56X1.4 ft)
= 150 1t 2/day or 1130 gal/day/ft
Hydraulic Conductivity. = 150 ft 2/day
60 ft.
—- Bt 1 - S
A1-2
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STATIC WATER LEVEL =

Al22 Recovery Test for MW-19TP

573 1t

PUMPING RATE (Q) = 3 gpm (0.41 ft3/min)

DATE TIME t

t t/t

(min).  (min)

3-3 1035 20.00

2300 3.00 1.7 10.33 460
25.00 5.00 50 973 400
27.00 7.00 39 9.56 3.83
30.00 10.00 3.0 9.35 3.62
35.00 15.00 23 9.00 3.27
40.00 20.00 20 8.73 3.00
Data plotted on Figure Al-1
As' =3.95ft
Transmissivity = (2303)(Q)
anA s
= (2.303)(0.41 ft 3/min)
(12.56) (3.95 rt)
= 30t 2/day or 220 gal/day/ft
Hydraulic Conductivity = 30t ?/day
15 ft.
= 2 ft/day
Al-3

DEPTHTO  RESIDUAL

REMARKS

WATER (ft) DRAWDOWN

S : s (ft)

0 0.00 11.00 5.27

Pump-off

Dames & Moore




A1.2.3 Recovery Test for MW-20 TP

STATIC WATER LEVEL = 3.63 ft
PUMPING RATE (Q)= 4 gpm (0.55 ft 3/min)

DATE TIME t t t/t DEPTHTO
(min) (min) WATER (1)
S

3-3 1720 25.00 0 000 10.00
| 2650 150 1767 967
2675 175 1529 956
27.00 200 1350 9.50
2725 225 1211 946
2750 250 11.0 9.40
2800 300 933 931
2900 400 725 9.00
3J0.00 500 6.00 871
35.00 1000 350 783
Data plotted on Figure A1-1
AsS =6.65ft

Transmissivity = (2303)(Q)
| ana s’

= (2303)(055 ft 3/min)
(12.56) (6.65 ft)

Hydraulic Conductivity =20 ft Z/day
151t

20 1t 2/day or 160 gal/day/ft

RESIDUAL  REMARKS
DRAWDOWN

s (ft)

6.37
6.04
5.93
5.87
5.83
5.77
5.68
9.37
5.08
420

Pump-off

=—1-3-1t/day—

Dames & Moore




'AlL2.4 Recovery Test for MW - 21 TP

STATIC WATER LEVEL = 433 ft
PUMPING RATE (Q) = 4 gpm (0.55 ft3/min)

DATE TIME t t  t/t DEPTHTO  RESIDUAL = Remarks
(min) (min) WATER (ft)  DRAWDOWN
S s (ft)
3-4 1230 18.00 0 00 7.00 267 Pump-off
19.50 15 130 6.88 255
21.00 30 70 6.79 2.46
3000 120 25 6.77 244
3300 150 22 6.71 238
3800 200 19 669 236
Data plotted on Figure Al-1
As'=4091 ft
Transmissivity = 2303 (Q)
4naAs’
= (2303)(055 ft3/min)

(12.56)(40.91 ft)
35ft 2/day or 30 gal/day/ft

Hydraulic Conductivity = 3.5 ft 2/day
15 Ft.

= 0.2 ft/day

Dames & Moore




A1.3 Calculation of Hydraulic Gradients

i=hi-h2
L
Where:

i .~ =hydraulic gradient (ft/ft)

h1,h2 =head difference (ft)

L = distance between equipotential lines (ft) - -

Line A-A' (see Figure Al1-2)

220-515 = 0.001 rt/ft
4920

Line B-B'

230-525 = 0.003 rt/ft
1850

Line C-C'

233-325 = 0.005 ft/ft
1860

Al.4 Estimate of Groundwater Travel Times

. N=Kj

n

Al1-6
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Where:

V = Groundwater Flow Velocity

K = Hydraulic Conductivity (ft/day)
1 = Hydraulic Gradient (rt/ft)

n = Effective Porosity (%)

Case |1 - Minimum (fastest) estimated groundwater travei time from
recharge area (Area A - Figure 4-5) to the offsite wells

(a) Approximate distance from recharge area to:
0S-1 = 800 ft
0S-2 = 1500 ft
0S-3 = 2200 ft

(b) Steepest hydraulic gradient = 0.005 ft/ft

(c) Highest hydraulic conductivity = 370 ft/day

(d) Lowest estimated effective porosity = 20 ®

(e) Flow Velocity (v) = (370 ft/day) (0.005 ft/ft)
0.20

=925 ft/day

(f) Estimated time to reach offsite wells

- -———-05-1:-B00ft- - =90-days—(025years) - - |~

9.25 ft/day

Al-7
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0S-2. 1500 ft = 160 days (0.40 years)
9.25 ft/day

0S-3. 2200t = 240 days (0.70 years)
925 ft/day . -

Case 2 - Maximium (slowest) estimated groundwater travel time from
recharge area (Area A - Figure 4-5) to the offsite wells

(a) Approximate distance from recharge area to:
0S-1 =800 ft
05-2 = 1500 ft
0S-3 = 2200 ft
(b) Shallowest hydraulic gradient = 0.001 ft/ft
(c) Lowest hydraulic conductivity = 270 ft/day

(d) Highest estimated effective porosity = 25 ®

(e) Flow velocity (v) = (270 ft/day) (0001 ft/ft)
0.25

= 1.1 ft/day
(f) Estimated time to reach wells:

0S-1: o0 ft = 730 days (2.0 years)
1.1 ft/day

-~ -—05-2:1500-ft———=—1360-days (3:7-years)——————————
1.1 ft/day

Al1-8
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05-3 2200ft = 2000-:03*5 (5.5 years)
14.1 ft/day

Dames & Moore
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--- g-3Jee°e === === X === .= 1
=== === ds === s-- === X SE
== £€-320°% d9 === X == X §S
=== £€-38L°9 === === X === - 08
--- ¢-30L°¢ === === X ¥ === === S¢
--- p-31p°8 ds --- X === - X A
--- €-36L°Y d9 === X .= X G4
=== €-391°G ds == X --- X 2l
--- £€-3859°2 d9 === X === X 08
.= €-316°2 === === X === === SS
--- €-396°1 .- --- X - --- 08
=== £-360°1 L === X --- --- 08
=== £-305°1 JS-MS === X === X 9€
. (29s/wd)
A31Aedg K31A130NpUO) 915 . A3paeay  A3EALIONPUO)  J3TBWOJPAY azis  (*14)
J1j}129dg JLnedphy ugedy . o1j12ads . dL|neJpiy T ujedy yadag
S1Ins3y - 1831

VIVO 1SIL 40 A¥VWWAS

‘ *

-0 s91
[

2-0W| PYT

pi-s | PS1
|
LT=0N;
81-0N!

1-s sg1

nmo Py

4 M syl
02-61-0W
61 |

ot | PET
|
91-0N
S1-0

-1 sel
|

i 4
3| duweg burdog



pawuojaad jou

vmsgcwgmawpmwp X

€L°2 --- 19 X .- X X 02 LZ-0WN
12 === 1 X === X X ST GZ2-0N :
6L°2 == JW X -== X X o1 €¢-0W s¢e
| | , . |
--- --- MS === == s=- X 0e 1T-0IN
6L°¢ L X === X X 611 6-07N |
=== ¥-3L°S --" . === X : === == S L=0N P2
6L°2 - WX - X X S -0 | 502
, _
18°2 --- L X == X X 02 12-0WN | P61
_
. -
9.°¢ -=- 1 X “=- X X 021 €-0N | P81
. V
=== ¢-301°1 MS === X === X ST 9-G-0N | S81
2-301°9 -t - X R PT-0W |
--- -=- M9 --- --- --- X GE ET-0N | sL1
(23s/wd) . _ w
A311ARdg  A31AL3DNpuUO) EYES AjiAedy . A3LAL3INPUOY J333W0JpAY YIS (*33) # ; #
d}41o9dg J{nedphy uteJg - J}44109dg JL{neJPAH S utedg _nuamc 3| dweg buiLuog
SLIns38 T T IsiL | 4
(P,3u03) VLVG LS3L 40 AUVHWNS
® °




o

- : Job No. /0805 -/t
DAMES 8 MOORE Owner ANLO
SIEVE ANALYSIS Locstion Lobinnd
. ...... b A : =70 -/S Jl(.{ A
By JDT
Ad(\.-\ Boring No._/S-A  sample No. S-14 Depth _&5"
Percent Cumulative
Sleve No. Wt. Grams Retained Percent passhng
Pan 653.Y99 100 [a) 5 0
200 ¢s1.87 | 99 75 25 =z
100 ¢51.35 | 99 (7 33 D~ R
G0 50.27 | 99 59 42 A
43 Lso.os | 79.47 .53 Ve Tee
20 649.32 | 99,37 .3 3r10 ,
) Y7 %8 79.14 b
: &332.00 92.4¢ 2.52
R $92.3s | 9,41 | 4.59
[0 SR Y i
’.“’ 2. ub’ 173 5319
k)asb\,CA Borfrsmg No. /3~ 5 Sample No. } Depth 3(0’ D.s ,?é w4
Percent Cumulative Du .5%
Sieve No. Wt. Grams Retained Percent Da;s.)-,g
. Pan 300-?' /OO (@] D’L 1 (‘51\2 2Z
N 200 2c3.97 | §9 2% [0.62 o SV
100 257.07| 85,75 4.2/ DD a¢%0%
_62 226.05]1 725.M 24 8¢
¢: 182.93 ] 40,91 29.19 Ssw-5C
20 12859 | 4275 52.25
/0 2002 23 2% 26.22
4 24 Y0 .13 91.82
7 248 | 249 | a1s
V?, 5‘(’(., .97 7“/3
>y =) O /00.00
Boring No. [LT,’S Sample No. 2 Depth 22/
0‘(\5 Percent  Cumulative
' Sieye No. Wt. Grams Retained Percent Pq_sgmﬁ
Pan ‘o 413.9% 100 @)
200 _ 400.5s | G6,.7% 322 Do .25
100 290.63 | 4569 |  4.31 = =2y
Lo 322.92 | 93.52 ¢.9% Dw .25
40 252.30b €5.14 14 80
20 163 1% 29.55 | f0o.H45 bzo st
/o 5508 1 13.31 | 4l.l9 e B g
A S SR <Y A 3.30 49,.710 e
‘ /e 4.6 /.08 98,92
Y2 235 0.57 49.43
.00
\ ?’/'4 & o 100
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FALLING HEAD PERMEABILITY TEST

Sample No: NIO V5 30/8117 /3s

Description:

Location: Dwch arex

13s -

’

Y
Date: Moy 23

1
Tested By: Nonlik

Diameter of Stagd Pipe: W46 0@~ cy:

(cm)

Diameter of Permeameter: 35 5°

(cm)

Depth: go'-82'

-

Wt. of Pan & Soil (g):

Wt. of Pan & Dry Soil (g):

Wt. of Pan:

Temperature (Z): 1%

Sample Length: 7°2°
(cm)

Wt. of Permeameter & Soil (g):
Wt. of Permeameter (g): 392-0

WWe. of Soil (g): -3 -

"Elapsed Time Head at Start Head at End Permeability Permeability
(sec) (cm) (cm) at 20°C at 20°C
. (cm/sec) {cm/sec)
0 g 72¢0 o xR
A 80 ¢
~
SO R(Q
589 [13) .-§0 100 KO 10
' - -4
Th2 AS 3s (097 “0'-4 W S2 Ko
20 25 96k xi0? 1012 xto™

i

Permeability of the Soil (No.): [.o% xio™3° Cmfsec -
*

Initial Test Density:

Initial Moisture Content:

T 77 Remarks:
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‘ ' FALLING HEAD PERMEABILITY TEST
3r
Sample No: NLO b - ﬂwﬂwﬁ /3¢ Date: Moy N1
Description: GYQVQ‘ ’ w\w\ -%TA Tested By: NOQ‘C\‘L. ]
Diameter of Stand Pipe: Lhb
(cm) °
Location: 128 Diame ter_ovf_P.emeameter.:_G'Q-c;
(cm)
Depth: m--%l. Sample Length: o’
(cm)
Wt. of Pan & Soil (g): ' Wt. of Permeameter & Soil (g): @ 32|
Wt. of Pan & Dry Soil (g): _ Wt.._of Permeameter (g): »gc-2
Wt. of Pan: , A %We. of Soil (g): -_r,‘;,(,-?
o i
Temperature (%): b
Elapsed Time Head at Start Head at End Permeability Permeability
' g (sec) (cm) "~ (cm) at 20°C at 20°C
(cm/sec) (cm/sec)
: -3 -3.
. -6\ X\O I'7S8 RO
50 a3.0 STl
-2
-3 1-SE xo
: 2 Y (4]
30% 3.0 St ‘ ]
' -3
.S~ -3 -
283 iy §33 - 78 WO ' 9% re
-3 06 ko™
980 Q6 Sh- 7 77 mo -6
Permeability of the Soil (No.): 1% r 7 cm(see

Initial Test Density:? q9%-< Pcf‘ -

Initial Moisture Content:

. Remarks:
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- Job No. /0805 -/G/
DAMES & MOORE wner__AILO
SIEVE ANALYS|S . .. ‘oot _Favmd
- T Date /0-15-YY ~
By TDT
Boring No._ /S-S Sample No. . s-/I Depth _32- 34’
. Percent Cumulative De. IL
Sieve No. Wt. Grams Retained Percent%’p'i_ssm_ —_— ——.-; 1753
Pan -—399-73——~00 — O P02
200 3372.20 1 94,85 | 315 Dt W
100 331.38 | 9590 | 440 . =, 0
&0 3l 1S | 90.3% | b6 127.1°
40 296.Y9 24 1 5. 84
20 199. 12 o g1 50,19
10 11%.00 c2.52 20.Y%
y _S3.20 13.3/ L. 69
33 /696 424 195.7¢
Yz /0.00 2.s0 97.50
2/y <€ o /60.00
Boring No. /3‘6( Sample No. 9 Depth 55 /
Percent Cumulative D I
Sieve No. Wt.. Grams Retzined Percent ?assh-\ﬂ : it —_ 19
Pan Z4Y5.97 /00 o o
200 221272 1 9L.27 323 .
100 23.18 | 95 2 4, 33 D 25 e
L9 £95.22 ) 93.21 (229 .
) (e8.08 | €957 /0.43 neN
20 63338 £4.92 1508
/o 597.73 80.1¢ 1980
& 530.1Y /.88 A8 12
/3 350.95 4104 | 5296
Y2 206.26 I 12328
3/y 4.0 s.51 4499
! o 0 212D.D0
Boring No. Sample No. Depth
‘ Percent Cumulative
Sieve No.  Wt. Grams Retained Percent _
Pan ’
200 %
100
50
30
20
16 - — - — — e
10
8
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Job. No_fosos™- /67

Owner___Nto

Location mumel
Date_/-2%- ¥

By ve E.8S.

Dames & Mddre Sieve Analysis

&

Boring _311 Semple * Neo-r7 Depth (ft) o235

Sieve = Wt. Grams % Retained Cumulative %
: ‘ Pasing
O O /ob.oo
2.L Z.5u qL.4¥¢
SZ.9 1 3.5L e . K
3 A 4 1.9¢ 77.00
l4 g./ 1.8% S )/
6 £.9 /. €/ ¥3.5°
¥ .t 2.%3 7o . 61
1~ 13.3 v¥./3 £ .5
20 €1. € /9.0€ Y7.4§
Yo 93.9 2/.93 Ly .SS
€O yv.é€ /7.8y - 14.20
10O 3.7 $°.5°F .61
®) =% /. &% 6 .73
200 6.5 ] .4t §7. 2€
rAanN 21.Y $.23 S .03 -
DRt A
Initiel WH G13.0



FALLING HEAD PERMEABILITY TEST

. 7]
. Sample No: NLo a9 ¢ 4oﬂw; /31 Date: Moy 24
: Description: Tested By: Narth’
Diameter of Stand ?ipe: 146
(cm) °
Location: 1438 Diameter of Permeameter: & =9
(cm)
¥ ) .
Depth: -8 Sample Length: (o) °
S (cm)
We. of Pan & Soil (g): . Wt. of Permeameter & Soil (g): 983-§
Wt. of Pan & Dry Soil (g): Wt. of Permeameter (z): 3584
Wt. of Pan: e, of soil (g): €281 °
_ Temperature (%Z): {3©
Elapsed Time Head at Start "Head at End Permeability Permeability
(sec) (em) (cm) at 20°c at 20°C
‘ (cm/sec) (cm/sec)
. -3 ~2
¢3-8 & 2. 26 K6 254 e
13-3 : _
B87- 543 - " .42 X(o'-'g 2L le“g
T 7
-3
1. . -3. .
16-2 512 A%2 : 2:40 KO 2 =S X
L ]
>, ’ . -3 - i
Permeability of the Soil (No.): 2.8 rw©™2 <m/sec -
Initial Test Density;. x4 3 pct
__ . _ _Initial Moisture Content: ... . ... ... o _.__ __
Remarks:



DAMES & MOORE
__SIEVE ANALYSIS

/0 80_5 -/t 6\0
NLO

Location F 244 1/60
bate ™ QIS §y

Job No.

Owner

By JDJ
()J\,_‘) Boring No. /i-d Sample No. s - Zg Depth 55/
Percent Cumulative
Sieve No. Wt. Grams Retained Percent passhg
Pan . 653.49 | 100 (&) e 1113
200 ¢s1.87 | 9935 25 = 0
100 ¢SI-35 | 99 (7 33 D~ R
©0 &s50.27 | 99.5¢ .42 . ) (RN
{2 Lso.0s | 79.47 53 Ve e
20 ¢49.32 | 99,37 b3 o
Is} &7 8¢ 99.14 N
4 &37.00 g7.uUQ 2.52
&4 £97.35| 9).4J 4.5
\ . 8 27.10 22.90
41 i;i.Bf %acg ¢2.95
an Ad .y 11.73 3827
. -~ O “ws
k)askd Borliﬁg No. _/3‘_5 Sample No. / Depth __?)_b;_ D“, ] -ﬁ,s—_ u_"]
' | Percent  Cumulative D o}
‘ Sieve No. Wt. Grams Retained Percent m_ssﬁvg
Pan 3009V | 100 o RN
200 2c8.97) §9.2¥ [0.t62 R ’(’,’"5‘
100 7s9.07] $5.99 14,2 DD, #5758
61 2£(z<o.o3 25./4 24 8
¢: 18§2.93 | (0.91 39.19 -5C
20 12859 | 4275 S2.25 SWo=
/0 1002 23 2% 2622
4 24 Y £.13 91,87
73 242 | 249 | 47 :
V2 SLY 1.7 9¢. 13
¥y o O /00.00
Boring No. /‘7"5 Sample No. 2 Depth 22.°/
d\(\ﬁ o Percent  Cumulative
M Sieve No. Wt. Grams Retained Percent Fassbjﬂ
Pan C 413,95 100 ) o)
200 . 400.55 | 9e,.7% 322 Do .55
7 100 296.03 | 45 69 $.31 r— =24
6o 3872.p¢ 93.52 L.9% - D .25
- 40 252.3 €5 14 oRAY
20 13 % | 39.SS £C. 4D Do Sy
/o 55.0% 13.31 %049 SR e S P A S
e o sl N EN Y 3.20 9,.10 LAt
‘ /e 4. Y6 /.C9 93,92
Y2 2.35 0.57 499.43
.00
\3yq = O {00
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: ~ Job No. _/080S-7L/
DAMES & MOORE oner __NLO
SIEVE ANALYSIS Locatlon —Fihutig:
’ T Date /10-15-¥Y
By JDJ
Boring No. /S-S Ssample No. s-/l Depth _32- 24’
Percent  Cumulative Do 1L
Sieve No. Wt. Grams Retained Percent «ssng — -: 1753
Pan. 399.78 | /00 o e 0
200 337.20 | 96,85 | 3.5 Do WY
100 391.3% | 95.40 Y (0 =2 v 3
b0 3¢l 15 | 90.3% | 9.66 12
40 29¢6. Y49 X e 15 84
20 19942 | 4981 50,19
10 1)8.00 | .52 1 20.9%
] 53.z20 13.3/ . 9
33 J6.90 4.24 195.7¢
Y2 70 .00 - 2.50 q97. 50
3/y & fo) /00.00
Boriﬁg No. [13-A Sample No. 9 Depth 5S !
‘ Percent Cumulative ' D N
Sieve No.. Wt. Grams Retained ~Percent Passing e Y
Pan 745971 _¢00 O b. M
200 12177 G2 323 .
100 2:2.13 | 945 L2 4. .33 DS 2 Lcup
69 £95.22 | F3.21 (29 — .7 T
4o 0808 | €957 | 1043 w4
20 ©33.38 2492 | 1508
/0 597.73 80. 14 9.8
4 53614 2,838 | 2812
/3 350.95 4104 | 5296
Y2 20690 2.7L 7. A8
3y 41.07 5.5 2%4.49
! o ye) +2R.00
Boring No. Sample No. Depth
' Percent Cumulative
Sieve No. = Wt. Grams Retained Percent _
- Pan '
200 ¥
100
50
30
20
16 N
T P R— S IR - . o
8
h
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FALLING HEAD PERMEABILITY TEST

Sample No: AJO IF : 60461/1/& /Ss Date: Moy .'J.\v
. ’
Description: Cm‘se%*uu?l Tested By: Nanlh
Diameter of Stand P).pe f-hG
(em) °
Location: 155 Diameter of Permeameter: ‘5"’(’.
(cm)
Depth: co-82! Sample Length: |2.-O°
(cm)
Wt. of Pan & Soil (g): ' Wt. of Permeameter & Soil (g): AN ¥
Wt. of Pan & Dry Soil (g): Wt. of Permeameter (g): =332-|
Wt. of Pan: WWe. of soil (g): g37-6 -
X
Temperature (%): Joc
. Elapsed Time Head at Start Head at End Permeability Permeability
(sec) (cm) (cm) . at 20°C at 20°C .
(cm/sec) (cm/sec)
-2
. A0 XIO
12§ .3’ L
th- ¢
. -2
|6-6D 152 21 7 2 9 xte”
) -2
[b-5O ?710 303 37 xo
16 ¢ 60 24 )
(f '1 l ‘27 ww b
Permeability of the Soi]. (No.): 37 x> Cmfse
0 _Initial Test Densu:y RS oY S N3 M S o
. Initial Moisture Content: -_
Remarks: }



FALLING HEAD PERMEABILITY TEST

%
Sample No: Nig & 40,2,47 /S < Date: Moy 2!
Description: - Tested By: Nanl .
Diameter of Stand Pipe: |[-J( -
(em)
Location: PASTURE ' ' Diameter of Permeameter: & 29
(cm)
’
Depth: 35- 37" . Sample Length: [JX 4
) ’ (cm)
Wt. of Pan & Soil (g): ' Wt. of Permeameter & Soil (g): qQal ¥
Wt. of Pan & Dry Soil (g): Wt. of Permeameter (g): 328k
Wt. of Pan: ZWt. of Soil (g): égg.g
é;
Temperature (%): &
‘ Elapsed Time Head at Start Head at End Permeability Permeability
(sec) _ (cm) (cm) at 20°cC at 20°c
: (cm/sec) (cm/sec)
. 6 75 N~ 2
o7 'k =10
5193
-2
. T - (]
.-
5. 66 o 825 6 7S o
663 x> "
Permeability of the S:)il (No.): & -FS & lDr?c,mlseC_
TTTTT T T TInitial Test Dens i_t_y—:.______?"?-_? ___b_c'f_“’“’__—__ T T T T, T T T T T T e
‘ Initial Moisture Content:

Remarks:



- OlEVE ANALYSIS

1

DAMES & MOORE

/10805 — /6t
ANLO .
Location FLlAA L&

Job No.

Owner

Date ™ /0 -I5-§Y

By JDJ

Boring No._ /S5-A  Sample No. __ S- /4. Depth 55’

[,u‘aé’r\d

1)

gv

~ Percent  Cumulative .-
Sieve No. Wt. Grams Retained Percent ‘pass.\'x%L
Pan £53.49| 100 (@) Do L1- 1]
200 651787799795 25 =20
100 6s1.3S | 99 1,7 33 b~ R
©0 450.17 | 99.59 .42 N AN
43 Lso.0s | 19,47 .53 Ve Toe
20 _649.-32 | 99.37 b3 13019
10 2. 8¢ 99. 14 . 278
“ &37.00 97.4% 2.52
¥3 $97.35 | 9141 7.59
Yo 503. 83 27.10 21.90
3hy 19¢. 38 30.CcS 2.95
g 2t.t¥ 10.23 5427
) < o <o : z
Bor’igg No. [3-5 Sample No. l Depth f)(ol ?ﬁ_-. ﬁ/? 14
Percent  Cumulative _ . B?
Sieve No. Wt. Grams Retained Percent mbﬁu}'l_c)
Pan 3c0.9) | 10O o o LIET)
200 2¢8.97 ) §9.2¢% [0.62 il
100 ZSY.O'] 857@ /L!‘Z’ D;,.-‘ D\n ﬂ':-'_;s
(7] zgua.os 25.4 24 8
G: 15¥2.93 1 (0.91 2.9 -sC
20 /2859 | 4235 57.25 SR
/0 7002 23 2% 2622
4 24 Yl g.13 G1.87
U 243 | 249 | 475
Vo SeY .97 9¢.1 3
Yy =) O /00.00
Boring No. /‘7'—5 Sample No. 2 Depth 227
S A Percent Cumulative
Sieve No. Wt. Grams Retained Percent Pz;s,hﬁ
Pan T 43,98 180 ) 8]
200 = Lo 5S | 9,.7% 322 D.. .25
100 29t.63 45 69 Y31 c— 22
&0 387.89 | 93.52 L.9% Dw .35
20 352.36, | €514 4 86
20 (3. 1% 33 5SS £C. 15 Dio 5’
/0 55.88 13.31 %, 9 /:s - g
e 137|330 -G 10-— —]— L S -2 —
/g 4 Yo /.c¥ 94.92
Y, 235 0.57 49.43
.00
\ 3/‘-/ & O {00
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Sieve = _Wt. Grams % Retained Cumulative %
' Pasing_
s3.% /%-00 oo .00
o (@) [oo .00
IS 2 §.30 €. Fo
3 z.% o.-9¢% ?y. 725
Yy 3.9 {105 Fy. €O
& 1.0 O .34 4. 2.€
< o.5 *Nk Y. O9
(- o.4Y o. Iy 23. 95
X 2.8 o . 23.00
qO 2%.€ (3.3% Y7. 60
cO 1 ¢€.4 <. €Y /6.93
/o0 Lc.‘i Q.0% 7. .85
{40 oA l. %o G.03
200 .Y /.13 Y.%5
AN 149.4 /. ¥8 (®] -
S 29€. 1
. Taitial Wi, 2.9%.0

Dames & Moore Sieve

Borihg = __/G_i

Analysis

Job. No.Lo%oy -/6/
Owner___pMLS
Location/racfd

Date__{-21-§%
By <« F.S.

Depth (ft) 3¥- 32




FALLING HEAD PERMEABILITY TEST

Sample No: NLO 4 GORW? /{g

Description: Sond .

Location: O\d ‘Hy ach \:c\e

Date:

d
M ey 2‘1“

Tested By: NANTHIKESAN

Diameter of Stapd Pipe:

(cm)

rhe -

Diameter of Permeameter 6‘3-7 .

(cm)

Depth: 55 - 37 !

Wt. of Pan & Soil (g): '

Sample Length:
(cm)

"nq-

Wt. of Permeameter & Soil (g): 1230°C

-——— -Remarks:— — —

The kests on =ands of o \"‘3\‘ be""mlo"'b/

Wt. of Pan & Dry Soil (g).: Wt. of Permeameter (g): [ X
Wt. of Pan: %We. of Soil (g): @ F).o"
Temperature (&): 1§-8°
Elapsed Time Head at Start Head at End Permeability Permeability
(sec) (cm) (cm) at 20°C at 20°C
(cm/sec) (cm/sec)
-3 -
R3C - 'ﬂé 3-2¢€ Xio 3 aexlo 32
305 :
.3 =2.32 l0—3
. . - . e
P .20 t :
3138 715 b 3-20 xto
. : i a.a1 xto Z ZT xio >
Lo 671 538
Permeability of the Soil (No.): 333 x 10”3 e mjeec
Initial Test Density:. W22 pef

Initial Moisture Countent: l1o-8°/.

ceould Le on

e - K ol moy be much

of
e s\me\

undey e=stirmote

He K ualues
Heoms ™ ¢ ‘

A\
W



Job. No./o%0s - 761
Owner__A/to
LocationGematd

® - | | Date___1-30-35
By <" g5,

Dames & Moore Sieve Analysis

Boring= _(*s  Sample = M¢©-/3  pepth (ft) 3533

Siev’g .l Wt. Grams % Retained Cumulative %
' Pasing
‘ . €4.9 1245 gL.35
1o v - 2%.29% ' M. L6
o 15381 Y257 -7
é ' 23.% € .40 ' s. 3%
¥ 10.0 2.69 : 2.€6
£X2) §.4 .+ o .99
[770) (-3 . O .45 0.4?
PAN 1-% o.v3 o
& 3.9

',¢.

‘ Zitial Wt 701/



FALLING HEAD PERMEABILITY TEST

Depth:

Wt. of Pan & Soil (g):

Wet. of Pan & Dry Soil (z):

Sample Length:

(cm)

126
(cm)

Wt. of Permeameter (g):

Mo

Sample No: NLOI - 60/31”2 ,76' Date: May D-de‘ )
Description: Tested By: Nanth
Diameter of Stand Pipe:
(cm)
- Location: &—81' 188 Diameter of Permeameter..__G:24

Wt. of Permeameter & Soil (g):

Wt. of Pan: ZWe. of Soil (g): €43 F °
Temperature (%): 20
Elapsed Time Head at Start Head at End Permeability Permeability
(sec) (ca) (cm) at 20°C at 20°C
(cm/sec) (cm/sec)
- L -2
neS 695 594 X
el
~2
&2-0 6-36 40
608 e
F xJo’:z
590 e O (-3 4 &
§-as” s &5 6n wo

Permeability of the Spil (No.):

1026 pef
3]1‘,' [

Initial Test Density:
Initial"Moisture Confent:’

Remarks:

& 1xio™* cm fsec -



Dames—& Moore Sieve Analysis

Job. No_fogos” ~é/

Oowner___ 0

Location_Aeluttd

Date_ "~ V‘/ "ZS‘

| By £.6.

Boring * /%5 Sample # M-S Depth (ft) 555 7
Sieve * Wt. Grams % Retained Cumulative %
: Pasing
g o 2 /901 4.9
20 /(37 2%.2( «2.73
40 /99-2 2/. %) 0.5
£o Yo -4 L2 (Y. T~
[0 £2.6 9.07 403
/< /0 [ 79 2./
ROp £.1 /- 09 20%
FAVY Y/ ROV 0
< s75.7 .




FALLING HEAD PERMEABILITY TEST

Sample No: NLO 16 ’60/81/1/9 /8s
Sonc:’ with &vawel!

Description:

Location: _ |8S_

d
Date: May 22"

Tested By: Narsihd

Diameter of Stahd Pipe:
(cm)

!
Depth: 55 57’

Wt. of Pan & Soil (g):
Wt. of Pan & Dry Soil (g):
Wt. of Pan:

Temperature (%): (§-5

Sample Length: 1h-3

(cm)

Wt. of Pefmeameter & Soil (g): 12944 -

Wt. of Permeameter (g):

I 46

&29

2qi-3 °

ZWet. of Soil (g): 9o03-1°

Remarks:

Elapsed Time Head at Start Head at End Permeability Permeability
(sec) (cm) (em) at 20°c at 20°C
. (cm/sec) (cm/sec)
1-£.6 ool 0% o-on
16 £3¢ "6
nes +7 S 65-80 O-o0106 o ol
1% 30 $6-0 € o'Olo :
+1g 4 o Otog
640 67-} 538’ polog . )
: (aNellel N
Permeability of the Soil (No.): HiXio-2  em/sec .
Initial Test Density: 1268 pef -
‘Initial Moisture Content: ,____":¥:7};;_T___. o - T



‘ GRAIN S1ZE ANALYSIS-HYDROMETER METHOD

Project Danes & HMoare

Location of Project /VLD

Description of Soil S'\\*\&— C\Q\UL

Tested By Omar

Data Sheet 7

Job No. 10305 - /€/
Boring No. _8_4_\ Sample No. L0 3
Depth of Sample 120 . 122

Date of Testing __S | \ [ 2.5 (Sat)

Hydrometer analysis

Hydrometer no. __HY__\82 G, of solids =

2-7’6 a = O.qq‘G

’ . ' . ° .
\
Dispersing agent Mo POa Amount 4 Zo nPSml W of soil, w, _50.MAwm

Zero correction 0.9 Meniscus correction +1- 0
Hyd.
Actual Corr, Corr. L K
Time | Elapsed Hyd. Hyd. only for | trom from
of time, Yemp.. | reading | reading %  |meniscus| Table L Table
) Date reading min ] R. R, Finer R 6-5 [} 6-4 D. mm
el |38l 0 222 uwa | 7
349 | 45 [u5.3[89.2{ w6 [ 8.8 | 8.8 [ooxg 0.038
‘ : 3.50| 2 Y25 142.2184.3] 43.5 | 90 | L.535 0.027%F
3.51] 3 LI w3 18L% | 42 |9y | 3.y 0.023
3.52] h 3 (393 |3+-5]1 %0 |93 |2.43 0.020
2.56| B 36 363 .6} 33 |12 |V235 0.0l
.oyl 16 | 1 325(23.2| 648 335|103 |0.675 0.0\
L8 | 20 30 (0.3 ]959.3] 3 w2 |0.27}y 0.0033
4.48| S0 23 |2%.F ] 54.0f 28 |W.7F |0.95 0.0055
5.8 20 | 23 | 2v {243 [we2] 25 [12.2 [0.102 0.0zt 0.0y
Qw20 23,51 21 12V 3F 4oyl 22 13 |o.03 ] 6.006] 0.0022
G/z M24GIG0 ] 23 1igs W2 [21.6] 195113 ja.01 lo.an3d 0.0013
2.18 [ 1350 23.9] 1% |!1F | 36.5] 19 |13.2.]0.003] 0.0v263] 0.00125
348140 235] 13 \2.F [ 36.5] 13 | V3.2 |gen2[0.0%7 O-0012
I3 /
v
‘ R. = R,cua — zero correction + C; % finer = R, {a)}/\V", D =K\L/t



SPECIFIC GRAVITY OF SOIL SOLIDS (G,) Data Shoat 8
Project Dames X Maare Job No.: | ANLOS - /é/
Locatien of Préjecl /1//"0 Boring No. _Lﬁd_ SamplaNo._ N0 3
Dascription of Soil ity .'doo‘x; Depth ol Samipls ___ 120 — 122
Tastsd Gy QOmar Data of Tosting 6116 | 85

Testno. 1 ,[

Vou of iask at 20°C 500 ml. ‘

Mothod of atr remioyal® chum‘\/

Wi flask + waler +soii =W, | 129, —_?_

Temperatura, °C 20 O °C

W flask + water® = W, 6'6 1

Evap. isn no. 2

Wi, evap. dish + dry soil 636.4

Wi. of evup. dish 530.4

W:.o!dvysoil-nw,' 106.0

W W, + W~ W, 33.

C,= aW %W, 2.6 J/

“Ind:CalS VATUUIT OF asoiratar fur air remavst,

W i8 T8 wesght of tha figsk fillad with water &t 2ame temp. = 1°C as tor W, or ralue frem calibration cueve ut T3 '

Wi

Remarks

o2 = 1.0

v

*.

Arrage apecilic gravity of soil eolids (C,) =




GRAIN SIZE ANALYSIS-HYDROMETER METHOD

Data Sheet 7

. L Project Dames X Maore Job No. 10305 - 14/
Location of Project Lo : Boring No. ._\_gi Sample No. HLO 21
Description of Soil S'l\'\\j— ('\ Q5 Depth of Sample 20 -22 FE
Tested By Omar Date of Testing _58123)gs (Man)
Hydrometer analysis |
Hydrometer no. _ H__ 197 C, of solids = _ 2—.—81 g = 0.9%F
Dispersing agent __Na_ PQ3 Amount )2.5.:::1._'1-_'1; Wi of soil, W, _SL_%m_
Zero correction Q Meniscus correction + 1.0

Hyd.

Actual Corr. Corr, L K

Time Elapsed Hyd. Hyd. onlylor | from trom

of time, Temp., | reading | reading % meniscus.| Table L Table

. Date reading min ‘c R, R, Finer R 65 n 6-4 D. mm
"5[23 {125 0 | 25 [43.5]|4%.% 42.5

26 | | ws | u6.2] 83.8] w6 | 8.8 | 8.8 |o.023] 0.036
e 123 | 2 by fus.3 | 8F9] 45|89 | uwus 0-026
. . 28 | 3 43 Juwh-3185.9] &4 | 9.1 | 303 002\
.29 | Lt b2 %33 |84, | 43 [9.2 | 2.3 Q-013
.33 1§ 39 | wo0.3 | ¥%.2] Yo [9.3 | V.2l 0-alk
vl | s 35.5 |36.84 14| 365 | 10.3 [ 0. €4 0-010
551 30 | 25 | 33 | 34.3]66-5] 34 [10.7 | 0-36]0.0123 0.00%%
2.251 60 | 24.5| 23 | 30.\5{ 5%.5] 30 | }.4 | 0.19 |o.c2y4 | 0.005L
3.25| V20 |a4.5 |26 |2%as| 523 | 2F | w.9 | 0.0990.012y 0.0039
6.28] 303 | 245 | 22 [23.05] Y49 23 |i2.5 | 0.04 [0.0024| 0.0025
3.25] 36Q [25.5 | 21 [22.5 | W3 F| 22 [12.3 |0.035[0.01225] 0.0623
.25 | €00 | 25 19.5 ]20-8 | w.4 | 20.5]12.95 | 0.922] 0.6123] 0.0018
5/28 | H.2541320 ' 2l 19 20 33.8] 20 |13.0 |0.010]|9-0125] 0.00!3
).26 [\4L40 | 25.5] 13 19.5] 33.8| 13 |1'3.2 |0.0080.m225] 0.00'2
L.35{1530 [25.5 ] 1F |18.5] 35.9] 18 [13.2 | 0.003¢/0.cn225| ©.00Y

- -R, = Ryiysi — 2€TO-COrrection + C3y -~

TT%Miner =R (e)/W, T T T



S$PECIFIC GRAVITY OF SOIL SOUID3 (C,)

Project Dames & Maore

Locaticn of-Projact =Y. L0

Data Shoe!8

Jcb No. 10905 -1é/

BeringNo—=19-d— Sample-No—NLk -2

Caacription of Soil

Silte - CLX 9
~ KV

Depth of Samipla 40 - A2 Ft

Tostsd By Qmar Dats of Tosting 6115185
Test no. 1 s
Vou. of flask at 20°C S00 wl. l
Motncd o air rem-;_val‘ Vacumn
Wi Hask + water +soii = W, F2%. 1
Temperatra, *C 18.5°¢
Wi flask + watar® = W, 660.2
Evuap. disn no. i
W:. svap. dish + dry soil 57‘88
Wi. of evup. dish 1+7.\+ .9
Wt of dry soil = W, 103.9
W= W+ — W, 3+.0

Cl - aW,/ "Fv

i

2.8

“Indicats vacuum Of 34Dirzins far sir pemaovsl,

W, is The wesght of the flesk fillad with water ¢t 2ame temp. = 1°C as tor W, _ or ‘alue frem calibration curre 52 T of '

Wi

Remarks = l-OQO?l

~




Boring A03  Sample *

Dames_& Moore_Sieve Analysis

" Job. No 050516/

Owner__AVio
Location_FeRa 4Ll
Date [~ 235"

By .S,

FLo-3 pepth(ft) S-7

Sieve = Wt. Grams: % Retained _Cumulative %
: ' Pasing
q -2y 749d 9
22 /2.5 A-€7 92 %)
“o 27 0.9 92 3
£o 2.2 /- 99 50-¥2
(00 470 9. 79 9003
/90 £3.6 /214 (3. .99
200 $2.9 /716 &/ 77
PV 299-7 L1-7¢
Z_492. 9 —

“*'

IPR e ot

S ¥



GRAIN SIZE ANALYSIS-HYDROMETER METHOD Data Sheet 7
'

‘ U project _Dames % Nogre Job No. 10805 -/€/ -
Location of Project N(LO Boring Ng. 20§ Sample No.MLO @
Description of Soil S/ LT/ CLA) Depth of Sample -7 F
Tested By QOmar Date of Testing ___G.Lll_,LﬁL_LhLEA)
Hydrometer analysis
Hydrometer no. H_- 152 : G, of solids = _2.3195 a= Q.9F
Dispersing agent Na Paa Amount 125 ml. W1l- wt. of soil, W, _SQJ_O%_»:»
Zero correction Q Meniscus correc:ion' i

Hyd.
Actual Corr. Corr. L K
Time Elapsed Hyd. Hyd. - | onlytor | ftrom from
of time, TJemp.. | reading | reading % meniscus,| Table L Table
- Date reading min c R. R, Finer R B6-5 ] 6-4 D, mm
6/nf3.2y] o | 23 | 36 | 3.3 33
3.25| | 2% | 2%3| 53.F] 28 | W3 | W3 |0.0126] 0.043
- 3.26] 2 22 {223 | Lku. | 23 [12.5] 625] 0.032
. ' 3.27| 3 19 1193133 | 20 ]13.0] 4.33 0.626
328 [ W4 3 33 18 a3 | 333 0.023
332 { 8 12.51 13,2 | 256§ 13.5] 4.} | V.F6 0.013
3.430] 16 lo {103 |20.8] W Jw.5}(a.9) 0.012
3.5%{ 30 9 |19.3F118.8] 10 |w.3 {049 0.009
h.2y | 60 |23 f |33 [16.9] 3 |W.g | 025 0.006
S.2u {120 273 + 33 {h.9] B \S.0 | 0125 0.004%5
€13 ha.ew | V290] 23 | 6 63 | 13.0] F |\5.2|00l2 | oc.00y
3.2 [ 1hh0f 23 ) 6.3 | v3.0l F 152 | 0.0l [C.0126] 0.0013

"R, = I?,,:,u;. ~ zero carrection + C_,-' B : o % finer = R,f«:)‘/-\\_',_

- D=kRVLn



SPECIFIC GRAVITY OF SOIL SOLID3 (C,) ‘ ' ~ DataShost8
Project 1 dames A Maore Jcb No. P30Sy
Loc—aucn-of-Préiec: MLD Bering No =20 S Sampla No._WLQ-B
Cascription of Soit ___S/L.TY Clg Ay ' Depth of Samiple £-7 F*
Tasted Gy QOmar '» Dat.e of Tasting s 15185 (Sqt)

Test no. 1 ]

Vou. of flask at 20°C 500 wm). |

Molned of arr remoyal® -Voc;u i

Wit flask +waler - soii =W, :]_35.\_‘_

Tempsrawra,*C 18.5°C

Wt Hlask + water® =W, - 663.6

Evup. ¢isn no. Q_

Wi. svap. dish + dry soil 530. &+

Wi. of evup. dish s l+2 .2

Wi of dry soil = W, I11.8

Wem Wy Woe—Woes N

C,= aW, /W, 2.%#95

"Indicate vacuum of 2SBirniar fnr dir prnavsl,
W, is e weight of the flask fillad with water &t 2ame temp. = 1°C as lor W, oc 'mlue fram calibration curve wt T:9f
wbv-

Remarks X = 1',0003

 "ARrags specilic gravity of scii solids {Cy = L ) o -




Boring = 224 Semple =

D.a.m.e.s_&_md.dr:e_S_i.ey_e_Ana]_y_s.i_s

MO -

Job. No._£0%03-/¢/
Owner___//¢©

Location_foemeld
Date_ 1-2¥ - %5

By~ _£.5

Depth (ft) 22t

Sieve * Wt Grams % Retained Cumulative %
- Pasing
k-] yo.9 q9.3% 90.63
2.0 NS 2L- 34 6%.29
4o /6L. Y 1%-9) 8 -33
€0 143.% 26-43 1.
/o O g .6 Q.u! .70
[ .o ©.9%€- 2 -3y
200 .| o -3€ 1-9¢
PAN /10 .% 1.99 ' o
z s43.3
Teibic!  wh SH7



GRAIN SIZE ANALYSIS-HYDROMETER METHOD

Data Sheet 7

. v Project —_ 1 Vames % Maore Job No. Aogos -1é/
Location of Project ALo Boring No. _ZQA_ Sample No. NLa 11
Description of Soil gjltuT- (‘\qt_lr Depth of Sample — W\ = ‘%\— . |
Tested By Omm‘ Date of Testing elilas B=b
Hydrometer ‘analysis _
Hydrometer no. H \SL G, of solids = 2 -#S a= 0.9F
Dispersing agent Na POE_ Amount 123m). WM. wt of soil. W, __SQ: Qw 3
Zero correction Q.0 Meniscus correction +1.0
Hyd.
Actual Corr. Corr. L K
Time Elapsed Hyd. Hyd. only for Irom from
of time, Temp., | reading | reading % meniscus,| Table L Table
. Date reading min c R. R. Finer ﬁ 65 ] §-4 D, mm
6!y }|5.21] O 241 50
5.220 | 4350 43.5({ 9y.1] 485 | 3.35] 8.35]0.0ns2] 0.036
- -~ 5.23| 2 Sl uwt vz WY (8.6 k-3 0.026
‘ ‘ 524 3 45 [ 46 392 4+6 | 8.8]2.93 0.0z1
5.25 | 4 by | 45 | 93.3 45 |18.9 | 223 0.0\9
5.29] 8 Y.5] 425] 2.5 425 9.3 | Lis3 0.0\35
5.33| \6 39 | 4o | FH6] wo | 9.3 |Q-s06 3.009%
5.591| 30 3621 312 F2.% 1 32|02 | 0.2y 0.00313
6.21| 6Q 33.5] 25669145 ]10.6]|0.13% 00053
.91 1201 24 | 2¢.5130.5 | 6\ | 2.9] W5 |0.093 |0 0252] 0.003%
10-511 330 | 23.5] 23 | 2833 6.1 29 [\1.5 [0.635]0 9258 0.0024
S12 12.5) | W36 | 23.5) 25 ]25.85] 50.1} 26 {12.0 |0.013]0. 05 6,001
2.21 {1260]23.5 24.5 | 25.35] 49.2| 25.5 | 12.1 | 0.0048] 0. 25| 0. 0012
5.2) | w40l 2y | 2h.0] 25.0) 49.5] 25.0|12.2 |e.c0ru]0-0252] @-001 '
- R.= Ryn — 2070 cOMection +C; % finer =A@V, CBERVIH T T



SPECIFIC GRAVITY OF SOIL SOUI0S (C) DataShosat 8

Project — 1 ames & HMoare Job Mo. 11030 s -1€(
Locaticn of Project ALO Boring No. 204d Sampla No. NLQ 1)
Caacription of Sail gﬁf} -C\q\% Depthof Samipla____\19 -121
Tasted Sy Omar . A Dats of Tasting 6l\g

Test o A ‘

Vou of flask at 20°C SG0. wml. ‘

Meincd o7 air remoyal® \’O«C wnp '

Wi flask + water + soii = W, 12\_‘“‘_%

Tumpé}xtura. *C 20. 0

Wt flask + water® = W, 662.9

Evup. disn nv. [}

Wi svep. dish + dry scil 530. 8

Wi. of evup. dish “WIiy.9

wioof diy soil = W, ' 9%5.9

W, =W, + W — W, EYRR Y

Co= aW,i¥, | 2.7g

“Indicats vacuum or asnirstor far air psmoval,
5%, is the waignt of the Nesk filfad with water tt 2ame temp. = 1°C as for W, or value frem calibration cueve 51 Tf '
Wi, ,

Remarks ;Q(’—"\'O

Avarage specilic yravity of soil solids (C,) =



FALLING HEAD PERMEABILITY TEST

Sample No: NLO7T : Ga@l"’ﬁ 920&
Description: Neoﬂ\eyed HI
( Yellwash Umporm Surd)

Location: %nce hre > 205‘
'

.
Date: Moy 23

d

Tested By: ]\Ion"n

Diameter of Stand
(cm) *

Pipe: ) 46

Diameter of Permeameter: G- -9

(cm)

!
Depth: 6=~ 7F

Wt. of Pan & Soil (g): .

We. of Pan & Dry Soil (g):

Sample Length:
(cm)

29 -

Wt. of Permeameter & Soil (g): U623

Wt. of Permeameter (g): 390-¢

We. of Pan: ZWt. of Soil (g): = T 4
Temperature (%): V1
Elapsed Time Head at Start Head at End Permeability Permeability
(sec) : (cm) (cm) at 20°C at 20°C
(cm/sec) (cm/sec)
cn.' QQ-S s.egx(o'q' S AR 4
Ab3- :
: ] 4 -
330 qi3 - 8830 556 % to 594] Xwo
&2 -4 vt
3 g718 SSh- 53210 5 7.3 »lo
_ -4
557 . 3B ] 983 - 528 wo™1 5¢&9 Mo

Permeability of the Soil Go.): 5 ¥ Xxio 4 cmjcec

Initial Test Densicy:*‘ 120} bef -
Initial Moisture Content: (g gq '/. .

Remarks:



GRAIN SIZE ANALYSIS-HYDROMETER METHOD

Dames X Nmre

Project

Location of. Project Lo
Description of Soil %iﬁ%- cl qj
Tested By O mar

Hydrometer analysis

Data Sheet 7

JobNo. 12 §os - /€1

Boring No. 225 __ Sample No. NLO 23
/0 - 12 F%
5123185 (Mow)

Depth of Sample

Date of Testing

o ’—‘—_“’__“*R; = R,cm — 2€70 COrrection +Cy 7 77 T T T T % tiner =R Au)/\V, T T T D=KVLiu T T

Hydrometer no. H 182

G, of solids =

2.786 a= 0.97F

Dispersing agent __Na P03 Amount 125mh_ W s Wt of soil, W, _S_Q_%_M :
Zero correclion Q.90 Meniscus correction +1.0
Hyd.
Actuat Corr. Corr. L K
Time { Elapsed Myd. Hyd. only for | trom from
of time, Temp., | reading | reading % meniscus,| Table é Table
. Date reading min °c R. R, Finer R 6-5 ¢ 6-4 D, mm
5]271] 5.231 0 25 49 , 50
.2y | | b | 43-3]1 9.3 43 | 8-618-6 |o-01234 0.036
5.25{ 2 YW4-5i45.Q | 88.9( 45.5] 8.35 | 4415 0.026
5.26| 3 L3 (443|859 w4 | 9.) [3.03 0.022
5.2%| 4 42.5[43.% | 85. | v3.5] 9.15| 2.258 0.019
5311 8 0. | V1.3 | 80.)] w [ 9.6 1.2 0.0l
5.39| /16 53 1 39.3( 76.21 39 [9.9 | 0.6\9 0.010
5.53) 30 | 36 1332 .4 3F [10.2 0.3y 0.00%
6.23 | 60 33 |w3166.5] 3% |10.3 |0138 0.005
7.23 | /20 30-5|31-8 | 6.3 ] 3.5 | V1-15] 0,093 0.003%
.23 360 25 {28.0{29.3]56.8] 29 |\1.5]0.032]|09236 |0.0022
5138 | .23 1/039 | 24 | 260 [ 23-3) 53.0] 27 | W9 {c.an |vama]c.oain
1.231/200| 25 | 2501263 | S1.0] 26 | 12,0 [ a.01 [o-91238]{0.0012
5.2317440|26.5] 246.0125.3| 49| 25 [ 12.2 {a.0015/0.01216] 0. 001!




SPECIFIC GRAVITY OF SOIL SOLID3 (C))

Project — Diames % Maore

Data Shest 8

Job No. " 10%05 - 1€

Ve

- T

Loczticn of Project. A/I’ o BeringNo. 22 S Sample No. NLQO 23
Ceacnption of Soil Ss\t&- Cko\‘l‘ Degthof Samipls /0 -12 FL
Tasted Gy Omar Dats of Tosting 6114 ]85
Test no. 1 :
i

Vou. of fiask at 20°C 500 wml.

—

Moincd ol air remoyal® Na cump,

Wit. flask + water & soii = W F33.2

Tempsratura, *C 18°

Wi, flaak + water® = W, 662.7

Evup. disn no. 2

Wi. svap. dish + dry soil 530.Y4%
Wi. of evup. dish 640. 4
Wi ot dry soil = W, 0.0
Wem W, v Wi = Wi, 39.5

C, = aWi¥, 2.786

"indicats vacuum or aspiratar for air nesenavsl,

4. 1 e waignt ¢l the Be3k fillad with water &t 2ame temp. = 1°C as lor W, or ‘ralue from cslibration curre &1 Tf '

Wee-

Remarks < = 1.0004

Avarags apecific gravity of soil eolids (C,) =




GRAIN SIZE ANALYSIS-HYDROMETER METHOD Data Sheet 7
. : Project Dames & YMaanre Job No. 4 1()% 05" /é/
Location of Project L6 - Boring No. 22&  sample No. NLQ 25
Description of Soil SiH‘yf - C\c\g Depth of Sample /31/7 £z
Tested By Omar 3, Nanthi Date of Testing " 5/126/%5 (Sun>
Hydrometer analysis
Hydrometer no. ._ H_ 152 G, of solids = 2.3 a=_0.9%%F
Dispersing agent Na POz Amount __l_'l_S..-:]J_'Ic Wt of soil, W, _50Q. 36
Zero correction Q.0 Meniscus correction 4+ 1.0 -
Hyd. I
Actual Corr. Corr. L ’ K
Time Elapsed Hyd. Hyd. oniy for | trom trom
of time, Temp.. | reading | reading % meniscus,| Table L Table
K Date reading |. min . R, R, Finer R " &5 4 6-4 D, mm
5026 | 3.54| 0 123.5°|43.5 (w35 49.5 | 8.2
3.55] 1 [255 [ &3 |w3gs) 85.9]wh 9.1 | 9.1 |o.ousef 0-033
- 3.560 2 123.5] W.5142.35/82.0 | 42.5 [ 9.3 | L.65] _ 0.02%
‘ : 3.53| 3 23.51 39.5[ 40.35 39.1{4+0.S | 9.65{ 3. 22 0-023%
3580 Y% [235 | 3% |35 F6.11 ™ |9.9 [21435 0.02
w02 | & {23.5 | 33.5{34.35| 67.3] 3.5 |10.6 {1.325 0.015
y.\g] 16 |23.5 | 30.5 | 31.35) 6L.w.|31.5 | 1l.15 | 0.69% 0.01l
425 D [23.9] 2F |273S! S%.6| 2% |{WN.TF |0.33%F 0.0079

w541 60 | 23s5°| 24 |avgs| 437 25 |12.2 |0.203{0.am6] 0.005%
5.5%1120 | 2% | 21 f22 | &3] 22 |12.F |0106{0.0n36[ 0 G042
8.0 |246 [ 25 | 13-5]19.83 | 38.2]13.5 |13.1 {0.053]0.01265] 0.0029
S12%3112.2k}1230] 25 [15.5]16-%] 32.9]16.5 |13.6 [0.0) |o.012¢5 0.0013
3-S4{uh0 J 26 | 4.5 | 16.15] dLF| 15.S |13.75] 00098 0.9124,9 0- 0012
S:44 {1550 | 26 | Vw0 | 15.65 30.3] 1S | V3.8 [0.0083{0-a12uc] 0-0012

R. = R,cua — 2€r0 correction + Cr % finer = R.{a)/WV,

D=KVLii



SFECIFIC GRAVITY GF SOIL SOLIDS (C,)

Project Dames & Maare

Location of Projoct VLD

Data Shaet 8

Job No. ro305-16/(

BoringNo. 225 SamplaNo.NLQ 25

Caschiption of Soil Silt = C \q:_{, Oepth of Saripls /8 -/ 4
Tasted By Omar | Dats of Testing ' S_ZJJ.L_&_S__(_"me)
Test no. 1
Var. of flesk at 20°C 500 wl.
Mathcd ol air rem.c:_yal' Va cum
Wi flask 4 water + soti == Wi, F36.3
Yempsiaure, “C n1°¢
Wt fiask + water* = W, 6-6 50
Evup. disn no. 1
Wi svep. dish+ dry seil 5%7%.% —
Wi. of evup. dish 4134.9 ] -
Wi.of dly.soll =W, 112.9
W, =W, +%, —W,., 4.6
G, aWus¥, 21 4 o

“Indicate vrCUUM o7 RIDiretar tnr air £ smoual
SW,, is e weight ¢t tha Bask filiad with water gt aame tamp. 3 1°C as for W, o7 yelue {rom catibiation curve 5t T of

Wi

Remarks A= 0-9958

¥

Avarags apecific wevity of coil solids (Z,) »




GRAIN SIZE ANALYS]S-HYDROMETER METHOD

| rDQmeS g MCLOI"Q

—
‘ “-A Project

Locztion of Project

Description of Soil

ALD

ity = C\qu
v J

Job No.

Data Sheet 7

108085 - /¢

Depth of Sample

Boring No. 225 . Sample No. NLQ 27

2o -22 F=£

»5124135 (Man)

Tested By Omar Date of Testing
Hydrometer analysis
Hydrometer no. H \q? G, of solids = 9-125 a= 0.98
Dispersing agent Na Pas Amount _lz_S_mL_l}_'L- Wt. of soil, W, ._5_Q.ﬁ.m
Zero correction .4 Meniscus correction -+ -1 Q
Hya.
Actual Corr. Corr. L K
Time Elapsed Hyd. Hyd. only for from from
of time, Temp.. | reading | reading % meniscus, 'f_able L Table
_ Date reading min . o R, R, Finer R 65 t 6-4 D, mm
C 5z{ k-ud{ @ [ 25 |48 [49.3 49 0.012Y4
k.sof 1 LS5-5(46-2 | F| W65 8.3 [8.F 0.03%
- ksl 2 Wy | 4S.3] 888 4S5 | 8.9 [ W45 10.026
. ; 4.52 3 b3 44.3| 86.8 ‘+-l+ 9.1 3.03 Q.022
Y453 & b5 142.8 | 8§33 42.5] 3.3 | 2.33 0.019
bS53 9 3%5123.8 | Q. 13951 3.8 11.225 0.0\
5.05| 1S 35.5132.8 | 21| 36.5/10.3 | 0.6}% 0.0}
5.19] 30 232.5133-8 | 66.333.5 |10.8 | 0.38 0.00%Y4
5.43| 60 29 | 30.2 | 994 30 |W.4 | 0.9 0-00Sk
6-49] 120 25.5 126.8 | 52.5] 26.5| 11.35} O.| 0.0033
10431360 | 25 | 22 123.3 | WD.F) 23 ]12.5 | 0.035|a.0124] 0.0025
512¢:0-43{10901 23.5 | V9.5 | 20.35] 39.9| 20.5]12.45| 0.012 [a.0t23g] C.04
1yS | hkeol| 25 | 190 |20.3 ] 39.3] 20 [13.0} 0.01 |0.012y] O.00124
.49 g | 26 | R0 19.65] 23.5] V9 |13.2 | 0.009])0.0123} 0.0012
R =Ruum —zero correction + Cr ___~ "% finer = R {a)/W, T DEKRVLIF



SPECIFIC GRAVITY OF SOIL SOUDS (C)

Project ’Dames 3 Maere

Locaticn of Project Lo

Data Sﬁoe! 8

Job MNo. "1305- /€1

BoringNo. 22 5 Sampla No. M1 .Q 2.F

___ Averags apecific gravily of soil =olids (C,). =

Cascription of Soil %i\"t:'f_ quluL Depthof Saripls 2 o ’ 42 Ft
Tested Gy _ Omar A Date of Tosting &6l 1y / 85

Testno. ]_ ;l

Vou. of tiask at 20°C 500 w). ‘

Mothed of air rem;_val' 'VQ cum, .

Wi, llask-#-waller-!-soii =W 121.8

Tumpe;raxura. *C \ 8°C

Wi flaak + water® = W, 661.1

Evup. &isn no. 1

W:. svap. dish + dry soil 5%0. 8§

Wit of evap. dish LWI4. 9

Wi of diy soil = W, 959

We=W, + W =W, 35.2

C, = aW, 1%, 2.3125

“Ir«dicals vacuurn or 2soiestns {07 2ir pemave!,
. is e waignt of tha fizsk {iflad with water &t 22me tlemp. = 1°C as tor W, or value from calibration cueve 2 Tf

Wi

Remarks

.

= {-ococ0\Wu

\\9
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APPENDIX 3

STATISTICAL CALCULATIONS



A3.1- BACKGROUND CONCENTRATIONS OF URANIUM

A total of 228 samples from 16 upgradient wells has been collected and
analyzed by NLO in the past and uranium values in these wells have been
used to establish background concentrations of uranium in the groundwater.
Table A3-1 lists the range of the uranium concentrations for each of the
wells. Geometric averaging was used to determine background uranium

concentrations for each of the wells. Table A3-1 also lists the geometric

mean of the uranium concentrations for each background well. The use of

geometric means rather than arithmetic means allows representative
estimates to be made from sets of data that contain a few data points
which are several orders of magnitude greater than the majority in the set
and which would dominate the average if arithmetic means were used. The
geometric mean of the uranium concentrations for upgradient well X is
defined as:

Uy = [(Uy1) (Uy2) . Uy 1/P

Where:

Uy = Geometric mean of the uranium concentrations for well X;
Uy1 = Uranium concentration of sample | taken from well X;
Uy2 = Uranium concentration of sample 2 taken from well X; and
n = The number of samples taken from well X.

The geometric mean of the uranium concentrations for the 16 wells, a
total of 228 measurements, was 0.0008 mg/L. This value Is the best
estimate of a background concentration for this site.

A3-1

Dames & Moore




A3.2 STATISTICAL EVALUATION OF THE DATA

The Wilcoxon Two-Sample Rank Sum test was used to determine if there
was a statistical difference between the upgradient and downgradient
wells. The test dves not assume that the data are from normal
populations. The test does assume that the data consists of two
independent random samples, sample | from population ! and sample 2 from

population 2. It also assumes that u! denotes the mean of population 1 and
uZ denotes the mean of population 2. The null hypothesis asserts that the
two populations are equivalent, and thus under this hypothesis ul = u2. This
test is relatively insensitive to outliers (a value which is several orders of
magnitude lower or higher than the majority of values in a set).

well number 05-4 was selected as containing uranium concentrations
which are representative of background values for this site. The geometric
mean of the uranium concentrations for well 0S5-4 was 0.0007 mg/L which
is in good agreement with the overall geometric mean of the 16 wells,
0.0008 mg/L (See Table A3-1). Well numbers 05-6 and 0S-7 have urantum
concentrations ranging from 0.0006 mg/L to 0.114 mg/L and 0.0005 mg/L to
0.0080 mg/L. The two values 0.114 mg/L and 0.0080 mg/L appear to be
outliers. The second largest values for both of the wells are 0.0012 mg/L
and 0.0011 mg/L respectively.

The value 0.0012 mg/L is about two orders of magnitude smaller than
0.114 mg/L and the value 0.0011 mg/L is about a factor of 8 smaller than
0.0080 mg/L. If these two values are discarded the range of uranium
concentrations in Table A3-1 is from 0.0001 mg/L to 0.0027 mg/L. A well
containing uranium concentrations with a similar range is 0S-4 which had a
range from 0.0003 mg/L to 0.0020 mg/L. This well was chosen as
containing uranium concentrations which are representative of background
values for this site.

A3-2
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A3.3 TEST FOR NORMALITY

The Student's T-test is used to determine if there is a statistical
difference between upgradient and downgradient wells. The Student's
t-test assumes that the data sets are random samples from normally
distributed populations. A kurtosis test can be used to test if a set of data

is a random sample from a normally distributed population._The_kurtosis-of:

a distribution describes its degree of peakedness or, more exactly, its
peakedness relative to the length and size of its tails. A distribution that
is relatively flat and has short tails is of low kurtosis and is said to be
platykurtic. A distribution with a sharp peak and long tapering tails is of
high kurtosis and is termed leptokurtic. The normal distribution is
considered to be of intermediate kurtosis, and is said to be mesokurtic.

A series of kurtosis tests, the Geary test (Reference 17), was used for
determining if the sets of data for the downgradient wells were random
samples from normally distributed populations. The tests (Tables A3-2
through A3-6) indicated that some of the data sets were not random
samples from a normally distributed population. In particular, the data
from wells P-3, MW-1D, MwW-3, MW-8S, and MW-9 were not normally
distributed. The null hypothesis, that the observations (uranium
concentrations) are a random sample from a normally distributed
population, was rejected for these five wells using a two-sided, five
percent level test. Since some of the downgradient water data sets were
not normally distributed the Student's t-test was not used. The Geary test
indicated that the distributions of the data sets for wells P-3, MW-3,
MWwW-8S, and MW-9 were leptokurtic, and the distribution of the data set for
well MW-1D was platykurtic.

A3-3
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TABLE A3-1

Geometric Mean

UPGRADIENT (BACKGROUND) WELL DATA

Range

_(mg/L)
0.0003-0,002

0.0003-0.0018

AY

Well n (mg/L)
0S-4 22 0.0007
0S-5 22 0.0010
05=6 23 020009
0S-7 22 0.0007
0S-8 21 0.0002
05-9 21 0.0014
05-10 23 0.0005
0S-11 22 0.0002
0$-12 21 0.0007
05-13 4 0.0004
‘ 0S-14 4 0.0003
0S-15 4 0.0003
0S-16 5 0.0018
0S-17 5 0.0024
0S-18 5 0.0020
0S-19 4 0.0014
228

Geometric Mean = 0,0008 mg/L

Number of Measurements (n) = 228

0.0005-0.0080
0,0001-0.0005
0.0010-0.0020
0.0003-0.0010
0.0001-0.0007
0.0005-0.0016
0.0002-0.0008
0.0002-0.0004
0.0003

0.0013-0.0024
0.0020-0.0027
0.0018-0.0024
0.0014-0.0015



TABLE A3-2
‘ Test Of Well P3 for kurtosis
n
x=0.0025 (Arithmetic Mean) Geary g= :E: [xi-x]
S.D.=0.0040 Test i=l
n=18 s 4n(n-1)

n
N\ |xi-%|=0.0023+0.0023+0.0023

i=1 +0.0021+0.0021+0.0020
+0,0020+0.0019+0.0015
+0.0014+0.0005+0.0005
+0.0005+0.0005+0.0005
+0.0005+0.0013+0.0155

=0.0397
g= 0.0397 =0.5674
(0.
‘ Ho: Observations are a random sample from a normally

distributed population.

Reject Ho using a two-sided 5 percent level test.
if g < g0.025
or g > g0.975
for this case g <0.7080
g >0.8948

Ho Rejected



TABLE A3-3

Test Of Well MW-1D for kurtosis

n
X=0.0017 (Arithmetic Mean) Geary g=:E:|xiéi1
.=0.0012 Test i=1

6 s Jni{n-

At

+0.0009+0.0007+0.0002
+0.0003+0,.0013+0,0013
+0.0013+0.0013+0.0013
+0.0023= 0.0178
g= 0.0178 =0,9575
(0.

Ho: observations are a random sample from
a normally distributed population.
Reject Ho using a two-sided 5 percent level-
test if g < g0.025
or g > g0.975

for this case g <0.7033

Ho Rejected



TABLE A3-4

Test of Well MW-3 for Kurtosis

n
X=0.0036 (Arithmetic Mean) Geary g=> _|xi-X|
S.D.=0.0021 Test  i=1 =
n=17 3 n-

n
Z Ixi=%|=030030+050028+030017—
i=1 +0.0010+0.0006+0.0006
+0.0006+0.0005+0.0005
+0.0005+0.0001+0.0004
+0.0004+0.0004+0.0014
+0.0024+0.0064
= 0.0233
(0.
Ho: observations are a random sample from
a normally distributed population.
Reject Ho using a two-sided 5 percent level
test if g < g0.025
or g > g0.975

for this case g < 0.7033
g > 0.9011

Ho Rejected



TABLE A3-5
Test Of Well MW-8S for kurtosis

0030 (Arithmetic Mean) Geary g-:£i|x1-x|
=0.0034 Test 1

é | B AR

i=1 +0.0021+0.0019+0.0018
+0.0018+0.0014+0.0010
+0 +0 40
+0 +0.0010+0,0050
+0.011
= 0,034

g=  0.034 =0.6455
(0. :

Ho: observations are a random sample from
a normally distributed population.

Reject Ho using a two-sided 5 percent level
test if g < g0.025
or g > ¢0.975

.7033

for this case g < 0
g > 0.9011

Ho Rejected



APPENDIX 4

* BORING LOGS AND MONITOR WELL
CONSTRUCTION SPECIFICATIONS



MAJOR DIVISIONS

GRAPH

SYMBOL

LETTER
SYMBOL

TYPICAL DESCRIPTIONS

WELL-GRADED GRAVELS, GRAVEL-

GW SAND MIXTURES, LITTLE OR
GRAVEL NO FINES '
AND CLEAN GRAVELS
GRAVELLY (LITTLE OR NO
SOILS FINES) POORLY-GRADED GRAVELS,GRAVEL-
GP SAND MIXTURES, LITTLE OR
COARSE NO FINES
GRAINED
SOILS
GM SILTY GRAVELS, GRAVEL-SAND-
MORE THAN S | SILT MIXTURES
MoRE TN 0% . JGRAVELS wiTH FINES
TION RETAINED | CAPPRECTABUE AMOUNT
ON NO.4 SIEVE OF FiNes) CLAYEY GRAVELS, GRAVEL-SAND-
GC CLAY MIXTURES
WELL-GRADED SANDS, GRAVELLY
SAND SwW SANDS, LITTLE OR NO FINES
AND CLEAN SAND (LITTLE
SANDY OR NO FINES)
SOILS sP POORLY-GRADED SANDS, GRAVELLY
MORE THAN 50% SANDS, LITTLE OR NO FINES
OF MATERIAL IS
Lagg:n THAN NO.
200 SIEVE S12€E
SM SILTY SANDS, SAND=-SILT MIXTURES
MORE THAN 50% |SANDS WITH FINES
OF .COARSE FRAC- | (APPRECIABLE AMOUNT
TION PASSING OF FINES)
NO. 4 SIEVE
sC CLAYEY SANDS, SAND-CLAY MIXTURES
INORGANIC SILTS AND VERY FINE
1 ML SANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY
FINE SILTS ;57 INORGANIC CLAYS OF LOW TO MECIUM
GRAINED LIQUID LIMIT cL PLASTICITY, GRAVELLY CLAYS,
SOILS CLAYS LESS THAN 50 SANDY CLAYS, SILTY CLAYS, LEAN
A CLAYS
HH(e ¢
HH 1
N ORGANIC SILTS AND ORGANIC
il oL SILTY CLAYS OF LOW PLASTICITY
i
INORGANIC SILTS, MICACEOUS OR
MH DIATOMACEOUS FINE SAND OR
SILTY SOILS
MORE THAN 50%
or MATERIAL IS Skkgs LIQUID LIMIT //// INORGANIC CLAYS OF HIGH
MALLER THAN NO. CLAYS GREATER THan 50 CH PLASTICITY, FAT CLAYS
G0 sieve SI1ZE
OH ORGANIC CLAYS OF MEDIUM TO HiGH
PLASTICITY, ORGANIC SILTS
PEAT, HUMUS, SWAMP SOILS
HIGHLY CRGANIC SOILS PT WITH HIGH ORGANIC CONTENTS

NOTE:

DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS,

SOIL CLASSIFICATION CHART

NOTE: Color designations are based on
The Geological Society of America's
Rock Color Chart (Reference 13).

UNIFIED SOIL CLASSIFICATION SYSTEM

DAMES 8 MOORE <'

FIGURE A4-1

o



WELL SCHEMATICS

12D

6" PROTECTIVE STEEL PIPE
WITH LOCKING VENTED CAP

DEPTH IN FEET
ELEVATION IN FEET

©
Q
~
3
3
$

BORING 12

SURFACE ELEVATION 637.0'

DESCRIPTIVE GEOLOGIC NOTES

GROUND SURFACE
o~ 0 ] GRASS. SILTY SAND WITH UNDERLYING RIP-RAP
LIMESTONE COBBLES
- - S -635 - PALE ‘OLIVE (10Y6/2)- MASSIVE -CLAY WITH -SOME - - - - -
IRON STAINED FRACTURES
4' 1D SCHEDULE 40 5
PVC CASING
630
i F .
TSP 10 MEDIUM BLUISH-GRAY CLAY (585/1) MASSIVE,
P OWDERED BENTONITE) DENSET—DRY—NO-FRACTURES
MEDIUM BLUISH-GRAY CLAY (SBS/1) WITH SOME
2 GRAVEL, IRON OXIDE STAINING
15
[-620! MEDIUM BLUISH-GRAY CLAY (SB5/1) WITH
SOME SAND :
201
MEDIUM BLUISH-GRAY CLAY (SB5/1) MORE
FRIABLE THAN ABOVE
615
25- MEDIUM BLUISH-GRAY CLAY (5B85/1), MASSIVE,
VARVED, FRIABLE
610
WATER LEVEL 3/84 30
605
J54
BENTONITE SEAL -600
OLIVE GRAY (5Y3/2) CLAY WITH SILT
40
F595F ] DARK GREENISH-GRAY (5GY4/1) CLAY WITH THIN GRAVEL
;’V LENS (~1/4" THICK) OF IRON STAINED QUARTZ, A
45 FEW SHALE FRAGMENTS 1/2' DIAMETER PRESENT
je— GRAVEL PACK %
L 590 4 DRILL BIT CHATTERING, CUTTINGS SHOW LIMESTONE
. FRAGMENTS, POSSIBLE BOULDERS OR BEDROCK
}— 4'* 1D 0.02'* SLOTTED - P
SCHEDULE. 40 PVC SCREEN 50 7] oarx creenish-Gray (sGYas1) CLAY, VERY DENSE,
/ﬁ’ THINLY BEDDED, DRY, ALMOST A SHALE
l-58. /
55 /
%
‘55 NO SAMPLE, SOFT GREENISH-GRAY SHALE
60 %
e— SsAND %
E— BENTONITE SEAL *-575
65 g
-5n7éé;
70- %
BACKFILL WITH CUTTINGS /
-555
751 %
-&a7¢4’
80- 7] sorine TERMINATED AT A DEPTH OF 80 FEET

FIGURE AY4-2

W



~
% o BORING I3
Dy Q
~
: © SURFACE ELEVATION 130D s8a.s2’
~ b 135 588.73"
WELL SCHEMATICS x Q
[N A
S S
13D 138 § DESCRIPTIVE GEOLOGIC NOTES
6'" PROTECTIVE STEEL PIPE WITH LOCKING VENTED CAP
N F -
GROUND SURFACE 0 LIMESTONE RIP-RAP
CEMENT OLIVE GRAY (5Y3/2) CLAY WITH SOME SILT, LESS THAN
3X GRAVEL, SLIGHT YELLOWISH OXIDATION PARTICLES
4' 1D SCHEDULE 40 IN UPPER 2', CLAY IS PLASTIC, DENSE
PVC CASING - - - - - - -
104
BACKFILLED WITH ALMOST PURE CLAY AS ABOVE, LITTLE TO NO SILT
WASHED GRAVEL OR GRAVEL
AND BENTONITE
OLIVE GRAY (5Y3/2) SILTY CLAY WITH UP TO %
J GRAVEL, LARGE FRAGMENTS OF LIMESTONE AND
20 QUARTZ (UP TO 2" IN DIAMETER)
301
LIGHT OLIVE GRAY {5YS5/2) MEDIUM TD COARSE
GRAINED, MOIST WELL SORTED SILTY SAND, GRAVEL
uP TO 2%
40-
BENTONITE SEAL
50
COARSE GRAVEL (QUARTZ AND LIMESTONE FRAGMENTS)
604 BROWN CLAY
COARSE GRAVEL
WATER LEVEL 3/84
- SILTY AND WITH SOME GRAVEL
BENTONITE SEAL ——— 70 s
4™ ID 0.020' SLOTTED
SCHEDULE 40 PVC SCREEN
GRAVEL PACK ao_ SAND-GRAVEL
904
GRAVEL
100
BENTONITE SEAL
4" 1D 0.020" SLOTTED
SCHEDULE 40 PVC SCREEN /101
COARSE GRAVE
GRAVEL PACK L
120~ BORING TERMINATED AT A DEPTH OF 120.0' ON 2/4/85

FIGURE A4-3




14D

WITH LOCK

Z

[N
~
%% - BORING 14
¥ 9
WK 3
2% o SURFACE ELEVATION 14D 533.71°
~ § 3 145 533.79"'
WELL SCHEMATICS PN Q
£
W (4]
14S g 3 DESCRIPTIVE GEOLOGIC NOTES
6'" PROTECTIVE STEEL PIPE
ING VENTED CAP
GROUND SURFACE
cor . 0 0 rrm'r GRASS OVER SILTY LOAM
CEMENT jou|
4" 1D & TOLIVE GRAY (5Y3/2) SILTY SAND WITH UP TO 10X
SCHEDULE 40 2 530§ GRAVEL, BLEACHED CLAY PODS PRESENT
PVC CASING 54 SM |
BACKFILLED WITH 3
CUTTINGS AND OLIVE BROWN (5Y4/4) COARSE GRAVEL IN MEDIUM
BENTONITE > SAND MATRIX
o 525k
104 OLIVE BROWN (SY4/4) MEDIUM TO COARSE GRAINED
_WATER_LEVEL. J— ——SANDT—3~10X~GRAVEL
3784
BENTONITE SEAL
WATER LEVEL
520
4" 1D /54 OLIVE BROWN (SY4/4) FINE TO MEDIUM GRAINED SAND,
0.02" SLOTTED LESS THAN 1X GRAVEL
SCHEDULE 40
PVC SCREEN OLIVE BROWN (5Y4/6) MEDIUM TO COARSE SAND WITH
UP TO 3% GRAVEL
GRAVEL PACK —- .
- 515
204
BACKFILLED
WITH SAND
- 5/0
254
CONTAINS SEVERAL LARGE (1.5' DIAMETER) PEBBLES
L 505 OF LIMESTONE AND QUARTZ
30
OLIVE BROWN (5Y4/4) COARSE SAND WITH SOME GRAVEL
500
354 OLIVE BROWN (5Y4/4) COARSE SAND WITH SILT,
LESS THAN 1X GRAVEL
495
40 1
/1.-— BENTONITE SEAL 4
4" ID 0.02' SLOTTED |- 4908 14
SCHEDULE 40 PVC SCREEN N
45 b
1
GRAVEL PACK iL'-
BENTONITE SEAL Bad il
504 |
BACKFILLED WITH CUTTINGS i
‘.'
<
480111
55 2
i
{t bi
475
P
601
470! FHk
65- BORING TERMINATED AT A DEPTH OF 65.0' ON 8/10/84

R}l

DAMES 8 MOORE

FIGURE A4-4



WELL SCHEMATICS

1SS 15D

6'' PROTECTIVE STEEL PIPE
WITH LOCKING VENTED CAP

COVERED WITH TOPSOIL

PITLESS ADAPTER

4’ ID SCHEDULE 40
PVC CASING

DEPTH IN FEET
ELEVATION IN FEET

104

GRAPHIC LOG

SHEET 1 OF 2

BORING I5

SURFACE ELEVATION 1ss s79.41"

15D 577.80°

DESCRIPTIVE GEOLOGIC NOTES

CLAYEY LOAM TOPSOIL

MEDIUM TO FINE GRAINED SAND

LIGHT OLIVE .BROWN. (5Y5/6) SILTY-CLAY WITH
IRON STAINS AND BLEACHED PODS

LIGHT OLIVE BROWN (5Y5/6) SILTY SAND AND SANDY
SlLT,‘VELF GRADED

GRAYISH OLIVE (10Y4/2) MASSIVE LENSE OF SILTY CLAY
WITH SOME GRAVEL (UP TO 5-7X%X)

DENSE DRY CLAYEY SILT

BACKFILL _WITH_WASHED_GRAVEL

AND BENTONITE POWDER

BENTONITE 'SEAL

NN

??

1

RIS

6'" GALVANIZED
STEEL CASING

i

7

P

ST

ﬂﬁ

7,

§5
2,

iy

S

WATER LEVEL 3/84

BACKFILLED
WITH CEMENT

BENTONITE SEAL

4'" 1D 0.02' SLOTTED
SCHEDULE 40 PVC SCREEN

GRAVEL PACK

FEEREH R NN\, B8 A R et

BEFEEE NN\ PSR TR

—t~
(CONTINUED ON NEXT SHEET

304

40+

60

1001

1o

1204

130~
)

MEDIUM TO COARSE GRAVEL

LIGHT OLIVE BROWN (5Y5/6) COARSE SAND WITH
SOME GRAVEL (QUARTZ AND LIMESTDNE FRAGMENTS)

GRAVEL WITH SOME CLAY

OLIVE BROWN (5Y5/6) MEDIUM TO COARSE SAND WITH
SOME GRAVEL .

COARSE WELL SORTED GRAVEL, LESS THAN 1X SILT OR CLAY

LIGHT OLIVE BROWN SANDY GRAVEL
LIGHT OLIVE BROWN GRAVELLY SAND

LIGHT OLIVE BROWN GRAVEL WITH SOME SAND

GRAYISH-BROWN GRAVELLY SAND

FIGURE Al4-SA

X



WELL SCHEMATICS

(CONTINUED)

DEPTH IN FEET
ELEVATION IN FEET

150+

GRAPHIC LOG

SHEET 2 OF 2

BORING IS

DESCRIPTIVE GEOLOGIC NOTES

GRAYISH-BROWN GRAVELLY SAND

GRAVEL WITH SOME SAND

BENTONITE SEAL

GRAVEL PACK

6'" 1D 0.02' SLOTTED
STAINLESS STEEL SCREEN

BACKFILLED WITH
CUTTINGS

160

704

1801

190

GRAVELLY SAND

OLIVE GRAY SAND WITH UP TO 10X GRAVEL
SAND, NO GRAVEL

SAND, NO GRAVEL

GRAY CLAY GRADING INTO GREENISH-BLACK
(' BLUE CLAY'' ) SILTY CLAY; LARGE COBBLES
ON TOP OF CLAY LAYER

BORING TERMINATED AT A DEPTH OF 217.0' ON 8/9/84

FIGURE A4-5B



WELL

16D

SCHEMATICS

PG

6' PROTECTIVE STEEL PIPE
WITH LOCKING VENTED CAP

GROUND SURFACE

CEMENT

4' ID SCHEDULE &0
PVC CASING

BACKFILLED wITH
CUTTINGS AND
BENTONITE

BACKFILLED WITH

OEPTH IN FEET
ELEVATION IN FEET
GRAPHIC LOG

BORING 16

SURFACE ELEVATION 16D ss0.47'

165 540.50°

DESCRIPTIVE GEOLOGIC NOTES

WASHED_GRAVEL

X1
H

REEORAE

i3
o,

2

NN 7
NN ity

A o]

AND BENTONITE

BENTONITE SEAL

WATER LEVEL 3/84

BENTONITE SEAL ———3

GRAVEL PACK ——T

4'" 1D 0.02' SLOTTED
SCHEDULE 40
PVC SCREEN

BENTONITE SEAL

GRAVEL PACK

4" 10 0.02" SLOTTED
SCHEDULE 40 PVC SCREEN

BACKFILLED WITH CUTTINGS

o)

R

C?—_540E M 0-9' BLACK SILTY FILL MATERIAL
(PROBABLY FLYASH) .
DARK YELLOWISH BROWN (10YRS/4) CLAYEY SILT
5'-535 LIGHT OLIVE BROWN (SYS/6) MEDIUM TO COARSE
GRAINED SILTY SAND, CONTAINS LIMESTONE
FRAGMENTS UP TO 3'' AND PEBBLES OF QUARTZ
( SUBROUNDED TGO ANGULAR} DECREASING IN QUANTITY
WITH DEPTH
/04
530
LIGHT OLIVE BROWN (5Y5/6) SILTY SAND, NO PEBBLES
WELL SORTED, DECREASING IN GRAIN SIZE WITH DEPTH
/5 525
20+
520
25 515 DUSKY YELLOW (5Y6/4) FINE GRAINED SILTY SAND
510 LIGHT OLIVE BROWN (S5YS/6) MEDIUM TO COARSE GRAINED
SANDY GRAVEL WITH PEBBLES OF QUARTZ (UP TO t/2'"
DIAMETER) AND LIMESTONE (ROUNDED TO SUBROUNDED)
35 505
404
500
LIGHT OLIVE BROWN (5Y5/6) MEDIUM TO COARSE GRAINED
SAND W1TH GRAVEL, WELL SORTED
45
995
LIGHT OLIVE BROWN (5Y5/6) COARSE GRAINED SANDY
GRAVEL WITH SUBANGULAR TO SUBROUNDED PEBBLES OF
QUARTZ AND LIMESTONE
490}
551
¢85
601
450 OLIVE BROWN (S5Y4/4) MEDIUM TO CDARSE GRAINED SAND
DARK OLIVE BROWN (5Y4/64) TO LIGHT OLIVE BROWN
6'51 (5Y5/6) SILTY SAND
975
704 47
754 BORING TERMINATED AT A DEPTH OF 75.0' ON 1/17/85
965

FIGURE. A4-6

A



BORING I7 4o

SURFACE ELEVATION 170 534.28'
175 534.63"
SCHEMATICS

DEPTH IN FEET
ELEVATION IN FEET
GRAPHIC LOG

DESCRIPTIVE GEOLOGIC NOTES

6' PROTECTIVE STEEL PIPE
WITH LOCKING VENTED CAP
///// e a—

GROUND SURFACE

By e

BROWN CLAYEY SILT

ez ter

PALE BROWN (5YRS5/2) CLAYEY SILT, SOME ROOTS
CONTACT IS SHARP AND WELL DEFINED

f————————- CEMENT ———————— =&

.- - - - - ~————— 4" 1D SCHEDULE 40
PVC CASING

LIGHT QOLIVE BROWN (5YS576) SILTY SAND WITH SMALL
AMOUNT OF GRAVEL., DRY LOOSE, SOME YELLOW
LIMONITE STAINING NEAR CONTACT WITH CLAYEY SILT

BACKFILLED WITH

WASHED GRAVEL AND

BENTONITE POWDER LIGHT OLIVE BROWN (5Y5/6) GRAVELLY SAND, CONTACT
IS SHARP AND WELL DEFINED

MEDIUM TO FINE GRAINED LIGHT DLIVE BROWN (5Y5/6)
SILTY SAND, WELL SORTED,

WA
TER LEVEL 3784 LIGHT OLIVE BROWN {5Y5/6) COARSE GRAVELLY SAND,

CONTACT IS GRADATIDNAL

BENTONITE SEAL ——————mf/
LIGHT OLIVE BROWN (5Y5/6) FINE TO MEDIUM WELL

SORTED SAND., MODERATE OLIVE BROWN (5Y4/4)
COARSE TO MEDIUM WELL SORTED SAND

———

GRAVEL PACK
/

4 ID 0.02' SLOTTED
SCHEDULE 40 PVC SCREEN

LIGHT OLIVE 6RAY (5Y5/2) TO LIGHT OLIVE BROWN
{5Y5/6) GRAVELLY SAND WITH SOME SILT AND
PEBBLES UP TO 1' IN DIAMETER, CONTACT IS SHARP
AND UE_L_L DEF INED

COARSE GRAVEL, WELL SORTED CONSISTING OF LIMESTONE
AND QUARTZ PEBBLES, CONTACT IS GRADATIONAL WITH
GRAVEL GOING TO A MEDIUM TO CODARSE SAND

LIGHT OLIVE BROWN (5Y5/6) MEDIUM TO COARSE GRAINED,
WELL SORTED SILTY SAND

LIGHT DOLIVE BROWN (5YS5/6) MEDIUM TO COARSE SAND
WITH UP TO 5X GRAVEL

]q—— BENTONITE SEAL

BACKFILL

e————— BENTONITE SEAL

DARK OLIVE BROWN (5Y4/4) SAND WITH UP TO 1%
GRAVEL, COARSER GRAINED AND NDT AS WELL SORTED
AS ABOVE

DARK YELLOWISH BROWN (10YR6/6) MEDIUM TO COARSE
SAND WITH 5X GRAVEL
4°' 1D 0.02'°'SLOTTED
SCHEDULE 40 PVC SCREEN

- ———————— GRAVEL PACK

DARK YELLOWISH BROWN (10YR6/6) FINE TO MEDIUM
GRAINED SAND

saf———— BACKFILL WITH CUTTINGS

BORING TERMINATED AT A DEPTH OF 80.0' ON 1/2%/85

DARMDE & RMeoRE

FIGURE A4-7 \o\f\



BORING I8

SURFACE ELEVATION 18D S21.56°"
185 521.31"
WELL SCHEMATICS

OEPTH IN FEET
ELEVATION IN FEET
GRAPHIC LOG

18D 18S

6' PROTECTIVE STEEL PIPE
WITH LOCKING VENTED CAP

DESCRIPTIVE GEOLOGIC NOTES

GROUND SURFACE B ey

DUSKY YELLOW (5Y674) CLAYEY SILT, CONTAINS THIN
BANDS _OF_ LIGHT OLIVE BROWN .CLAYEY SILT- - --B--

CEMENT ———————————ud
4" ID SCHEDULE 40

- - - B § = PVC CASING - B
Sf' -560
hed 2 104
5 iz BACKFILLED WITH
3 5] WASHED GRAVEL. AND
¢ a BENTONITE LIGHT OLIVE GRAY (5Y5/2) CLAYEY SILT, CONTAINS
O_§ b LESS THAN 1x ANGULAR TO SUBANGULAR QUARTZ AND
?‘.,v kA -850 LIMESTONE FRAGMENTS, SILTY SAND ENCOUNTERED
B s 20— —_AT_BOT.TOM
S — R
by [ g
N s 2
hxs % BENTONITE SEAL R LIGHT OLIVE GRAY (5Y5/2) SILTY CLAY WITH UP TO
Z % 2% 540 10X GRAVEL CONSISTING OF QOUARTZ AND LIMESTONE
% / %%' 30 FRAGMENTS (0.5'" IN DIAMETER)
Zd A oo LIGHT OLIVE BROWN (5Y5/6) SAND, WELL SORTED
1 = & LIGHT OLIVE GRAY (5Y5/2) SILTY SAND WITH SOME
2 ' GRAVEL (1-4X)
3 = 530
2 3 40
i N
b3 Bl WATER LEVEL 3/84 e
o "é I8
g ) LIGHT OLIVE BROWN (5Y5/6) SILTY SAND, FINER
A — o g
E':é '-‘% BENTONITE SEAL 520 GRAINED THAN ABOVE, NO NOTICEABLE GRAVEL
Z 50-
i 4" 10 0.020"" SLOTTED
8 o SCHEDULE 40 PCV SCREEN
% &1
4 o
: 3 GRAVEL PACK —————3] H
,;Y ey 510
% 604 i
et
500 [k
704 f

BENTONITE SEAL 4701k

100

:
§

4' 1D SLOTTED SCHEDULE 40
PVC SCREEN

GRAVEL PACK

BACKFILLED WITH BENTONITE 1101

GREENISH-BLACK (' BLUE CLAY'') SILTY CLAY (562/1)
COARSE GRAVEL 1/4-1/2'" IN DIAMETER

BORING TERMINATED AT A DEPTH OF 120.0' ON 1/23/85

[T

120

FIGURE AY-8 \0\%



WELL SCHEMATICS

19D 198 TP

6' PROTECTIVE STEEL PIPE
WITH LOCKING VENTED CAP

GROUND SURFACE
" CEMENT
4" 1D
SCHEDULE 40
PVC CASING -

BACKFILLED
WITH WASHED
GRAVEL AND
BENTONITE

- 4" 1D —
SCHEDULE 40
PVC CASING

WATER LEVEL
3/84

BACKFILLED WITH

WASHED GRAVEL

AND BENTONITE
POWDER

4' 1D 0.020'

40 PVC SCREEN

GRAVEL PACK

2"

AN

oy

Z

S

BENTONITE SEAL

BBy

2

s

SRS
Bl

SRR B NN

WATER LEVEL
3/84

G

o

£
%
.

BENTONITE SEAL

NN
N\

4" 10
0,020" SLOTTED
SCHEDULE 40
PVC SCREEN

GRAVEL PACK

AR AR EE!

PEREWATS

G

BENTONITE SEAL

GRAVEL PACK

4' 1D SLOTTED SCHEDULE 40 PVC SCREEN

BACKFILLED WITH BENTONITE PELLETS

BORING I9

190 583.20°'
SURFACE ELEVATION | O 2.3 56r

19TP S$82.98"

©
Q
~
N
3
$

DESCRIPTIVE GEOLOGIC NOTES

DEPTH IN FEET

LIGHT OLIVE BROWN {5Y5/6) CLAYEY SILT, CONTAINS
STREAKS OF DUSKY YELLOW SILT, SOME GRAVEL

TLIGHT OLIVE GRAY (5Y5/2) SILTY CLAY, CONTAINS
DUSKY YELLOW SILT, NO GRAVEL

LIGHT OLIVE BROWN (5Y5/6) SANDY SILT WITH UP
TO 5% GRAVEL, CONTACT IS SHARP AND WELL
DEFINED

20

LIGHT OLIVE BROWN (5Y5/6) SILTY SAND WITH 3% GRAVEL

MODERATE OLIVE BROWN (5Y4/4) GRAVELLY SAND
MEDIUM TO COARSE GRAINED, SOME GRAVEL, CONTACT
IS GRADATIONAL

LIGHT OLIVE BROWN (5Y5/6) FINE TO MEDIUM GRAINED
WELL SORTED SILTY SAND

OLIVE GRAY (5Y3/2) MEDIUM TO COARSE GRAINED WELL
SORTED SAND

LIGHT OLIVE BROWN (S5Y5/6) MEDIUM TO CDARSE GRAINED
WELL SORTED SAND

1001

120 4

GREENISH-BLACK (' BLUE CLAY') (5G62/1) SILTY CLAY

130 BORING TERMINATED AT A DEPTH OF 130.0' ON 2/6/85

— L GHT-OL I VE-GRAY~(5Y5/2 )~ SILTY CULAY "WITH 2XTGRAVEL

FIGURE A4-9

o



WELL

20D

SCHEMATICS

20S

20TP

GRO!
-

UND SURFACE

CEMENT

4" 10
SCHEDULF a0
PVC _-CASING

fiacrt]

e

BACKFILLED WITH

WASHED GRAVEL

AND SENTONITE
POWDER

RN

10

o s
P .*EZ?‘

BENTONITE-
SEAL

SN

0

N

BENTONITE
SEAL

ey

¥

WATER LEVEL

3 3784
gg BENTONITE
s SEAL

4' 1D 0.020"
SLOTTED SCHEDULE 40
PVC SCREEN

GRAVEL PACK

SR,

R

BENTONITE SEAL

GRAVEL PACK

BENTONITE SEAL

6'' PROTECTIVE STEEL

3

33 on
LRI L

TS

N

N

i3t

prey
2R

¥l

A2

2 $h3E

N

4 1D 0.020' SLOTTED
SCHEDULE 40 PVC SCREEN

d T GRAVELPACK™—

PIPE WITH LOCKING VENTED CAP

GROUND SURFACE

CEMENT
WATER LEVEL
/84

BACKFILLED WITH
WASHED ‘GRAVEL™
AND BENTONITE

4" 10
SCHEDULE 40
PVC CASING

4'' 10
.0.020°' SLOTTED
SCHEDULE 40
PVC SCREEN

DEPTH 1§ FEET
ELEVATION IN FEET

1101

1204

GRAPHIC LOG

BORING 20

SURFACE ELEvATION 200 573.31°

20S 573.42'
207P 573.21°

OESCRIPTIVE GEOLOGIC NOTES

LIGHT OLIVE BROWN (5Y5/6)
DENSE, STIFF

SILTY CLAY, DRY,

LIGHT OLIVE BROWN (5Y5/6) SAND WITH UP TO
~——10X-.GRAVEL

LIGHT OLIVE GRAY (5Y5/2) CDARSE SAND WITH GRAVEL

GRAY SANDY GRAVEL

GRAYISH OLIVE (10Y4/2) MEDIUM TO COARSE WELL
SORTED SILTY SAND

N .
GREENISH-BLACK (' BLUE CLAY'') (5G2/1)

SILTY CLAY
BORING TERMINATED AT A DEPTH OF 121.0' ON 1/28/8S

FIGURE A4-10 00

¥



N 6}0
5% « BORING 21
wL S
2% SURFACE ELEVATION  2!S_58e.s2
Sz § 217P 584.06
WELL SCHEMATICS x E Q
N g § .
Gy ©
218 2|1TP Qy DESCRIPTIVE GEOLOGIC NOTES
6' PROTECTIVE STEEL PIPE WITH LOCKING VENTED CAP
GROUND SURFACE [ ROAD FILL, COARSE GRAVEL
AYEEEtEN; L oe DARK YELLOWISH BROWN (10YR4/2) CLAYEY SILT
" EVEL 3 UP TO 53 SAND AND GRAVEL _
- . 4! ID SCHEDULE 40 L] N STSITEITT - - - - -
PVC CASING
BACKFILLED WITH WASHED -575
GRAVEL AND BENTONITE 104 s+ LIGHT DLIVE GRAY (S5YS5/2) CLAYEY SILT, WITH
4" 1D 0.020" SLOTTED UP TO 5X SAND OR GRAVEL
SCHEDULE 40 PVC SCREEN ML .
GRAVEL PACK l
BENTONITE SEAL LIGHT OLIVE GRAY (5Y5/2) SILTY GRAVEL
20455 [l i
llV
-
- o
30+ 555 n

pt——————— BENTONITE SEAL

WATER LEVEL 3/84

GRAVEL PACK

4" ID 0.020" SLOTTED
SCHEDULE 40 PVC SCREEN

BACKFILLED WITH SAND

LIGHT OLIVE GRAY {(5YS/2) SILTY GRAVEL

MIXTURE OF DARK YELLOWISH BROWN (10YR4/2) AND
LIGHT OLIVE GRAY {5Y5/2) CLAYEY SILT, UP TO
SX GRAVEL, MEDIUM TO COARSE GRAINED SAND
ENCQUNTERED AT 40,5°

LIGHT OLIVE GRAY (5Y5/2) MEDIUM TO CAORSE GRAINED
WELL SORTED SAND, UP TO 3% GRAVEL

LIGHT OLIVE GRAY (5Y5/2) MEDIUM TO COARSE GRAINED
SAND, SOME GRAVEL, CONTAINS THIN LAYER OF
BROWNISH-YELLOW FINE SAND

LIGHT QLIVE BROWN (5YS5/6) MEDIUM TO COARSE GRAINED
SAND (LESS THAN 1X GRAVEL) WITH SOME SILT

COARSE GRAVEL WITH SOME SAND
BORING TERMINATED AT A DEPTH OF 80.0" ON 2/13/8%

FIGURE A4-11



BORING 22

SURFACE ELEVATION 225 582.93"
22TP 582.93

WELL SCHEMATICS

v 228 227TP

6’ PROTECTIVE STEEL PIPE WITH LOCKING VENTED CAP

DEPTH IN FEET
ELEVATION IN FEET
GRAPHIC LOG

DESCRIPTIVE GEOLOGIC NOTES

GRDU:EM2:$FACE 0A COARSE GRAVEL IN.SILT MATRIX ON BERM
OLIVE GRAY (5Y3/2) SILTY CLAY, LESS THAN
H 8" H 40 -
3 ;ecsg.g?:ge 1% VERY COARSE GRAVEL
77 BACKFILLED WITH WASHED
GRAVEL AND BENTONITE |- 580 DARlsvaLLOHlSH gR::N (10Y4/2) SILTY CLAY,
WATER LEVEL 3/04 104 ORY, DENSE. sTI
4" ID 0.020' SLOTTED LIGHT OLIVE GRAY (5Y5/2) SILTY CLAY, STIFF,
SCHEDULE &40 PVC SCREEN DRY, LESS THAN 1% GRAVEL
N GRAVEL PACK
| 5720
N —— U4
% 5
560
BENTON 304
ITE SEAL LIGHT OLIVE GRAY (5Y5/2) GRAVELLY SILTY CLAY
% 550
3 404 LIGHT OLIVE BROWN (SY5/6) MEDIUM TO FINE
% GRAINED WELL SORTED SILTY SAND, GRADES INTO
MEDIUM TO COARSE GRAINED SILTY SAND
*] LIGHT OLIVE BROWN (5YS5/6) MEDIUM TO FINE
s 540 GRAINED SILTY SAND WITH SOME OLIVE BROWN CLAY
e 504
R ;
P <
3 53
60
% A 4 WATER LEVEL 3/84 LIGHT OLIVE.BROWN (5Y5/6) SILTY SAND, UP TO
15% GRAVEL
4 / 520
% (] BENTONITE SEAL 70 4
té COARSE SAND AND GRAVEL, UP 7O 15% SILT
GRAVEL PACK
LIGHT OLIVE BROWN (5Y5/6) SILTY SAND, UP TO
15% GRAVEL
4" ID 0.020' SLOTTED
SCHEDULE 40 PVC SCREEN
B!
BORING TERMINATED AT A DEPTH OF 90.0' ON 2/14/85

90~

FIGURE A4-12





