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February 23,1993 

TECHNICAL REPORT 5.1B 
SITE CHARACTERIZATION/GEOLOGICAL REPORT 

FOR ON-SITE DISPOSAL 

1.0 INTRODUCTION 
Per the Consent Agreement between the U.S. Department of Energy (DOE) and the U.S. 

4 

5 

tection Agency (EPA), the Fernald Environmental Management Project (FEMP) 6 

7 

8 

9 

IO 

11 

12 

13 

al Investigation/Feasibility Study (RIFS) into five operable units (OU). While 
effective in implementing the R.I/FS under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), the OU concept does not address the siting, design, or 
construction of a site- 
formerly known as the 
option of on-site 

ty. Therefore, the concept of On-Site Disposal Cells (OSDC), 
te Management Facility (EWMF), was developed to address the 
stes at the FEW. The proposed OSDC area is located within 

the FEMP property bo d east of the former production area. 

This Site Charac has been prepared to support the evaluation of criteria for 14 

15 

16 

17 

a detailed analysis of the OSDC as an on-site waste disposal/storage alternative for each of the OUs. 
The data collected under this program has been s 
disposal alternative according to the methodolo 

to support the evaluation of the on-site 
d in "Guidance for Conducting Remedial 

Investigations and Feasibility Studies Under A, 1988), including: 18 

The overall protection of h e environment 19 

Long-term effectiveness and permanence 20 

Short-term effectiveness 21 

Implementability 22 

Applicable or Relevant and Appropriate Requiremen and To Be Considered 23 

(TBC). 2A 

. . . . . . . 
To accomplish this objective, geotechnical, geochemical, and geologic/hydrogeologic data have been 
collected to support the siting of the OSDC includmg site suitability, design criteria, and potential 

25 

26 

risks. n 

. . . . . . . . 

In accordance with the meeting between Femald Environmental Restoration Managemen 
(FERMCO) and IT Corporation 0, on January 26,1993, the OSDC evaluation will be 

series of reports corresponding to the topics outlined m the above guidance (EPA 1988). 

Evaluation of the CRU-1, On-Site Disposal Cell Repom" (February 3, 1993): 

28 

29 

30 

31 

32 

following series of repom were requested m the "Statement of Work for Technical S 
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"Technical Report 5.1A, Engineering Evaluation Report for On-Site Disposal" - 
Geotechnical Engineering Analysis for an On-Site Disposal Cell: This report will 
contain the engineering analysis prepared for the OSDC structure. This will include an 
analysis of the barrier and cap design, drainage system, erosion analysis, slope stability 

ysis and an estimated cost of construction for an on-site tumulus. 

hnical Report 5.1B. Site Characterization/Geological Report for On-Site Disposal" - 
characterization Report: This report will include the investigation and evaluation of 

ology, radiation measurements, well installation diagrams, boring logs, and 
data. 

"Technical Report 5.1C, Material Source Survey for On-Site Disposal" - 
Material Source Survey: This report will discuss the availability and cost of materials in 

construct the OSDC. 

r On-Site Disposal Cell Concept" - 
identlfy and discuss the ARARS that will be applicable 

Geological Report for Off-Site Disposal" - 
Survey of Local Geology in the Alternate Siting Areas: This report will cover the 
investigation of two alternative si 
on bedrock highs. The two sites 
located west of the FEMP. 

"Technical Report 53B. Off- 
Ecological characterization: 
a 1,OOO foot perimeter aroun 

adjacent or near the FEMP situated 
e the Girl Scout Camp and another 

cal Study for the Disposal Cell Concept" - 
discuss the ecological characterization for 

1.1 PURPOSE OF REPORT 
The OSDC evaluation has been performed as a part of the overall FS support effort. This information 
is presented in the above reports. The purpose of this series of vide the following: 

Performance objectives to meet the requirements of: 

- 10 Code of Federal Regulations (CFR) 20 and 61. 
- 40 CFR 264 and 270 
- 40 CFR 141.16 
- ARARs and TBCs 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 

n 

28 

29 

30 

31 

Technical requirements for land disposal facilities. including site suitab 32 

Criteria 33 

Results of the site characterization program and potential impacts on Y 

OSDC. 35 
. ..... .: . . . . ..: ...... . . . 
. . . . .. . . . , . . .. .. . .  ... ... . . . . . . . . . . .... :.: '<' ... .. . . . . . . . . . . . . . . . . . . ..... 

The results of this investigation will be used to determine the technical feasibility of construc&g the 36 

OSDC. 37 

000009 
1 -2 
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1.2 REPORT ORGANIZATION 
Chapter 1.0 (Introduction) presented the purpose and organization of the report.. Chapter 2.0 (OSDC 
Site Investigation) provides a discussion of the field program performed as a part of the OSDC siting 

of the site characterization including surface features, surface water hydrology, 
logy, seismology, and geochemistry are given in Chapter 3.0 (OSDC Site 
Chapter 4.0 (Summary and Conclusions) provides a summary of the site 
dings and conclusions regarding the suitability for siting the OSDC with respect to 

1-3 000010 
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2.0 OSMJ SlTE INVESTIGATION 

A sampling program was performed in the OSDC siting area during the spring of 1992. The January, 
Waste Management Facility Sampling and Analysis Plan" documents the data 

sampling locations, and sampling procedures performed as a part of the OSDC 
onmental data at the FEMP has historically been collected as a part of the RWS. 
reviewed in the early stages of the development of the Sampling and Analysis Plan 

'ew identified additional data reqUirements for evaluating the viability of siting the 
OSDC at the FEMP. Additional data requirements were identified to fully evaluate the geology, 
hydrogeology and geochemistry of the siting area as well as geotechnical (results presented in 
Technical Report 5.1A) 
constructing the OSDC. 

cal data to address the design requirements and potential risks of 

The S A P  was developed to the "Remedial Investigation and Feasibility Study, Feed 
and Materials Production Center, W e  Plan". The procedures performed during the performance of 
the site characterization investigation followed the Work Plan requirements included in the following: 

Volume I - Sampling Plan 
Volume II - Health and Safety 
Volume IV - Data Managemen 
Volume V - Quality Assurance 

The sampling strategy was developed to sup 
and included: 

essment and design criteria for the OSDC 

Drilling of soil brings to collect soil samples for geotechnical and chemical analysis in 
support of the design criteria, risk assessment, and g mgram 

. . . . . . . 
htallation of additional monitoring w e k  to better 
OSDC study area 

the hydrogeology in the 

Geochemical analysis to determine how soils and waste kachate will interact 

Surface radiation measurements to characterize the concentration of gamma emitters in 
surface soils in the study area 

Collection of chemical data to support the risk assessment for long tem 
risks associated with conshucting the OSDC 

A discussion of the types of data collected and sampling methodology for Technical Report 5.1B is 
provided in the following sections. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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17 
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2.1 GEOLOGICAL INVESTIGATION 

This section describes the objectives and methodology of the geological investigation for the OSDC. 

estigation supplements the limited FU/FS database currently available for the OSDC 
vides lithologic and stratigraphic information specific to the northem and eastern 

site. This investigation involved the collection and analysis of geologic data to 

Provide soil samples to be used in the geochemical characterization of the siting area 

used for the determination of radiological and chemical 

2.1 2 Methodology 
The review of existing everal locations lacking sufficient geologic infoxmation for 
subsurface evaluation g area. The location of the 1OOO-series geotechnical borings, 
in conjunction with the infomation obtained from the installation of additional 1OOO- and 20CXhxies 
monitoring wells, filled critical stratigraphic and 
shows the location of the geotechnical borings, 
the OSDC study area 

Soil borings and 1OOO-series monitoring we re performed using hollow stem augers, 
and 2OOO-series wells were installed using 
materials weae performed by a field geologist during drilling activities. Soil samples were collected 
continuously using s t a n d d  two-inch diameter split-spoon samplets 
those locations where two monitoring wells were to be installed, s 

Color Chart), texture (Unified Soil Classification System), water c 
land surface. Boring logs are provided in Appendix A. 

c data gaps in the siting area. Figure 2-1 
g and newly installed monitoring wells in 

. Sampling and logging of subsurface 

gs were a d v d  At 
re collected from the 
color (Mlmsell soil 
), and depth h 

2OOO-series wells only. The soil samples were described and class 

During drilling, each soil sample was screened for radiological components and volatile organics. Soil 
samples exceeding the field Screening criteria (Le. a sustained reading greatex than 5 ppm total 

organics on the HNu for at least 10 seconds) were compared and the sample exhi’bitin 
reading from each boring received full HSL analysis. 

The soil samples were used to characterize the geology and hydrogeological properties of 
ovdurden, the regional aquifer and underlying bedrock, as well as provide samples for g 
chemical, and radiological characterization studies. 
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2.2 HYDROGEOLOGICAL INVESTIGATION 
This section describes the objectives and methodology of the hydrogeological investigation for the 
OSDC. 

. . . , .  
2. 

al investigation provides the srratigraphic and water level information required for 
of groundwater gradients and flow direction in the OSDC siting area. In addition, 
rformed on selected 1000-series wells to provide estimates for the hydraulic 

conductivity of the glacial overburden. However, the slug test data were determined to be unusable 
because of insufficient volumes of water in the wells (the water columns did not span the full length 
of the well screens). 
transport modeling 

The location of the addi 
provide a higher le 
chemical constituents from the OSDC area to the surrounding environment during OSDC Operation 
and postclosure. 

in this investigation will be used in the groundwater fate and 

d 2000-series monitoring wells filled critical data gaps and will 

the evaluation of the fate and transport of radiological and 

2.22 Methodolorn 
Four 1000-series (1728,1733,1679 and 1754 
monitoring wells were installed in this pro 
installed in the OSDC area during the OU 
information on the newly installed monitoring wells. 

Monitoring wells were installed in each borehole in accordance 
FU/FS Work Plan. The monitoring wells were consmted with fo 
threaded, flush-joint, stainless steel pipe and stainless steel screen 
minimum of three square inches of open area per lineal foot The 
perched water above the main aquifer with the majority of 
length of screen (Monitoring Well 1733 was completed with a 
2000-series wells were screened m the main aqwfer with the majority of these wells each completed 
with a fifteen-foot length of screen (Monitoring Well 2679 was completed with a ten-foot length of 
screen). The fifteen-foot screens in the uxx)-series wells were installed so that five 
was placed above the water table and ten feet of screen was placed below the water 

The 1000- and 2000-series monitoring wells were backfilled with sand pack to a hei 
above the screen, followed by fwe feet of bentonite pellets above the sandpack and volc 
the bentonite seal to the surface. Monitoring well installation diagrams are provided in Appendix B. 

000-series (2754,2728, and 2733) 
). Monitoring wells (2679 and 3679) were 
. Table 2-1 provides a summary of 

1-inch slot size with a 
wells were screened in 

t length of screen). The 

000014 
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TABLE 2-1 
NEWLY INSTALLED MONITORING WELLS IN THE OSDC SITING AREA 

Surface 
Elevation 
(ft MSL) 

593.5 

605 

585.8 

610 

61 0 

5935 

605 

585.9 

Screen Interval 
(ft BGS) 

Total 1 , 
Depth 

TOP Botlom (ft MSL) 

27 15 25 

30 26 29 

35 22 32 

30 18 28 

120 85 100 

92 70 85 

94 77 92 

77.5 60.5 70.5 

hlonitoring wells installed during the OU-5 

. . . . . . . 

. ... . 

000015 
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During the installation of each monitoring well, a field geologist recorded all  field measurements and 
wellconstruction infomation. Upon completion, each well was developed to venfy it was clear of 
fines and sediments. Water levels were monitored monthly in both the new and existing wells. 

tivity (slug) testing was performed on two 1OOO-series wells (1728 and 1733) in 
e procedures of RI/FS Work Plan. The remainder of the newly installed 1000-series 
cient water column for slug tests to be conducted. 

CAL INVESTIGATION 
This section describes the objectives, methodology, and analyt~cal parameters of the geochemical 
investigation for the OSDC. 

2.3.1 Obiectives 10 

The objectives of the ge 
quantity to support risk 

investigation were to collect data of sufficient quality and 11 

12 

demonstrate that the OS 13 

the environment and human receptors. Geochemical data were collected by executing the following 14 

tasks: 15 

thway analyses. Pathway analyses must be conducted to 
y isolate low-level radioactive waste and/or mixed waste from 

Analyze subsurface soil samples cle size, total organic carbon content, cation 16 

exchange capacity, and mineral0 17 

Characterize the composition uced from cement-treated waste. 18 

Measure contaminant adsorp leachate, perched groundwater, subsurface 19 

soil, and engineered barrier material. 20 

Determine the extent of chemical interaction between leachate and engineered and 21 

natural barriers. 22 

In addition, surface soil samples were collected from geomhnical 
surface soil sampling program ax: 

e objectives of the 23 

u 

To determine the need for site dust control meas -term protection 2.5 

during construction of the OSDC, and 26 

To provide sufficient data to characterize the source term for air modeling for nearby n 
residents and workers during the construction and utilization of the OS m 

2.32 Methodolom and Analytical Parameters 29 

Surface and subsurface soil samples were collected €iom locations specifed for the OSDC 30 

31 

32 

33 

geological/hydrogeological (Section 2.1 and 2 2  of this report) and geotechnical investigatio 
(Technical Report 5.1A). Eight wells were installed at the five locations shown in Figure 2-1 for the 
geologic sampling program. At three locations where two monitoring wells (1OOO- and 2ooO-series) 

2 4  
000016 
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were installed, soil samples were collected from the 2000-series wells only (Monitoring Wells 2728, 
2731, and 2733); the 1000-series were installed without collecting soil samples. For the remaining 
two locations, soil samples were collected from 1OOO-series wells (Monitoring Wells 1070 and 1679). 

nly wells installed in these locations under this sampling program (the 2OOO-series 
y existed or were to be installed under a separate monitoring well installation 

Ei gs were drilled at the locations shown in Figure 2-1 for part of the geotechnical 
sampling prograni. Soil samples were obtained from each of these borhgs. The geotechnical results 

are presented in Technical Report 5.1A. 

, Soil samples at various 
monitoring wells and 
were cornposited from 
borings). These sam 
Analytical results 
potential airborne concentrations of contaminants. 

Particle size, total organic carbon content. and hange capacity are routinely analyzed in most 
commercial laboratories, and these properties to help assess the adsorption potential of 
the soil for organic and metal constituents of mineralogy of subsurface soil samples was 
determined by polarized light microscopy le and x-ray diffraction analysis of the 
silt- and clay-sized fraction. Leachate was generated by contacting distilled water with cement-treated 
waste for a period of 9Odays using a modified ANSYANS 16-1 procedure. The leachate was 
analyzed for all metal and radionuclide constituents of concern and 'cal parameters (e.g., 
pH, Cl-, SO;', etc) to determine the composition of leachate that m the OSDC facility. 
Contaminant adsorption ratios were determined by laboratoxy batch khaven National 
Laboratory. Adsorption ratios were determined for contaminants 
greater than the established background level for perched ground ppendix T m DOE, 1992). 
The chemical interaction of the leachate with minerals in the soil odeled to simulate dissolution 
and precipitation reactions that can modify the leachate composition, soil mineralogy, porosity, and 
permeability. The modified leachate and contaminant adsorption ratios were used in the fate and 
transpo~ model to estimate contaminant levels at groundwater receptor locations. A 
site-spec& geochemical data (including radionuclide and chemical analytical data) ap 
Section 35, and these data are presented m detail in Appendix C. 

All surface soil samples were submitted for full radiological and full Hazardous Sub 
analyses. The full radiological analysis includes: 

llected from each of five borings for the installation of 
each boring 

ocations (five borings for monitoring wells and 18 geotechnical 

used as input data for air dispersion models to estimate 

gs. The first six inches of soil collected 

e soils that could be disturbed during construction. 

te concentration 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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13 
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Gamma spectral analysis 
T o t a l d u m  
Isotopic Uranium: U-234, U-235/236, U-238 
Isotopic thorium: Th-228, Th-230, Th-232 

topic plutonium: PU-238, PU-239/240 
ic radium: Ra-226, Ra-228 

Np237 

The full HSL analysis 

The type and number of analyses are summarized in Table 2-2 (Appendix F presents the geochemical 
analytical procedures and tabulated results). S 
Rl/FS Work Plan, Volume 5, Sections 6.4. 

il sample analyses were conducted per the 

2.4 SURFACE GAMMA SURVEY 
The surface gamma survey (field measurem 
associated with the investigation and cons 
presented in Appendix D. 

ed as a part of the assesslrlent of risk 
C. The results of this survey are 

2.4.1 Obiectives 
The objectives of the surface gamma survey include evaluating the 
remediation workers with respect to occupational safety Limits, and 
fulfill the data needs for risk assessment. These additional objec 

To locate areas containing elevated levels of radion to venfy that radiological 
surface soil sample analytical results from the brings for the installation of monitoring 
wells and the brings for geotechnical samples are representative of the OSDC study 

.... 
To preliminarily identify how much topsoil in the OSDC study area must be as 
contaminated material during construction, and 

To provide information for determining the need for assessing short-term 
workers from external gamma radiation exposure during construction. 

c 
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TABLE 2-2 

RADIOLOGICALKHEMICAL LABORATORY ANALYSES 

Full radiological analysis includes: gamma spectral analysis, isotopic uranium, isotopic thorium, 
isotopic plutonium, tot& uranium, Sr-90, Tc-99, , RU-106, Np237, Ra-226, and Ra-228. 

e ~ ,  HSL Semi-volatile~, and HSL . Full HSL analysis includes: HSL inorganics 
pesticidesKBs. 

. .  . 

2-9 
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2.42 Surface Gamma Survey Methodolorn 
Locations for surface radiation measurements were established according to Section 12 .1  of the 
"Remedial Investigation/Feasibility Study: Volume I: Sampling Plan" @OE 1988). The RI/FS 

uired 100-foot intervals between sampling location. The grid was set up in two 
south and east to west), following the state planar coordinate grid system. 

ected for this program were photoionzation detectors. These detectors were used 
onuclides of greatest concern at the OSDC study area were isotopes of uranium and 

thorium decay series and uranium and thorium of these forms include radionuclides that emit a variety 
of photon energies that are not attenuated greatly by air or vegetation, as would be the case with alpha 
or beta radiations. 

Two types of detectors 

[2"x 2" NaI(Tl)] Scintillation Detector, and 

6 

7 

8 

9 

10 

11 

12 

13 

Instrument count rates (SPA-3mP-1 readings) due to gamma radiation were measured at a distance of 14 

15 

16 

17 

one meter above the ground surface at the node 

scintillation survey instrument readings to e 

-foot grids. Count rates were converted to 
exposure rates using conversion factors (stan ctors) derived from comparisons of 

urements taken with the PIC at the same 
location 18 
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3.0 OSDC SITE CHARACTERIZATION 

3.1 SURFACEFFATURES 
ated on the boundary between the southernmost extent of Pleistocene glaciation and 

ted upland. The advance and retreat of continental glaciers not only shaped the 
hydrogeologic setting for the FEMP region. 

The FEMP lies in- the Till Plains section of the Central Lowland physiographic province, characterized 
by structural and sedimentary basins and domes. Among these features, the Cincinnati Geoanticline 
("Cincinnati Arch") is s cant in this region. The underlying bedrock in the region is 
shale and fossiliferous ddle and Late Ordovician age (Fenneman, 1916). It outcrops 
on steep valley walls in s. In some areas, the bedrock is overlain by glacial 
deposits that range in uch as 400 feet. 

The main physiographic 
streams, and the Great Miami River Valley, which is a relatively broad, flat-bottomed valley flanked 

on either si& by bluffs that rise to a 
The floor of the valley is in large part mildly 

3.1.2 Tomlcra~ hy 
Maximum elevation along the northeastern 
mean sea level (ft MSL) in the region of a bedrock valley wall as shown in Figure 3-1. The former 
production area and waste storage area r a t  on a relatively level plain at an approximate elevation of 
580 ft MSL. The plain slopes from 600 ft MSL at the eastern bo FEMP to 570 ft MSL 

are gently rolling uplands, steep hillsides along the major 

the general level of the valley floor. 
glacial overburden of Wisconsin age. 

is a little more than 700 feet above 

at the K45 silos, and thea drops off towards Paddys Run at an el ft MSL. 

The OSDC siting area varies m elevation from 580 to 610 ft MSL 
relatively hilly, with several hills and the bedrock valley wall ris 
elevations. The eastern half of the OSDC siting area is relatively 
580 and 600 ft MSL. 

orthem half, and is 
m 20 to 90 feet above the base 

th elevations ranging between 

3 2  SURFACE WATER HYDROLOGY 
The FEMP is located within the Great Miami River Basin drainage, but above the river's 
floodplain. The Great Miami River is the receiving stream for the FEMP effluent disc 
represents the main surface water feature m the vicinity of the FEMP (Figure 3-1). 
generally to the southwest and has a drainage area of approximately 3360 square miles at 
gage, which is located about 10 miles upstream from the FEMP discharge outfall. Only a small 
portion in the northeast corner of the FEMP drains directly to the Great Miami River. This zone lies 
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within the OSDC siting area, at the juncture of the northern and eastem halves. A small 

(approximately one-half acre) area in the south portion of the eastern half of the OSDC siting area also 

drains directly to the Great Miami River. 

meandering patterns that result in sharp directional changes over distances of less 
4 meters) (Figure 3-1). Directly east of the FEW, the river passes through a 
known as the "Big Bend." A 90degree bend in the river also occurs near New 

ximately two miles downstream from the FEMP point of discharge. 

Based on 55 years of records, the average discharge of the Great Miami River at Hamilton is 
3305 cubic feet/second ( 
scaling, the correspon 
3460 ft3/s (9.8 x lo7 cm 
Hamilton occurred on 
maximum discharge s 
seven miles upstream of Ross, was 108,000 f?/s (3.1 x 1 4  cm3/s) and occurred on Janwy 21, 1959. 
The ten-year-flood discharge has been calculated to be 81,455 &/s (2.3 x 14 cm3/s) for the site reach 

Natural surface drainage from the FEMP and OSDC siting area is primarily to Paddys Run. 
Paddys Run originates north of the site, drains 

eventually enters the Great Miami River app 
loses flow to the underlying aquifer along 
bottom which is carved into the Great Miami Aquifer. Paddys Run is an ungaged, intermittent stream 
that flows primarily between January and May. with an estimated di,scharge for this period ranging 

x lo7 cubic centimeters/second [cm3/s]). Using drainage area 
at the FEW point 'of discharge has been estimated to be 
um discharge ever recorded for the Great Miami River at 

and was estimated to be 352,000 ft3/s (10 x lo9 cm3/s). The 
in 1922 of five retarding basins, located approximately 

ong the west side of the FEW, and 
miles south of the FEMP. This stream 
e due to its highly permeable channel 

between 0.2 and 4.0 f?/s (5.7 x I d  to 11.3 x 104 cm3/s). Peak flows have not been measured. 

A principal drainage feature of the FEMP is a tributary to Paddys 
Outfall Ditch. This drainage course originates east of the 

across the southern portion of the site, and e n m  Paddys Run 

east of the former production area. is composed of sand and gravel. Vertical seepage rates through the 
stream boaom are similar to Paddys Run. This drainage come is generally dry throughout most of 
the year, with flows occurring during and immediately after precipitation. 

The Storm Sewer Outfall Ditch historically conveyed surface water runoff from the former 
area directly to Paddys Run when the capacity of the storm sewer lift station, which di 
storm water in Manhole 175, was exceeded. Storm water retention basins were constructed 
1986 and December 1989 at the head of the Storm Sewer Outfall Ditch. Storm water runoff from the 
former production area is now conveyed to these retention basins. After at least a %hour retention 

as the Storm Sewer 
flows southwest 

property. Much of the stream boaom of this drainage come, whic collects runoff from an area 
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period to allow for settling of suspended solids, the water is pumped out of the basins to the Great 
Miami River via the FEMP’s xnab effluent line. The basins are designed to retain the runoff from a 
10-year, %-hour rainfall event; only in the event of an overflow would storm water from the former 

ter the outfall ditch. 

area is consistent with that of a post- 
groundwater resource potential, the area 

around the FEMP had been extensively studied by the U.S. Geological Sunrey (USGS) and the Ohio 
Department of Natural Resources (ODNR). These studies have been combined with work performed 
during the RI and with 
geology and hydrogeolo 

The geologic history, re 
sections. A discussion 
area is given m a separate section following the regional summary. 

d analysis results for the OSDC siting area to develop the 

, and regional hydrogeology are summanzed inthefollowing 
ologic and hydrogeologic conditions specific to the OSDC siting 

3.3.1 Geolonic History 
The geology of the FEMP area has been previo by Fenneman (1916). Dunell (1961). 
Spieker (1968). Watkins and Spieker (1971). (1986) provide detailed geologic 
descriptions. Based on these studies, with m d extensions resulting from data collected 
during the RI studies, a comprehensive geol been developed for the study area. This 
geologic history is summarized below in relation to those aspects of principal importance to the siting 
of the OSDC. 

In Late Ordovician time (approximately 450 million years ago), s h would become 
predominantly flat-lying shale with thin, interbedded limestone wer 
shale and interbedded limestone f a n s  the relatively impemable 
FEMP area and forms the highlands to the north. 

in a shallow sea. This 
ch now underlies the 

The shale rock units found in the FEMP area formed from fine, landderived deposits washed onto the 
shallow shelf during major stonn events. The bes tone  rock units were fonned from carbonate 
sediments precipitated in the clear. shallow waters of the shelf. The presence of inte 
and limestones represents fluctuations (cycles) between these two modes of deposition. As 
cycles progressed, the depositional environment shifted f h m  a lower energy, some 
setting where shale deposition was predominant, to a shallower, higher energy se 
deposition occurred. These cycles repeated over time and were controlled by th 
occurrence of tectonic subsidence or uplift, sedimentation rates, and other factors (ODNR 1991). 
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During the Kansan-Illinoh interglacial period (300,000 to 450,000 years ago), a large watercourse 
(larger than the present-day Great Miami River) cut a valley into this shale bedrock to a level of more 
than 200 feet below the present-day Great Miami River, forming the Deep Stage Drainage System. 

glacial events, sea levels drop because of the large amount of water stored as ice on 
s drop in sea level allowed the rivers in the Deep Stage Drainage System to carve 
feet deeper into the bedrock in the Cincinnati area than could happen under 

C onditions. 

As the Illinoian glacier advanced further into the Cincinnati area, the ancestral Ohio River flowing in 
the Deep Stage Valley was dammed by the glacier. The lake that formed behind the dam overflowed 
at the low divide in the 
present come of the 0 
Miami River out of the 
just north of New Bal 
original Deep Stage 
this valley, it is much smaller than the ancestral Ohio River Valley. This two-mile-wide valley was 
termed the New Haven Trough by Fenn 

During the Illinoian glacial retreat, about 250, 
Haven Trough was filled with about 200 feet 
deposited by water nmning from the margins 
and gravel. This formed the Great 
overburden was deposited on top of these sediments during the Wisconsin ice advance, about 
100,OOO years ago. 

present day Anderson’s F e q .  As the divide eroded, the 
blished. A further ice advance forced the ancestral Great 

ey and caused it to carve a new narrow deep stage valley from 

water from the Great Miami River and its tributaries carved 
on about one mile west of Cleves, where it returned to the 

go, the Deep Stage Valley including the New 
sediments. These sediments were 
and consisted mainly of well-sorted sand 
t of poorly-sorted, clay-rich glacial 

When the Wisconsin ice sheet advanced to its southern limit, it d moraine, the 
Shelbyvllle End Moraine, south of the present-day FEMP site. 
blocked the course of the ancestral Great Miami River and forced i 
valley of present day Paddys Run and cut a new valley to the sou 
River Valley is presently located. The terminal moraine also bl 
Whitewater River, creating a lake as the ice sheet retreated. The drainage disruption caused the Dry 
Fork of the Whitewater River to abandon its ancestral valley and cut its present valley to the west. 
When the end moraine was breached, the lake drained and created Paddys Run, which 
the ancestral Dry Fork Valley. 

Postglacial erosion by the Great Miami River and its tributaries removed sigruficant 
glacial overburden and left terrace remnants which stand topographically higher than surr 
bottom lands. Today, in the area of the FEMP, the Great Miami River flows south from Middletown 
to just north of New Baltimore in the former Deep Stage Valley. There is no surface stream 

its channel under the 
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occupying the Deep Stage Valley between the Great Miami River east of the FEMP and the 
Whitewater River west of the FEW. 

g area lies on glacial overburden above the terrace remnants left after the 
e present day Great Miami River channel. This geologic history of bedrock erosion 

g in of the valley with glacial outwash and till gave rise to the present day 
de DC siting area. 

3.32 Renional Geolonv 
The geology of the FEMP and its surrounding areas can be divided into three primary stratigraphic 
units: thebedrock,thes 
overburden deposits. 
and are described in the 

1s of the Great Miami Aquifer, and the unconsolidated glacial 
gic units occuf within the OSDC siting area to some degree, 

3.32.1 Bedrock 
The bedrock in the FEMP region consists of nearly flat-lying sedimentary rock of Ordovician Age 
(approximately 450 to 500 million years old 6). The sedimentary bedrock consists 
primarily of mterbedded shales and limestones of 
System (Swinford 199Oa). 

The Cincinnati Group sedimentary rocks have 
provides a stratigraphic column showing 
members (subdivisions of the formations), lithologic description, and a range of thicknesses for the 
formations. Swinford (199Ob) r e p  that the shale units are predominately light to dark gray, bluish 
gray, thin-bedded, silty, and are sparsely fossiliferous (containing fo 
units. The limestone units are typically light to dark gray, bluish 
argillaceous (containing clay-size particles or clay m i n d s ) ,  with 
units. The limestone units usually exhibit planar to wavy bedding 
bedding in the older units. Appendix E provides detailed descripti 
formations for the FEMP area. 

c h t i  Group of the Upper Ordovician 

into seven foxmations. Figure 3-2 
tion at the boaom of Figure 3-2). 

to the limestone 

on to abundant m most 

sequence of the bedrock 

According to research conducted in the Vicinity of the FEMP (Scotfosd 1965). Cincinnatian Series 

shales exhibit a persistent vertical and lateral textural, minedogid, and chemical 
Scotford's research shows that the mean particle size distribution for the shales is 38 perc 
59 percent silt, and 3 percent sand. The mean mineral composition of the shales 

6 percent calcite, 9 percent dolomite, 51.3 percent illite, 9.7 percent chlorite, with 
kaolinite, feldspar, and pyrite. The mean elemental weight percentages for the 
silicon, 7.8 percent aluminum, 8.6 percent calcium, 3.9 percent potassium, 2.4 percent magnesium, 
3.0 percent iron, 0.4 percent titanium. The remaking percentage is oxygen and small, undetermined 
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VI 
VI+ MAP 

YMBOL LITHOLOGY 
0 
Y z. 

ROCK UNITS 

------ 
INTERBEDDED SHALE AND LIMESTONE. SHALE 
MAKES UP 65 PERCENT OR MORE OF UNIT. 

INTERBEDDED LIMESTONE AND SHALE. LIMESTONE 

50 PERCENT OR MORE OF UNIT. 

LIMESTONE AND SHALE. LIMESTONE (IRREGULAR 
BEDS) MAKES UP 60 PERCENT OR MORE OF UNIT. 

u ------ aw I-----A 
I l l  (BEDS ARE IRREGULAR TO PLANAR) MAKES UP -------- -------- -------- 

' 
INTERBEDDED SHALE AND LIMESTONE. SHALE L-1 . I81 MAKES UP 60 PERCENT OR MORE OF UNIT. 

MAKES UP 50 PERCENT OR MORE OF UNIT. 

1FVRMCF. 
dODlFIED FROM THE STATE OF OHIO, DEPT. 
)F NATURAL RESOURCES, DlVlSlON OF GEOLOGICAL 
URVEY, BEDROCK OF THE SHANDON OUADRANGLE 
HAMILTON CO. PORTION), 
1.M. SWINFORD, 1990 

b .  

. . .  . 

FIGURE 3-2 GENERALIZED STRATIGRAPHIC SECTION FOR THE FEMP AREA 
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amounts of sodium and other elements. Tables 1,2,  and 3 in Appendix E show chemical analyses of 
the Cincinnatian Series shales. 

k beneath the FEMP consists of predominantly flat-lying Ordovician shales with 
layers of limestone. During Pleistocene interglacial periods prior to the Illinoian and 

dvances, the ancestral Ohio River eroded a valley, termed the New Haven Trough, 
e New Haven Trough has a broad, relatively flat bottom and steep valley walls 

compassing the FEMP are bedrock topographic highpoint areas ("bedrock highs") that 
slope up sharply from the valley floor. 

In the vicinity of the 
tributaries. Figure 3-3 
tributary (Shandon T 
wide and 200 to 400 
Miami River channel, 
and Speiker, 1971). 

Haven Trough consists of a major buried valley and its 
ew Haven Trough is oriented northeast to southwest with a 
om the northwest. The New Haven Trough is about 2 miles 

ugh follows the general direction of the present day Great 
west or north of the river over much of its course (Watkins 

South of the town of F d d ,  Ohio a som 
was cut into bedrock splits from the main buri 

Miami River. The lesser valley rejoins the 
Ohio. 

(about 05  miles wide and 100 feet deep) 

buried valley near the town of Cleves, 
following the present course of the Great 

During the retreat of the Illinoian ice sheets, the bedrock valley was filled with 200 feet of 
glacioflwial sand and gravel, which today is the Great Miami Aquifer. 

Watkins and Spieker (1971) performed extensive seismic refraction 
and extent of the sand and gravel deposits filling the bedrock vall 

conjunction with the refraction m e y s  to v e w  the accuracy of 
depth of the valley floor. 

3 . 3 2 2  Great Miami Aauifer 
The pomon of the Great Miami Aquifer that underlies the FEMP consists primarily of glaciofluvial 
sand and gravel outwash deposited duxing the latest two Pleistocene glaciations. Thes 
unconformably an the Ordovician shales and limestones, filling the bedrock valley to 
200 feet in places. In the FEMP area, the thickness of the Great Miami Aquifer vari 
200 feet in the valley and tributary valley centers to only a few feet along the valley walls. 

the glacioflwial deposits are heterogeneous, they are typically well-sorted sands and 
minor amounts of silt and clay. Within the coarse-grained sediments of the Great Miami Aquifer lies 
an interbedded clay layer that underlies most of the FEMP. The clay interbed pinches out m the 

etexmine the thickness 
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eastern portion of the FEMP and is only present beneath the western portion of the OSDC siting area. 
The clay interbed lies about 100 to 125 feet below the surface and generally about 60 to 80 feet below 
the water table. It ranges from 5 to 15 feet in thickness and consists of a low permeability 

y which acts as an aquitard within the Great Miami Aquifer. Because of this 
r is divided into upper and lower halves. 

mterbedded layer is uniform in texture and contains only a small amount of silt and 
sited in a lacustrine or lowenergy fluvial environment and displays varving in some 

samples. The interbed pinches out to the south and east, extends an unknown distance to the west, 
and grades into other lacustrine, glaciofluvial, and glacial till deposits to the north in the Shandon 

ami Aquifer throughout most of the study area. It is of 
cusaine deposits, till, and glaciofluvial sediments. The 

a regional basis, as it is composed of varying amounts of the 

four materials, differing in structure and extent from location to location. For this reason, these 
materials are grouped into one unit for this disc 

Within the FEI", the glacial overburden rang 50 feet in thickness, but most commonly 
averages between 20 and 30 feet. It extends d west outside of the FEMP area, but ends 
within the FEMP area to the south and east Miami River has smpped off the glacial 
overburden as it carved its present channel. The types of materials included as glacial overburden are 
described as follows: 

* 

Loess: Loess is an aeolian deposit consisting of h 
blankets large areas within the study area and is de 
unconsolidated glacial and glacioflwial sediments. 
yellow or yellow-brown silt bed of an approximate 

* Lacustrine -sits: The lacustrine deposi 
sorted. stratified fine sands, silts, and clays, 
be interbedded with wave-sorted beach deposits along the margins of a former lake 
basin. Lacustrine deposits are found primanly along Paddys Run and are generally 
several feet in thickness. 

- Tik  Undifferentiated till makes up the bulk of the glacial overburden mate 
study area. The tills were deposited either subglacially or at the melting 
glaciers and consist of a heterogeneous mixture of clays, silts, and 
be of several types, including moraine deposits, ablation tills, and subglacial 
The tills in the FEMP area range in color h m  tan to brown to gray 
and 40 feet in thickness. They OCCUT throughout most of the study area, but are not 
present in areas close to the Great Miami River, where they have been removed by 
erosion or were not deposited. 

dy area consist of well- 
present. The clays may 
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Glaciofluvial Dewsits: Glaciofluvial beds deposited by mar@ or subglacial 
meltwater streams are interbedded within the till deposits. These beds consists of well- 
sorted sands and fine gravels. They are regionally discontinuous within the till and 
occur throughout the study area. They range in thickness from a few inches to over 
10 feet. Locally, interconnection of these beds may allow migration of groundwater 
within the glacial overburden. 

dwater pathway underneath the FEMP (including the OSDC siting area) is the Great 
Miami Aquifer. The aquifer lies within the bedrock valley previously described but has only minor 
interconnection with the valley walls. Overlying the Great Miami Aquifer is the Wisconsin Age 
glacial overburden, whi ocalized pathway into the aqufer in some areas. Both of these 
units are discussed in th 

areas with similar hydrologic and geologic properties 
that are distinct from o of the aquifer. These subdivisions have been designated as 
hydrogeologic environments (Spieker 1968). A hydrogeologic environment describes a portion of an 
aquifer possessing hydrologic and geologic M e r  from the properties of the aqufer in 
adjacent areas. During these investigations, drogeologic environments were identified 
and mapped in the Great Miami River Valley. ironments include: 

0 gravel aquifeq recharge by induced 

Tvpe II: Sand and gravel aquifer without the possibility of stream recharge. 

T v ~ e  III: Sand and gravel aquifer overlain by clay; ge generally not 
available. 

'Itrpe Tv: Buried valleys filled with clay; large wat 

'Itrpe V Shale and limestone bedrock overlain by 

enerally not available. 

ge water supplies generally not 
available. 

Two characteristics of unconfmed aquifers are used to characterize them. These characteristics are 
transnissivity and specifii yield, which describe the ability of water to move through 
material and the ability of the aquifer to produce water. respectively. The higher the 
greater the ability to transmit water. The specific yield is a measure of the quantity of wat 
aquifer will yield from storage when the hydraulic head declines, and is related to the poro 
grain size. The smaller the grain size, the more water that will be retained in the a 

available to a pumping well. Conversely, coarser sediment will retain less water and have a larger 
specific yield. 
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The Type I hydrogeologic environment (sand and gravel aquifer, recharge by induced stream 
infiltration potentially available) describes the Great Miami Aqwfer along the flood plain of the Great 
Miami River to the south and east of the FEMP and the OSDC siting area, and also in the valley of 

and south of the fomer production area and may occur m the extreme southwest 
siting area. The Type I-A-1 aquifer is 150 to 200 feet thick, and the Type I-A-2 
0 feet thick; both are underlain by bedrock. The aquifer sediments crop out at 

t r e a ~ ~ ~  infiltration is possible in areas proximal to local streams. The lithology of the 
of well-sorted sand with gravel, although scattered lenses of clay or fme- 

grained material aie also present. In the main valley, these lenses are not of sufficient thickness or 
areal extent to act as s 
transmissivity generally 
6224 square meterslday 
much as 3,000 gpm. 

The Type II hydrogeo 
recharge) is characterized by having less than 150 feet of sand and gravel, with no areally extensive 
interstratified clay layers present. Recharg 
for the aqufer is about 0.2. Large groundwater 
aquifer. Those portions of the Great Miami Aq 
environment are of limited areal extent, within 
proximity to bedrock valley walls. This hy 
OSDC siting area. 

rs or to sigmfkantly affect groundwater movement. Aquifer 
,060 to 67,000 square feet per day (f?/&y) (3716 to 
a specific yield of about 0.2. Individual wells can yield as 

(sand and gravel aquifer without the possibility of stream 

on is not available. The specific yield 
s are not generally available from the Type II 

exhibit characteristics of a Type II 
. They are generally located m close 
nment occuts in the northern half of the 

The Type III hydrogeologic environment (sand and gravel aquifer overlain by clay, stream recharge 
generally not available) is characterized by clayey glacial overb 
Aquifer. In the region directly beneath the FEMP, the aquifer is di 
a clay interbed approximately 10 to 20 feet thick ocmrring appro 
This condition occufs in the westemmost portion of the OSDC si 
classified as a semiconfined or leaky confined aquifer. Spieker 
c&icient of storage of 0.001 for the lower sand and gravel aq 
transmissivity range of 4,700 to 40,OOO f?/day (437 to 3716 m2/day). 

the Great Miami 
per and lower parts by 

t below land surface. 
ce, the lower aquifer is 

. (1962) have estimated a 
pieker (1 968a) estimated a 

5 7 6 9  

The Type IV hydrogeologic environment (buried valleys filled with clay, large water 
generally not available) is typified by valleys filled largely with clay. No examples of 
environment are found within the FEMP area or the OSDC siting area. 

The Type V hydrogeologic environment (shale and limestone bedrock overlain by fill 
supplies generally not available) includes all of the areas outside of the buried valley of the Great 
Miami Aquifer. These afeas are bedrock uplands consisting of shale with interbedded limestone 
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overlain by 50 feet or less of clay-rich glacial overburden. Large quantities of groundwater are not 
generally transported through this material. Well yields vary widely, generally ranging from 0 to 
10 gpm (0 to 631 cm3/sec). However, sand and gravel lenses are erratically dismbuted throughout this 

and, in some cases, wells completed in these units may yield up to 50 gpm. This 
onment occurs north of the OSDC siting area. 

3.33.2 Glacial Overburden Groundwater System 
In e regional hydrogeologic environments in the Great Miami Aquifer, localized perched 
groundwater occurs in the glacial overburden. The perched groundwater system is not described by 
the USGS as a separate environment type, but is described as the uppermost, recharge-restricting layer 
of the Type III hydroge 

The four glacial overbur 
hydrogeologic characteri 

sent in the regional geologic setting have the following 

of loess deposited during Pleistocene and post-Pleistocene time 
generally consist of silt with small amounts of clay. These deposits are moderately 
cohesive with a porosity of 
reported as 0.028 ft/day to 2.8 (1. 

due to fracturing. animal burrows 

permeability (Freeze and Che 

ydraulic conductivity for loess is 
cm/s) without secondary 

e an enhanced secondary permeability 
o 1.0 x 

tubes, as indicated by site borings. These 
that greatly exceeds the unenhanced 

Lacustrine Depo th interbedded near-shore beach sands 
were deposited in meltwater lakes that existed during Pleistocene time. Unfractured, 
fine-grained lacustrine deposits can form large aquitards as evidenced by the clay 
interbed within the Great Miami Aquifer, while near-surface deposits are generally 
fractured The interbedded sand and gravel beach d 
are limited in extent and yield. 

- Till: Till consists of sediments that are deposited 
the top of a glacier without the sorting action o 
made to differentiate the till types or to determine 
heterogenous mixture of silt, clay, sand, gravel, 
the comer materials are present, the r i l l  in the study area is too fine grained to be a 
permeable hydrogeologic unit. 

rm aqwfers, but these 

from within, or from 
, no attempt has been 
sheets exist. Till is a 

materials. Although 

At the Fernald site where shale and limestone compose the regional bedrocic, glacial 
erosion has produced. till composed mainly of silt and clay which, therefore, has low 
permeability. Water supply investigations which included the FEMP (Spieker, 1968a, 
1968b) considered the glacial overburden as an aquitard which restricted surface 
recharge to the Great Miami Aquifer. Investigations in similar geologic settings 
(Hendry 1988; Cravens and Ruesduli 1987; Barari and Hedges 1985; Grisak et d. 1976; 
Hendry 1982) indicate that till deposits can be divided from a hydrogeologic standpoint 
into an oxidized near-surface weathered zone and a deeper, reduced unweathered zone. 
These studies indicate that infiltration occurs only in the weathered till, in which much 
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of the infiltrating water is lost to evapotranspiration. In addition to this loss, some water 
discharges to seeps or drainages. This latter type of loss is evident in the FEW area 
along Paddys Run, where small seeps occur during periods of high rainfall. 

Most of the large productive aquifers found in areas covered by 
ental glaciation are found in the glaciofluvial outwash deposits left by the 
ater of receding glaciers. These deposits, which consist of Well-Sorted sand and 

by surface layers of till or glaciolacustrine silts and clays and may also have 
ed tills which act as aquitards. 

ive blanket valley fill deposits. At the FEW, these deposits are 

In the OSDC siting area perched water was encountered in 5 borings in the northern portion of the 
siting area (Borings 17 
portion of the siting 
portion of the OSDC 
portion (Boring 1740) i 
encountered it occ 
Appendix A). The occwence of the perched water zones appear to be limited to areas of relatively 
coarse sedimenthigh porosity in the generally fine-grained sediments. Dense, fine-grained glacial till 

736, and 1737, Appendix A) and 1 boring in the eastern 
Appendix A) (Figure 3-4). The perched water in the northern 
and 21 feet below ground surface (BGS), while in the eastern 

et BGS. In most of the borings where perched water was 
wn to gray sandy clay or clayey sand (Boring Logs, 

and glaciolacushine deposits of silt and clay c 
However, small-scale fluvial and beach deposits 
interbedded within the till form layers of re 
conductivities in the perched zones at the sit 
lo* a d s ) ,  based on falling head tests in 1 
overburden vary with the season and specific locations. In other portions of the FEW, depth to 
perched groundwater in the glacial overburden ranges from 0 to 15 feet BGS. The southwest portion 
of the FEMP site is where perched water occurs at the surface, as 
water table can seasonally fluctuate by up to 10 feet at a single 1 e highest water levels 
occurring during the early spring and the lowest during the late 
perched water elevation varies from 12 to 24 feet BGS. A limited 
measurements have been made in these (OSDC) perched-water 
seasonal variation in elevation occurs. 

e overburden as an aquitard in most locations. 
shore deposits) of coarser sediments 

x lo-) to 0.85 ft/day (2.8 x lod to 3.0 x 
The hydrogeologic characteristics of the 

ulic conductivity. Hydraulic 

DC siting area the 

The perched groundwaters in the glacial overburden at the FEMP occur under both confined and 
unconftned conditions. General groundwater movement m the perched system in the 
FEMP is toward Paddys Run and the Storm Sewer Outfall Ditch. However, because the s 
perched zones are not interconnected across the facility, the movemat of fluids is likely to 
discontinuous with Merent areas affected by different influences. The flow patterns wi 

zones vary seasonally due to variations in recharge. Shallow groundwater flow may also 
by the widespread presence of drain tiles installed by the previous owners of the property in support of 
agricultural activities (WMCO, various memos, 1987). 
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3.3.4 Local Geolom and Hydroaeolom 
The local geology and hydrogeology of the OSDC siting area is representative of conditions present 

New Haven Trough. The Great Miami Aquifer lies within the bedrock valley and is 
of glacial overburden sediments, which have been stripped off by stream erosion in 

dys Run. Throughout the majority of the OSDC siting area the overburden 
present, and form a capping layer on top of the Great Miami Aquifer. 

Within the OSXSiting Area, the glacial overburden varies &tween 8 and 50 feet in thickness, with 
the majority of the OSDC siting area being covered by a 30- to 40-foot thick layer (Figure 3-5). 
Figure 3-5 shows that the glacial overburden is generally greater in the northern 
portion of the OSDC si northern portion also has the greatest range in glacial 
overburden thickness. portion of the OSDC siting area south of Monitoring Well 
3051 , the glacial ove thickness between 21 and 37 feet. The OSDC, if constructed, 
will be placed directly o acid overburden layer after excavating approximately 11 feet of 
overburden to allow p 
borings are given in Appendix A. 

The review of the boring logs for the OSDC s 
clay and silty clay with some fine sand lenses 
the lithology described in the RI/FS and pres 
sections showing the relationship between th 
Figures 3-6 and 3-7. Cross section A-A’ is oriented north to south extending along the length of the 
eastern portion of the siting area (Figure 3-6). Figure 3-7 shows cross section B-B’ oriented west to 
east along the northern boundary of the siting area. 

r system. Boring logs for geotechnical and monitoring well 

vealed that the glacial overburden consists of 
f gravel This lithology is consistent with 
n 3.3.2 (Regional Geology). Two cross 

ers and the bedrock are provided in 

The portion of the Great Miami Aquifer which underlies the 0 varies in thickness 
depending on its proximity to the bedrock valley walls. In the east the OSDC siting area, 
the aquifer varies between 100 and 150 feet m thichess, with the ty of the areas underlain by 
150 feet or more of aquifer material. The northern half of the is adjacent to a 
bedrock valley wall, and is underlain by a rhinning portion of the aquifer. The Great Miami Aquifer 
ranges from 0 to 100 feet in thickness in this region, thinning to 0 feet in thickness in the central and 
eastern portions of the northern half of the OSDC siting area. In these regions, the 
Aquifer is absent along the valley walls and glacial overburden lies directly in contact wi 
bedrock. Approximately 10 percent of the OSDC siting area has this condition. 

The review of the OSDC siting area boring logs also confirmed the presence of int 
limestone bedrock. Top of bedrock elevation contours for the OSDC siting area are shown in 
Figure 3-8. The bedrock as presented in this figure, slopes steeply (from elevation 450 to 600 ft MSL 
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over a distance of approximately lo00 feet) upward to the north in the northern portion of the siting 
area. This representation is consistent with the position and configuration of the bedrock valley as 
previously described in Section 3.32. 

ce in the southern portion of the OSDC siting area is nearly flay-lying at an 

the southern portion of the OSDC siting area. 

0 

ately 370 ft MSL. It occm at a depth of approximately 225 feet below the 

Groundwater flow within the OSDC siting area is primarily to the east, towards the two large capacity 
collection wells operated by the Southern Ohio Water Company (SOWC) (Figure 3-9). Groundwater 
varies between 513 and vation (MSL), with the highest gradients occurring in the 
northwest portion of 
northern half of the OS to 0.05 percent in the eastern half. Assuming an average 
hydraulic conductivi t per day (fvday) (137 meters/day [m/day]) for the Great Miami 
Aquifer, this translates t ity range to 0.2 to 0.7 ft/day (0.06 to 0.21 m/day) in the 
OSDCsitingarea. G ts such as uranium would be expected to travel more 
slowly than these numbers due to their retardation by the aqwfer matrix in the form of adsorption. 

ea. Groundwater gradients vary between 0.15 percent in the 

3.4 SEISMOLOGY 
This section presents a summary of the seismo 
provided in Technical Report 5.1A, Enginee Report for On-site Disposal. 

The FEW site is located on the eastern ed entral physiographic province. The 
central stable region represents the interior of the American tectonic plate, and this area has been 
relatively undisturbed since Precambrian time. Two distinct geolo ist in the cenaal 
stable region near the FEMP site: 

area of the FEMP. A complete discussion is 

\ 

The Cincinnati Arch which extends northward from 
Ohio and Kentucky 

The Findlay Arch which extends northeastward in 
intersects the Bowling Green fault zone. Faulting in the areas of the FEW site is 
limited. The Bowling Green fault lies approximately 120 miles to the north of the 
FEW site and an unnamed fault zone extends from Kentucky to about midway between 
Cincinnati and Portsmouth, Ohio. Outside the state of Ohio, the active N 
fault zone lies approximately 300 miles away from the FEW site. 

the western border of 

mer of Ohio and 

The largest hown earthquake to have occurred in Ohio occurred in the Anna, Ohio area o 
1937 and has been listed as VIT to WI on the Modified Meracalli Intensity scale o. 
corresponding MMI at the FEMP site would have been IV to V. There have been four earthquakes in 
the Anna, Ohio area having MMIs of VII, and would probably have resulted in intensities of N to V 
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at Fernald. However, it appears that based on historical activity the New Madrid seismic zone can be 
a greater seismic threat to the FEMP site than the Anna, Ohio seismic zone. The MMI at the FEMP 
site for the 1811 to 1812 New Madrid series earthquake is WI based upon an isoseismal map of the 

1 earthquake (Agermissen, 1983). 

there are usually two earthquake levels to be considered in design. The design or 
quake corresponds to a 100-year retum period for a 50-year design life facility. 

most credible earthquake corresponds to a return period in the range of 500 years to 
lo00 years. When safety is a consideration for new facilities, the facility should be designed to 
approximately a 500-year return period earthquake level. For the EMP site, the 100-year return 
period design basis earth 

acceleration (g). Similar 
of 0.1Og to 0.12g. In ad 
FEMP Site are required 
1o00-year return period 

nds to a peak ground acceleration (PGA) of 0.06 gravitation 
to 1OOO-year most credible earthquake corresponds to a E A  
ve, all new or renovated moderately hazardous facilities at the 

6430.1A (DOE, 1988) to be shut down safely in the event of a 
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However, the revised DOE Order 6430.1A (DOE, 1989) references UcRG15910 "Design and 
Evaluation Guidelines for Department of mer  
as an acceptable approach for design evaluation 

15 

16 

17 

18 

19 

es Subjected to Natural Phenomena Hazards" 
facilities for the effects of natural phenomena 

hazards. For the FEMP, UcRL15910 rec 

and 2 x le, respectively; that is, return pe 

um horizontal ground surface accelerations 
of O.lOg, 0.13g, and 02Og for earthquake eedance probabilities of 2 x lU3, 1 x 

, 1OOO-year, and 5000-year, respectively. 20 

3.5 GEOCHEMISTRY ' 

Site-specific data collected as part of geochemical cbaracterizati 
organic carbon content (20 samples), cation exchange capacity (20 
(20 samples), leachate composition (3 samples), and contaminaut a 
4 metals and 3 radionuclides). These data are * e d h e r e  tabulation of the 

siting area are total 
mineralogy 

os (determined for 

analytical results appears in Appendix c. 

Total organic carbon content is plotted against cation exchange capaciv in Figure 3-10, where it can 

be seen that cation exchange capacity, as measured by exchangeable sodium ion, is independent of the 
total organic carbon content. However, many heavy metal cations do adsorb to organi 
soil, and they would be expected to correlate posiavely With the total organic carbon c 
Therefore, the relationship exhibited in Figure 3-10 is strictly valid only for sodium ion. 

Figure 3-11 Summarizes the soil mineralogy based on 20 soils samples collected 
siting area. The individual analyses are given in Appendix C. The soils are dominantly lithic 
fragments of calcite and dolomite with quartz, potassium feldspar and clay minerals. An optical 
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estimate of organic content m the soil samples appears as humus. The 3.5 percent humus estimate for 
the average OSDC siting area soil is based on the area in a cross-section slice of the soil sample 
(referred to as modal percent) and is not directly comparable to the measurement of total organic 

r is a visual estimate and the latter a direct mass measurement obtained by 
arbon to carbon dioxide. 

ount for about 15 percent of the average soil, and are comprised of illite, corrensite, 

cation exchange Capacity of the soil (Figure 3-12). This is largely a result of the greater surface area 
available for exchange and adsorption reactions in clay-rich soils. The cation exchange capacity of 
OSDC siting area soils v 
precision of cation exc 
in Figure 3-12 ranges fro 
heterogeneity in duplicat 

Composited waste from Operable Unit 1 was used to make cemenwaste formulations for the modified 
ANSYANS 16-1 leach tests. Operable Unit 1 was selected for this characterization because it 
represents the largest volume of process-generat that may be placed in the OSDC. The 
cementbvaste formulations are given in Appen they were chosen from a field of 
20 formulations based on their relative co and resistance to leaching of 
contaminants. A deionized water leachant w tests to simulate rainwater falling on the 
treated waste. The use of actual rain e results of these tests, as pH differences 
between rainwater and deionized water are overwhelmed by the ability of the cemented waste to buffer 
the leachant at high pH (i.e., above pH = 11). 

n-oxide minerals. In general, the percent of clay minerals in the soil controls the 

ut 1 to 14 milliequivalents per 100 grams. Note that the 
ents is poor (i.e., relative percent difference for duplicate pairs 
rcent), and is pnmanly the result of mineral and particle size 

Leachate compositions derived from the cement/waste formulations 
Constituents of concern that wexe detected m the leachate include 

molybdenum, vanadium, technetium, radium, and uranium. Of th 
lead, molybdenum, vanadium, technetium, radium, and d u m  
established background levels for perched groundwater in the g 
constituents were evaluated for adsorption ratios by the batch method 

onstituents barium, 
trations above the 

erburden (Table 3-2), and these 

Results, findings, and applications of the batch adsorption tests will be presented und 
in the report to be entitled "Risk-Based Evaluation via Groundwater Pathways for an OnSit 
Cell. Reparation of this report and further batch adsorption tests on vitrified wastes 
authorized by FERMCO. 
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Figure 3-12 
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TABLE 3-1 
ANALYTICAL RESULTS FOR 90-DAY LEACHATE 

DERIVED FROM MODIFIED ANSYANS 16-1 

C 

pH (std. units) - 

Eh (millivolts) 

Ammonium ( m a )  

Carbonate ( m a )  

Chloride(mg/L) . 

Fluoride ( m a )  

Nitrate ( m a )  

Phosphate ( m a )  

Sulfate ( m a )  

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

Total Organic Carbon ( m a )  

Citrate ( m a )  

EDTA ( m a )  

-te (mg/L) 

Aluminum ( m a )  

Antimony ( m a )  

Arsenic ( m a )  

Barium (ma) 

Beryllium ( m a )  

cadmium (ma) 

1046-18 

1 1.95 

200 

17.8 

3.6 

92.6 

0.2 

336 

1.23 

<1 

6.44 

4.03 

4.002 
1.82 

4.002 

4.005 

174 

0.0105 

4.01 

0.0336 

4.02 

0.0023 

02 

SAMPLEID 

1046-30 

11.99 

198 

19.8 

1 

79.3 

0.15 

273 

0.93 

Q 

9.0 

<1 

<1 

<1 

7.23 

4.005 

93.4 

0.029@ 

4.0  1 

0.0314 

4.02 

4.002 
0.131 

000048 

1046-46 

12.36 

161 

24.6 

1.1 

69.5 

0.2 

282 

1.8 

9.5 

12.5 

<1 

<1 

<1 

0.244 

4.03 

4.002 

5.89 

4.002 

4.005 

674 

0.406 
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TABLE 3-1 
(Continued) 

Nickel ( m a )  - 

Potassium (ma) 

Selenium ( m a )  

Sodium ( m a )  

Silicon ( m a )  

Silver ( m a )  

Vanadium (ma) 

z.uc ( m a )  
Strontium-90 @Ci/L (mg/L)) 

Technetium-99 @Ci/L ( m a ) )  

Ruthenium-106 @Ci/L (me)) 

Cesium-137 @Ci/L ( m a ) )  

Radium-226 @ C i  (mg/L)) 

Radium-228 @Ci/L ( m a ) )  

Thorium-228 @Ci/L (mg/L)) 

Thorium-230 @Ci/L ( m a ) )  

Thorium-232 @Ci/L (mg/L)) 

uranium-234 (PCJL (mg/L)) 

Uranium-238 @Ci/L (mg/L)) 

Plutonium-238 @Ci/L ( m a ) )  

Urani~m-235/236 @Ci/L) 

PlutoniUm-239/240 @ci/L) 

co.01 

co.oO02 

0.232 

c0.02 

239 

1.6 

4 .01  

0.0207 

0.0058 

34.6 ( 3 5 8 )  

16.5 (6.1511) 

1.7 (2.1E-12) 

2.11 (1.057) 

4 (8 .153)  

2.67 (43E-7) 

<1 

4.95 (15E-2) 

c1 (d.8E-11) 

c1 

SAMPLE ID 

4 .01  

co.0002 

0.513 

4.02 

242 

c0.002 

224 

3.64 

4.01 

0.0577 

4.005 

-5 (0.7E-11) 

2100 (1.2E-5) 

4 5 0  (C4.5E-11) 

QO (Q.3E-11) 

12.7 (1.3E-8) 

5.37 (2.0511) 

<1 

3.06 (9.153) 

C1 (d.8E-11) 

<1 

c0.01 

4.0002 

0.125 

c0.02 

275 

4.002 

105 

0.287 

' co.01 

4 .01  

0 . m 1  

c5 (0.7E-11) 

1329 (7.8E-6) 

4 5 0  (C4.E-11) 

QO (Q.3E-11) 

86.8 (8.8E-8) 

91.5 (3.4E-10) 

2.66 (33E-12) 

4 (~4 .958)  

c1 (8.1E-3) 

9.13 (12-6) 

c1 

16.0 (4.8E-2) 

. . . . . . . 
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TABLE 3-2 
BACKGROUND CONCENTRATIONS FOR CONSTITUENTS 

IN PERCHED GROUNDWATER 

Eh (millivolts) 

Phosphate (m@) 

Sulfate (ma) 

Total Organic Carbon (mg/L) 

Aluminum ( m a )  

Antimony ( m a )  

Arsenic ( m a )  

Beryllium ( m a )  

Barium ( m a )  

Cadmium ( m a )  

Calcium (ma) 

Chromium ( m a )  

Cobalt (mgh) 

coppa (ma) 
Iron (mgh) 

Lead ( m a )  
Magnesium ( m a )  

Manganese ( m a )  

Merclrry ( m a )  
Molybdenum (ma) 

Concentration 

7.4 

150 

0.36 

450 

40 

1.6 

0.34 

1.5 

21 1 

0.18 

NA 

4.003 

0.13 

NA 

0.046 

1.8 

0.005 

57 

0.2 

4.Oo02 

4 .02  
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Nickel (ma) 
Potassium (ma) 
Selenium (ma) 

Sodium ( m a )  

constituent (units) 

Strontium-90 @Ci/L ( m a ) )  

Technetium-99 @Ci/L ( m a ) )  

Ruthenium-106 @Ci/L (mg/L)) 

Cesium-137 @Ci/L ( m a ) )  

Radium-226 @Ci/L ( m a ) )  

Radium-228 @Ci/L ( m a ) )  

Thorium-228 @Ci/L ( m a ) )  

Thorium-230 @Ci/L (mg/L)) 

Thorium-232 @Ci/L (mg/L)) 

Uranium-234 (pCi/L ( m a ) )  

Urani~m-235/236 @Ci/L) 

Uranium-238 (pCi/L ( m a ) )  

~iutoni~m-238 @cr/L (mg/L)) 

Plutonium-239/240 @ci/L) 

TABLE 3-2 
(Continued) 

Concentration 

0.1 

26 

<0.005 

60 

NA 

' 4 . 0 0 5  

0.023 

0.039 

Activity (Concentration) 

<1 

<1 (0.OE-3) 
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4.0 SUMMARY AND CONCLUSIONS 

te!rization/Geological Report has been prepared to support the evaluation of criteria for 
of the OSDC as an on-site waste disposal/storage alternative for each of the OUs. 

s objective, geologic/hydrogeologic geotechnical, and geochemical data were 
spring of 1992, to support the siting of the OSDC, including site suitability, design 

criteria, and potential risks. The OSDC investigation has been performed as a part of the overall FS 
support effort. The results of this investigation will be used to determine the technical feasibility of 
constructing the OSDC. 

rt presents information about surface features, surface water 
logy, seismology, and geochemistry. A summary of this 

infomation is provided in the following sections. 

4.1.1 Surface Features 
The FEMP is located on the boundary between 
the ancient unglaciated upland. The advance 
topography, but de t emkd  the hydrogeolo 

The OSDC siting area varies m elevation from 580 to 610 feet MSL along the northern half, and is 
relatively hilly, with several hills and the bedrock valley wall rising from 20 to 90 feet above the base 
elevations. The easm half of the OSDC siting area is relative1 olls ranging between 
580 and 600 feet MSL without the hills and drainages present in 

mmost extent of Pleistocene glaciation and 
f continental glaciers not only shaped the 
e FEMP region. 

4.12 Surface Water Hydrology 
The FEMP is located within the Great Miami River Basin drainag 
floodplain. The Great Miami River is the receiving stream for the 
represents the main nuface water feature m the vicinity of the FEMP. The river flows generally to the 
southwest and has a drainage area of approximately 3360 square miles (8702 square kilometers) at the 
Hamilton gage, which is located about 10 miles upstream from the FEW discharge 
small portion in the northeast comer of the FEMP mains directly to the Great Miami 
reg ia  lies within the OSDC siting area, at the juncture of the northem and eastem halves. 
(approximately one-half a m )  area in the south portion of the eastern half of the OSDC si 
dmins directly to the Great Miami River. 

above the river's present day 
effluent discharge and 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

P 

23 

24 

25 

26 

27 

28 

29 

30 

4-1 
000052 



5 7 6 9  
TECH REPORT 5.1B DRAFT 

Febbruary 23.1993 

Natural surface drainage from the FEMP and within the OSDC siting area is primarily to Paddys Run. 

Paddys Run originates north of the site, drains southward along the west side of the FEMP, and 
eventually enters the Great Miami River approximately 15 miles south of the FEMP. This stream 

underlying aquifer along much of its come  due to its highly permeable channel 
ed into the Great Miami Aquifer. Paddys Run is an ungaged, intermittent stream 

y between January and May, with an estimated discharge for this period ranging 
.O ft3/s (5.7 x Id and 11.3 x lo4 cm3/s). 

A principal drainage feature of the FEIbP is a tributary to Paddys Run known as the Storm Sewer 
Outfall Ditch. This drainage course originates east of the former production area, flows southwest 
across the southem porti 
properly. Much of the s 
east of the former pr 
stream bottom are s 
the year, with flows occ 

and enters Paddys Run near the southwest comer of the 
of this drainage course, which also collects runoff from an area 
omposed of sand and gravel. Vertical seepage rates through the 

This drainage c o m e  is generally dry throughout most of 
d immediately after precipitation. 

4.1.3 Geolom and Groundwater Hvdrolom 
The geologic and hydrogeologic setting of the 0 
glacially deposited buried valley aquifer system. 
above the terrace remnants left after the estab 
This geologic history of bedrock erosion and 
and till gave rise to the present day deposits 

'ring area is consistent with that of a post- 
DC siting area lies on glacial overburden 

e present day Great Miami River charmeL 
g in of the valley with glacial outwash 

The geology of the FEMP and its surrounding areas can be divided into three primary stratigraphic 
units: the bedrock, the sands and gravels of the Great Miami Aquifer, and the unconsolidated glacial 
overburden deposits. All of these geologic units occur within the area to some degree, 
and are d e s c r i i  in the following parapphs. 

The bedrock m the FEMP region consists d nearly flat-lying 
(approximately 450 to 500 million years old) (Fmeman 1916). 
primarily of interbedded shales and limestones of the Cincinnati Group of the Upper Ordovician 
System (Swinford 1990a). According to research conducted in the study area (Scotford 1%5), 
Cincirmati Series shales exhibit a persistent vertical and lateral textural, mineralogical, 

rock of Ordovician Age 
entary bedrock consists 

uniformity. 

The portion of the Great Miami Aquifer that underlies the FEMP consists primarily of glacioflovial 
sand and gravel outwash deposited during the latest Pleistocene glaciations. These deposits tie 

unconfmbly 011 the Ordovician shales and limestones, filling the bedrock valley to a depth of 
200 feet in places. Although the glaciofluvial deposits are heterogeneous, they are typically 
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well-sorted sands and gravels with only minor amounts of silt and clay. Within the coarse-grained 
sediments of the Great Miami Aquifer lies an interbedded clay layer that underlies most of the FEMP 
and parts of the surrounding areas. The clay interbed pinches out in the eastern pomon of the FEW 

nt beneath the western portion of the OSDC siting area. The clay interbed, which 
fkom 5 to 15 feet, lies about 100 to 125 feet below the surface and generally about 
the water table. 

en covers the Great Miami Aquifer throughout most the OSDC siting area. It is of 
varying composition, including loess, lacustrine deposits, till, and glaciofluvial sediments. Within the 
FEW, the glacial overburden ranges up to 50 and 50 feet in thickness, but most commonly averages 
between 20 and 30 feet. the north and west outside of the FEMP area, but ends within 
the FEW area to the s here the Great Miami River has stripped off the glacial 
overburden as it carved 
between 8 and 50 feet ority of the OSDC siting area being covered by a 30- 
to 40-foot-thick layer. e glacial overburden is generally greater in the northern 
pomon of the OSDC s pomon also has the greatest range in glacial 
overburden thickness. In the southern portion of the OSDC siting area south of Monitoring 
Well 3051, the glacial overburden ranges betwee 
will be placed directly on top of the glacial ove 
overburden to allow placement of a liner syste 

The review of the boring logs for the OS 
clay and silty clay with some fine sand lenses and traces of gravel. 

el. Within the siting area, the glacial overburden varies 

d 37 feet thick. The OSDC, if constructed, 
ayer after excavating approximately 11 feet of 

ed that the glacial overburden consists of 

The main groundwater pathway underneath the FEMP (including the OSDC siting area) is the Great 
Miami Aquifer. The aquifer lies within the bedrock valley but has terconnection with 
the valley walls. Overlying the Great Miami Aquifer is the Wisco lacial overburden, which 
provides a localized pathway into the aquifer in some areas. 

Groundwater flow within the OSDC siting area is primarily to the 
collection wells operated by the SOWC. Groundwater varies between 513 and 520 feet in elevation 
(MSL), with the highest gradients occurring in the northwest portion of the OSDC siting area. 
Groundwater gradients vary between 0.15 percent in the northern half of the OSDC si 
0.05 percent in the eastern half. Assuming an average hydraulic conductivity value o 
day (Wday) (137 m/day) for the Great Miami Aquifer, this translates to a pundwat 
to 0.2 to 0.7 Wday (0.06 to 021 m/day) m the OSDC siting area. 

two large capacity 

, . . ... . . 
.::. .::.: ...\_. :::. . ._ ..... ., . ..... ...; . . 
. . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . ... ... 
. . . . . . . . . . . . . . . 

The poxtion of the Great Miai~ Aquifer which underlies the OSDC siting area varies in thickness 
depending on its proximity to the bedrock valley walls. In the eastern half of the OSDC siting area, 
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the aquifer varies between 100 and 150 feet in thickness, with the majority of the areas underlain by 
150 feet or more of aquifer material. The northern half of the OSDC siting area is adjacent to a 
bedrock valley wall, and is underlain by a thinning portion of the aquifer. The Great Miami Aquifer 

t in thickness in this region, thinning to 0 feet in thickness in the central and 
em half of the OSDC siting area. In these regions, the Great Miami 

g the valley walls and glacial overburden lies directly in contact with the 
tely 10 percent of the OSDC siting area has this condition. 

In the OSDC siting area, perched water was encountered in 5 brings in the northem portion of the 
siting area and 1 boring in the eastern portion of the siring area. The perched water in the northern 
portion of the OSDC 
24 feet BGS. In most o 
brown to gray sandy cla 
limited to areas of rela 
Dense, fine-grained glac 
an aquitard in most 1 
deposits) interbedded within the t i l l  form layers of relatively high hydraulic conductivity. Hydraulic 
conductivities in the perched zones at the site m 8 x lC3 to 0.85 Wday (2.8 x lod to 3.0 x 
104 cm/s), based on falling head tests in 1 . The hydrogeologic characteristics of the 
overburden vary with the season and specific 1 t the FEMP, depth to perched groundwater 
in the glacial overburden ranges from 0 to 25 e perched water occurs at the ground 
surface (seeps) in the southwest portion of deepest in the northem portion of the 
OSDC Siting Area. A perched water table can seasonally fluctuate by up to 10 feet at a single 
location, with the highest water levels occlrrring during the early spring and the lowest during the late 
fall. In the OSDC siting area the perched water elevation ranges 
known how much seasonal fluctuation of the perched water occurs 
limited number of groundwater elevation measurements. Therefore 

to be the wettest season) to determine the amount of seasonal fl 

4.1.4 Seismolom 
A complete discussion of seismology m the FEh4P area is provided in Technical Report 5.1A, 
Engineering Evaluation Report for OnSite DisposaL 

The FEMP site is located on the eastem edge of the stable Central physiographic 
central stable region represents the interior of the American tectonic plate and this area has 
relatively undisturbed since Precambrian time. 

2 and 21 feet BGS, while in the eastern portion it occurs at 
here perched water was encountered, it occurred in a yellowish- 
. The occurrence of the perched water zones appears to be 
enrbigh porosity in the generally fine-grained sediments. 
acustrine deposits of silt and clay classify the overburden as 

-scale fluvial and beach deposits (lacustrine shore 

feet BGS. It is not 
siting area due to a 
ended that additional 

groundwater/perched water elevation measurements during differen SPeclallY spring, likely 
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The largest known earthquake to have occurred in Ohio occurred in the Anna, Ohio area on 
March 9,1937 and has been listed as VII to VJII on the Modified Meracalli intensity scale (Mh4I). 

The corresponding MMI at the FEMP site would have been IV to V. There have been 
in the Anna, Ohio area having MMIs of VII, and would probably have resulted in 
V at Fernald. However, it appears that based on historical activity the New Madrid 
a greater seismic threat to the FEW site than the Anna, Ohio seismic zone. The 

site for the 1811 to 1812 New Madrid series earthquake is W based upon an 
of the December 16, 1811 earthquake (Agemissen 1983). 

For new facilities, there are usually two earthquake levels to be considered in design. The design or 
operating level earth 
The maximum or most 
1OOOyears. Whensafe 
approximately a 500-y earthquake level. For the FEMP site, the 100-year r e m  
period design basis 
credible earthquake corresponds to a FGA of 0.1Og to 0.12g. In addition to the above, all  new or 
renovated moderately hazardous facilities 

to a 100-year return period for a 50-year design life facility. 
e corresponds to a r e m  period in the range of 500 years to 

ration for new facilities, the facility should be designed to 

to 0.06g PGA. Similarly, the 500-year to 10oO-year most 

required by DOE Order 6430.1A 
(DOE 1988) to be shut down safely in the event OOO-year return period PGA Of 0.12g. 

However, the revised DOE Order 6430.1A 
Evaluation Guidelines for Department of 
as an acceptable approach for design ev es for the effects of natural phenomena 
hazards. For the FEMP, UCRL-15910 recommends maximum horizontal ground surface accelerations 
of O.lOg, 0.13g, and 02Og for earthquake hazard annual exceedance probabilities of 2 x 1 x lo3, 
and 2 x le, respectively, that is, retum periods of 500-year, 1 

fences UCRL-15910 "Design and 
ubjected to Natural Phenomena Hazards" 

year, respectively. 

. . .  .. 

4.15 Geochemistry 

Site-specific data collected as part of geochemical characterization C siting area are total 
organic carbon content (20 samples), cation exchange capacity (20 samples), soil mineralogy 
(20 samples), leachate composition (3 samples), and contaminant adsorption ratios (determined for 
4 metals and 3 radionuclides). 

Total organic carbon content is plotted against cation exchange capacity, where it can 
cation exchange capacity, as measured by exchangeable sodium ion, is independent of 
carbon content. 

The soils, based on soil mineralogy samples collected from the OSDC siting area, are d 
fragments of calcite and dolomite with quartz, potassium feldspar, and clay minerals. An optical 
estimate of organic content m the soil samples appears as humus. Clay minerals account for about 
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15 percent of the average soil and are comprised of illite, corrensite, chlorite, and iron-oxide minerals. 
In general, the percent of clay minerals in the soil controls the cation exchange capacity of the soil. 
This is largely a result of the greater surface area available for exchange and adsorption reactions in 

e cation exchange capacity of OSDC siting area soils varies !?om about 1 to 
per loo grams. 

from Operable Unit 1 was used to make cement/waste formulations for the modified 
leach tests. The cemenvwaste formulations were chosen !?om a field of 

20 formulations based on their relative compressive strengths and resistance to leaching of 
con taminants. A deionized water leachate was used in these tests to simulate rainwater falling on the 
treated waste. Consti 
copper, lead, molybden 
barium, lead, molybden 
established background 

4.2 Conclusions 
This section presents conclusions regarding the siting of the OSDC based on the data presented in this 
report relative to surface features, surface water geology, geochemistry, and 
seismology. Each of these is discussed below 

Surface Features - The north 
limiting the area in which th 
OSDC siting area is relative1 
and utilization of the facility. 

that were detected in the leachate include barium, chromium, 
technetium, radium, and d u m .  Of these constituents, 
technetium, radium, and uranium have concentrations above the 

hed groundwater in the glacial overburden. 

SDC siting area is relatively billy, possibly 

of access during construction 
constructed. The eastern half of the 

Surface Water Hydrology - Surface water drainage in the OSDC siting area consists 
primarily of overland flow (noncbannelized flow). e OSDC siting area 
lies above the present day flood plain of the Great Therefore, surface 
water would not appear to pose a major siting M i c  

Geology - Bedrock underlying the OSDC siting 
(8 feet below ground d a c e )  in portions of the 
area would require special consideration if bedrock 
surface is encountered during construction of the OSDC. However, an unfractured 
bedrock suface would provide a stable foundation on which to construct the waste 
disposal facility. Additional consideration would need to be given to the design if part 
of the OSDC were supported on bedrock and part on soil. If the facili 
elsewhere in the siting area, the bedrock would occur thtrty to foorty 
ground surface and the glacial overburden would provide the fOUndahOn 
structure. In this case, hgipan soil, a dense soil layer, could be encoun 
provide a relatively stable base for the d.lsposal structure. 

Hydrogeology - The hydrogeologic features that could affect siting of the OsM3 include 
the presence or absence of the Great Miami Aquifer, depth to the water table, and the 
presence of perched water m layers above the aqwfer. The Great Miami Aqu~fer 

the ground surface 
part of the siting 

a fractured or weathered 
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underlying the northern half of the siting area ranges from 0 to 100 feet in thichess. 
Therefore, it is possible, if all other facton. meet the siting criteria, that the OSDC could 
be consaucted in the siting area where the aquifer is not present or is extremely thin. 
The depth to the water table is at a minimum of 55 feet below the ground suxface 

ges 55 to 80 feet below ground surface) and therefore, would not be encountered 

northern half of the siting area (also encountered in one boring in the eastern half of 
siting area). The perched water occurred between 12 and 21 feet below gromd 

g the facility conspuction. However, perched water was encountered primarily in 

northern half and at 24 feet in the southern half of the siting area. 
the depth required for construction of the disposal facility, perched water 

would require special consideration in the selection of the OSDC location. 

Geochemistry - The soil types found in the OSDC siMg area contain approximately 
(illite, cmensite, chlorite, and iron-oxide minerals). In general, 

s in the soil controls the cation exchange capacity of the soil. 
of the greater surface area available for exchange and 

dependent to a certain degree on the nature of the 
m seismic waves tends to be magnified by 

unconsolidated sediments such as thick deposits of clay or sand and gravel. Structures 
constructed directly on bedrock tend to experience relatively less ground motion, and 
therefore experience less damage. 
supported partially on bedrock on soil and, therefore, need considemtion 
for potential seismic events. 

ver, it is likely that the OSDC will be 
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33327 BORINQ N O S  1070 PROZCT NClHEl FERNhLO 
O A T f  FIHZBc(EDi 1-6-92 P e L O  ENDINEERi J LEAR DATE EEBClN: J-4-92 

DReLER I C COULTER. G DYE N I  416990 09' E l  1382104 72' 
WOUND OURFACE ELEV. : 598 0' ELL O A T D T X m t  m OUL oEPTnl NA 

L L I N B  HETHOD: MBLE l o a  

E 
rn l  

el 

m l  

NA 

m l  

ep 

y 
NA 

NA 

C I  

N A  L 

C b  
0 0 .. 
f; -rc 
c 
r-4 
0 T 

N h  

1 7 

NA 

NA 

NA 

NA 

NA 

NA 

Nh 

NA 

2 7:  

NA 

D E S C R I P T I O N  

M e d i u m  dense, (101 5/41, y e l l o u ~ a h -  
broun SILT.  e o m e  organtee, 
- o m -  oloy, m o o r t  

1 . O '  
St i FF, C10YR 6 / 4 1 .  broun I oh-ye I I on, 
e I a y e y  SILT.  trace organ i ce. 
m o  I e t  

2 . 0 '  
M e d  i urn dense. ( lOYR 6 / 4  1 .  b ronn i eh- 
y e  I I ou. c layey SILT,  tPOce 
organ I ce, m o  I st 

6 0' 
Oenae, C 1 0 I R  3 / 6 3 , ,  yu I I on I en-broun. 
C 1ay-y SILT.  trWs  rave I .  m o  I e t  

Oenae, [ 1 0 Y R  S / S f ,  yu l l on t ah-broun, 
S ILT ,  e o m e  eonct, trorzo clay, m o i e t  

11 8' 
No recovery  

:KLD BY I 0 .  MEROSE 

REmARKS ' 

HNU - 0 p p r n  
p Y  - 10 c p m  
u - 0 c p m  

HNU - 0 p p r n  

p Y  - 40 c p m  
'0 - 0 c p m  

HNU - 0 p p r n  
p Y  - 40 o p m  

0 - 0 c p m  

HNU - 0 p p m  
p Y  - 40 c p m  
Q - 0 o p m  

HNU - 0 p p r n  
p Y  - 40 c p m  
CY - 0 c p r n  

HNU - 0 p p r n  
p Y  - 40 c p m  
u - 0 o p m  

HNU - 0 ppm 
pY - 20-40 o p m  

u - 0 c p m  

GHELBY COULD NOT BE FULL 
PENETRATED 

HNU - 0 p p m  
O Y  - 40 c p m  
u - 0 o p m  

. . . . . . . . . 

3 1  - *o cpm 
Y - 0 c p m  

000063 



PnuL 7 OF L 
PROJECT NO1 313327 BORINQ NO1 1070 PROXCT NNlEI FERNllLD 
MTE BEBAN1 A-4-92 OCITE FIKZBc(ED1 1-6-92 FIELD ENOXNEERl J LEhR 
ORILLER I C COULTER. G DYE N I  476940 09’ 

? W N D  BURFhCE ELEV. I 598.0’ BCL OATE/TIP€: F(4 

ILLIN6 WETHOD: CABLE TOCL 

E I 1382104.12’ 
BUL DEPTHi NA 

EOUIPHENT: CTCLONE 43 
:KED BY1 0 ARBROSE R N N  DRILLIK. 

D E S C R I P T I O N  REMARKS 

St IFF.  l 1 0 Y R  5/11. ~ r o y ,  O I  I t y  
C L A Y .  a o m a  gravel. on TO medlum 
p I OeT I C  I ty, vary m o  I a- 

HNU - 0 p p r n  
p Y  - 4 0  c p m  

a - 0 c p m  
17. 5 

18.0 
No recovery 

St iFF. t 1 0 Y R  5/11, r o y ,  a i  I t y  
C L A Y ,  o o m e  Q r O V O  I. 
m o  i e t  

T o w  p I a a t  i c i t y ,  

P I  
HNU - 0 p p r n  
p Y  - 40 c p m  

o - 0 c p m  

HNU - 0 p p m  
p Y  - 40 c p m  

u - 0 c p m  

N A  

N A  

N h  

4 

- 
- 

HNU - 0 p p r n  
p Y  - 40 c p m  

o - 0 c p m  10 
NA 

1 2  

6 

5 

6 

- 
- 
- 

- -  
2 4 . 2 5 ’  e l  

-P Madium donee- [ 1 0 Y R  5/11 QPOY, 
poor I y graded, Firm SAND: ooma 

N o  rocovery 
QPOVO I, 0 I I ght I y m o  I at 2 4 . 5 ’  

HNU - 0 p p r n  

p Y  - 50 cpm 
a - 0 c p m  

5 - 
6 - 
5 

HNU - 0 p p m  

p Y  - SO c p m  
a - 0 c p m  

6 - 
9 - 
17 

HNU - 0 p p m  

p Y  - 40 c p m  
a - 0 e p m  

2 8 . 5 ’  
V a r y  donas, [ 1 0 Y R  5/11. gt-oy. 
Q r O V O l  l y  CLAY. 00- oond. 
J O t u r O t e d  el 

BOTTOM OF BORING A T  2 9 . 5 ’  

NOTE : 
A L L  SAMPLE NUHBERS hRE 
INCREMENTEO BY 100. 000 
i o .  602 IS 100602 L 

000064 



HNU - 0 p p m  
BY - q 0  s p m  

HNU - 0 p p m  
p Y  - 40 o p m  

HNU - 0 p p m  
p Y  - 40 o p m  

HNU .- 0 pprn 
p Y  - 40 c p m  

HNU - 0 pprn 
p T  - 50 c p m  

HNU - 0 p p m  
p T  - 30 c p m  

HNU - 0 pprn 
BY - 50 o p m  

HNU - 0 p p m  
p Y  - 50 o p m  

HNU - N A  

p T  - NA 

. . . . . . . 

UNU - 0 ppm 
p T  - '10 cpm 

000065 



1 5769 

-8.1 

-D.O 

- 
35.0 

O E E C R I P T X O N  

F I rm, K Z . 3 Y  3 / 2  1. pray I an-bronn, 
r i I t y  CLAY,  mom- QPOVO I, I ou to 
m o d  1 urn p I 0-t I c I z y ,  mo I I- 

, 

2 3  e 
f'to r r e o w r r y  

p I oat I5 1 t 

2 9 . 5  
F i r m  1 2 . 5 1  4/31. 0 1  brorn, 

I O  a o n a  i t i .  m o a  CLAY. 4 u m  -om- p 1 oa?:ZY?k m o  t l - O C I  I e-r ...................... . . . . .  ............ ........... .................... ..................... ............ 
......... ........... ........... 

- 

Ki 
- 

0 1  

- 

- 

N h  

- 

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

....... ....... ..... ....... . . . .  ..... ..... ... . .  ..... ..... , ..,: :.. 

- 

r(n 

HNU - 0 p p m  
PY - 50 c p m  

UNU - 0 p p m  
131 - 40 o p m  

UNU - 0 p p m  
pY - -0 c p m  

HNU - Ne 

D Y  - N h  

HNU - Nn 
a? - N h  

WNU - 0 p p m  
OY - 40 o p m  

HNU - 0 p p m  

oY - 40 c p m  

-4NU - 0 p p m  
o r  - -0 cpm 

LE NUPIBERG ARE 
TED BY 100. 000 
1s 100100 

RECOW-Y NOT npIpLtz TO 
USE FOR 6hWLE 
-0- eLOY COLP(T6 ON 
6UELBY TUDE 

OS0066 



-_ 

-9 

-5. 

-10 0 

L L I N B  RETHOOl 

PnoE L OF L 
-. 

313327 BORTNQ NO1 1728 PROZCT NnRE: FERNALO 
2-6-92 DnTE F IMgnEDr  2-4-92 FIELD E N Q I N E R l  0 O’BRIEN 

N :  483308 25’ E:  1517966 74’ 

PROJECT NO1 
Mh BEBhN: 
DRILLER I J BRAILE. R PURCE 

POUND BURFhCE ELEV. I NA OLL 0nTVnf.E: M QUL DEPTU: NA 
mLnmmT: Nn 

:KED BY: o nReRosE ffi 

D E S C R I P T I O N  

REFER T O  BORING LOGS FROn 
UELL 2728 FOR 1728 D E S C R I P T I O N S  

000067 

REMARKS 

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



PROJECT NO1 93327 
MTE BEBANI 1-13-92 
DRXLLER I E GARONER. K tll 

‘rqWN0 BURFACE ELEV. I 591 0’ 
I L L I N B  HETblODa IO HCLLOU B T M  AUGI 

L 

I 1 6  -P I 

D E S C R I P T I O N  

2 . O ’  
V e r y  F i r m ,  ( 2 . 5 Y  6/31 I ight 
ye I I o w  i ah-broun. 
eondy CLAY, no p l o s t i c i t y :  moiet 

grove I I y 

5 . 0 ’  
No recovery 

ey, coo 

8 . 5 ’  
No recovery 

C L A Y  u l t h  eond 
p l O e t l c l t y ,  moi 

U . 0 ‘  
NO recovery 

12 0 ‘  
V e r  Firm. C5Y 5/11 gray. r o v o i  i y  
cLnT, m o  I e? 

Hord. C5Y 5/11 groy, grovel i y  
CLAY,  I O U  p l o e t i c ~ t y .  n o l e t  

V i r  Firm. C5Y 5 / 1 1  91-0~. rove1 l y  
cuT ,  no OB 

No recovery 

I ou p last I c I t y .  
12 5 ’  

1 3  0’ 

1 3  5 ‘  
I ou p I aet I C  I t y ,  

16.0’ 

000068 

EOUXR(DdTi BUlBAOEER HOBILE ORIU 
CHECKED BY1 D AVBROSE 

I R  I 

REMARKS 

0 - 
.25 TOP 0 . 5 -  SnmPLED 

B Y  HAND 

Q Y  - o c p m  

- 
. 25  HNU - o p p m  

N A  
N A  - 

NA 

2 . Z E  HNU - 0 p p m  

2 . 2 2  

NA 

c l  - PY - .  0 c p m  

N A  HNU - 0 p p m  

N A  
o w  - n Y  - 0 c p m  

N A  
N A  - 

N A  

NA HNU - 0 pprn - p Y  - 0 c p m  
en NA - 

NA 

N A  

oc - S H E L B Y  P U S H E D  
Nfi FROPl 8’-10’ 

N A  

NA .- 
NA 

I 

- n Y  - 0 c p m  
> 4 . c  

N A  

N A  - 
N A  

3 . 5  H 

- D  
C I  > - . e  - 

2 . 5  

NA - 
NA . . .  - 

UA N A  - 
NA - 
N A  



5 1 6 0  
PAUL 7 or L 

PROJECT NO1 u77TI BORIUQ N O S  &729 PROZCT NCIME: FERNAI 0 
MTE BE6CINi - -  
O R e L E R  I E GhRONER. K MYERS 

'.SOUNO BURFACE ELEV. 1 591 0' QLL O C I T V T I E i  M 

DATE ~ M B W E D I  1-13-92 FeLO E M I N e R i  0 O'BRIEN 
NI  ¶3X)O 00' 

R L I N B  HETHOO: 4 114" IO H a L O U  S T M  AUGER 
RACTOR I R N N  O R I L L I f f i  

I I I 

D f S C R I P T I O N  

ao. m 

gray. g r o v e  I I y 

. 000069 

- 

[I 
- 
C I  

- 

N A  

- 
C I  - 

N A  

- 

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

F.! ...... ... . . . .  ....... . . . .  . . . .  .... ........ ...... ..... ...... ..... ....... 

- 
BC 

- 

E I imesoo. oo' 

EOUIWENTI e m B n o E m  MOBILE ORII 
QUL OEPTWr HA 

HNU - 0 p p m  

p Y  - 0 c p m  

HNU - 0 p p m  
p Y  - 0 c p m  

S H E L B Y  PUSHED 
FROn 18'-21' 

HNU - 0 p p m  
p Y  - 0 o p m  

HNU - 0 p p m  

p Y  - 0 c p m  

HNU - 0 p p m  
p Y  - 0 c p m  

..... 

NOTE:  
n u  s n w u  NIJWBERS nRE 
INCREMENTED B Y  100, 000 
i o .  1-11 16 101411 



P A Q t  L or P 
PROJECT N O S  a3327 BORIWO NO1 1730 PROdZCT NhtlEi FERNALD 
WTE BESANS 1-9-92 DATE F X N I B C I ~ I  1-9-92 P E L D  EWDdeRi G.E HARSWLL 
ORILLER 1 J STR~PZZON K nrms N :  983330 00’ E1 1373000 00’ 

WOUND SURFACE ELEV. I 586 5’ OLL DATVTTIIEI m OUL DEPTH: NA 

ILLINS HETHODi NJGER EOLIIPHENT: IlOBIL ORILLIH; RIG 80 
RACTOR I F N N  DRILLIffi CHI 

I I I I P  I I 0 
0 

D E S C R I P T I O N  

sm 

N A  NA 
14.S. 

c l  4 . 5  

C I  4 . 5  

Very hard. (57 4/11. dork gray. 
e i  I t y  CLAY. r l t h  I i t t  I s  aand and 
grave I, no p I oat i e i ty ,  e I i ght I y 

ts.m m o  i e t  

I I I 

e9 01 4 . 5  
16.0’ 

:KOD BY: 0. AMBROSE 

REMARKS 

T R I P  F I E L O  BLANK 
SAMPLE - 100866 

HNU - 0 p p m  
pY - 0 c p m  ABOVE 
BACKGROUND 

HNU - 0 p p r n  
DY - 0 c p m  ABOVE 
BACKGROUND 

HNU - 0 p p r n  
p Y  - 0 c p m  ABOVE 
BACKGROUND 

HNU - 0 p p r n  
p Y  - 0 c p m  ABOVE 
BACKGROUND 

HNU - 0 p p m  
pY - 0 c p m  ABOVE 
BACKGROUND 

R I G  OOUN - BROKEN NIPPLE 
ON PUMP 

COULD ONLY PUSH SHELBY 
2 .S’ FROM 8 . 0 ’ - 3 . 0 . 5 *  

HNU - 0 p p m  
IJY - 0 c p m  ABOVE 
BACKGROUND 

END OF UEATHERING 
ZONE 

HNU - 0 ppm 
p Y  - 0 c p m  ABOVE 
BACKGROUND 
A R C H I V E  1 500 m l  - 10080 
AND S E N 0  1500 m l  TO RSL 
LAB FOR TOT- u/Gnmmn 
SPEC s m p u  - 100879 

4 

4 .. 



PAQL 7 OF 7 
PROJECT NO1 p3327 BORXNO NO8 1730 PROJECT NAHEI FERNALO 
MTE BEBANI - -  
-SOUND BURFACE LLCV. I 586 5’ OLL DATVTIrwc# m QUL DEPTH: NCI 

DATE R ~ W E D I  1-9-92 FTELO E N D I N E R S  G E MCIRSMLL 
DRILLER I ,I BTRCIPZZON K MYERS N I  -3300 00’ E l  1-9000 00’ 

I L L I N B  HETWODi WGER OOUXWENTI nmn ORIUIH; RIG et 
D R I U I H ;  

- 
1 

3 . 5  

1 . 5  

I 

I 

1.5 

I .  

I 

-. 

- 

- 
- 
I 

RACTOR I RN 
I I 

. . .  
’::: . . . .  . . .  . . . . . .  
:.:.:.: . . .  . . . .  

. . .  
:.:.:.: . . .  . . . .  

7 

L 7 u  

I-- 

I - 
I 
- 
I 

ze 

I I ze 

R 4 .  

1 2  

l e  

10 

1 3  

15 
I. m 

l e  

RE tl A R K S D E S C R I P T I O N  

HNU - 0 p p m  

BACKGROUND 
pY - 0 c p m  ABOVE 

HNU - 0 p p m  
0 1  - 0 c p m  nBOVE 
BACKGROUND 

HNU - 0 p p m  
pY - 0 c p m  ABOVE 
BACKGROUND 

PUT COBBLES I N  UASTE 

HNU - 0 p p m  
0 1  - 0 c p m  ABOVE 
BACKGROUND 

HNU - 0 p p m  

BACKGROUND 
n Y  - 0 c p m  ABOVE 

E O M P 0 8 I T E  DRUM 6 i 4 P f P U  I. X 500 nl  T O  
561 Lne SMPLE - lo rn93  
L x 500 m l  TO umco taAnPLE - ~ o o e g 4  



PROJECT NO1 a3327 BORINB NOI 

N: ORILLER I E GARONER. 0 JAflI60N 
MTE BEBhNi 1-8-92 onTE ~ K T B H E D ~  

BCL onTvmml SOUND BURFACE ELEV. I 592 0' 
L L I N B  HETHOOt 9 1/4" IO HaLOU STm AUGER 

RhCTOR : PENN O R I L L I f f i  

LL 

b* 
45 

1.m 

6 P I  

1732 
1-9192 
983300.00' 
m 

PROCECT NClHEi FERNALO 
FIELD E N D I N E R '  0 O'BRIEN 

E :  1380500 00' 
BUL DEPTH1 N A  

fOLlIPHENTt EUlEhOEER MOBILE OR1 
:KED B Y :  o nMeRosE CI 

D 0 N 

DESCRIPTION 

-, 
0 T 

Firm, [ 1 0 Y R  4/21 dork groyieh-broun 
CLAY,  h i gh p I oet i c i ty, m o  i st =, 1.1 - 

C I  .7! 
- 
1.1 

u.2 
Firm. ( 1 0 Y R  4/21 d a r k  gray ieh-  
b r o u n  CLAY,  
m o  i et 

h i gh' p 1 aet i c i ty, 

1 5 '  
No recovery 

2 0 '  
V e r y  F I r m ,  C1OYR 5/41 ye I I OUI eh- 
broun. 0 1  I t y  CLAY,  IOU p l o e -  
t 1 C 1 ty, m o  I at 2 5 '  
For- ( 1 0 Y R  5/41 ye1 louish-brown, 
d + 1 'tY CLAY,  I Ou p I aet I c I ty, 
W f O t  3 0 -  
No r o t e v e r y  

5 5  
No recovery 

e o  
Hard, [ Z  5 Y  7/41. p o l e  ye I I OM, 
ravel l y  CLAY,  no p l o e t ~ s l t y ,  

8 r Y  

12. c 
Very Firm. ( 2 . 5 1  7/qi p o l s  
y e  I IOU. y o v e  I I y CLAY: no 
p l a s t i c i  y, d r y  1 2 . 5  
V e r y  Firm. t 2 . 5 Y  7/ql p o l e  
Y O  I IOU. y o v e  I I y CLAY: no 
p l o s t i c i  y. dry. bottom 2" r a n d  
m n d  QrOVel. n e t  

A 3 . U  
Y o  recovery  

14.0 
-lord, ( 2 . 5 Y  6 / 3 1 .  I i ght y e  I I on i eh- 
Droun CLAY,  no p l o s t ~ c i t y ,  dry 

RE ll A R K 6 

H A N O  AUGERED TOP 0.5' 
S A M P L E  - 101386 
HNU - 0 p p m  

p Y  - 0 c p m  

HNU - 0 p p m  

p Y  - 0 c p m  

HNU - 0 p p m  

pY - 0 c p m  

HNU - 0 p p r n  

p Y  - 0 c p m  

H N Y  - 0 p p m  

p Y  - 0 c p m  

3 1 .  - 0 c p m  



4 

4 
PnmL L br L 

PROJECT NO1 a3327 BORINQ NO* 1732 PRDXCT NAHEi FERNALO 
D4TE BEBANS 1-8-92 DATE F T ~ ~ B H E D ~  1-9-92 FZLO ENBXNeRl 0 O’BRLEN 
DRILLER I E GARONER. 0 JAHIgDN NI 983300 00’ 
W U J N O  BURFACE ELEV. I 592 0’ QLL D A T V T I E :  m 
ILLIN8 HETHOD: 4 1/4“ ID HCLLOU 6Tm AUGER 

RACTOR I E! 

50 

2 4  - 
60 - 

O R I L L I f f i  

T O E G C R I P T I O N  

I BOTTOPl OF BORING AT 21 .0 ’  
. . . . . . . . . 

...... 

I 000073 

C I  

- 
NA - 

C I  

- 

. . . . . . . . . . . . . . . . . . . . . . . ... . .. .. ... . ..._ . .: . . .. .... .::. ..:./ ._... . . . ... . .... .. . . . . . . . . 

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

I 

E 1%0500.00’ 
QUL DEPTHi Nfi 
mucmmTI e m e n o m  MOBILE ORIU 

CHECKED BY: 0 .  nnmosc 
0 0 
c1 - - 
= -  
- a  ... 

L 

REMARKS 

HNU - 0 p p m  
p Y  - 0 c p m  

R E F U S A L  

HNU - 0 p p m  
pY - 0 c p m  

HNU - 0 p p m  
p y  - 40 c,pm 

H I T  PERCHEO UATER A T  
21.0’. STOPPED D R I L L I N G  

.... 

VOTE : 
ALL 6CIWLE NUMBERS ARE 
INCREPIENTEO ay loo. ooo 
i s .  13e7 IS 1 0 1 3 ~ 7  



RACTOR I 

PA* I OP 1 
PROJECT NO1 U3327 BORXNB NO:  1733 PROZCT NAME: FDINALO 
Mh BEBAN: 1-6-92 DATE FTNXEWEDI 14-92 FIELD ENDTNEERi P CASSEDAY 

d BRhILF B REBOLD N I  417WO 44' El 1383156 49' D R I L L E R  1 

WWNO BURFACE ELEV. I NA BLL D A T V T T ? € r  ~ 1 4  BUL DEPTH1 NA 
OOLUPHENTI NA ' I L L I N B  METHOD* CABLE T O a  

D E S C R I P T I O N  

R E F E R  TO BORING LOGS F R O M  
UELL 2?33 FOR I f 3 3  D E S C R I P T I O N S  

:KED BY1 0. ARBROSE 

REnARKs 

. . . . . . . . 



DATE BEBAN: 1-6-92 DATE nKzBcIEDI 1-8-92 FIELD E M I N E E R :  G MARSHnU 
DRXLLER I J STRAPZZON K MYERS NI  983330.00’ En 1380000 00’ 
‘SOUND BURFACE ELfV.  590 0’ Q L A  D A T V T I t € i  114 QUL DEPTH: Nn 

R L I N B  HETHODi 4 114” ID HCLLOU STEM AUGER ‘ rnmrnmT~ nmnE o R n L  RIG eo 

I 

D E S C R I P T I O N  REMARKS 

HNU - 0 ppm 
pY - 0 cpm 
ABOVE BACKGROUND 

HNU - 0 ppm 
p Y  - 0 cpm 
ABOVE BACKGROUND 

HNU - 0 pprn 
p Y  - 0 cpm 
ABOVE BACKGROUND 

HNU - 0 ppm 
p Y  - 0 cpm 
neovE BACKGROUND 

SAMPLE M A S  A R C H I V E 0  
DUE TO LOU RECOVERY 

HNU - 0 pprn 
pY - 0 cpm 
ABOVE BACKGROUND 
DUE TO RECOVERY- 

ATHERING ZONE 

HNU - 0 ppm 
p Y  - 0 cpm 
ABOVE BACKGROUND 

1 2  0 

J.4 D 
N A  NA 

16 0’ 

000075 



57’69 
P O F  

- 
PnoL P 

PROJECT NO: U3327 BORINQ NOS 1734 PROJECT NnME: FERNhLO 
MTE BEBhNt 1-8-92 DnTE FINIWEDI 1-8-92 FIELD EMINEER: G nmswu 
DSZLLER I J STRhPZZON K nYERS NI  ¶3=0 00’ 
Y W N D  BURFCICE E L E V .  I E90 0’  QLL DATVTTtE:  M 

L L I N B  METWOO1 4 1/4” I. 

E I 1380000.00’ 
QUL DEPTUi NA 
Earnmom: n m u  o R n L  RIG eo 

’RCICTOR I 

o.m 

- 

NA - 
17. - 
11 

10 

6 

13 

15 

l a L o u  STDI AUGER 

D E S C R I P T I O N  

V e r y  hord [ 5 Y  4 / 1 1  dork g r o y  
e i l t y  CLAY u i t h  t rocee OF eond 
and g r o v e l  I O U  p l o e t i c i t y ,  
e ~ i g  t ~ y  mbiet  

1 8  c 
Hord, t 5 Y  4/11 dork g r a y  e I I t y  
CLAY m a t h  trocbe OF eond’ond r o v e 1  
~ o u  p ~ o e t t c l t y .  0 1  t q h t ~ y  mote? Le  5 
V e r y  hord [ 5 Y  4 / 1 1  dork g r o y  
s i t t y  CLA? ui th  eond ond g r o v e l  
no D ~ U O T I C I ~ ~ ,  0 1  ~ q h t ~ y  m o o s t  1 9  0 
No r e o m v e r y  

REFUSAL OF S P L I T  SPOON 

20 0 
Very aOFt ( 5 1  4 / 1 1  dork roy, 
c loyay SAND u I t h  f r o c i e  O F  g r o v e l  
no p l V ~ t i c ~ t y ,  very  moast 20’ 5 
F i r m .  I S Y  4 / 1 1  dork g r a y  0 1  I t y  
CLAY u i th eome sand ond grove I. 
medtum ~ I O O T I C I T ~ ,  v e r y  m o ~ e t  21 0 
No recovery 

22 0 

24 0 
Very -OFT [ 5 Y  4 / 1 1  dork g r a y  
e I I t y  cLn? U I  th eome sand and’ 
y 0 v e  I, mad I u m  p I Oat I C I ty. n i t  

o v e r y  mooet 

25 0 
No r e c o v e r y  

BOTTOM OF BORING AT 26 0’ 

OOC076 

EKED B Y :  0. AflBROSE 

REHARKS 

HNU - 0 pprn 

DY - 0 cpm 
ABOVE BACKGROUNO 

HNU - 0 ppm 

gy1 - 0 cpm 
ABOVE BACKGROUND 
COBBLE STUCK AT THE 
E N 0  OF THE SPLIT SPOON 
TOTAL V GAMPLE N O .  
100859 AT 14-16 F T .  

HNU - 0 pprn 
DY - 4 0  cpm 
ABOVE BACKGROUND 
STRAP H O L E  FOUND 
6“ UATER I N  HOLE 

HNU - 0 pprn 

Q Y  - 0 cpm 
ABOVE BACKGROUND 

HNU - 0 pprn 
DY - 0 cpm 
ABOVE BACKGROUND 

UATER A N 0  SLUDGE 
uns SENT TO L A B  
s A n q L E  -100~62  
AUGER ROO HAD A UATER 
MARK E ’  UP. UATER UAS 
RUNNING OUT OF SPOON 
STOP BORING BECAUSE OF 
PERCHEO U A T E R .  SENDING 
SOIL TO LAB s A n P L E  

FN 

BORING U A S  HALTED DUE 
TO H I T T I N G  PERCHEO 
GROUNDUATER A T  APPROX 
2 0 . 0  F T .  

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

...... 

NOTE : 
ALL snrm-c NUMBERS ARE 

io. e41 IS 100841 
INCREMENTEO BY 100. 000 



.1 

5 1 6 9  .. 
PADL 1 ut 

BORINO N O 1  1735 PROXCT NAMES FD1NALD PROJECT NO: u3327 
DATE BEBANI 
ORZLLER 1 GARONER. 0 JAflIgON 

‘ROUND SURFACE ELEV. I 59q 0’  O U  D A T V T I E r  M OUL DfPTHi NA 

1-8-92 DATE FlKTBnEDi 1-8-92 FIELD EMINEER: 0 O’BRIEN 
N I  983300 00‘ E l  1380500 00’ 

EOmPnENT : BUlBADEER MOBILE ORIL t lL IN6 METHOD: 9 1/4” I O  H a L O U  STm 6uGER 

I I 
CHECKED B Y :  0 AHBROSE RACTOR I PENN O R I U I N i  

I s 

SB1.0 

L 

D E S C R I P T I O N  

Ou p 1007 I c I ty .  m o  I e t  

10 

11 

6 

e 

9 

11 
- 
- 
SHELI 
TUB1 

3 

5 

7 

11 

5 . 0 ’  
N O  recovery 

N A  N A  

HNU - 0 p p m  
pY - 0 c p m  

HNU - 0 p p m  
p Y  - 0 c p m  

HNU - 0 p p m  
p Y  - 0 s p m  

HNU - 0 p p m  

p Y  - 0 c p m  

SHELBY PUSHED FROM 
e.o’-1l.o. 

HNU - 0 p p m  
pY - 0 c p m  

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

H I T  PfZPCHEO UATER 
ZONE. ??fMOONED HOLE NDONED HOLE 

NOTE : 
ALL SAMPLE NmBERS 14% 
INCREIlENTEO BY 100. 000 
i o .  1374 IS 101374 



v 5 1 6 9  
I 

SorT. 1 l O Y R  5 / 1 1  y e  I I on I ah-bronn. 

N o  recovery 

5s:  
r - .  I I  REtlhRKB 

TRIP/FIELO BLANK 
en twu - iooeai 
HNU - 0 pprn 
BY - 0 c p m  
h E O V E  EACKGROUNO 

pT -. 0 e p m  
ABOVE BACKGROUND 

p Y  - 0 o p m  
A e O V E  BACKGROUND 

D Y  - 0 o p m  

UNU - 0 ppm 
pY - 0 c p m  

.s 

1.5 

EN0 OF U E h T H E R I N O  
ZONE 

H N U  - 0 ppm 
p Y  - 0 o p m  
ABOVE BACKGROUND 
H I T  COBBLE hT EN0 OF 
T U B E  REMOVE SAMPLE 
F R O M  T U B E  A R C H I V E  I N  
5 0 0 m l  J A R  
h U O E R  OOUN TO 10.0- 
T O  B Y P A 6 6  L I M E G T O N E  

HNU - 0 pprn 
pT - 0 c p m  

h B O V E  BhCKOROUNO 

c a e e u  

HNU - 0 .  ppm 
p Y  - 0 opm 

h B O V E  BhCKOROUNO 

HNU - 0 p p m  
IJY - 0 c p m  

USED 1 1/2 
h Y  *NO 30 



PABL I 
PROJECT NO1 a 3 3 2 7  BORIND NO1 $737 PRO&= NAMEI 
MTE BEBAN1 J-6-92 DATE = ) 9 8 n E D r  1-6-92 FIELD E N O I N E R l  
DRILLER I E GARONER. D JAHIBON N I  9EOa66.00' E l  
POUND OURrACE ELCV. a 606.5 '  OLL D A T V T I E I  NA OYL DCPTCli 

ELLINE METHOOi 4 114" I D  HCLLOU S T M  AUGER 

C I  

N A  

e l  

N A  

uncfoR : R N N  D R I L L I M  

.. - " 
2 . 5  

NA 

0 . 5  

NA 

O E S C R I P T I O N  

N A  

eu 

N A  

2 0' 

NA 

NA 

NA 

5.m 

o.m 

1 3 . 0  

3 . 5  .I.:.:.' V e r y  OOF't. (51  5 / 1 1  olive, Fine 
. . . . '  gra i nod SAND. ust . . .  

2 

I I I I I 

0.  O'BRIEN 
1 8 1 9 5 7  00' 

MLDWENTr BmB4DEER MOBILE DRIL 

6"  HANO AUGER 
'SAMPLE 101758 
1 0 1 3 5 9  T R I P  BLANK 

HNU - 0 p p r n  
p Y  - 0 c p m  

HNU - 0 p p m  
p~ - 0 c p m  

HNU - 0 p p m  
pY - 0 c p m  

HNU - 0 p p r n  
p Y  - 0 c p m  

HNU - 0 p p m  
DY - 0 o p m  

FULL RAD OF 
CONTENTS OF 
SHELBY TUBE 

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

ZONE ABANOONEO HOLE 

N O T E  : 
ALL SAMPLE NUHEERG ARE 
INCREnENTEO BY LOO, 000 
is  . 1440 I6 1 0 1 4 4 0  



PAUL I OF Z 
PROJECT NO1 313327 BORINQ N O 1  1738 PROZCT NAME: FERNALO 
DATE BEBAN: 1-2-92 DATE nraBHED1 1-4-92 F E U  ENOINEERl G tlARSHnU 

E: 1382635 00‘ mnLm I J STRAPZZON K flYfRS N I  433539 00’ 
W W N D  SURFACE E L E V .  : 616 5 ’  BLL D A T V T I m r  ~ 1 4  O U L  DEPTH1 NA 

K L L I N S  METUOD~ 4 1/9” IO HCLLOU S T m  AUGER EOUIWENTI n m u  o R u  RIG eo 
PENN O R I L L I H ;  CHECKED B Y :  0 AMEROSE RhCTOR I 

I c 



R L I N B  METHODi 

D E S C R I P T I O N  REMARKS 

s o m e  eand and grovel 
ticity. m o i s t  

1-500 m i  

UNU - 0 p p m  

A R C H I V E  1-500 m l  
SAPlPLE '100803 

H N U  - 0 p p m  
p Y  - 40 c p m  
neovE BACKGROUND 

H N U  - 0 p p m  
p Y  - 0 o p m  
A e o v E  BACKGROUNO 

H N U  - 0 p p m  
p Y  - 0 c p m  
ABOVE BnCKGROUND 

H N U  - 0 p p m  . 
n Y  - 0 c p m  
neovE BACKGROUND 

BOTTOM O F  B O R I N G  A T  30 .0 '  

ALL -SAMPLE 'NUPIBERG ARE 
INCREPlENTEO BY 100. 000 
i o .  7e2 16 100782 

000081 



5 1 6 9  
A 

PROJECT NO1 313327 BORING NO:  1739 PROSCT NAHEl FERNALD 
WTE BEBANI 
DRILLER I E GARDNER. D JAHISON 

1-2-92 DATE FIHIBHEDI 1 -442  FIELD EMXNEER: 0 O'BRIEN 
N r  *2¶0 00' El 1383000 00' 

YWND BURFhCE ELEV. I 617 0' OLL O A T V T I r E I  E14 OUL DEPTH: N A  
EOUIPNENT : B3lEAOEER MOBILE O R I L  ILLING HETWOD: 4 i/q** ID HaLou sim AUGER 

REMARKS D E S C R I P T I O N  

HNU - 0 pprn 

a Y  - 0 c p m  

Q'OY, 01 I t y  CLAY, 
p I Oat  I c I t y ,  

ROCK uns FOUND IN 
BOTTOtl O F  SPOON 

I N n  H 
H N U  - 0 pprn 

pT - 0 cpm 

HNU - 0 p p m  

p Y  - 0 c p m  

AUGERED OOUN TO 12' 
A F T E R  C R U S H I N G  SHEL BY 

ttgl NA H 

H N U  - 0 ppm 

000082 



516.9 - -  
P m L  7 OF L 

PROJECT NOS 3l3327 BDRINO N O 1  1739 PROCECT NAME: FERNALO 
MTE BE8ANl 1-2-92 DATE ~ ~ U B W D D I  1-4-92 FXELO EFDINEERi 0 O'BRIEN 
DRILLER * E GhRONER. 0 JhflIsoH NI 982Q0.00' E i  13B3000 00' 
WQUND SURFACE CLEV. I 617.0' ELL D A T V R = I  M 

L 

'ELLIN6 METHDDl 4 1/4" IC 

2 8  0 

11 0 . 5  

12 0 

I 1 4  

4aLou STOI AUGER 
[H3 

O E S C R I P T I O N  

V e r y  F i r m ,  (5'1 5/11 sroy m o t t l e d  
u/ysllouieh-broun, g r o v e l l y  C L A Y .  
I O U  plortioity, ~ - t  

1 8  5 
No recovery 

22 0 

L A Y ,  IOU pros 

2 8 . 0  
F l f - m .  C3Y 5 / 1 1  QFOY grove,  iy 
C L A Y .  I oy p I o a t  :c it;. no I ET 

2 9 . 5  
N o  recovery 

BOTTOPI O F  BORING nT 3 0 . 0 '  

~ ~~ 

OUL DCPTHt N A  

WLIIPHENT : BUiBAOEER MOBILE OR11 
CHCGKCD bTl 0 ClnBROSE 

:?EMARKS . 

2 . 0  

2.75 

3 . 2 5  - HNU - 0 p p m  
3 . 0  p Y  - 0 o p m  

3 . 2 :  

3 . 7 5  

VA 

- 
- 

- 
- 
- 
- 
? .E 
- 
4 6  
- HNU - 0 p p m  
JA n Y  - 0 cpm 

.(A FROM 19.0 F T .  T O  
- SHELBY TUBE PUSHED 

22.0 F T .  - 
4A - 
JA - 
1 .23  - HNU - 0 p p m  
1.25 p Y  - 0 cpm - 
m 

ROCK IN BASE OF SPOON 

N O T E  
ALL SAPIPLE NUMBERS ARE 
INCREflENTEO BY 100.000 
10 1336 16 101336 

000083 



- 
3 1 6 9  . 

L 

I OF 
-. 

P n O E  7 
PROJECT N O ,  a3327  BORINB NO1 1740 PROSCT NAnEl  FERNALO 
MTE BEBANS 12-21-91 DATE RmBHED: 12-i?L-91 F E U  EMINEERV G RARSHAU 
DRILLER I B YOST. K MYERS N I  481900 00' E l  1518300 00' 
WOUND BURPACE ELEV.  I 603 0' BLL onivmmEr  FYI OUL DEPTH:. N A  

EOLZZWENT: nmn ORIU RIG eo I L L I N B  HETWOD' 4 114" ID HO-LOU 6TDl AUGER 

EKED BY1 D AMBROSE Cb RACTOR I K N N  O R I U I N j  
l e  I c I 

DESCRIPTION 

-. ( N A  

i m  

REMARKS 

T R I P  /F I E L O  BLANK 

H N U  - 0 p p m  
p Y  - 0 c p m  
ABOVE BACKGROUND 

SAMPLE - 100754 

H N U  - 0 p p m  
p Y  - 0 c p m  
ABOVE BACKGROUND 

H N U  - 0 ppm 

p Y  - 0 c p m  
ABOVE BACKGROUND 

HNU - 0 p p m  

p Y  - 0 c p m  
ABOVE BACKGROUND 

H N U  - 0 p p m  
p Y  - 0 c p m  
ABOVE BACKGROUND 

H N U  - 0 p p m  
p Y  - 0 c p m  
ABOVE BACKGROUND 

...... 

. .  
1 3 . 3 '  : ,UEATHERING 
ZONE :>:.;.:': .... ......... 

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

..... ....... ... ..... .._.. ...... ...... 

........ ......... .... ...... . . .  
HNU - i O  ....pp m 
p Y  - ?.-. .cpm 
ABOVE !B*CKGROUNO 

HNU - 0 p p m  
p Y  - 0 c p m  
ABOVE BACKGROUND 

000084 



5169 - 
G nnRsHnu 
FERNhLD 

131B300.00' 
NA 

nmn DRIU RIG 80 

PROJECT N O S  u33n BORINB NO1 1790 
MTE BEBANI 32 - 2 1 - 9 1 DATE nram4EDI 12-22-91 
DRILLER I B Yosr. K WYERS N I  -81800 00' 
WOUND BURFACE CLEV. I 603.0' BLL D A T V T I r ( E i  F14 

I L L I N B  nETHO0l 4 1/4" IO HaLOU 6TEH AUGER 

m.0 

- 

5.m 

D.Q1 

- 

R N N  O R 1  - 
32 

37 

SHELI 
TUB1 

- 
9 

1 3  

21 

26 

- 
- 
- 
- 

CC IN5 
Q 0 N 

[: 9: D E S C R I P T I O N  
7 -  

' C  .1 
a - 
T 

F i r m  (51 4 / 1 1  dark g r a y  CLAY 

mo i eT 
u i th' e o m e  sond high p I oot i c i t y ,  2 . c  - 

\' 
v 

uith some s0nd high p l o o t i c i t y ,  
F i r m .  t 5 Y  4 / 1 1 ,  d a r k  g r a y  CLAY 

v e r y  m o i s t  51 

t h  largs co 

I NA In 

BOTTOM OFI BORING n i  2 4 . 0  I /  

I I 

000085 

:KED BY: D .  AMBROSE 

RE n A R K S 

HNU - 0 pprn 
p Y  - 0 c p m  
ABOVE BACKGROUND 

HNU - 0 pprn 
p Y  - 40 c p m  
ABOVE BACKGROUND 

PUSHED TUBE 36" U I T H  
13" OF RECOVERY 
ARCHIVED SAMPLE 1ooff9 

HNU - 0 pprn 
p Y  - 0 c p m  
ABOVE BACKGROUND 

H I T  PERCHED UATER ZONE 
PLUGGED HOLE n i  2 4 . 0 ,  

NOTE : 
n u  SAMPLE NUMBERS ARE 
INCREMENTEO BY 100. 000 
i s .  7 5 3  I S  100753 



- -  
PAUL I LJF 7 

PROJECT NO1 p3327 BORXND NO1 &741 PRO&= NAHEi FERNALO 
MTE BEBAN* l2-20-91 DATE n'KTSHED1 12-20-91 F e L O  EISINEERi 0 O'BRIEN 

Et 1383000 00' DRXLLER I E GARDNER. 0 J A M I S U N  N I  980'100 00' 

PWNO BuwncE ELEV. 59s 5' Q L L  DATOTZmz F14 GUL DEPTH8 N A  
U L I N B  nETHO0: 4 114" I O  HCLLOU S T M  AUGER 

RhCTOR I R N N  O R I U I K .  

D E S C R I P T I O N  

2 . O '  
Hard. t 1 D Y R  6/81. b r o u n  i eh- 
ye I I ow,  a i I ty CLAY. Y i +h orgon i ce, 
no p l o e t i c i t y .  dry 

5 0 . 5  

5 .m 

8 . 5 '  
No recovery  

1 I 
I I = k I  I .  
I l e e  b I I 

. . . . . . . . 

n m  

Hard. 
brow 
r ' - -  

*TIFF, ( 1 D Y R  5/41. 
Jw I oh-tarom, grove I 1 y CLAY. 
lOOTlCity. s l i g h t l y  n o l e t  

5t 0' 
t 1 D Y R  5 / 4 1 .  ye1 Iowimh- 

'1. grovsl  l y  C L A Y  n o  
II 1 sa-+ I C  I ty ,  6 I I Q h t  I y' m o  I et 

I I l e  b .5 h\\Y 
\\\' 12.0' 

\ Hard. C1OYR 5/41, ye1 louimh- 
4 0 . 5  b r o w n .  g rove l  l y  CLAY, l o w  

p I oat i c I ty, 

7 3 . 5  a h - b r o m .  gravel l y  C L n Y ,  l o w  

\ e I i ght 1 y m o  I et 
s r y  et iFF- ( 1 0 Y R  5/41. ye1 I ou- 

I oat i c i ty. e I i q h t  I y m o  i et 
No recovery  

1 2 . 5 '  

13.0' 

0 8 

000086 

EOLCZmENTr BUlEAOEER MOBILE ORILL 
CHECKED 87'1 0 ARBROSE 

0 0 

H N U  - 0 p p r n  
p Y  - 0 c p m  

H N U  - 0 p p m  
p Y  - 0 c p m  

H N U  - 0 p p m  

p Y  - 0 c p m  

H N U  - 0 p p r n  

p Y  - 0 c p m  

N A  (NA I 
N A  INA I 

H N U  - 0 p p m  
p Y  - 0 c p m  

C I  > 4 .  

cl 3 . 7  4 
e l  1.2 

CI 1.2 
p Y  - 0 c p m  



5769 
PABE 7 U P  P 

1741 PROCECT NAHEi FD)NALO 
12-20-91 F E U  ENOXNEERa 0 O‘BRIEN 
9Bomo 00’ En 183000 00’ 

BUL DEPTH: N A  m 

PROJECT N O :  a3327 BDRXNB NDI 
MTE BEBANS 12-20-91 DATE FIKLBnEDi 

NI DRILLER I E. GARONER. 0 JAfl1B)N 

WOUND SURFACE ELEV. I 595.5’ BLL D A T V T I P E i  
U L I N 6  METHOD: 4 1/4“  IO HCLLOU 6TEn AUGER 

IRIUItG 

O E S C R I P T I O N  

:KED BY I 0. AMBROSE 

R E M  ARKS 

HNU - 0 p p m  
p Y  - 0 c p m  

18. I 
St i FF. C5Y 5/1J sroy.  rove I I y 
CLAY, I ou p I oet’i c i t y ,  m o  I et .^ . HNU - 0 p p m  

p Y  - 0 c p m  

T HNU - 0 p p m  
pY - 40 c p m  

SHELBY TUBE PUSHED 
FROM 2 0 . 0 - 2 3 . 0 ’  

/ 1321 

15 HNU - 0 p p m  
p Y  - 0 o p m  l 7  

2 4 .  c 
No recovery 11 

2 4 . 5  
StlFF. ( 5 1  4/1J sray, grovel l y  
C L A Y ,  I o m  p I ast’i c I t y ,  n o  I OT 

7 
HNU - 0 p p m  
p Y  - 0 c p m  

12 
. . . . . . . . . . . 

15 

6 
HNU - 0 p p r n  
p Y  - 0 c p m  

9 
< \  

12 

1 2  4 28 

2 9 . 0  
No recovery 

1 BOTTOM OF BORING nT 3 0 . 0 .  

UOTE : 
A L L  snmLE NUMBERS nRE 
I N C R E M E N T E O  BY 100, 000 
i e .  13J.Z 16 101312 L 



PROJECT NO@ p33m EORINQ NO[ 1742 PRDCECT NAME1 FERNALO 

DRILLER I B YOST. K MYERS N I  980213 00’ E:  1383000 00’ 
D4h BEBAN1 12-1.8-91 DATE FTKLBWEDI E!-aD-91 FXELD ENDXNEERI G HnRsnnu 

-SOUND auwncc ELEV. I EST 599 0’ o n  D A T V T T r E I  bw QUL DEPTH: NA 

P L I N B  METHODr MLLOU STEM AUGER E~UIFWENT:  WILE o R n L  eo 

R E I l h R K S  O E S C R I P T I O N  

icity, m o i s t  

L 

5.m 

a. m 

S.aD 

- 

H N U  - 0 p p m  

p Y  - 0 c p m  

H N U  - 0 p p m  
pY - 0 c p m  

H N U  - 0 p p m  
p Y  - 0 c p m  

H N U  - 0 p p m  
p Y  - 0 c p m  

H N U  - 0 p p m  

p Y  - 0 c p m  
1 

SAMPLE un6 A R C H I V E 0  

Q Y  - 0 c p m  

HNU - 0 ppm 
01 - 0 c p m  

I I I \ \ \ 1  

000088 



PnDL L OP 
RIOJECT NO1 323327 BORINB NO1 1742 PRDJECT N6HEi FERNALO 
mTE BEBfiNi E-19-91 DhTE FIfaBnEDI u!-aD-91 FIELO ENBZNEERt G MARSHAU 
WXLLER I B YOST. K MYERS N I  ¶02L3 00' 
WWND BURFACE ELEV. I FST 594.0' BLL D A T V T X E i  F14 

ILLIN8 HETHDD~ tQLLOU SEM AUGER 

RACTOR I R N N  O R I U I N i  

26 

D E S C R I P T I O N  4 1 V e r y  F i r m .  f 5 Y  4/11 d o r k  g r o y  
g r o w e l l y  CLAY, m e d i k m  p l o s t ~ c ~ i y ,  
mo I 07 

V e r y  F l r m ,  C5Y 

SoFt, [ S Y  4 / 1 1 .  d o r k  g r a y ,  
g rave  I I CLAY m o d  I um 1 oat I c I ty. 

24 5 
Hard. [ 5 Y  5 / 1 1 .  g r a y  L I W E S T O N E  25 c 

net U l t K  I 1mebtone r,,P 

27.0 

27 5 

28 0 

firm, (57 4/11 QPOy g r O V O l  l y  
CLAY. p IO& I C  I ty :  0 I I Q h t  I y 
mo I e t  
tiord, (51 5 / 1 1 .  aroy, gcovol  l y  
CLAY. I Ou I Ost I C  l t y .  Y I th  r o c k  

f I I mOOtOOO?,  K) l e t  

Hard. (51  5 / 1 1 .  gray, randy C L A Y  
8-1 I t h  grave I. no p 1 m e t  I c I ty. d r y  

I Ou 

BOTTOn O F  B O R I N G  A T  2 9 . 0 '  

N A  

c I  

NA 

M..... .... ...: 
. . . . . . . ..... . . . . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . 

. . . . . . , . .... .. . ...:. . ..... . . . . . . . ..... . .... . ..... . . .  ..... . . . . . . . . . . . . . . .... . . . . . . . 

= I  

1 

E I 1383000.00' 
BUL DEPTH: NA 

muzrnmT~ n m n E  o R n L  eo 
CKED BY I 0 .  AflBROSE 

REMARKS 

HNU - 0 p p m  
p Y  - 0 c p m  
H N U  - 0 pprn 
pY - 0 c p m  

H N U  - 0 p p m  
p Y  - 0 c p m  

H N U  - 0 p p m  
p Y  - 0 c p m  

H N U  - 0 pprn 
D Y  - 0 c p m  

H N U  - 0 p p m  

p Y  - 0 c p m  

H N U  - 0 p p m  
p Y  - 0 c p m  

H N U  - 0 pprn 
p Y . -  0 c p m  

I N C R E m E N T E O  BY 100. 006 
is. 715 16 100715 

000089 
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PnCiL I Ur 

BORZNO NO1 1743 Pc(DJEcT NAREi FERNALO PROJECT NO1 3l3327 

MTE BEBClNl 12-18-91 DClTE FT198c(m1 E-19-91 FXELO ENBmEERt 0 O'BRIEN 
N I  479100 00' El  1383000 00' mxum 1 E GARONER. 0 JANESON 

WOUND BURFACE ELEV. I 589 45' 

WCTOR I R N N  O R I U I K ,  

om DClTWTIrEI m OUL DEPTH1 N A  
L L I N B  RETHOO: MLLOU STEU NIGER 

L 

DESCRIPTION 

26 0 . 5  12.5' 
Ver f i r m .  (51 5/31 0 1  ive eilty 
CLh: Y i th Ivy I j m e s t o n e  

m o  I et 
i scsa- 

5 D . 5  grovel. I O U  p O e t I c l t y .  elightly 

I I 9  b .5  h\W 

e l i g h t l y  moiet 

m 

I I I I I 16.0' 

000090 

pY - 0 c p m  

HNU - 0 p p r n  

py - 0 c p m  

HNU - 0 p p r n  

p Y  - 0 c p m  

pY - 0 c p m  

HNU - 0 p p m  

p Y  - 0 c p m  

HNU - 0 p p r n  

pY - 0 s p m  

HNU - 0 p p r n  

pY - 0 c p m  



5 7 6 9  
PADL L or P 

PROJECT NO I 513327 BORXNB NO:  1743 PROCECT NclHE: FERNALO 
Mh BEBANI 12-18-91 DATE FIKImED* 12-19-91 FIELD EWTNEER: 0 O'BRIEN 
DRILLER I E GARONER. 0 JAIIEWN Ni  419100 00' E I 1383000.00' 
W W N O  BURFACE ELLV.i 

.... . . . .  ....... . . :.. . . . . .  
.... . . .  

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

7 

L 4  

1 AUGER 
r H j  

O E G C R I P T I O N  . 

I , BOTTOR O F  B O R I N G  A T  2 4 . 0 '  

000091 

- 

E !  
- 

C I  

- 

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

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

BUL DEPTH1 N A  

DDLURlENT : BUlBAOEER WOBILE OR11 
:KED BY1 0.  ARBROSE 

REMARKS 

HNU - 0 p p r n  

p Y  - 0 c p m  

HNU - 0 p p r n  

pY - 0 c p m  

HNU - 0 p p r n  

p Y  - 0 c p m  

NOTE : 
ALL SAWLE NUnBERS hRE 
INCREMENTEO BY 100. 000 
i o .  l.2- I6 lOr28.1 



5 1 6 9  
PnaL I OF 1 

12-17-91 DATE FIICSBCIEDI 12-17-92 FIELO EWINEERI G .  M n R s H n u  
3l3327 BORINQ N O :  1794 PROJECT NCIHE: FERNALO PRQJECT NO1 

DRLLER I 8 .  YOST. K .  MYERS NI qre5oo.oo* E 1 1~3000.00' 
MZ BEenMI 

POUND BURFhCE ELEV. I EST. 592.0' QLL D A T V T I l E l  W QUL DEPTH: NA 
wuzmmT: M m n E  o R n L  eo L L I N B  HETHOD: MLLOU STEM mGER 

fhCTOR : R N N  O R I U  

o.m 

DESCRIPTION REMARKS 

pY - 0 cpm 

HNU - 0 ppm 
pY - 0 cpm 

HNU - 0 p p m  
p T  - 0 cpm 

HNU - 0 ppm 
pY - 0 cpm 

LIMESTONE ROCK uns JnnnEc 
I N  THE EN0 O F  S P L I T  SP00h 

HNU - 0 p p m  
pY - 0 cpm 

HNU - 0 p p m  

pY - 0 cpm 

DROVE SHELBY TUBE 1 0' 

AUGER PAST I T .  TUBE 
CRUSHED 6 "  ON THE END 

broun. c l o y e y  GRAVEL lnsf-eoea 
i n  fhe Omwnl OF Finbe. n e t  

BOTTOM OF BORING n T  13  5' 

000092 



5.m 

m.m 

OEPCRZPTION 

( 

I I I 11 
I I 

14 0 . 5  
p I ost i c i ty. 

c i t y .  m o i s t  

m o  i 07 

17 n . 5  I i *h oond and gro- I. Io- p 1 0 0 .  

WUIPWCNT. MOBILE O R n L  EO 

HNU - 0 p p r n  
pY - 0 c p m  

HNU - 0 p p m  
p Y  - 0 c p m  

HNU - 0 p p r n  
p Y  - 0 c p m  

HNU - 0 p p r n  
p Y  - 0 c p m  

HNU - 0 p p r n  
g Y  - 0 c p m  

HNU - 0 p p r n  
0 Y  - 0 c p m  

HNU - 0 p p r n  
p Y  - 0 c p r n  

OY - 0 c p m  

000093 



m u k  2 or 
PROJECT NO1 313327 BORTNQ NO: 1795 PROSIX NnnE: FmNnLo 
[MTE BEBhNI E-16-91 DhTE RNIWED: l.2-17-91 FIELD ENOINEERl 0 O'BRIEN 
DRILLER' E GhRONER. 0 JhflEE3N NI  418530 00' E '  1332000 00' 
'SOUNO SURFACE ELEV. : 586 00' OCL o n i v n r z :  ~n ONL DEPTH: Nn 

Z L I N 6  HETHOD : MLLOU S K n  AUGER 

ill 

RACTOR : 

l 6  

I l4 

(9 

IRIUIffi - 
PFF, 

f 
& 

D E S C R I P T I O N  

V s r  f i r m ,  ( 5 7  5/31 0 1  ivc. eilty 
CLAY u I th eand and g ~ o v e  I .  
p I n e t  i c i t y .  

I ou 
rno i e t  

20 c 

c 3 .  u 
y e r y  F i r m ,  (51  5/31, 0 1  I V O ,  8 1  I T Y  

c3 u 

- 
p I o a t  I c I ty.  m o  1 OT 

BOTTOn OF BORING A T  27 0' 

000094 

~ 

:KED BY1 0. ARBROSE 

REMARKS 

HNU - 0 pprn 
Q Y  - 0 c p m  

HNU - 0 ppm 
pY - 0 c p m  

U O f E  : 
CllL S6WPLE NWlBERS &RE 
I N C R E n E N T E D  BY 100.000 
i o .  E 5 3  IS 101253 



Pnoc I O P  1 
PROJECT N O S  F3327 BORXUQ NO:  1746 PFIDClEcT UAMEi FERNALO 
I*4TE BEBfiU1 12-16-91 DATE FXKZBWODI I2-S-91  FXLD ENDXNEER: G RARSHALL 

E I  1382500 00' DRILLER I B YOST. K MYERS NI  -em0 00' 
-DUN0 BURFACE ELEV. I EST 593 0' BCL DATVTXFWZI M BUL DfPTHl NA 

=LINE METHODS HOLLOU STEM AUGER EOLIIWENTI nmxE o R n L  eo 
~ 

PENN O R I U I f f i  

D E S C R I P T I O N  

BOTTOM OF BORING AT 1 2  5' 

im - 

000095 

lKOD BY I 0. AHEROSE 

REMARKS 

HNU - 0 pprn 
p Y  - 0 cpm 

L 

HNU - 0 pprn 
p Y  - 0 cpm 

HNU - 0 ppm 
p T  - 0 c p m  

/ 

HNU - 0 pprn 
p Y  - 0 cpm 

HNU - 0 pprn 
p Y  - 0 c p m  

HNU - 0 pprn 
p Y  - 0 cpm 
H I T  PERCHED UATER A T  8 . 0 '  

HNU - 0 ppm 
p Y  - 0 c p m  

NOTE : 
ALL SAWLE NUPIBERS ARE 
INCRmENTED BY 100.000 
i o .  687 16 100687 



000096 



PADL 7 U P  

PROJECT No1 u7327 BORINQ N O i  1717 PmJEcT NAME I FERNhl D 

DRILLER I E GARDNER. 0 J A t l I W N  Nt 477600.00' 
=ROUND BURTACE LLEV. I E 

DATE BEBANI p-10-91 DCITE FXMWmi JZ-u-91  FPLD EMINEERI P cnssEonY 

XLLIN8 HETHOOi 

a. 

- 

J 

. a.0 

. 8 . 0  

L 

'RACTOR I 

5.m 

1.M 

- 

30 

27 
- 

SHELE 
TUBE 

1 AUGER 

D E S C R I P T I O N  

V e r y  F i r m ,  ( 5 1  5/11, ? r a y  CLA? 
e i I t and grave I. p I ae I c, m o  I e 

V e r y  F i r m ,  [SY S/11. gray CLAY 
grading i n t o  0 clayey O I I T  
u l t h  gravel, moiet 
V a F y  F a r m .  ( 5 1  5 / 1 1 ,  gray CLAY 
gratjin~ into a clayey e i  It 
uith gravel,  m o l e t  

o m e  gravel, 

000097 

- 
E'! 
Nfl 

- 

cl 

- 

m l  

:.....'.:.;.:. .... . ...... . . . . . . . . . . . . . . ...... . . . . . . . ...... . . . . . . . . . . . . . . ..... . . . . . . . 

. . . . . . . .... .. .. .... ..... . . . . . . ....... . ... . . . . . . . . ..: ...... . .... 

.. .. . ...... 

E I 1382500.00' 
OUL DEPTH: Nh 
EOUXPllfNTt Nh 

EKED BY1 0 .  AMBROSE 

REMARKS 

HNU - 0 p p m  
20  c p m  6'--0 c p m  

HNU - 0 pprn 
p Y  - 2 O . c p m  
o - 0 c p m  
HNU - 20 0 pprn c p m  

gy--o c p m  
HNU - 0 p p m  

20 c p m  6'--0 c p m  

- -2g c p m  PPm g'- 0 c p m  

NOTE : 
ALL ShMPLE NUMBERS &RE 
INCRmENTED BY 100. 000 
i o .  l.226 I S  101226 



PnaL I LIP L 
PROJECT NO1 113321 BORINO NO1 17% PROJZCT NABEi 
mTK OEOAN: 12-9-91 DATE: F1KEw-1 1 2 - E - 9 2  F Z L D  ENDDJRR: G H A R S W A U  

WWND ouurnat ELCV. I NA O u ,  DnTVTx-* M OUL DEPTH1 NA 
DRILLER 9 YOST. K HEYERG N e  4 1 7 x ) O  00' E .  1382500 00' 

U L I N b  HLTHDD* UJOER 

L 

IncTon I PENN ORIUIM 
I I I I P  I 

6 0 -  
f i r m ,  [ 1 0 Y R  5/31. brown, ciny 
sand and gravat,  nlgn 

p IO-t I c I t y ,  m a  t rd: 

F e r m ,  110YR 5 /  . CLAY r * t h  
eond and grave I oat I c I ty .  
mo I s t  

o h  p l o e t i -  
city. m o i e t  

F i r m ,  C10YR 
eond and g r  

V o r y  F I r m .  110YR 5 / 3 1 .  brown. CLAY 
n i t h  sand and grovel.  hioh p l o s t l -  
city. m o l e t  

H a r d  (10T-R 5/31. b-onn CLAY 
sand ond grave I ,  hl Qh p 1 Oet i c I 

5/Ll. gray, 
h eand I O U  

000098 

cni 

TRXP/FXELO BLhNK 
N O .  10052 

HNU - 0 p p m  
p Y  - 0 c p m  
h B O V E  BhCKGROUNO 

HNU - 0 p p m  
p Y  - 0 c p m  

ABOVE BACKGROUND 

U N U  - 0 pprn 

2:OVE BhCKOROUNO 
- 0 c p m  

H N U  - 0 pprn 
p Y  - 0 c p m  
ABOVE BACKGROUND 

U N U  - 0 p p m  

ABOVE BACKGROUND 
p Y  - 0 s p m  

HNU - 0 p p m  
p Y  - 0 c p m  
h B O V E  BhCKaROUNO 

HNU - 0 pprn 
rjY - 0 o p m  
ABOVE BACKGROUNO 

H N U  - 0 pprn 
p Y  - 0 c p m  
ABOVE BACKGROUND 

H N U  - 0 pprn 
0 Y  - 0 c p m  
ABOVE BACKGROUND 

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

H N U  - .o,!:.f. :_. ... . .#Pm p' - ...cp 
nBOVE j'BhCKOROUN0 

HNU - 0 pprn 
p Y  - 0 c p m  

REOVE BACKGROUNO 



L 

B H E  L E  

TUBE 

D E S C R I P T I O N  

21 E 
No rmJeovery 

22 c 
V i r  a r m .  151 5 / 1 1 ,  yroy erovrl I ,  
CLAY z a t k  oond 
m o  I a+ 

IOU p ort'aooty, 

2 6 . 5  

2 7 . 0  

N o  rosowory 

F l r m .  t 5 Y  5/21 o l i v o  
y a v o  I I y C L ~ Y  L I tn . eon3'PY.i ne I, 

ou ploet~c~ty. m o l e t  

. . . . . .  

REMhRKS 

HNU - 0 p p m  

p Y  - 0 o p m  
ABOVE BACKGROUND 
SAMPLE I N T E R V A L  U S E 0  
F O R  DISTURBED OEOTECH 
HNU - 0 p p m  
p Y  -' 0 o p m  
hBOVE BACKOROUND 

HNU - 0 ppm 
131 - 0 cpm 
hEOVE B-CKOROUNO 

D R I L L E D  CIN EXTRh 
6" TO T R Y  T O  GET 
Pnsf COBBLE 

HNU - 0 ppm 
p Y  - 0 cpm 
hEOVE BACKOROUND 

TUBE CRUSHED. L O U  
RECOVERY. PlRCHIVE 
SAllPLE 

+NU - 0 ppm 
DT - 0 cpm 
9BOVE BnCKBROUND 

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

........ 

000099 



516.9 

F - 
iw 
* 

5.1 

-10.0 

m . 0  

- -  
PnDC I 00. 2 

PROJECT NO1 u3127 BORINQ N O 1  1799 PROJECT NAME: 
DATF OEOAN: 7-10-92 D A T E  ~ N T W ~ I  3-11-92 FeLD ENOXNERi D O'BRLEN 
DRnLER I J B A R I L C  C COULTER N e  4)E-D 00' E .  1382900 00' 

' T L L I N O  H h T H O D *  HJLLOU OTEH AUOER 
'RnCTDR I PENN O R I U I M  

1 I I 

L 
15.0 

V o r  Firm. C5Y 5 / 1 1  g'ay C L A Y  U.m 
4 0 . 5  

9 0 . 2 5  

11 0 

Y I t z  pockets  OF poo; I y eroded. 
cooroe Sod. IOU p I wt  i c i t y .  
U I Z  

1 6 . 0  
No recovery  

I I 

20 
17.0' 

0 0 0.1 0 0 

p Y  - 30 c p m  
HNU - 0 p p m  
p Y  - 60  c p m  
HNU - 0 p p r n  
p Y  - 60  c p m  

p Y  - 50 c p m  

p Y  - 50 c p m  

p Y  - 40 c p m  

p Y  - 40 c p m  

p Y  - 40 c p m  

HNU - 0 p p m  
p T  - 60 c p m  
HNU - 0 p p m  
p Y  - 4 0  c p m  
HNU'- 0 p p m  



5 1 6 9  
Pnur z U P  

PROJECT N O 1  U 3 M 7  BORINO N O S  1749 PRDCECT NAME1 FERNALD 
MTE BEBhNi 3-10-92 DATE FIHZBCIED: 3-11-92 FIELD ENOINEERl p O'BRIEN 

'SQIND SURFACE ELEV. : Nh OWL D h T V T I t E :  Fn O U L  DEPTH: Nh 
DRILLER ' J BhRILC C COULTER N I  *eaooo* E l  1382300 00' 

I L L I N 6  METHOD: MLLOU STEM AUGER rnmmmw: nmnE o R n L  eo 
RACTOR I R N N  OR11 

m.m 

5.00 E 
E . 3: 

H; 

D E S C R I P T I O N  

ze 0 
SoFt, (51  S / l l a  r a y  CLAY.  m e d i u m  
p l o e t i c i t y ,  m o l e ?  

m e d i u m  Fif-m. ( 51  5 / 1 1 .  g r a y  CLAY.  
m e d i u m  p l o s t i c i t y .  m o i e t  

2e.s 

29 S 
N o  recovery 

BOTTOM OF BORING A T  30 .0 '  

CKED BY I 0 .  AHBROSE 

R E  tl A R K 8 

HNU - 0 p p r n  

p Y  - 50 c p m  
HNU - 0 p p r n  

p Y  - SO c p m  

HNU - 0 p p r n  

p Y  - 60 c p m  

HNU - 0 p p r n  
p Y  - 60 c p m  

HNU - 0 p p m  
DY - 60 c p m  

HNU - 0 p p r n  

p Y  - 40 c p m  
HNU - 0 p p m  

pY - 40 c p m  

HNU - 0 p p r n  

DY - 40 c p m  

HNU - 0 p p m  

DY - 40 c p m  
HNU - 0 p p m  

pY - 40 c p m  

HNU - 0 p p m  . 
p Y  - 4 0  c p m  
HNU - 0 p p r n  

p Y  - q0 c p m  

HNU - 0 p p m  

p Y  - 40 c p m  
HNU - 0 p p r n  

p Y  - SO c p m  

HNU - 0 ppm 

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

NOTE : 
ALL 6 A W P L E  N W B E R S  ARE 
INCREmENTEO BY 100. 000 
i s .  1501 16 101501 



L 

RACTOR I R N N  O R I U I H ;  
I I I 

O E G C R I P T X O N  

. . . .. ... ... . . . . . . . .::: _..._ .... ..... . . .... . ..... ... ... . . . . . . . . . ... .... . . . . . . . . . . . . . . . . . . . . . . . . ... 

000102 

cu ?KED BY: 0. ARBROSE 

REMARKS 

HNU - 0 p p m  
pY - 1 0  c p m  
H N U  - 0 p p m  
pY - 40 c p m  
HNU - 0 p p m  
P Y  - 40 c p m  
H N U  - NA p p m  

p Y  - N A  o p m  

H N U  - 0 p p m  
pY - 50 c p m  
HNU - 0 pprn 
p Y  - 50 c p m  
H N U  - 0 p p m  
p Y  - 50 c p m  

H N U  - NA p p m  . 

pY - Nh c p m  
H N U  - 0 p p m  
p Y  - 40 c p m  
H N U  - 0 p p m  

H N U  - 0 p p m  
p Y  - 40 o p m  
HNU - 0 p p m '  
pY - 90 c p m  
HNU - 0 p p m  
p Y  - 50 c p m  
H N U  - 0 p p m  
p Y  - 50 c p m  
H N U  - 0 p p m  
p Y  - 50 c p m  
Y N U  - 0 p p m  
p Y  - 50 c p m  
HNU - 0 p p m  

H N U  - N A  p p m  
p Y  - N A  o p m  

H N U  - N A  p p m  

- Nh c p m  
H N U  - N A  pprn 
p Y  - N A  c p m  

DY - 40 c p m  

DY - 50 c p m  

H N U  - 0 p p m  
p Y  - 0 c p m  
H N U  - N A  pprn 
p Y  - NA c p m  
HNU - N A  p p m  
L)Y - N A  c p m  
H N U  - N A  p p m  

p Y  - Nh cpm 

pY - 60 cpm 
HNU - 0 ppm 
O Y  - 60 cpm 
HNU - N A  p m  
07 - N A  open 

HNU - Nfi pprn 
pY - NA cpm 



5'2'69 - 
PnuL z UP z 

PROJECT NO1 u33n BORINQ NO@ 1750 P ~ J E C T  NnnE t FmNnLo 
MTE BEBhNn 312-92 DhTE nFUWED1 3 1 3 9 2  FIELD ENBINEERt P O'ERIEN 

N I  T 8 f D O  00' El 1382500 00' DRXLLER 1 J BhRILC C COULTDI 

BCL D A T V T I E :  Fn OWL DEPTH: Nh 'OUND BURFhCE ELEV. : NA 

LLLINO HETWOD: ClOLLOU SKn AUGER MUIRIENT: nDBILE ORILL 80 
RACTOR I R N N  O R I U I H ;  CHECKED BY1 0 ARBROSE I I I I 

REMARKS DESCRIPTION 

HNU - N A  p p m  

p y  - N A  c p m  

HNU - N A  pprn 

p Y  - NA c p m  

HNU - 0 ppm 

p Y  - 50 c p m  

HNU - 0 pprn 
pY - 50 c p m  
HNU - 0 pprn 

pY - 50 c p m  
HNU - N h  p p r n  
pY - N A  c p m  
HNU - N h  p p m  
pY - N A  c p m  
HNU - N A  pprn 

pY - N A  c p m  

HNU - 0 p p m  
p Y  - 60 c p m  

HNU - 0 pprn 
p Y  - 60 c p m  

HNU - 0 p p r n  
0 Y  - 60 c p m  
HNU - 0 pprn 

pY - 60 c p m  
HNU - 0 pprn 
p Y  - 40 c p r n  
HNU - 0 p p m  
p Y  - 40 c p m  
HNU - N h  p p r n  
DY - N A  c p m  
HNU - N A  p p r n  
0 Y  - N A  c p m  
HNU - 0 ppm 
p Y  - 40 cpm 
HNU - 0 p p r n  
D Y  - 40 cpm 
HNU - N A  p p m  

BOTTOM OF BORING n i  30 o-  

ALL SAMPLE NUMBERS ARE 
INCREMENTED BY 100, 000 

, 10 1 5 3 4  I S  101534 

000103 



REMARKS D E S C R I P T I O N  

JYY - SO cpm 

Very F i r m ,  ( 1 0 Y R  6/41 I I h t  
ye I I on I oh-brown, 
I O U  plostlCity. sliOhtly moiet 

I 

s I IT> 

I 3 0  
No caaovory 

Flr18, t Z  S Y  6/61. 0 1  I V B  ysl IOU, 
6 I I ty C L A Y  U I  th rove I .  I on 
ploe*itlty, 0 1  lagtiy motet s o  
Very f i r m ,  (2 S Y  6/61, 0 1  I V O  
yo1 I O U ,  rilty CLAY w i t h  grovrl 
I O U  plOetlClty. slightly molet’ 

15.0 

sled i um 1~ e 
F i r m .  ( 5 1  6 / 6 1  0 1  i YO yo1 lo-. 
s i I t y . C L A Y  ui +I y-ovs I. 
plostlcitv - m i -  

F l r m .  CSY 

16.5 
NO rscovsry I 

000104 

HNU - 0 ppm 
p Y  - 60 cpm 

HNU - 0 ppm 
D Y  - 60 cpm 

HNU - 0 ppm 
p Y  - 40 t p m  



PnoL 
PROJECT NO1 u7327 DORTNQ N O ,  1751 PRDXCT NfiMEB FERNhLO 
tMTE BEBhNi 321-92 D n m  FIMBWEDI 3-Zb-92 FeLD ENDINER1 0 O’BRIEN 
ORRLER I J BARILF C COULTER N I  432740 00’ El  1382575 00’ 
’SOUNO SURFhCE ELEV. : Nh O I L  D A T V T I K :  f.n QUL DEPTH: Nh 

I L L I N 6  HETHOD : MLLOU STEM AUGER 
RACTOR I F N N  ORIUIH; 

n m  

a. m 

o.m 

~~ 

NA . 0 

DESCRIPTION 

19 t 
F i r m ,  ( S Y  5/11 gray g t - o v e l l y  
CLAY. I o w  p I os+ I c I ty: m o  I j t  

19 t 
F i r m ,  ( S Y  5/11 gray g t - o v e l l y  
CLAY. I o w  p I os+ I c I ty: m o  I j t  

2 5 , S  
No recovery 

y. m o ~ ~ t  

BOTTOPI O F  B O R I N G  A T  20 .0 ’  

R E  MARKS 

H N U  - 0 p p m  
p Y  - 60 c p m  

HNU - 0 p p r n  

p Y  - 50 c p m  

H N U  - 0 p p m  
131 - 60 ‘ s p m  

HNU - 0 p p r n  

pY - 60 cpm 

. . . . . . . . 

NOTE : 
ALL SAMPLE NUnBERS &RE 
I N C R E n E N T E O  BY 100. 000 
i o .  1603 I S  LO1603 

000105 



5 1 6 9  
pnok I OF 7 

DRILLER I J ECIRILE. C COLnTER NI  983620 00’ E I  isiqeo 00’ 

PROJECT N O 1  a3327 BORTNQ NO8 1752 PROJECT NcIHEl FERNALD 
MTE BEBhNm 3-16-92 D6fE nc98HED1 3-17-92 FIELD ENQINEERt D O’BRIEN 

WOUND BURFACE E L L V .  I N4 o u  D A T V T I r E I  m QUL DEPTH1 NA 
RYUTFWENTI nmxE o R n L  eo I L L I N B  HETHOD~ MJLLOU S K H  CIUGER 

’RACTOR I PENN D R I U I f f i  

I I I P  I 
OESCRIPTION 

5.m 

u1.m 

13.0’ 
Hard, C 2 , S Y  6/41 I i ht  ye1 l o w i e h -  

F r a g m e n t s ,  no p I oat i c i ty. d ry  
1 3  0 . 5  b r o w n ,  0 1  I t y  U A ’ r  w i q h  I i m s e t o n e  

1 3  0 .17 

A S  0 

\ 

\ 14.0’ 
No rocovery 

mgmmte. no p l o e t i -  

000106 

CH 

R E  H A R K 6 

HNU - 0 p p m  
p Y  - SO c p m  
H N U  - 0 p p m  
pY - 50 c p m  
H N U  - N A  pprn  

p Y  - NA c p m  

p Y  - NA c p m  
H N U  - 0 p p m  
p Y  - 40 c p m  
H N U  - N A  p p m  
p Y  - NA c p m  
H N U  - NA pprn  
D Y  - NA c p m  
H N U  - NA p p m  
pY - NA c p m  
H N U  - 0 p p m  
p Y  - 60 c p m  
H N U  - 0 p p m  
p Y  - 60 c p m  
H N U  - 0 p p m  
pY - 60 c p m  
H N U  - NA p p m  
p l  - NA c p m  
H N U  - 0 p p m  
p Y  - 60 c p m  
H N U  - N A  p p r n  
p Y  - NA c p m  
H N U  - NA pprn  
p Y  - NA c p m  
H N U  - Nh p p m  
p Y  - NA c p m  
H N U  - 0 p p m  
p Y  - 40 c p m  
H N U  - 0 p p m  
p Y  - 40 c p m  
H N U  - 0 pprn  
p Y  - 40 c p m  
H N U  - NA p p m  
p Y  - .NA cpm 
H N U  - NA p p m  
p Y  - N A  cpm 
H N U  - NA p p m  
p Y  - NA c p m  
H N U  - 0 p p m  

H N U  - NA pprn  
p Y  - NA cpm 
H N U  - N A  pprn  

H N U  - N A  p p m  

p Y  - 50 spm 

O Y  - NA k p m  
H N U  - NA p p m  
p Y  - NA cpm 
H N U  - 0 ppm 
O Y  - 40 cpm 
H N U  - 0 p p m  
p’ - 40 cpm 



PROJECT NO1 33727 EORINB N O 1  1752 PROJECT NClHEl FERNALO 
MTE BEBAN1 316-92 06TE mMBHEDt 317-92 FIELO E M D Y E R S  0 O’ERIEN 
DRILLER I J BCIRILC C COULTER NI 983620 00’ E: 1381190 00’ 
WOUND EURFClCE ELEV. I NCI BCL D C l T V T I h :  FH Q U L  DEPTHS Nh 

U S E R  CIUGER muzmmTI nmILE o R n L  EO -~ 
I L L I N B  HETHOOi a 

~ 

RACTOR I PEh 
I 

I I I4 

O R I U I S  Cb 
Q 0 c. 

l; f: D E S C R I P T I O N  
.,-I .. 

I v 

4 1  b r o w n ,  0 1  Ity CLAY w l t h  l ~ m e e t o n e  
F r o g m e n t o ,  no p 1 OOT I c I ty. dry’ - 

0 5  Hard, ( 2  51 6/41 light yellouieh- 

0 17 4 1  

0 5  01 I v e  b r o w n ,  0 1 1 t y  CLhY u l t h  3 :  - grove I. no p I oat I  c I ty. o I I  ght I y 

0 33 3 :  

17 0’ 
c I  

V e r y  F i r m ,  ( 2  S Y  5/41 I ight - 
m o  I et - 

18 0’ 
No recovery 0 N A  

BOTTOn O F  B O R I N G  A T  3 0 . 0 .  

Il_____li 000107 

REMARKS 

:KED BY:  0 .  CINEROSE I 
H N U  - 0 p p r n  
p Y  - 40 c p m  
H N U  - 0 p p r n  
07.  - 40 c p m  
H N U  - 0 p p r n  
pY - 40 c p m  
H N U  - 0 p p m  
p Y  - 40 c p m  
H N U  - N A  p p r n  
p y  - N A  c p m  
H N U  - N A  p p m  

p Y  - N A  c p m  
H N U  - 0 p p r n  
pY - 60 c p m  
H N U  - 0 p p m  
p Y  - 60 c p m  
H N U  - 0 p p r n  
p Y  - 60 c p m  
H N U  - 0 p p m  
p Y  - 60 c p m  
H N U  - N A  p p r n  
p Y  - N A  c p m  
H N U  - N A  p p m  

p Y  - N A  c p m  
HNU - 0 p p m  
p Y  - 50 c p m  
H N U  - N A  p p m  
p Y  - N A  c p m  
HNU - N A  p p m  

DY - N A  c p m  
H N U  - N A  p p r n  
p Y  - N A  c p m  
HNU - N A  p p m  
p Y  - N A  c p m  
HNU - N A  p p m  
D Y  - N A  c p m  
H N U  - N A  p p r n  

p Y  - N A  c p m  
HNU - 4 p p m  

pY - 50 c p m  
HNU - 0 p p r n  
p Y  - 50 c p m  
H N U  - 0 p p r n  
pY - 50 c p m  
H N U  - 0 p p m  
p Y  - 50 c p m  
HNU - 4 . 5  p p r n  

p Y  - 50 c p m  
H N U  - 4 p p m  

. .  

NOTE : 
ALL 6AnPLE NUMBERS ARE 
I N C R E M E N T E O  B Y  100. 000 
i o .  1570 I6 101570 



. -10 0 

PnaL 1 OF 
PROJECT N O 1  a 3 7 2 7  BORTNQ N O S  1753 PROJECT NAtlEi FERNhLO 
MTE BEBANS 3-23-32 DATE =MBC(EDs 3-23-92 FIELD EIgINEERl 0 O'BRIEN 

m x u m  : J BnRILE. c COULTER NI  983630 00' E l  1380000 00' 
'SOUND B U R F A C E  ELEV. I NA QLL D A T V T I E I  E(4 Q U I  DCPTHl NA 

L L I N B  HETHODl HJLLOU STEM AUGER TO 15 0 ' .  COFE TO 2 0  5' 
r R 6 C T O R  I PENN O R I U I f f i  

I I I 

DESCRIPTION 

5 . 0 -  
Hard. ( 2 . 5 7  6 I q )  I l g h t  y e l l o u i e h -  

no plasticity. d r y  
broun. e l  Ity CLAY; some grovel ,  

\\\V e .o' - Hard. CZ.5Y 6/41 I I ht y s l l o w ~ e h -  - -+ broun. usothsrsd' SHAPE, n o  pl ae- -- t i c l t y ,  d r y  - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . :: :::.: .:::,:,::.:::< . . . . . . . . . . . . . ... .. . . . . . . . .... . . . .  .. . . . . . . . ... . ..... 

12.0' 

1 2 . 5 '  

- -Y ( 2 . 5 Y  N611 ~ r o y .  usathered SHALE. -- d r y  

No recovery  

- -  

HNU - 0 ppm 
p Y  - 50 cpm 

0 Y  - S O  cpm 

HNU - 0 ppm 
0 Y  - 60 cpm 

HNU - 0 pprn 
p Y  - 60 cpm 

NA 

HNU - 0 ppm 
p Y  - 500 p p m  

000108 



R I U I N O  - 
BFI 

I- 

I 

CoFt, ( 2 . 5 1  NC11, Q I - O ~  CUALE, 
usathered. very  t h i n l y  bedded 

000109 

CKLD DYI D .  AnBROSE 

REMARKS 

HNU - 0 p p m  
pY - 500 p p m  



PaoL 1 ur 
a3327 BORINB NOS 1759 PRDXCT NAHEI FERNALO PROJECT NO1 

MTE BEBhN: 4-23-92 
mnLf R : C COULTER. J BARILE 

WOUND BURFACE ELEV . i NA BLL D A T V T X t E i  m 

DATE n198HED1 4-27-92 FIELD E N D I N E R :  D O‘BRIEN 
N: 484UB 29’ 

=LINE HETUOO : . CABLE l o a  

E 1 1383467. q5’ 
OUL DEPTU: NA 
EOUFFIENT: 43 CYCLONE 

- 

F H  

---B 

5 .  

-1D.c 

RACTOR : 
I I 

D E S C R I P T I O N  

SEE B O R I N G  2754 FOR 
VISUAL C L A S S I F I C A T I O N  

e .O’ 
V e r y  Firm, ClOYR 5/41, ye1 louieh-  
b r o w n ,  QFOWEIIY C L A Y  no 
p I as? I c : ty ,  E I I ght I y’ m o  : e t  

000110~ 

:KED ByI 0 .  nneRosE 

REMARKS 

HNU - 0 ppm 
0 Y  - 60 cpm 

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

.... . 



om 

m .  

O E S C R I P T I O N  

SEE B O R I N G  2754 F O R  
vIsunL CLnssIFIcnrIoN 

.. .... 

BOfTOn O F  BORING A T  30 .0 '  

000111 

E 1 1383q67.95' 
BUL DEPTHS NC, 

EOLnRlENTr 43 CYCLONE 

R E H A R K S  

ALL SAMPLE NUnBERS ARE 
XNCRERENTED BY 100. 000 
i s .  602 IS 100602 



5 1 6 9  
m o t  L OF i 

PROJECT NO1 33327 BORINO NO8 a679 PFID&CT NAHEi FERNALD 
1-22-92 DATE =~BC(EDI  1-22-92 FIELO ENOXNEER, J. LEAR lwTE BEBANG 

DRXLLER 1 C COULTER. G .  DYE NI  483323.14’ E :  1378278 45’ 
WaJND SURFACE ELEV. 1 N A  0% DnTVRmI M OUL DEPTH8 NA 

LLINB HETHODI CABLE l o a  EDLKMENTI CTCLONE 43 

FbF 

+ 

3.  

-1D.O 

m e  nottl i n  

F l r m ,  (57.  5/23. 0 1  Ive groy. e1 i t y  
CLAY, *mea grove I .  I OM p I oat i 5 i ty. 

7 
m l  NA 

1 . 7  

- 

N A  

NA 

NA 

1 . 7 !  

:KLD 071 0. AnBROsE 

REMARKS 

HNU - 0 p p r n  
p Y  - 50 c p m  

a - 0 c p m  

HNU - 0 p p m  

pY - 50 s p m  
a - ‘ O  p p r n  

HNU - 0 p p m  
p Y  - 50 o p m  

a - 0 c p m  

HNU - 0 p p m  
p Y  - 50 s p m  
u - 0 p p m  

HNU - 0 p p r n  
p Y  - 50 s p m  
a - 0 c p m  

HNU - N A  

p Y  - NA 
u - N A  

HNU - 0 p p r n  

07 - 50 c p m  
o - 0 c p m  

HNU - 0 p p r n  
Dy - 50 c p m  

a - 0 p p r n  

HNU - N A  

p Y  - N A  

. . . . . . . 

HNU - 0 p p m  

pY - 40 c p m  
o - 0 c p m  

000112 



5 1 6 9  
PnmL 7 U P  & 

N: 983sL3 14'  E: i 3 m 7 e  4s' 

BORIWO NO: gS79 PROJECT wnE: FERNALO PROJECT NO1 u3m 
MTE BEBANI 1-22-92 DATE CIMWED: 1-22-92 PIELO E l g m e R i  J LEAR 
ORILLER I F COULTER. G OYE 
VOUND EURCACC CLCV. I NA OLL O A T V T X K i  pL4 OUL OEPTW: NA 

I L L I N B  HETHOO: CCIBLE T O a  

L 

RACTOR I E!! R I U I N O  

D E S C R I P T I O N  

F i r m .  (57  5/21. 0 1  i v e  groy, e i  Ity 
CLAY. -om- srovrl. IOU t~ mmdium 
p l o s t i c i ? y ,  m o i e t  

No recovery 

3 1 . 5  
(51 4/21. 0 1  ive ~ r o y .  e j I?y 
-POCO Q-VS 1.  1 o n  p I Oat I 5 I ty, 

CI 
D 
0 c1 

c1 0 " 

c l  1. 

N h  N h  

1 . I  

- 

2 . 5  

- 

2 . :  

- I  - 

4 . 2  

- 
....... . . . . . . .  .......... ...... . . . . . . . .  ...... . . . . .  ....... . . . . . . .  . . . . .  ........ ....... ._: ..:. 

4 .  

....... ...... ...... ..... ..... ... . . . . .  . . . .  . . .  ..... . . . . .  ..... . . . . .  ....... - 

2 . 2  

NA 

in - 
Nfi 

1.7 
I 

:KLD BY: D .  nnmosc 

REMARKS 

HNU - 0 p p m  
p7 - SO c p m  
u - 0 p p r n  

UNU - N A  

pY - NA 
U - Ne 

HNU - 0 p p m  
p Y  - 4 0  o p m  
u - 0 p p r n  

HNU - 0 p p m  
p Y  - 50 c p m  
o - 0 opm 

HNU - 0 p p r n  

D Y  - 50 c p m  
u - 0 c p m  

HNU - 0 p p m .  
p Y  - 90 c p m  
o - 0 o p m  

HNU - 0 p p m  
07 - 50 c p m  
a - 0 c p m  

YNU - 0 p p r n  
O Y  - 50 c p m  
rr - 0 c p m  

.(NU - N A  

O Y  - NA 

....... 

+NU - 0 ppm 

I - 0 c p m  
3 7  - so cpm 

000113 



PAUL 3 
BORINQ NO* 2679 PRDJECT WArlEt 

RrlTE BEBANI 1-22-92 DATE -NIBHEL)s 1-22-92 FIELD E M I N E R l  
NI 483323.14' El  DRILLER ' C .  COULTER. G DYE 

'SOUND SURFWE ELEV. : NA OWL D A T V T I E :  F14 OUL DEPTH: 

PROJECT N O ,  a3327 

ILLIN6 I(ETH0D: CABLE TO& 

?O 

- 

:z 

O E S C R I P T I O N  ~ 

. o  

EOUIWENT: CrCLONE 43 
:KED BY:  0 AM8ROSE 

REMARKS 

H N U  - 0 p p r n  

p Y  - 50 c p m  

o - 0 c p m  

H N U  - 0 p p r n  

pY - 50 c p m  

o - 0 c p m  

H N U  - 0 p p m  
pY - 5 0  c p m  
o - 0 c p m  

H N U  - 0 p p m  

p Y  - 50 c p m  

o - 0 c p m  

000114 



x 

PENN D R I L L I N 3  

DESCRIPTION 

6 1 . 3  

2 - 4 4 -  

I /4 

1. O( 60.75'  
:::: V e r y  dame, C1OYR 6/11 ~ t - 0 ~ -  

. . . _ '  0 1 I t .  l g h t l y  m i a t  
poor I y-yroded. F i m SAND, eome . . . .  . . . .  . . .  

. . . .  

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

. . . .  . . . .  

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

- 

k 
- 

- 

m l ,  
C I  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..._ . . . . . . . ... .. ... ... ...... ...... .... . ...... ... ... . . . . . . . 

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

- 
n l  - 

'P 

~~ 

QUL DEPTU: NA 

:K& BY1 0 AflEROSE 

RE tl A R K 6 

HNU - 0 p p m  
DY - 50 c p m  
u - 0 s p m  

HNU - 0 p p m  
p y  - 50 opm 
u - 0 s p m  

000115 



gI 

-P 

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

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

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

l 
a 

0 0 w 

. -  - 0 " 

- 
N h  

- 

- 
N h  

- 

N h  

7 

- 
N h  

5 7 6 9  
Pnoc - 

PROJEOT NO* ' 7133e7 OORTNO N O *  8679 PRoazoT Name* 

OYL ocrinl 

1-22-92 DATE R ~ W ~ I  1-22-92 reLD EHOIWRRi mTC OEBANi 

R I L L L R  I c .  couLTm. E .  OTC N I  8 3 9 2 4 . 1 q '  
aROUN0 OURrfiOL LLLV.1 M O& D f i T V n h t  

C l  

LarnLLIT 0 
pTLLXNO HLTHOD- 

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

36 x, 25 :::_ . . .  
. . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  

U N U  - 0 p p m  
p T  - 50 e p m  
o - 0 c p m  

7 0  0 
V o r y  d e n s s  C¶Y 1 / 2 1 .  o I I w e  ~ t a y .  
p o o r l y  ptodod BhND. o o m o  provol. 
*roo- I It. roturozrd 

HNU - 0 p p m  
p T  - 50 c p m  
0 - 0 cpm 

HNU - 0 p p m  
p Y  - 50  c p m  
0 - 0 cprn' 

0-nro, CSY 5/21.  0 1  i v o  Q P O ~ ,  

p o o r l y  srodod BAND, oone o i l - .  
t race  oravet. net 

0 - 0 P p m  

BOTTOPI OF BORXNO nT 8 L . 5 .  

N O T E  : 
ALL e4-m NMBERE ntx  
XNCRf3lENTED .BY 100. 000 
l e .  38266 I6 138266 

. 000116 



Nt 983301 63’ 

D E S C R I P T I O N  REMARKS 

HNU - 0 p p m  

p Y  - 0 c p m  
HNU - 0 D D m  

p Y  - 0 c p m  
HNU - 0 p p r n  

p Y  - 0 c p m  
HNU - 0 p p m  

p Y  - 0 c p m  
HNU - 0 p p m  

- 0 c p m  

HNU - 0 p p m  

p Y  - 0 c p m  

HNU - 0 pprn 

p Y  - 0 c p m  

HNU - 0 p p m  

p Y  - 0 c p m  
HNU - 0 ppm 

pY - 0 c p m  
HNU - 0 p p r n  

p Y  - 0 c p m  
HNU - 0 p p m  

p Y  - 0 c p m  
HNU - 0 p p m  

p Y  - 0 c p m  

HNU - 0 p p r n  

p Y  - 0 c p m  
HNU - 0 p p m  

131 - 0 c p m  
HNU - 0 p p m  
p Y  - 0 c p m  
HNU - 0 p p m  

p Y  - 0 c p m  

HNU - 0 p p r n  

p Y  - 0 c p m  

SOME GRAVEL 
O U I T E  LARGE 

000117 

GRAVEL MORE 
E X T E N S I V E L Y  
INTERSPERSE1 
THAN 4 . 5 ’  

P L A S T I C I T Y  
I N C R E A S I N G  



3769 

.F 

FtFY 

- 

- ! i n n  

PnBL P OF 6 

FIELD ENDINEER: P cnssmny 
PROJECT NO1 33327 BORINQ NO: 2728 PROJCCT NAHEi FERNClLO 
OClTE BEBAN’ 1-15-92 DATE F I ~ U B W E D I  1-30-92 
D R I L L E R  I J BARILE. R PIERCE N i  9833Jl 63’ 
WDUND BURFACE L E V .  : 593 50’ QLL D A T V T l P E i  En 

- m a  

. s o  

E : 1J17960.59’ 
OUL OEPTW: NA 
C O ~ W E N T :  CYCLONE 48 

SACTOR I PENN D R I U I H ;  

O E S C R I P T I O N  

18 0 

m m  

20 5 

5.m 

V a r y  F i r m ,  (2 5 Y  4/21, d a r k  groy- 

gravel, I i t t l e  ei It. no eond. 
0 5  i e h  bronn C L A Y  uith i n t e r m i x s d  7 

P l O O t l C .  m o i d t  
19 0 5 

29 3 

2e 0 
No recovery 

29.0 
40 0 

1 4  0 . 5  

25 3 
-7 

2 9 . 5  
No recovery 

20 3 
31.0 

F i r m .  (2 .51 4 / 2 1 .  dQtk Brayiah- 
7 0.5 broun C L 6 Y  u i t h  ri It. sond ond 

B r a v e  I, i n t e r m  i xed h i gh 
p I Oat i c i ty. m o  I ET 

27 0 . 5  
3 2 . 0  

- 

!I 
- 
c1 - 

N A  

- 

cl 

- 

N A  

- 

C I  

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

....... ....... :.:.:.. ....... ........ ....... .......... ... .... ....... ...... 

- 
N A  - 
C I  

- 
N A  

- 
c I  
- 

Ne 

- 
cl  

:KED B Y  I 0.  AREROSE 

R E n A R K S  

HNU - 0 pprn 
p Y  - 0 c p m  
HNU - 0 pprn 
p Y  - 0 c p m  

HNU - 0 pprn 
p Y  - 0 c p m  
HNU - 0 p p m  

p Y  - 0 c p m  
HNU - 0 pprn 

p Y  - 0 c p m  
HNU - 0 pprn 
p Y  - 0 c p m  
HNU - 0 pprn 
p Y  - 0 s p m  

HNU - 0 pprn  

p Y  - 0 c p m  
HNU - 0 pprn  

pY - 0 c p m  
HNU - 0 p p m  
p Y  - 0 c p m  

p Y  - 0 c p m  
HNU - 0 pprn 
p Y  - 0 c p m  
HNU - 0 p p m  
p Y  - 0 c p m  

HNU - 0 ppm 

HNU - 0 pprn  
p Y  - 0 c p m  
HNU - 0 p p m  
p Y  - 0 c p m  
HNU - 0 p p m  
p Y  - 0 c p m  
HNU - 0 p p m  
p l  - 0 c p m  
HNU - 0 p p m  
n Y  - 0 c p m  
HNU - 0 p p m  
p1  - 0 c p m  
HNU - 0 ppm 

p Y  - N A  
HNU - N A  
p Y  - N A  
HNU - 0 p p m  

HNU - 0 ppm 
p Y  - 0 r p m  

pY - 0 c p m  

000118 



PnoL 3 OF 

PROJECT NO: a3327 BORINQ NO1 2728 PROZCT NCItIEi FERNfiLO 
MTE BEBCINl 1-15-92 
DReLER I 

DCITE FXHE8HEDi 1-30-92 FDELD EMXNEER: P cfissmny 
J BARILE. R PIERCE N I  483301 63’ 

WOUND BURFACE ELEV. I 593 50’ Q L L  D C I T O T I h i  ~n 
ILLLINB METHOD* mBLE TOO- 

Y 3 

- 

~ 

D E S C R I P T I O N  

7 ,  mad ium dense. (1OYR 3/61. dork 
5 5 yo I l o w  i eh-broun, c I o y e y  S I L T ,  no 

I I eand, eome,emol I no1 I sorted 
grove I. mo I et 

40 .  t 

5 5  
.......... 

4 5 . 0  
Firm. C 2 . 5 Y  4/21 aopk Q r o y i e h -  
broun CLAY uith ’grovel s o m e  
e I I t, mo I et over I y i ng’ 0 modi urn 
dense. l7.5kR 4/61 strong broun, 
c l o y e y  S I L T  uith inferspersed 
rond and wovel .  m o ~ e t  

- 

E :  
- 

NA 

- 

.:...:.:...:. ........... ........ ......... .......... ..... ...... ...... ....... 

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

I I  

E I 1377960.59’ 
QUL DEPTH: N A  

I 

:KED BY I 0. AHBROSE 

REMARKS 

HNU - N A  

D Y  - NA 

HNU - N A  

p Y  - NA 

HNU - N A  
IJY - NA 
u - N A  . .  

HNU - 0 ppm 
p Y  - 0 cpm 
0 - N A  

........ 

000119 



PnoL 4 OF L 

MTE BEBhNr 1-15-92 D A T E  FIm8HEDi 1-30-92 FIELD EMXNEER: P cAsscony 

PROJECT NO1 313327 BORINO N O 1  2728 PFIOCECT NAME: VERNAL0 

DRXLLER I J. BARILE. R PIERCE NI 983131 63’ b Et 1377960 59’ 
9 W N D  BURFACE ELEV. I 593.50’ OLL D A T V ~ I E I  M? 

RLINB METHODS meLC l o a  
RACTOR I 

I 

RNN DRIU 
~ 

cffi 

D E S C R I P T I O N  

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

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

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

000120 

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

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

- 
Qm - 

-P 

~~~~ 

QUL DEPTH1 NA 
murmmT: CXLONE 48 

:KED BY I 0 .  ARBROSE 

REMARKS 

HNU - 0 ppm 
IJY - 0 cpm 
a - NCI 

HNU - 0 ppm 
p Y  - 0 o p m  
a - N A  

. . .  

4 



FkT 
- 

%.I 

s p . 0  

o.a 

5.m 

u, 

t 

FERNALD 
P CASSEDAY 
1T??960 59’ 

CYCLONE qe 
:KED BY8 D .  ARBROSE 

R E M A R K S  

HNU - 0 p p r n  

a Y  - 0 c p m  
o - Ne 

HNU - 0 p p r n  
01 - 0 c p m  
a - Nn 

-NU - 0 p p r n  
3 1  - 0 c p m  
1 - N A  

. . . . . . . . 

000121 



ATRACTOR I 

I 

65.00 

I00 

PADL b or 

PRaJECT NOS 313327 BORXND NO1 2728 PROJECT NAHEI FERNALD 
mTE BEBANI 1-15-92 
DRILLER I J B A R I L F  R PIERCE 

WOUND BURFACE ELEV. I 593 50' QLL DATVlZPlEI FH QUL DEPTUl NA 

DATE 1-30-92 FQLO EMTNEER: P CnssEDnY 
N I  983131 63' E l  1377960 59' 

OOLlIPHENTr CYCLONE 48 
CUECKED BY:  0 AMBROSE 

TLLINB HEW001 p B L E  l o a  
R N N  O R I U I K ,  

D E S C R I P T I O N  REMARKS 

- 
O e n s s  (2 5 1  5/21. ~ r o y l s h - b r o w n  
GRAVEL u l th  eond poorly e o r t s d  HNU - 0 ppm u i t h  I i t t l s  TO no c l o y  or eilt, DY - 0 cpm 

3 

- 

-B.m - 

BOTTOM OF BORING A T  92 .0 '  

N A  0 - N A  

HNU - 0 p p m  
p Y  - 0 cpm 
0 - N A  

PETROLEUM OOOR 
 FRO^ CLAYS 
UITHIN snmpLE 

HNU - 0 ppm 
pT - 0 c p m  
o - NA 

PETROLEUM OOOR 
IN c L n y  LENS 

VOTE : 
ALL s n w u  NUMBERS ARE 
INCREMENTEO BY 100. 000 
l i e .  365 I 6  100365 



it? 

-51 

-1D.O 

-15.0 

5.m 

o m  

i.m 

KOD D Y *  0 .  AHBROBE 

RE tl h R K e 

HNU - 0 p p m  

u - 0 o p m  
p Y  - so c p m  

HNU - 0 p p m  
P I  - SO c p m  
u - 0 o p m  

HNU - 0 p p m  
n Y  - SO c p m  
u - 0 c p m  

UNU - 0 p p m  
QY - 50 o p m  
u - 0 c D m  

HNU - 0 p p m  
p Y  - SO o p m  
a - 0 s p r n  

HNU - 0 p p m  
p Y  - 50 o p m  
o - 0 opm 

HNU - 0 p p m  
O Y  - SO c p m  
D - 0 o p m  

4NU - 0 p p m  
0'1 - 50 o p m  
D - 0 s p m  

I N U  - 0 p p r n  
oY - SO o p m  
J - 0 o p m  

-(NU - 0 p p m  
07 - ¶O c p m  

*NU - 0 ppm 
e l  - 50 o p m  
3 - 0 o p m  

000123 



OO/E 

~ - 
35-61 
5 0 / 3  

- 
so- 

soyo 

E 3 - - 3 3  

50/3 

- 
LOO/O 

LOO/¶ 

OEBCRIPTXON 

\ '  2 9 . 0  
NO recovery 

BOTTOPI OF BORING nr  JZ 0 -  

000124 

REHhRKCB 

HNU - 0 p p m  
p l  - 50 c p m  
u - 0 opm 

HNU - 0 ppm 
u - 0 opm P Y  - SO c p m  

UNU - 0 ppm 
0-f - 50 C p m  
CY - 0 c p m  

UNU - 0 ppm 
DY - 30 c p m  
CY - 0 c p r n  

HNU - 0 ppm 
Q Y  - 50 s p m  
0 - 0 c p m  

HNU - 0 p p m  
pY - 50 o p m  
u - 0 =om 

.(NU - 0 p p m  
O Y  - 50 opm 
CT - 0 spm 



000125 



5169  
3 OF b 

PROJECT NO1 u7m EORINO NO1 g733 PROJECT NAMES FDINALO MTE EEOANi 
DRILLER I 

WOUND BURFACE E L E V .  I NA OLL D A T V T I E I  Fn OUL DEPTHi NA 

12-11-91 DATE nM6Hm1 1-6-92 FIELD E N B X N e R l  J UHEAl 

J m x c  J BTRWPAZON NI T7070 67' E:  1383161 Q3' 

mumom: 43 CYCLONE 
I L L L N B  HETWODl CClBLE l o a  

K N H  O R I U I H j  CHECK= BY1 0 AMBROSE I 
'RhCTOR I 

I P  I I 1 0  I 

D E S C R I P T I O N  REMARKS 

HNU - 0 p p m  
QY - 0 s p m  

HNU - 0 pprn 
p Y  - 0 c p m  

S H E L B Y  T U B E  PUSHED 
F R O n  2 0 . 0 -  TO 2 3 . 0 -  
SAMPLE ALMOST FLOUS 

HNU - 0 pprn 
QY - 0 c p m  

G R A V E L  L A C K I N G  

H N U  - 0 pprn 
QY - 4 0  c p m  

L 
000126 



‘ 1  

5169  - 
PnQE -. 

3l3327 BORXNB NO1 2133 PROJZCT NnHE: FERNtILO PROJECT N O S  

DRILLER I J BARILC J 8TRtIPPCIZON 
oniE FINIBC(DD~ 1-6-92 FIELD ENDINER:  J UHEAT Mh BEBAN1 p-11-91 

NI  417070 67’ E:  1383161 03’ 
‘SOUNO BURFACE ELEV. I NA BLL o n i w n E I  ~ 1 4  BUL DEPTHS NA 

EaLRPflENTi 43 CYCLONE 
Cb :KED B Y :  D AHEROSE 

ILLIN6 HETHODl IXBLE l o a  
RACTOR I D R I L L I f f i  

l e  I 0 I 

HNU - 0 p p m  SAMPLE FLOU! 
p Y  - 0 c p m  

E.0 

1.m 

m 

I I l4 

PFF1 I ! I DESCRIPTION 

4 0 .  c 
. . . .  . . .  : medium dense, t l O Y R  5/41. . . . .  yo1 louieh-brown, g r o v e l  l y  SAND, 
. . . .  m i n o r  O I I T  and c l a y .  w e t  . . . .  
. . . .  . . . .  

67 . . . . . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . _ .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . .  . . . .  
. . . .  . . . .  . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . .  . . . .  
. . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  

REM ARKS 

HNU - 0 p p m  
p Y  - 0 c p m  

HNU ’- 0 p p m  
p Y  - 0 c p m  
HNU - 0 p p m  
p Y  - 0 s p m  

HNU - N A  
p Y  - NA 
HNU - N A  
Q Y  - NA 

HNU - N A  
p Y  - NA 

HNU - 0 p p m  
p Y  - Q - c p m  

HNU - 0 p p m  
p Y  - 0 c p m  
HNU - N A  
p Y  - NA 

HNU 

PY - 
0 P P m  

0 c p m  

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

000127 



P n O L  4 OF -. 5 1 6 9  
PROJECT NO:  a 3 3 2 7  EORXNQ NO8 2733 PRO&= NAME1 FERNALO 
MTE BEBANI 
DRILLER I J BARILE. J STRhPWZON 

12-11-91 DATE F I M B W E D I  1-6-92 F I E L O  ENOXNEERi J UHEAl 
N: 417070 67' E: 1 s 3 1 6 1  03' 

LLINB METHODS CABLE l o a  murmmT: 43 CYCLONE 
SOUND EURPhCE ELEV. I MA OLC D n T V n t E :  Fn BUL DEPTH1 NC, 

:KED BY1 0 ANBROSE OR R N N  O R I U I f f i  

DESCRIPTION 

I 

REMeRKS 

HNU - 0 p p m  
0 1  - 0 c p m  

HNU - 0 p p m  
pY - 0 c p m  



U - 

FtF 

---66 

. --m 

. . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . ,  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . ,  . . . .  . . . .  . . . .  . _ . .  . . . .  . _ _ .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . _ ,  . . . .  . . . ,  . . . .  . . . .  . . . .  . . . .  . . . .  B O .  0 ’  

000129 

. -E 0 

J. UHEAT 

1383161.03’ 

muxmmT: 43 CYCLONE 
CKED BY8 0 ANEROSE 

REHARKS 

HNU - 0 p p m  
D Y  - 0 c p m  

HNU - 0 p p m  

Q Y  - 0 s p m  

WNU - 0 ppm 
pY - 0 c p m  

........ 



5 1 6 9  
PnoL 6 OF F. 

PROJECT NO1 313327 BORINB NO1 2733 PROaCT NAMES FERNALO 
MTE BEBAN1 32-11-91 DATE ~ P I T B W E D I  1-6-92 FIELD ENDXNEER, J UHEAT 
O R I L L E R '  J BARILE. J STRCIPMZON N :  477070 67'  

SOUNO BURFACE E L E V .  I NA BCC D A T V T T H E I  ~n 
L L I N B  HETHODI CABLE l o a  

E I 1383161.03' 
BUL DEPTH: N A  

muxrnaT1 43 CYCLONE 

D E S C R I P T I O N  

V e r y  donee, C10YR 5/31 brown, 
cooree poorly eorted SAND and 
GRAVEL: I i t t l e  To no 0 1  I t  o r  
C l o y ,  w e t  

85 0' 
V e r y  dense. ClOYR 5/31. broun.  

o o r l  sorted ongulor cooree 
& A V d  u l t h  ebme sond bnd 9 1  I t ,  
I lttle to no cloy. uet 

. . . . . . . . . 

. . . . . . . 

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

BOTTOM O F  BORING A T  9 4 . 0 '  r 
000130 

:KED BY I 0 .  AMBROSE 

REMARKS 

HNU - 0 pprn 
p Y  - 0 cpm 

HNU - 0 ppm 
pY - 0 cpm 

HNU - 0 pprn 
p Y  - 0 cpm 

... ... 

NOTE : 
ALL SAWLE NUMBERS n R t  
INCREMENTEO BY 100. 000 
i s .  0301 16 100301 



5 1 6 9  
PnoL 1 or R 

u3m BORINB NO1 2754 PROCECT N(CIHE8 FERNALD PROJECT NO: 

3-26-92 DhTE FX'MBC(ED1 +22-92 FIELD EMmEERI 0 O'BRIEN MTE BEBANI 

DRXLLER 1 J B f i R I L f  C COULfER NI  989149 05' El 1383465 72' 
mWN0 BURFACE ELEV. I Nh BLL D n T O T I E I  m BUL DEPTH: NC) 

DOUTPHENTi 43 CYCLONE R L I N B  HETHODl CABLE l o a  
'RACTOR I PENN O R I U I K ,  CHECK= err o nneRosE I I I l e  I I i z  I 

I 
I 

tH1 

-e 

5 .  

-10.0 

-IS.O 

DESCRIPTION 

F 
P 

5 .m F 

F F 

t F I rm, C10YR 5/41 y e  I I O U I  eh- 
ai I t y  CLAY. I itt Io eond, 

sow p t o e t l c i t y ,  alightly m o l e t  

21 0 5 
5 5 '  

No recovery  

6 0' 

e 0' 
Very F i r m  C2 5 7  6/61, O I I V ~  
yellon CLAY, u i th  rove1 I O U  w E L m  

TUBE , p l o e t i c i t y ,  0 1  ightyy m o l b t  

4ord. C10YR 6/31, 
s i  Ity CLAY. I O U  I 

\\\Y 15.0' 
F i r m .  ClOYR S / 1 1  QPOY CLnY, 

0 . 5  mod i urn p I aot i c i tk. e I I ght I y 
mo i et 1s. 5' 

0 . 5  medlum p l ~ t i c l t y ,  e i i g  t t y  
mo I et 16.0' 

3 

4 V e r y  rim. C10YR 5/13. R r o y  CLAY. 

l N A  u yj C I  2 . 5  

2 . 5  

HNU - 0 ppm 
p Y  - 40 cpm 

p Y  - 40 cpm 

1 C I  0 . 7  

HNU - 0 pprn 
p Y  - 60 cpm 

HNU - 0 ppm 
p Y  - 40 cpm 

HNU - 0 p p m  
p Y  - SO c p m  

HNU - 0 ppm 
p Y  - 40 cpm 

000131 



I 
a3327 BORINQ N O :  27% 

J BCIRILE. C .  COULTER NI  ¶qlq9 05’ 

PROJECT N O :  

MTE BEBANS 3-26-92 DATE F I F U B W E D i  4-22-92 
DRZLLER I 

WWND BURFACE ELEV. I NCI QCL O A T V T I r ( E :  M 
LLINB HETUOOI CABLE l o a  

RhCTOR I R N N  O R I U I f f i  
I I I s 

I 

12 D . 3 3  

10 No recovery 
2 4 . 5 ’  

p 

5 1 6 9  - 
FERNCILO 
0. O’BRIEN 
1383465.72’ 
NCI 
43 CYCLONE 

CHECKED BY I 0 .  CIHBROSE 
0 0 N 

. -  
R E n n u K s  1; 2;; - 

0 - 
NA 

N A  - 
NA 

2 . 5  HNU - 0 p p m  - p Y  - 60 c p m  
1 . 0  

HNU - 0 pprn 
p Y  - 4 0  c p m  

HNU - 0 p p r n  
- 60 c p m  

HNU - 0 p p r n  
p Y  - 40 c p m  

HNU - 0 ppm 

p Y  - 50 c p m  



3 1 6 9  
PnQL 3 OF e 

PROJECT N O *  a 3 3 2 7  EORXNQ NO: 2794 PROZCT NCIMES FERNALO 
MTE BEBhNt 3-26-92 

DRRLER I J enRxLE c COULTER N1 9841q9 OS' Et 1383965 72' 

DCITE fx198nDD: 4-22-92 -LO E N B I N e R i  D O'RRIEN 

POUND BURFCICE ELEV. 1 NA OLL DnTErnr€i F14 QUL DEPTH1 NA 
L L I N B  HETHODi MBLE l o a  muxrnont 43 CYCLONE 

L 

35. m 

o.m 
36 

4 

D R I U I H ;  CHECKED BYi 0 AflBROSE 
E 0 N 

. -  i; RE n n R K s E +  DESCRIPTION 
- 
0 T 

F i r m ,  f 5 Y  5/11, gray. e I I t y  CLAY. 
e o m o  grave I ,  m o d  I um p I 0-t I c I ty,  1 0 HNU - 0 pprn - p Y  - SO c p m  mo i et 

1 0  

1 2: 

0 75 

3 3  0' - 
F irm. t 51 5/11, gray, e I I + y  C L A Y  
uith g r a v e l ,  m e d i u m  p l a s t i c i t y .  
mo I e-t - 

34 0' 
M e d i u m  F i r m ,  CSY 5/11 g r a y ,  
c l a y e y  S ILT  u i t h  grovbl, m e d i u m  0 75  HNU - 0 pprn 

m l  n Y  - 40 c o m  - p l a O t l C l t y ,  m o i e t  

0 5  

NA 

3 5  0' 
No recovery 

H N U  - 0 p p m  
p Y  - 60  c p m  

HNU - 0 pprn 
0 Y  - 40 c p m  

HNU - 0 p p m  
p Y  - 50 c p m  

H N U  - 0 p p m  
p Y  - 60 c p m  . 

- 
2 21 

q 3  5' 

N A  
Ooneo, ( 51  S/LI. s ~ o y ,  poorly 
graded SAND. dry - 

ep NA H 
- 0  
N A  

4 5 . 0 '  
No recovery 

N A  - 
N A  

Begin s a m p l i n g  every  5 feet 

I 1 I 
000133 



c 5 1 6 9  
PAQL 4 OF B 

PROJECT N O 1  a3327 BORINQ NOS 2754 PROJECT NCINES FERNtlLO 
MTE BEBAWi 3-26-92 DATE FTcIPBwEDa 4-22-92 FIELO ENBXNEERl 0 O’BRIEN 

E :  1383165 72’  GRILLER I rl BARILC C COULTER N: 84149  05’ 

‘ROUND BURFACE ELEV. i NA QLL D A T V T I r € :  M OUL DEPTH: Nn 
~LUPWENTI  43 CYCLONE ILLTNB NETHOD: mBLE TO= 

- 5 . f  

-60.0 

L 

RACTOR : 

ma 

5.00 

9 

- 

7 0  

5 3  

- 

.m 

~ 

9 R I U I f f i  

D E S C R I P T I O N  

I 

000134 

:KED BY1 0 .  ARBROSE 

REnnRus 

HNU - 0 ppm 
p l  - 60 cpm 

HNU - 0 ppm 
D y  - 60 o p m  



5 1 6 9  

* ¶ . O  

-85.m 

9 . m  

i5.m 

'1 

- 
IRILLIffi 

D E S C R I P T I O N  

PneL F. OF L 
BORINO NO1 27% PF(D&cT NhHEl FERNALO PROJECT NO1 p3727 

MTE BEBfiNr 3-26-92 

DRILLER 1 J BARILE. C COULTER NI  494149 OS' 
WOUND EURPCICE ELEV, I NA Q L L  OfiTVTXPEi  M 

DfiTE FTKTBnDDr 4-22-92 ENOINEERi 0 O'BRIEN 

I L L I N E  HEfHOOl W B L E  l o a  

. . .  . . . .  8 5 .  c 
' . . 1 V e r y  donee, [J.OYR 4/61. dark, . . . ,  . . .  

. . . .  . . .  y e  I I ou i eh-broun. oar I y Faded, 

. . . .  . . . .  moiet, bottom 1 ( 5 7  5/11. Qroy, 

. . . .  . . . .  C l a y e y  SAND ui  1 ,  m o i e t  

. . . .  . , . cooroe. srovel I X  LNO, =eight i y  

. z s : . : . : . : .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  - . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . _ . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . _ .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . ,  . . . .  . . . .  . . . .  

000135 

E : 1%%65.72' 
QUL DEPTHS NA 
~LRPPIENTI 43 CYCLONE 

KED BY1 0 .  AREROSE I RE t! A R K S 

HNU - 0 p p m  
pY - 40 c p m  

4NU - 0 p p m  
3 Y  - 60 cprn 

HNU - 0 p p m  
pY - 4 0  c p m  

HNU - 0 ppm 
pY - 60 cpm 'i 



I' .s . . . . . . .  . . . .  . . . .  

. . . .  

. . . .  . . .  . . . .  

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

V e r y  dense. ( 1 0 Y R  4/61 
y e  I I o w  i oh-brown, 
coarse, g t - o w e  I I y EEL,' 
m o  I e-t 

, dark,  
y r o d s  
e? i ght 

d. 
l Y  

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

- 

!? 
- 

-0 

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

..... ..... . . .  ..... - .... ... ..... ...... 

;I 

- 

E : 1383G5.72' 
OUL DEPTHS N A  
muzrnmTI 43 CYCLONE 

CKED BY1 0. A f l B R O S E  

REMARKS 

HNU - 0 p p m  
DY - 40 c p m  

HNU - 0 p p m  
p Y  - 60 c p m  

I-INU - 0 p p m  
D Y  - 40 c p m  

HNU - 0 ppm 
07 - 60 cpm 

000136 



5 1 6 9  
PRWECT NO: a3327 BORXNO NO1 R54 PROJECT NAHEI FERNALD 
MTE BEBANI 326-92 DATE FXISWEDI +22-92 FIELD E N D ~ E E R I  0 O'BRIEN 
m e u R  I J BARILE. C COULTER N I  989199 OS' 

'SOUND BURFACE ELEV. 1 NA O I L  O A T V T I m z :  F14 
LLINB HETHODI CABLE l o a  

L 

RACTOR + 

37-4 

SQLZ 

62 

- 

31-37 

ZnLZ 

O R I L L I N S  

O E S C R I P T I O N  

~~ 

E I A a 3 4 6 S .  72' 
BUL OEPTH: NA 
muxmmT: 43 CYCLONE 

:KEO BY 1 0.  AIIBROSE 

REIWRKS 

HNU - 0 p p m  
pY - 60 c p m  

HNU - 0 p p m  , 

p Y  - 60 c p m  

3 1  - 40 c p m  



=LINE HETHOOl 
'RACTOR I 

I 
D R I U I H ;  

O E S C R I P T I O N  

BOTTOM OF BORING A T  120 .0 '  I 
. . . . . . . . . . . 

. . . . . . . . 

I 000138 

- 

- 

- 

et 

- 

... ....... . . . ... ..:.... . ..... ..... .... 
.. .. .... ... .... ..... 

..... ..... .. . ..... .... .... ...: . . ... ... ..... . .. ..... ..... 

~ , El 

QUL DEPTH1 
i y . 7 2 '  

I aumwcwt 43 CYCLONE 
CHECKCD BY: 0 .  ARBROSE 

REMARKS I 

UNU - 0 p p m  
p Y  - SO c p m  

NOTE : 
n u  s n w u  NUMBERS nRE 
INCREI lENTED BY 100.000 
I i o .  1632 16 101632 



i m  

4 

1.1 

1 D . I  

U.1 

m.c 

a.c 

m.c 

0 . 0  

- 0  

9 . 0  

a . o  

m.0 

6 . 0  

0 . 0  

Ipp 
K. 

OEBCRIPTXON 

Sompl- orrcrlprion Can a m  CPQII 
rrr-ronoie F r o m  a e l n  nymbrrr 
1679 ond 2679 up zo e s . 0  

........ 

000139 

!$ 
- 

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

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

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

...... 



5 7 6 9  
PABL 7 OF k 

PROJECT NO1 93327 BORINO NO: 3579 PROXCT NClflEr FERNhLO 
09TE BEBClN1 $-30-92 DnTE nPuwED1 e - 4 2  FIELO ENDXNEER1 J LEnR 
ORXLLER I F COULTER N I  47: - - Z  23‘ Et 1382026 06’ 
‘CIOUND QURCACC CLCV. I N A  O U ,  DAT-Ei F(R OYL DCPTUi N A  

U L I N B  METHODI CABLE l o a  

¶. .m 

m 

13 

- 

M 

DESCRIPTION 

Sample dsrsr ipt ion Fan be erord 
reFerenssd From b o r l n  nymbsre 
1679 ond 2679 up t~ R D . 0  

ml 

REHARKS 

HNU - 0 p p m  

p y  - 50 cpm 

4NU - 0 ppm 
3 1  - 80 cpm 

(NU - - . O  ppn 

-7 p y  - 

‘ I  
000140 



PnoL L D P  L 
BORINQ N O *  S 7 9  PRoXcT NAMEi FERNALD 

FIELD ENDmEERi J LEAR 

QUL DEPTH1 NA 

PROJECT NOS 313327 
DclTE BEBAN1 1-30-92 DATE FTKLWEDr 2-5-92 

ORILLER I c COULTER Ni  416762 23' E l  1382026 06' 

ILLIN6 tlETWOD: CABLE TOCL DDLRWENT : CYCLONE 43 

?=NO BURFACE ELEV. I NA QLL D A T V T I I € i  m 

L 

x 3 B d a  

Y 

4 7 

- 

RILLIH; 

DESCRIPTION 

V e r y  Firm. (2 5 7  4/21 0 1  Ity CLAY 
lominorsd eond a d  grovel at 100 E C  
I ow p 1 oat  I C  I ty, m o l  s t  to u e t  

. . . . . . . . 

105. 
V e r y  dense, (57 3/21, dark o I i vq , . 
gray,  c l a y e y  SILT, some w e 1  I 
graded grovel. moiet to uet 

110. I 
medium denee. C1OY 4/11. d a r k  g ray  
SILT.  trace cloy, moiet t o  m e t  

:KED BY*  0 .  AHBROSE 

REnARKS 

HNU - 0 ppm 
p Y  - SO cpm 

HNU - 0 ppm 
p Y  - 30 cpm 

pT - 1 0  cpm 

000141 



T 

5 1 6 9  
PhdE 4 or 9 

$13327 BORINQ N O S  3679 PROCECT NhnEl FERNALD 
DhTE FI198HEDt 2-5-92 FIELO ENDD4EER: J LEAR M E  BEBhNi J-30-92 

DRILLER 1 c COULTER N: -6762 23' E : 1m2026.06' 
ROUND BURFACE ELEV. I NA OCL O h T O T I ~ I  F14 OUL DEPTH1 NA 

FLINB METHODS CABLE r o a  
'RACTOR I PENN DRILLIH; 

I I I s 

DESCRIPTION 

1 

I k::l 

DOER(ENTc CTCLONE 43 
:KED BY: 0 .  ARBROSE 

REtlfiRKS 

HNU - 0 p p m  
p Y  - 30 c p m  

HNU - 0 p p m  

pY - 40 c p m  

HNU - 0 p p m  

p Y  - q0 c p m  

000142 



5 1 6 9  
PnmL L o r  L 

BORINB N O *  3579 PmcEcT NAHEl FERNALO PROJECT NO1 33327 

MTE BE6C)Nl 1-30-92 DhTE FIM8nm: 2-5-92 FIELD EMmEER: J LEAR 
DRILLER : 

ROUND BURFACE ELEV. : E Q L L  D A T V T X h :  W+ OUL DEPTH: NA 
c COULTER N: 416762 23' El  1382026 06' 

murmmwt CYCLONE 43 
:KED BY1 0 AMBROSE 

c . -  

FtFY 

L L T N B  HETHOD: 
RACTOR I 

I 
D E S C R I P T I O N  

BOTTON O F  BORING A T  1 2 9 . 5 '  

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

HNU - 0 p p m  
p y  - 40 c p m  

REMARKS 

. . . . . . . . 

I O T E :  
CllL mWLE NUMBERS ARE 
XNCREMENTEO BY 100. 000 
i o .  3eqOO 16 138400 

000143 



, 

10.1 

PnoL 1 or 
BORXNB NO: 8370 PRDJZCT Nh)IEl FCRNCILO 

PROJECT NO1 U3327 

ORILLERI 0 .  NEUHAR 
z-io-ea DnTE FIra~wm: z-zwea FIELD ENBXNEER: T .  SULLIVNJ 

MTE BEBhN: 

HNU - 0 p p m  
07 - 60 cpm 

1.7: u - 0 c p m  

- 
HNU - 0 p p m  

R y  - 60 c p m  
1 . 3  u - 0 p p m  

cI - 
HNU - 0 p p m  
pY - 60 o p m  

U n k .  u - 0 s p m  

- 
HNU - 0 ppm 
0 y  - 100 c p m  

0 . 5  u - 0 ppm 
0 . 7 5  

em NA HNU - 0 p p m  

p Y  - 80 e p m  
Q - 0 c p m  

1 . Z I  

- 
c . 2 c  - 
3 . 5  

HNU - 0 p p m  
a Y  - EO c p m  
U - 0 p p m  



5769 - 
FERNNO 
T SULLIVM 
l378ZSO. 50’ 
NA 
ERIE 24-U ORILL R f 6  
0 ANBRDSE 

HNU - 0 p p m  

a Y  - 80 c p m  

o - 0 p p m  

H N U  - 0 pprn 

p Y  - 60 c p m  

CY - 0 c p m  

H N U  - 0 p p m  
pY - 60 c p m  
Q - 0 p p m  

HNU - 0 p p m  

pY - 80 c p m  

a - 0 c p m  

H N U  - 0 p p m  

I)’ - 100 c p m  
0 - UNKNOUN 
PlLPHA nETER NOT 
F U N C T I O N I N G  

HNU - 0 p p m  
ay - 60 c p m  
Q - 0 c p m  

HNU - 0 p p m  

D Y  - 80 c p m  
o - UNKNOUN 

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

.INU - 0 p p m  

Y - UNKNOUN 
DY - eo cpm 

000645 



3.  

Q.0 

'1 

I ULL 

IRIUIN; 

OESCRIPTION 

. some S I  it, 

enee, ( 1 0 Y R  5/11, gray. 
y SAND, eome e: It, d r y  

. some S I  it, 

nee, ( 1 0 Y R  5/11, gray. 
y SAND, eome e: It, d r y  

3 3 .  ! - 

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

. . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  
. . . .  . . .  . . . .  . . .  . . . _  
. .  . . . .  . , . . . . . . .  . . .  . . . .  . . .  

. . . .  . . .  . . . .  1 -  . . .  . . . .  . . . .  . . . .  . _ . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . ,  . . . .  . . . .  . . . .  . . .  . . . .  . . . .  

. .  

OUL DEPTH: Nh 
mLURlW: ERIE 29-U DRILL R I 6  

:KED BY I 0 .  ANBROSE 

RElWRKS 

HNU - 0 ppm 
pY - 60 cpm 
0 - UNKNOUN 

HNU - 0 ppm 
pY - 80 c p m  

0 - UNKNOUN 

HNU - ,O p p m  

Q - UNKNOUN 
p-f - 110 cpm 

4NU - 0 ppm 

- 60 cpm 
I - UNKNOUN 

HNU - 0 ppm 

0 - UNKNOLIN 
p Y  - eo cpm 

-. 



50. m 

i5.00 

3.m 

R N N  OR11 

3 

D .  P 

- 

- 
1.l. 

. . 06 

- 

. . .  
6 0 . 0  

. . ,  . . .  
::: Denee, C 1 0 I R  -111, aot-k g'ay. 

C ino en-. 00- o i i t .  d r y  . . .  . . .  . . .  . . .  . . .  . . .  
. . #  . . .  . . .  . . .  . . .  . . .  . . ,  . . .  . . .  . . .  . . ,  . . .  . . .  . . .  . . ,  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . ,  . . .  . . .  . . .  . _ .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . ,  . . .  . . ,  . . .  

000147 

EOLUPllENTr EBu 34-U 6 

HNU - 0 p p m  
p Y  - 100 o p m  
0 - UNKNOUN 

i 

HNU - 0 p p m  
P Y  - 60 spm 
0 - UNKNOUN 



5 1 6 9  

u . a  

m.a 

S.W 

).m 

x 
x 

- 
6 0  

Medium donoa C10TR 9 / 1 1  dork 
eror. .- 4 no 10 m m d  ium enNo, morn- 

. .  m 1 I T ,  Zrooo Q m w m l ,  -or . . .  
. . . . . . . . . . . .  

. . . . . . . . 

HNU - 0 ppm 
p’ - 60 cpm 
0 - UNKNOUN 

HNU - 0 p p m  
pT - 60 cpm 
0 - UNKNOUN 

UNU - 0 p p m  
p Y -  Q - N O  mTERB 

U 

0 TERO 

. . . . . . . . 

000148 



6 OF 1LL 
RIOJECT NO1 u3327 BORING N O 1  W70 PROZCT NAHE: FERNALO 

'JRILLER : 0 .  NEUtlAR N: -3Qb.78' 
lMTE B&Nl p10-es DnTE FINIWED: 2-20-ee ' PDELD ENOINIXRI T .  SULLIVW 

'OUND GURFACE ELEV. I NA GLL D A T V T I t E *  Iw 
n L m e  METHOD: ~ B L E  r o a  

IRIUIK, 

DESCRIPTION 

. t  
. . .  . . . .  

. . . .  . . . .  Dense, ( 1 0 Y R  4/11. dark gray, m e d i  . . .  to cooree SAND, eome Q r a v e l ,  eome . . . . .  
' ' . : s i  I t ,  tracs 5 loy. uet . . . .  . . .  

L .  08 :.:.:.I. . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . .  . . . .  . . . .  . . . .  - . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  

- 

- 

6P 

- 

0 m  

- 
sm - 

sw 

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

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

- 

- 

#m 

. E: l n 8 n o . S o '  
GUL DEPTH: NA 
EDLUWENT : EmE 2.4-U DRILL R16 

:KED BY: 0 MBROSE 

REnnRKs 

HNU - 0 pprn 

DY. a - NO METERS 

HNU - 0 ppm 
p Y ,  CY - N O  METERS 
COBBLE SMASHED IN SPOON 

1 

HNU - 0 pprn 
p Y  - 60 cpm 
U 

....... 

000149 



=-I- 

- x aplL 

26 

- 

24 

- 

O R I L L I N 5  

?€$I DESCRIPTION 

I:;:;: . . .  . . .  
. . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  

medium donee, t10YR 4/11, dark  
gray .  cooroe 64NO. some grave l .  

, Oome 0 1  I t .  Yet 

...... 

medium donee. t10YR -l/il. d a r k  
pray. F ine SANO. eo? i I t. TPOCO 
:ne grove l  w e t  (1 Fine grav-1 

lene a t  L U ' . O I .  

000150 

I REtlnRKS 

HNU - 0 p p m  
131 - 80 c p m  
a - 0 c p m  

HNU - 0 p p m  
BY - 60 c p m  
a - E c p m  

HNU - 0 ppm 
p Y  - 60 cpm 
a - E c p m  



D 

Q" 

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

- 
...... ...... ..... ...... ... 
::.::j::.: ........ ............ 
c m  

- 

Q P  

- 

rm 

REMARKS 

HNU - 0 p p m  

p Y  - 60 c p m  
o - 4 c p m  

HNU - 0 ppm 
Q Y  - 60 c p m  
o - 2 c p m  

4NU - 0 p p m  
B Y  - 60 cpm 
I - 0 c p m  

........ 

000151 



PROJECT NO:  a3327 BORINQ NO1 E370 PROJECT NAHEi FERNND 
a4h BEBnNI 2-10-88 DATE FXHIBc(P)i 2-2-88 F e L O  EISINDERI T S U U I v m  
DRILLER I 0 NE-R NI 983326 78' El 1378250 SO' 

9WND BURFACE E U V .  I NA QLL D A T O T T E I  En 
ILLIN6 HETHODl CABLE T O a  

I OUL DEPTHi NA 

RAI - 

3Ft; 

135.0 

o.a 

I 3  

- 

IRILLIffi 

. . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  
5 :.:.:: 

. . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  -. . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  
. . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  . . .  . . . .  

- 
OESCRIPTION 

131.2 
V e r y  donee, ( 1 0 Y R  4/11 dark gray. 
Qrove I I y SAND. F i ne to' cooree 
e o n d  eome, pebb lee, eome e I 1 t. 
U l t  

e TO coore 
e el I t ,  eo 

3 4 . c  
l Y  
- 
w e t  

1 3 5  3 

o coarse 
grovel, u 

........... 

........ 

Denoo, [ 1 0 Y R  4/11, d o r k  QPOY. 
f in- to cwme'  S A W .  eomo i IT. 
trots f i n s  grovel, UET 

143.0'  
Very dome, C1OYR 4 / 1 1 .  dork gray. 
sandy GRAVEL, f i n e  Q P O V ~ I  to 
pebbles. medium To coarse sand. 
troco e i IT, net 

000152 

- 

BC 

- 

.... .... .... ... .... .... .... .... .... .... .... . . .  .... .... 
Ern 
.... .... . .  . .  .... .... . . .  . .  

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

- 

REHARKS 

HNU - 0 ppm 
pY - 60 cpm 
o - 2 cpm 

HNU - 0 ppm 
u - 2 cpm 
07 - 60 Cpm 

WU - 0 ppm 
)Y - 60 cpm 
J - 2 cpm 

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

........ 



a m  

.:.:.;.:.:. ...... .. .. ...... ..... ...... ... . ...... 
::2:::::,: 

... ......... .:.. ..... , ...... ...... ...... ..... . .... ..... . . . .. -: ....., 

I 

NA 

- 
Q P  

HNU - 0 ppm 
p y  - 60 cpm 
0 - 2 c p m  

HNU - 0 ppm 
01 - 60 c p m  
Q - 2 c p m  

NOTE : 
ALL SAMPLE NUlSERS ARE 

i o .  8035 16 LO8035 
INcREnENfED BY 100.000 

000153 



5 7 6 9  

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

MONITORING WE TION DIAGRAMS 

. . . . . . . . 

...... 

000154 



. P 

6/7 5 1 6 9  

I FERNALD RVFS 
W S T K U T O N  OWGRAM 

,,VI- NO. 
10 70 

I 
I 
i 

I 

I 
I , 

, I  
! 

i .  

m 
r) 

. . . . . . . . 

000155 



i 5'769 



FERNALD RVFS 
INSTUTlON ‘DUGRAU 
UONKORING W U  NO. n 3% 

. . . . .  

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

Woi 
I 



I 2.43 

r 

5 1 6 9  

.= .......................... .... . . . . .  
........................... ............... ,:... ................... ............ ........... 

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

c 000158 



. . . ' . ._._. ......_.:.... : .  . . . . . .  . . .  ' 3 -.5 ?..6 9 . . . . . . . . .  . .  . . .  . . .. .._.. . .... .'.. . .. . ._._. ._... . . , . 

' CERNALD 
.W 

7 - I  

I 

1 



. . .  

000160 



FERNALD RVFS 

7 2 %  
INSTAUArtON O U W  
U M O R I N G  W R l  NO. 

T 

.............. ,. ?..?.: ....... :.: ...... . . . . . .  .......... ........ .................. . . . . . . . .  . . . . . .  ........ ........... 
.: . ... 
. .  . .  ... ... 

000161 . 
. . ,  

- 



I 
I 
I 
! 

i I 

I 
I 

i 

I 

I 

1 
I 
I 

UONmORING W R L  NO. 
2 3 3 f  

. 

000162 
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FERNALD 
RVFS 

H\r\a-\c\ i.i@\w k 
z‘q k - .  . .  . . . . .  . . . . . . .  .. . . . _ _ . . , . _ . . . _  . .  , . . . . ._ . . - . . .  . .  

Z69 

.. 

INSTALLaTIO 
3.LOWER EN0 Of S C R E E N  I S  C A P P E O .  M O N I T O R I N G  W E  
4 . E L E V A T I O N  OF W A T E R  L E V E L  

s . w A T E . 9  L E V E L  R E A O I N C  O N  PREPARED f0 

000164 



E 
a 
C 

- 
i 
i 

1 c 

MONITORING W 



5 1 6 9  

. . . . . . . . 
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From: K1RK::RIFSDI.B 
To: ASILJW 
cc: 
subj: 

5169.-  
8-DEC-1992 16:10:38.06 

100328 2733 0-.5 
100318 2733 0-.5 
100318 2733 0-.5 
100318 2733 0- .5  
100318 2733 0-.5 , 

100318 2733 0-.5 
100318 2733 0-.5 
100318 2733 0-.5 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.01-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733.28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 

100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100333 2733 28.0'-28.5' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100360 1733 28.0'-30.0' 
100371 2728 0.0 - 0 . 5  
100371 2728 0.0 - 0 .5  
100371 2728 0.0 - 0.5 
100371 2128 0.0 - 0.5 
100371 2728 0.0 - 0.5 
100371 2728 0.0 - 0.5 
100371 2728 0.0 - 0.5 
100371 2720 0.0 - 0.5 
100371 2728 0.0 - 0.5 
100371 2728 0.0 - 0.5 
100371 2728 0.0 - 0.5 
100371 2728 0.0 - 0.5 

100333 ,2739 28.0'-2e.5* 

100371 
100371 
100371 
100371 
100371 
100371 
100378 
100378 
100378 
100378 
100378 
100378 
100413 

. 2728 0.0 - 0.5 . 2728 0.0 - 0.5 
2728 0.0 - 0.5 
2728 0.0 - 0.5 
2728 0.0 - 0 . 5  
2728 0.0 - 0.5 
2728 14.0' - 14.5' 

I 2728 14.0' - 14.5' 
2728 14.0' - 14.5' 
2720 14.0' - 14.5' 

I 2728 14.0' - 14.5' 
2728 14.0' - 14.5' 
1679 19.0 - 20.5 

COORDINATES RADIONUCLIDE CON-TION ONITS/QVALIFIER 

CS-137 
GROSS ALP= 
GROSS BETA 
PO-238 
PO-239/240 
RA-22 6 
RA-228 
RU-106 
SR-90 
TC-99 
TH-228 
TB-23 0 
TE-232 
TH-TOTAL 
71-234 
O-235/236 

TC-99 
TE-228 
TE-230 
TH-232 
TE-TOTAL 
21-234 
O-235/236 
0-238 
U-TOTAL 
CS-137 
GROSS ALPHA 
GROSS BETA 
PO-238 
PU-239/240 
RA-226 
RA-228 
RO-106 
SR-90 
rc-99 
TE-228 
TE-230 
TE-232 
TE-TOTAL 
0-234 
0-235/236 
11-238 
D - r n A L  
CS-137 
GROSS ALPHA 
GROSS BETA 
PD-238 
P0-239/240 
RA-226 
RA-228 
RO-106 
SR-90 
rc-99 
TE-228 
TE-230 
TE-232 
TE-TOTAL 
0-234 
0-2351236 
0-238 
0-TQTAL 
CS-137 
IUI-22 6 
RA-228 
RO-106 
0-235 
0-238 
CS-137 

0.34 
14.9 
13.0 

< 0.6 
< 0.6 

0.59 
0.59 

< 1.0 
< 0.8 
< 0.9 
< 0.6 

< 0.6 

< 0.6 

0.70 

4.08 
1.24 

1.66 
4.04 

14.9 
14.9 

< 0.2 

477070.67 
477070.67 
477070.67 
477070.67 
477070.67 
471070.67 
477070.67 
477070.67 
477070.67 
477070.67 
477070.67 
477070.67 
477070.67 
477070.67 
477070.67 
477070.61 
477070.67 
477070.67 
477070.67 
471070.67 
477070.67 

< 0.6 477070.67 
< 0.6 pCi/g - 477070.67 
0.63 pC+/g J 477070.67 
0.59 pCr/g J 477070.67 

< 1.0 pCi/g J 471070.67 
< 0.7 pCi/g 0 477070.67 
< 0.9 pCa/g - 477070.67 
9.17 pCr/g J 477070.61 
1.68 pCi/g J 477070.67 
6.98 pCi/g - 477070.67 
63.0 ug!g - 477070.67 

pCi/g J 477070.67 
477070.67 st;: 477070.67 

ug/g J 477010.67 
pCi/g J 477080.44 
pCi/g - 477080.44 
pCi/g - 477080.44 
pCi/g - 477080.44 
pCi/g - 477080.44 
pCi/g J 477080.44 
pCi/g J 477080.44 
pCi/g J 477080.44 
pC+/g - 477080.44 

< 0.9 pCr/g J 477080.44 
1.77 pCi/g - 477080.44 
2.10 pCi/g - 477080.44 

< 0.6 pCi/g - 477080.44 
3.71 
1.09 

0.92 

0.37 
18.7 
21.6 

< 0.6 

< 3.8 

< 0.6 
< 0.6 
0.99 
1.08 

< 1.0 pCi/g J 483301.63 
< 0.5 pCi/g - 483301.63 
0.9 pCi/g - 483301.63 
0.93 pCi/g J 483301.63 
1.32 pCi/g J 483301.63 
0.97 pCi/g - 483301.63 
8.74 ug/g - 483301.63 
2.43 pCi/g J 483301.63 

< 0.6 pCi/g J 483301.63 
2.68 pCi/g - 483301.63 
8.59 ug/g J 403301.63 

< 0.2 pCi/g J 483301.63 
0.88 pCi/g J 483301.63 
0.81 pCf/g J 483301.63 

< 1.0 pCi/g J 483301.63 
< 0.3 pCi/g J 483301.63 
< 1.6 pCi/g JD 403301.63 
< 0.2 pCi/g - 483924.53 

1383161.03 
1383161.03 
1383161 -03 
1383161.03 
13831 61.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161 -03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383161.03 
1383156.49 
1383156.49 
1383156.49 
1383256.49 1383156.49 

1383156.49 
1383156.49 
1383156.49 
1383156.49 
1383156.49 
1383156.49 
1383156.49 
1383156.49 
1383156.49 
1383156.49 
1383156.49 
1383156.49 
1383156.49 
1377960.59 
1377960.59 
1377960.59 
1377960.59 
1377960.59 
1377960.59 
1377960.59 
1377960.59 
1377960.59 
1377960.59 
1377960.59 
1377960.59 
1377960.59 

1378264.61 
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UWLE 
NIJWBER BORING DEPTR RADIQmCLIDE CON-ION MTS/QUALIFIER COORDINATES 

100413 1679  19 .0  - 20.5 
100413 1679 19.0 - 20.5 
100413 1679 19.0 - 20.5 

100422 1679  0.0 - 0.5 
100422 1679 0.0 - 0.5 
100422 1679  0.0 - 0.5 
100422 1679 0.0 - 0.5 
100422 1679  0.0 - 0.5 
100422 1679 0.0 - 0.5 

RA-226 
RA-228 
RO-106 
0-235 
0-238 
CS-137 
GROSS ALP= 
GROSS BETA 
NP-237 
PO-238 
PO-239/240 
RA-226 
RA-228 
RO-106 
SR-90 
TC- 9 9 
TE-228 
TE-230 
TE-232 
TE-TOTAL 

100422 1679 0.0 - 0.5 W234 
100422 1679  0.0 - 0.5 0-2351 236  
100422 1679 0.0 - 0.5 0-238 
100422 1679 0.0 - 0.5 
100424 1679 DR- CUTTIN 
100424 1679 DROlM3D CDTTIN 
100571 2731 17.5 - 19.0 
100571 2731 17.5 - 19.0 
100571 2731 17.5 - 19.0 
100571 2731 17.5 - 19.0 
100571 2731 17.5 - 19.0 
100571 2731 17.5 - 19.0 
100577 2731 0.0 - 0.5 CS-137 < 0.2 
100577 2731 0.0 - 0.5 GROSS ALPHA 17.7 
100577 2731 0.0 - 0.5 GROSS BETA 31.2 

< 0.6 

0.69 
0.79 

< 1.0 
< 0.24 

0.94 
0.43 
27.6 
26.2 

< 1.0 
< 1.0 
< 1.0 

0.85 
1.11 

1.00 

1.74 
2.52 
1.20 
10.8 
2.18 

2.81 
6.40  ' 
5.87 

< 1.0 

< 0.9 

< 1.0 

< 5.3 
< 0.2 

1.01 
1.00 

< 1.0 
< 0.2 

1.33  

100577 2731 0.0 - 0.5 PO-238 
100577 2731 0.0 - 0.5 PO-2391240 
100577 2731 0.0 - 0.5 RA-226 
100577 2731 0.0 - 0.5 RA-228 
100577 2731 0.0 - 0.5 RO-106 
100577 2131 0.0 - 0.5 SR-90 
100577 2731 0.0 - 0.5 Tc-99 
100577 2731 0.0 - 0.5 TE-228 
100577 2731 0.0 - 0.5 TE-230 
100577 2731 0.0 - 0.5 TE-232 
100577 2731 0.0 - 0.5 TE-TOTAL 
100577 2731 0.0 - 0.5 0-234 
100577 2731 0.0 - 0.5 0-235/236 
100577 2731 0.0 - 0.5 0-238 
100577 2731 0.0 - 0.5 
100579 2731 D R m  CUTTING 
100579 2731 D R m  CUTTING 
100600 1070 0.0 - 0.5 
100600 1010 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0 . 5  
100600 1070 0.0 - 0.5 
100600 1070 0.0 - 0.5 
100624 1070 16.5 - 18.0 
100624 1070 16.5 - 18.0 
100624 1070 16.5 - 18.0 
100624 1070 16.5 - 18.0 
100624 1070 16.5 - 18.0 
100648 1010 D R m  CUTTING 
100648 3010 DRUlOIED m I N C  
100651 1748  0.0 - 0.5 FT. 
100651 1748 0.0 - 0.5 FT. 
100651 1748 0.0 - 0.5 FT. 
100651 1748 0.0 - 0.5 FT. 
100651 1748 0.0 - 0.5 m. 
100651 1748 0.0 - 0.5 PT. 

__. 
0-TOTAL 
TE-TOTAL 
U-TOTAL 
CS-137 
GROSS ALPHA 
GROSS BETA 
PO-238 
PO-239/240 
RA-226 
RA-228 
RO-106 
.SR-90 
TC-99 
TE-228 
TE-230 
TE-232 
TE-TOTAL 
0-234 
0-235/23 6 
0-238 
0-TOTAL 
CS-137 
R)r-226 
RA-228 
RO-106 
O-TO?AL 
TE-TOTAL 
0-TOTAL 
CS-137 
GROSS ALP= 
GROSS BETA 
PO-238 
P0-239/240 
RA-226 

< 0.6 
1.00 
1.20 

< 1.0 
< 0.7 
< 0.9 

0.81 
9 

0.61 
6.05 

l . 2 !  

2 .41  

2.63 
8.78 

2.55 
0.29 
13.0 
20.0 

< 0.6  

< 1 . 3  

< 0.6 
< 0.6 

0.79 
1.05 

1.16 

2.49 
1.43 
0 . 8 0  
7.20 

< 1.0 

< 0.9 

1.98 
< 0.6 

1.91 
5.89 

0.81 
0.78 

< 0.2 

< 1.0 
< 3.3 

5.44 
2.10 
0.28 

< 1.1 
18.9 
0.6 
0.6 
1.06 

pci/g - 48 
pCi/g - 48 
pci/g - 48 
pci/g - 48 
pCi/g - 48 
pCi/g - 48 
pci/g - 48 
pCi/g - 48 
pCi/g DM 48 
pcitg JD 48 
pC+/g D 48 

pCi/g - 48 
pCi /g  - 48 
pci/g - 48 

pc1/g J 48 
pCi/g S 48 
pCi/g - ' 48 

pc1/g J 48 
pCi/g JD 4 8  
pCi/g - 4 8  
ug/g - 48 
u g h  - 48 
ug/g D 48 

pCr/g - 4a 

Si/¶ - 48 

ug!g - 48 

pci/g R 48 
pci/g R 48 
pCi/g R 48 
pCi/g R 48 
pCi/g R 4 8  
ug/g R 48 
pcilg J 48 
pcilg - 48 
pCi/g - 4 8  
pcyg J 48 
pC1/g - 48 
p C i / g  S 48 
pci/g J 48 
pCi/g S 48 
pCi /g  D 4 8  

pci/g J 48 
pCi1g J 48 
pCi/g - 48 
.ug/g - 4 8  

i/g - 48 
ifg J 48 

p C i / g  J 48 
ug/g J 48 
ug/g - 48 
ug/g J 48  
pCi/g - 47 

pCi/g s 48 

ug/g - 47  
pCl/g - 47 
pCi /g  J 4 7  
pCi/g J 47 
ug/g - 47 
pCi/g - 47 
pCi/g - 4 7  
pCi /g  - 47 
pci/g - 4 7  
Uplg D 47 
ug/g - 4 7  
ug/g J 47 
pci/g R 4 7  
p C i / g  - 4 7  

pcl/g R 4 7  
pci/g R 47 
pCi/g R 41 

pC+/g - 4 7  

3 
3 
3 
83 
13 
3 
3 
3 

3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
'd 
'6 
6 

6 
6 
6 
6 
6 

16 
' 6  
' 6  
' 6  
' 6  
re 
' t  
' 6  
16 
' 6  
' t  
'7 
'7 
'7 
'7 
'7 
'7 

1924.53 
1924.53 
1924.53 
1924.53 
I924 -53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1924.53 
1155 
I155 
,155 
1155 
,155 
1155 
,155 
,155 
I155 
155 
,155 
1155 
,155 
1155 
1155 
1155 
il55 
1155 
,155 
,155 
1155 
,155 
,155 
1155 
1155 
1155 
i940.09 
i940.09 
mv.  a9 
i9W. e9 
i940.09 
i940.09 
jS4D.09 
1340.09 
iWO.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 
i940.09 

1300 
1300 
1300 
1300 
'300 

BOO 

1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 . 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1378264.61 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
1382895 
13 82 8 95 
1382895 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
1382104.78 
U82A04.78 
€3%2101.?B 
1382104,18 
1382104.78 
1382104.78 
1382104.3% 
1382500 
138250B 
1382500 
1382500 
138250G 
1382500 

5 1 6 9  

000242 



PADIONDCLIDE W-TION IINATES 

100651 17 
100651 17 
100651 17 
1006 
1006 
1006 
1006 
1006 
1006 
1006 
1006 
1006 
1006 
1006 
1006 
100664 17 
100664 17 
100664 17 
100687 17 
100687 17 
100687 17 
100687 17  
100687 17 
100687 17 
100687 17 
100687 17 
100687 17 
100687 17 
100687 17  
100687 17 
100687 17 
100687 17 
100687 17 
100687 17 
100687 17 
100687 17 
100687 17 
100697 17  
100697 17 
100697 17 
100697 17 
100697 17 
100697 17 
100697 17 
100697 17 

' 4  
' 4  
4 

'4 
'4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

18 0.0 - 0.5 FT. 
18 0.0 - 0.5 FT. 
I8 0.0 - 0.5 FT. 

8 14.0 - 15.0 FT. 
8 14.0 - L5.0 FT. 
8 14.0 - 15.0 FT. 
8 14.0 - 15.0 FT. 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 0.0 - 0.5 
6 7 . 0  - 8.5 
6 7 . 0  - 8.5 
6 7 . 0  - 8.5 
6 7 . 0  - 8.5 
6 7 . 0  - 8.5 
6 7 . 0  - 8.5 
6 7.0 - 8.5 
6 7 . 0  - 8.5 

100697 1746 7 . 0  - 8.5 
100697 1746 7 . 0  - 8.5 
100697 1746 7 . 0  - 8.5 
100697 1746 7 . 0  - 8.5 
100697 17 
100697. 17 
100697 17 
100697 17 
100697 17 
100701 17 
100701 17 
100701 17 
100701 17 
100701 17 
100701 17 
100701 17 
100701 17 
100701 17 
100701 17 
100701 17 
100101 17 
100701 17 
100701 17 
100701 17  
100701 17 
100701 17 
100701 17 
100714 17 
100714 17 
100714 17 
100714 17 

. 100114 17 
100714 17 
100714 17 
100714 17 
100714 17 
100714 17 
100714 17 

14 
' 4  
' 4  
' 4  
14 
' 4  
14 

' 4  
'I 
14 
' 4  
' 4  
14 
' 4  
' 4  
14 

14 
'4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

16 7 . 0  - 8.5 
16 7.0 - 8.5 
16 7.0 - 8.5 
16 1.0 - 8.5 
16 7 . 0  - 8.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
14 0.0 - 0.5 
I4 0.0 - 0.5 
14 0.0 - 0-5 
84 0.0 - 0.5 
14 0.0 - 0.5 
84 12 - 12.5 
4 12 - 12.5 
1 4  12 - 12.5 
#4  12 - 12.5 
4 12 - 12.5 
# 4  12 - 12.5 
4 12 - 12.5 
4 12 - 12.5 
84 12 - 12.5 
4 12 - 12.5 
4 12 - 12.5 

RA-228 
RW-106 
SR-90 
TC-99 
TH-228 
18-230 
TH-232 
TH-TOTAL 
0-234 
U-2351236 
0-238 
U-TOTAL 
CS-137 
RA-22 6 
RA-228 
R0-106 
0-235 
U-238 
CS-137 
GROSS -EA 
GROSS BBTA 
trp-237 
PU-238 
PU-2391240 

SR-90 
K-99 
TH-228 
TH-230 
TH-232 
TE-TOTAL 
0-234 
0-235/236 
11-238 
0-TOTAL 
CS-137 
GROSS BETA 
P0-238 
PO-2391240 
RA-226 
RA-228 
RU-106 
SR-90 
Tc-99 
TH-228 
TH-230 
28-232 
TH-TOTAL 
0-234 
U-2351236 
0-238 
0-TOTAL 
CS-137 
CROSS W B A  
CROSS BETA 
PO-238 
PU-239/240 
RA-226 
RA-228 
R0-106 
SR-90 
TC-99 
28-228 
28-230 
TH-232 
28-TOTAL 
0-234 
0-2351236 
0-238 
U-TOTAL 
CS-137 
GROSS W M  
CROSS BETA 
PO-238 
P0-239/240 
RA-226 
RA-228 
RU-106 
SR-90 
TC-99 
28-228 

1.02 

3.01 

0 . 7 0  
0.91 
1-10 
9.94 
2.09 

2.46 
6.88 

0 .78  
0 .87  

< 1.0 

< 0.9 

< 0.6 

< 0.2 

< 1.0 
< 0 . 3  
1.23 
0.36 
33.6 
22.6 

< 0.6 
< 0.6 
< 0.6 
0.94 
1.09 

1.62 

1.63 
1.77 
1.04 
9.42 
4.63 
0.81 
3.56 ' 

< 1.0 

< 0.9 

477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
477300 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 
478000 

23.7 478000 
< 0.2 pC+/q J 478000 

14.2 ' Si1a - 478000 
< 0.6 ki1; J 478000 
< 0.6 pCi/q R 478000 
< 0.3 pCi1g J 478000 

0.51 vCi/a 3 478000 
< 1.0 &/; J 478000 
< 0 . 5  pCf1g - 478000 
< 0.9 d i f a  R 4 7 ~ 0 0 0  
1.35 k i / G  J 478000 
2.37 *i/s J 478000 

< 0.6 pCi/g - 478000 
1.95 uafa - 478000 
1.46 

< 0.6 
0.89 
2.30 
0.23 
26.2 
20.1 

< 0.6 
< 0.6 
1.03 
0.94 

0.95 

1.44 

0.76 
6.88 
4.13 

2.81 
3.00 

< 0.2 
11 
10.6 

< 0.6 
< 0.6 

< 0.5 
< 1.0 
< 0.5 
< 0.9 

< 1.0 

< 0.9 

< 0.6 

< 0.6 

0.51 

1.05 

-=. = 
pCi/g J 478 
pCi/q J 478 
pCi/g - 478 
ug1g J 478 
pCi& J 
Si/¶ - 
Si/¶ - 
pCi/g J 
pCi/g R 
Si/¶ J 
pCi/g J 
Si/¶ J 

pCi/¶ - 
Si/¶ J 

- 
pCi/g J (18  

pCi1g J 478 
pCi/g J 478 
pCi/g - 478 
ug/g J 478 
pCi/g J 478 
pCi/g - 478 
pCi/g - 478 
pCi/g J 478 
pCi/q R 478 
pCi/g J 418 
pCi/g J 418 
pCi/q J 478 
pCi/g - 478 
pCi/g - 478 
pCi/q J 478 

pCi/g - 478 
ug/g - 478 

a 
a 
a 
a 
.f 
14 
5 
5 
5 
3 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

I00 
I00 
100 
I00 

roc+ 
I00 
I O 0  
&@ 
100 
IO0 
IO0  
IO0 
I00 
IO0 
IO0  
00 
100 
I00 
boo 
IO0 
I00 
IO0  
IO0 
100 
IO0 
I00 
IO0 
boo 
I00 
I00 
I00 
I00 

aa 

1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
13 8 3 0 0 0 
1383000 
1383000 
13883090 
13B3004 
1383000 
13 8 3 o o a 

000243 



SAlIPLE 
NUMBER BORING DEPTE 

100714 1744 12 - 12.5 
100714 1744 12 - 12.5 
100714 1744 12 - 12.5 

100715 1742 0.0-0.5- 
100715 1742 0.0-0.5 
100715 1742 0.0-0.5 
100715 1742 0.0-0.5 
100715 1742 0.0-0.5 
100715 1742 0.0-0.5 
100715 1742 0.0-0.5 
100715 1742 0.0-0.5 
100715 1742 0.0-0.5 
100715 1742 0.0-0.5 
100730 1742 14.5-16.0 
100730 1742 14.5-16.0 
100730 1742 14.5-16.0 
100730 1742 14.5-16.0 
100730 1742 14.5-16.0 
100730 1742 14.5-16.0 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5* 
100753 1740 0.0 - 0.5'  
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100?53 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100753 1740 0.0 - 0.5' 
100770 1740 15.0 - 17.0 
100770 1740 15.0 - 17.0 
100770 1740 15.0 - 17.0 
100770 1740 15.0 - 17.0 
100770 1740 15.0 - 17.0 
100770 1740 15.0 - 17.0 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100781 1740 22.0 - 22.5 
100782 1738 0.0-0.5 
100782 1738 0.0-0.5 
100782 1738 0.0-0.5 
100782 1738 0.0-0.5 
100782 1738 0.0-0.5 
100782 1738 0.0-0.5 
100782 1738 0.0-0.5 
100782 1738 0.0-0.5 
1,00782 1738 0.0-0.5 
100782 1738 0.0-0.5 

RADIONUCLIDE CONC€WI!RATION USXTS JQOALIFXER COO1 

TB-230 0.97 
TB-232 < 0.6 
TB-TOTAL 3.33 
U-234 0.66 
0-235/236 < 0.6 
0-238 < 0.6 
U-TOTAL < 3.0  
CS-137 0.43 
GROSS ALPHA 94.7 
GROSS BETA 69.0 
PO-238 < 0.6 
PO-239/240 < 0.6 
RA-226 0.99 
RA-228 1.47 
RD-106 < 1.0 
SR-90 1.26 
TC-99 < 0.9 
TE-228 2.50 
TE-230 2.73 
TE-232 1.60 
ZR-WAL 14.5 
0-234 40.7 
0-235/236 4.83 
0-238 39.0 

161 
< 0.2 

0.81 
0.76 

RD-106 < 1.0 
0-235 < 0.2 
0-238 1.07 
C.5-137 0.22 
GROSS W B A  
GROSS BETA 
PU-238 
PO-239/240 
RA-226 
RA-228 
RU-106 
SR-90 
TC-99 
TH-228 
TE-230 
TE-232 
TE-TOTAL 
0-234 
0-235/236 
0-238 
U-TOTAL 
CS-137 
RA-22 6 
RA-228 
RU-106 
U-235 
0-238 
CS-137 
CROSS W H A  
CROSS BETA 
PO-238 
PO-23 9/240 
RA-226 
RA-228 
RU-106 
SR-90 
x - 9 9  
TE-228 
28-230 
TE-232 
TE-TOTAL 
0-234 
0-235/236 
0-238 
U-TOTAL 
CS-137 
CROSS ALP= 
GROSS B t T A  
PO-238 
PO-239/240 
RA-226 
RA-228 
RO-106 
SR-90 
M-99 

pCi/q J 478500 
pCi/q - 478500 
uq/q - 478500 
pCi/q J 478500 
pCi/q J 478500 
pCi/q - 478500 
ug/q J 478500 
pCi/q J 480213 
pCi/q - 480213 
pCi/q - 480213 
pCi/q J 480213 
pCi /g  R 480213 
pCi/q J 480213 

480213 
480213 

pCi/g - 480213 
pCi/q J 480213 
pCi/q J 480213 
pCi/q J 480213 
pCi/g - 480213 
ug/g - 480213 
pCi/q J 480213 
pCi/g JE 480213 
pCi/q C 480213 
uq/g J 480213 
pCi/q - 480213 
pCi/q - 480213 
pCi/q - 480213 
pCi/q - 480213 
pC+/q - 480213 
pC&/g - 480213 
pCi/g J 481800 

24.4 pCi/g - 481800 
25.0 pCi/g - 481800 

< 0.6 pCi/q J 481800 
< 0.6 pCi/g R 481800 

pCi/q J 481800 
pCi/g J 481800 
pCi/q J 481800 
pCi/q - 481800 
pCi/g J 481800 
pCi/q J 481800 
pCi/q J 481800 
pCi/q - 481800 
ug/q - 481800 
pCi/g J 481800 

i / q  - 481800 
!q J 481800 

< 0.2 pC&/q J 481800 
0.81 pCi/g J 481800 
0.59 pCi/q J 481800 

< 1.0 pCi/g J 481800 
< 0.2 

0.86 
< 0.2 

580 
9.48 

< 0.6 
< 0.6 

< 0.5 
< 1.0 
1 0.55 
< 0.9 

0.64 

2.12 pCi/g - 481800 
1.25 pCi/g - 481800 

< 0.6 pCi/g - 481800 
4.34 ug/g - 481800 
1.03 . p C m  - 481800 

< 0.6 pCi/g - 481800 
0.91 pCi/g - 481800 

< 4.5 ug/g JD 481800 
< 0.2 483539 

15.3 2::s .z 483539 

pCi/q 483539 

19.2 pCi/g - 483539 
483539 
483539 

0.88 pCi/g J 483539 
483539 1 - 0 1  

483539 1.00 - 

< 0.6 
< 0.6 pCi& - 
< 1.0 

< 0.9 pCi/g - 483539 

WfNATES 

1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
13 8 3 0 0 0 
1383000 
1383000 
13 8 3 0 0 0 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
13 8 3 0 0 0 
1 3  8 3 0 0 0 
1383000 
1383000 
13 8 3 0 0 0 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
13 8 3 0 0 0 
1383000 
1383000 
1383000 
1383000 . 
1383000 
1383000 

13826 
13826 
13826 
13826 
13826 
13826 
13826 

000244 



RADIONUCLIDE CONCENRUTION UNXTSIQOALIFIER COORDINATES 

100782 1738 0.0-0.5 
100782 1738 0.0-0.5 
100782 1738 0.0-0 .5  
100782 1 7 3 8  0.4-0.5 
100782 1 7 3 8  0.0-0.5 
100782 1738 0.0-0-5  
ioo7az i t 3 8  0.0-0:s 

100820 1736 0.0-0.5 
100820 1736 0.0-0 .5-  
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0 .0 -0 .5  
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100820 1736 0.0-0.5 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736  14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100839 1736 14.0-15.0 
100841 1734 0.0-0.5 
100841 1734 0.0-0 .5  
100841 1734 0 .0 -0 .5  
100841 1734 0.0-0.5 
100841 1734 0 .0 -0 .5  
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 ~ 

100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100841 1734 0.0-0.5 
100859 1734 14-16' 
100859 1734 14-16' 
100859 1734 14-16' 
100859 1734 14-16' 
100859 1734 14-16' 
100859 1734 14-16' 
100862 1734 24-26 
100862 1734 24-26 
100862 1734 24-26 
100862 1734 24-26 
100862 1734 24-26 
100862 1734 24-26 
100862 1734 24-26 
100862 1734 24-26 
100862 1734 24-26 

Tli-228 
TR-230 
TR-232 
TH-TOTAL 
0-234 
0-235/236 
0-238 
U-TOTAL 
CS-137 
RA-226 
RA-228 
RU-106 
0-235 
0-238 
CS-137 
GROSS ALPEA 
GROSS BETA 
PU-238 
PU-239/240 
RA-226 

U-TOTAL 
'3-137 
GROSS ALPBA 
GROSS BETA 
PO-238 
P0-239/240 
RA-226 
RA-228 
RU-106 
SR-90 
cc-99 
TE-228 
TE-230 
TE-232 
TE-TOTAL 
0-234 
0-235/236 
U-238 
U-TOTAL 
CS-137 
GROSS ALeEA 
GROSS BETA 
PO-238 
PU-239/240 
PA-226 
RA-228 
RU-106 
SR-90 
Tc-99 
28-228 
28-230 
TH-232 ' 

T E - T O T S  
0-234 
U-235/236 
U-238 
U-TOTAL 
CS-137 
RA-226 
RA-228 
R0-106 
U-235 
w-238 
CS-137 
GROSS W E A  
GROSS .BETA 
PU-238 
Po-239/240 
lu-226 
RA-228 
RU-106 
SR-90 

2.81 pCi/g J 
1 .93  pCi/g J 
1.15 pCi/g - 
10.4 U¶/¶ - 
2.96 pCi/g J 

< 0.6 pCi/g J 
2 .69  pCi/g - 
8.32 ug/¶ J 

< 0.2 pCi/g J 
0.81 pCi/g J 
0.75 pCi/g J 

< 1.0 pCi/g J 
< 0 . 3  . Si/¶ 3 

0.86 pCi/g J 
< 0.2 pCi/g J 

27.2 pCi/g - 
23.8 pCi/g - 

< 0.6 pCi/g - 
< 0.6 pCi/g - 

0.89 pCi/g J 
0.98 pCi/g J 

< 1.0 pCi/g J 
1.37 pCi/g - 

< 0.9 pCi/g - 
2.91: pCi/g - 
1.80 pCi/g - 
0.85 pCi/g - 
7.64 U¶/¶ - 
3.34 . pCi/g - 
0.63 pCi/g - 

< 0.2 pCifg J 
10.7 Si/¶ - 
11.9 .- 

< 0.6 pCi& - 
pci/g - 
pCi/g J 
pCi/g J 
pcfk J 
pCA/9 - 
pCi/g - 
pCi/g - 
pCi/g - 
pCi/g - 
ugh - 
pCi/g - 
pCi/g - 

0.75 pCi/g - 
< 4.6 ug/g JD 
< 0.2 pCi& J 

21.6 Si/¶ - 

$2 ; 2.64 
8.68 

25.0 

483539 
483539 
483539 
483539 
483539 
483539 
483539 
483539 
483539 
483539 
483539 
483539 
483539 
483539 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483334 
483300 
483300 
483300 

< 0.6 
< 0.6 
1.13 
1-18 

< 1.0 
< 0.5 . 
< 0.9 

2.43 
1.38 
1.23 
11.1 
2.56 

3.05 
8.70 

0.81' 
0.66 

< 0.6 

< 0.2 

< 1.0 
< 0.2 

1.09 
0.2 
10 .8  
19.7 

< 0.6 
< 0.6 

0.72 
0.78 

< 1.0 
< 0.5 

48 
48 

ug/g J 48 
pCi/g J 48 
pCi/g J 48 
pCi/g J 48 
pCi/g J 48 
pci/g J 48 
pCi/g J 48 
pCi/g J 48 
pCi/g - 48 
pci/q - 48 
pci/g - 48 

pCA/g J 48 
pCi/g J 48 
pCi/g J 48 
pCi/g - 4 8  

pcf/g - 48 

3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

a 
300 
3m 
3w 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
1300 
1300 
300 
300 
300 
300 
300 
1300 
300 
300 
1300 
,300 
1300 
,300 

1382635 
1382635 
1382635 
1382635 
1382635 
1382635 
1382635 
1382635 
1382635 
1382635 
1382635 
1382635 
1382635 
1382635 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 ' 

1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1381000 
1380000 
1380000 
1380000 
13 8 0 0 0 0 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
13 8 0 0 0 0 
1380000 
1380000 
1380000 
1390000 ' 

13 8 0 0 0 0 
1380000 
1380000 
1380000 
1380000 
1380000 

000245 



S M L E  
N[RIBER BORING DEPTE 

100862 1734 24-26 
100862 1734 24-26 
100862 1734 24-26 
100862 3334 24-26 
100862 1734 24-26 
100862 6734 24-26 

100 
i o o  
i o o  
i o o  
100 
100 
100 
100 
100 
100 
l o o  
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

165 1730 0.0-0 .5  
I65 1730 0 . 0 - 0 . 5 -  
165 1730 0.0-0.5 
165 1730 0.0-0.5 
I65 1730 0.0-0.5 
I65 1730 0.0-0.5 
I65 1730 0.0-0.5 
165 1730 0.0-0.5 
I65 1730 0.0-0.5 
165 1730 0.0-0.5 
I65 1730 0.0-0.5 
65 1730 0.0-0.5 
165 1730 0.0-0.5 
165 1730 0.0-0.5 
165 1730 0.0-0.5 

100879 17 
100879 17 
100893 17 
100893 17 
100895 17 
100895 17 
LOO897 17 
100897 17 
100899 17 
100899 17 
100901 17 
100901 17 
100903 17 
100903 17 
100905 17 
100905 17 
100907 17 
100907 17 
101233 17 
101233 17 
101233 17 
101233 17 
101233 17 
101233 17 
101243 17 
101243 17 
101243 17 
101243 17 
101243 17 
101243 17 
101243 17 

100879 1730 14.5-16.5 
100879 1730 14.5-16.5 
100879 1730 14.5-16.5 
100879 1730 14.5-16.5 

'30 14.5-16.5 
'30 14.5-16.5 
'30 0-30.5 
'30 0-30.5 
'36 0-16 
'36 0-16 
'38 0-30 
'38 0-30 
40 0-24 
40 0-24 
42 0-29 
42 0-29 
44 0-13.5 
44 0-13.5 
46 0-12.5 
46 0-12.5 
48 0-13.0 
48 0-13.0 
47 15.0'-15.5' 
47 15.0'-15.5' 
47 15.0'-15.5' 
47 15.0'-15.5' 
47 15.0'-15.5' 
47 15.0'-15.5' 
47 21.0'-21.5' 
47 21.0'-21.5' 
47 21.0'-21.5' 
47 21.0'-21.5' 
47 21.0'-21.5' 
47 21.0'-21.5' 
47 21.0'-21.5' 

101243 1747 21.0'-21.5' 
101243 1747 21.0'-21.5' 
101243 1747 21.0'-21.5' 
101243 1747 21.0'-21.5' 
101243 1747 21.0'-21.5' 
101243 1747 21.0'-21.5' 
101243 1747 21.0'-21.5' 
101243 1747 21.0'-21.5' 
io1 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

!43 1747 21.0'-21.5' 
143 1747 21.0'-21.5' 
!43 1747 21.0'-21.5' 
!44 1747 0.0'-0.5' 
!44 1747 0.0'-0.5' 
144 1747 0.0'-0.5' 
144 1747 0.0'-0.5' 
144 1747 0.0'-0.5' 
144 1747 0.0'-0.5' 
!44 1747 0.0'-0.5' 
144 1747 0.0'-0.5' 

RADIONUCLIDE 

K-99 
TE-228 
TE-230 
TE-232 
TE-TOTAL 
0-234 
0-235/236 
0-238 
0-TOTAL 
TE-TOTAL 
0-TOTAL 
CS-137 
GROSS -EA 
GROSS BETA 
PO-238 

' PO-239/240 
RA-226 
RA-228 
RO-106 
SR-90 

. . . . . . . . 
RA-228 ' -  _" '  

RO-106 
0-235 
0-238 
TE-TOTAL 
0-TOTAL 
TE-TOTAL 
0-TOTAL 
TE-TOTAL 
0-TOTAL 
TH-TOTAL 
0-TOTAL 
TE-TOTAL 
0-TOTAL 
TE-TOTAL 
0-TOTAL 
TE-TOTAL 
0-TOTAL 
TE-TOTAL 
0-TOTAL 
'23-137 
RA-226 
RA-228 
RO-106 
0-235 
0-238 
CS-137 
GROSS ALPHA 
GROSS BZTA 
PO-238 
PO-239/240 
RA-226 
RA-228 
RO-106 
SR-90 
Tc-99 
TE-228 
TE-230 
TE-232 
TE-TOTAL 
0-234 
0-235/236 
U-238 
U-TOTAL 
CS-137 
GROSS ALPHA 
GROSS BZTA 

PO-239/240 
RA-226 
RA-228 
RO-106 

PO-238 

CON-TION 

< 0.9 
2.07 
1.48 
0.95 
8.56 
3.25 

4.30 
2.93 
5.51 
2.18 
0.33 
17.7 
23.9 

< 0.6 

< 0.6 
< 0.6 
1.12 
1.13 

< 1.0 
< 0.5 

.< 0.9 
2.52 
1.69 
1.12 
10.2 
2.61 

3.06 
9.07 

< 0.6 

< 0.2 
0.78 
0.77 

< 1.0 
< 0.2 
0.86 
6.06 
4.09 

UNITS/PUALIFIER . COoRDIHAfES 

pCi/g J 
pCi/g - 

- 
U¶/¶ - 
pCi/g - 
pCi/g - 
pCi/g - 
U¶/¶ J 
U¶/¶ 
U¶/¶ 
pCi/g J 
pci/g - 
pCi/g - 
pCi/g - 
pCi/g - 
pCi/g J 
pCi/g J 
pCi/g J 
pCi/g - 
pCi/g J 
pCi/g - 
pCi/g - 
pCi/q - 
pCi/g - 
pCi/g - 
u¶/g J 
pCi/g J 
pCi/g J 
pCi/g J 
pCi/g J 
pCi/s J 
pCi/g J 
U¶/¶ 
U¶/¶ 

7 .21 U¶/¶ 483334 1381000 
u¶/g 483334 1381000 
U¶/¶ 483539 1382635 
u¶/g 483539 13 82 63 5 
W / ¶  481800 1383000 
u¶/g 481800 1383000 
u¶/g 480213 1383000 
W g  480213 1383000 
u¶/g 478500 1383000 
U¶/¶ 478500 13 8 3 0 0 0 
U¶/¶ 478000 1382500 

2.94 U ¶ / 4  478000 1382500 
4.13 W g  477300 
2.62 U¶/9 477300 

< 0.2 d i / a  J 477600 
0.66 
0.58 

pCys - 

$e 1 

< 1.0 
< 0 . 3  

< 0 .2  
1.26 

10.7 
16.5 

< 0.6 
< 0.6 

< 0.5 
< 1.0 
< 0.5 
< 0.9 

< 0.6 

0.67 

1.44 

0.75 
6.79 
3.58 
1.56 
1.58 
2.88 
0.23 
12.7 
19.6 

< 0.6 
< 0.6 
0.88 
1.08 

< 1.0 

483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 
483300 

1380000 
1380000 . 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1379000 
1379000 
1379000 
1379000 

1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 
1379000 , 

1379000 
1379000 
1379000 
1379000 

1379000 

J 477600 
J 477600 - 477600 
R 477600 
J 477600 
J 477600 - 477600 - 477600 
J 477600 
J 477600 - 477600. 
3 477600 
J 477600 - 477600 - 477600 
J 477600 - 477600 
J 477600 
J 477600 
J 477600 

1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 

000246 



5769 
SADPLE 
NUMBER BORING DEPTR 

101244 1747 0.0'-0.5' 
101244 1747 0.0'-0.5' 
101244 1747 0.0'-0.5' 

101251 I745  6 I# 
101293 1 ? 4 5  6 fN 
101251 l?W 6 IN 
101251 1745 6 I N  
101251 1745 6 I N  - 
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101251 1745 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101282 1743 6 I N  
101293 1743 12.0-13.0 
101293 1743 12.0-13.0 
101293 1743 12.0-13.0 
101293 1743 12.0-13.0 
101293 1743 12.0-13.0 
101293 1743 12.0-13.0 
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N -  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101310 1741 0-6 I N .  
101321 1741 14.0-16.0 
101321 1741 14.0-16r0 
101321 1741 14.0-16.0 
101321 1741 14.0-16.0 
101321 1741 14.0-16.0 
101321 1741 14.0-16.0 
101334 1739 0-6 XN. 
101334 1739 0-6 I N .  
101334 1739 0-6 I N .  
101334 1739 0-6 I N .  
101334 1739 0-6 I?l. 
101334 1739 0-6 I N .  

RADIQHllCLIDE 

SR-90 
TC-99 
TE-228 
TE-230 
TE-232 
TE-TOTAL 
U-234 
0-235/236 
0-238 
0-TOTAL 
CS-137 
GROSS ALPHA 
GROSS BETA 
NE'-237 
PO-238 
PU-239/240 
RA-22 6 
PA-228 
R0-106 
sn-on 

GROSS BETA 
PO-238 
PU-239/240 
PA-226 
RA-228 
RU-106 
SR-90 
TC-99 
TE-228 
TE-230 
TE-232 
TE-TOTAL 
U-234 
U-235/236 
0-238 
0-TOTAL 
CS-137 
RA-226 
RA-228 
RO-106 
0-235 
0-238 
CS-137 
CROSS w w  
GROSS 0ETA 
PU-238 
PO-239/240 
RA-226 
RA-228 
RU-106 
SR-90 
Tc-99 
'18-228 
TE-230 
'18-232 
TE-TOTAL 
0-234 
0-235f236 
0-238 
U-TOTAL 
CS-137 
RA-226 
RA-228 
R0-106 
0-235 
0-238 
CS-137 
CROSS w w  
GROSS BETA 
PO-238 
PU-239f 240 
lu-226 

CQNcZNTRhrIoN 

0.96 

2.06 
1.71 
0.74 

, 6.67 
2.85 

2.02 
6.37 

26.1 
20.4 

< 0.9 

< 0.6 

< 0.2 

< 0.6 
< 0.6 
< 0.6 

1.24 
1.32 

2.67 

1.81 
1.76 
1.01 
9.14 
2.26 

2.59 
15  .O 
0.36 
15.8 
23.4 

< 1.0 

< 0.9 

< 0.6 

< 0.6 
< 0.6 

0.85 

W¶ 
pCi/g J 

pCi/g J 
R 

pci/g S 
1.01 Si/¶ J 

p C i f ¶  - - 

0.65 pCi/g J 
0.69 * i f¶  J 

< 1.0 pCifg J 
< 2.9 JD 

0.91 
0.58 
37.8 
28.7 

< 0.6 
0.6 
0.96 
1.04 

0.82 

1.70 
1.61 
0.97 
8.79 
14.2- 
2.18 
15.1.  
17.3 

0.73 
0.89 

< 1.0 

< 0.9 

< 0.2 

< 1.0 
< 0.3 

< 0.2 
0.87 

13.5 
19.7 

< 0.6 
.c 0.6 

0.90 

477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
477600 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
479100 
480700 

480700 
480700 
480700 
480700 
480700 
480700 
480700 
480700 
480700 
480700 
400700 
480700 
480700 
482400 
482400 
482400 
482400 
482400 
482400 

1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1382500 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 ' 
1383000 
1383000 
1383000 
13 8 3 0 0 0 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 ' 

1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 

000247 



SA18I.E 
mER BORING DEPTH RADIONUCLIDE CON-ION UNITS/Q(JALIFIER OOORDI 

5769 
:NhTES 

101334 1739 0-6 IN. 
101334 1739 0-6 IN. 

101346 1739 15.0-17.0 

101346 1739 15.0-17.0 
101346 1739 15.0-17.0 
101346 1739 15.0-17.0 
101358 1737 0-6- 
101358 1737 0-6- 
101358 1737 0-6. 
101358 1737 0-6- 
101358 1737 0-6- 
101358 1737 0-6- 
101358 1737 0-6- 
101358 1737 0-6. 
101358 1737 0-6- 
101358 1737 0-6' 
101358 1737 0-6. 
101358 1737 0-6- 
101358 1737 0-6- 
101358 1737 0-6. 
101358 1737 0-6' 
101358 1737 0-6. 
101358 1737 0-6- 
101358 1737 0-6- 
101311 1737 10-15' 
101371 1737 10-15' 

101346 1739 15.0-17.8 

101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1731 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101371 1737 10-15' 
101372 1735 0-6-  
101372 1735 0-6. 
101372 1735 0-6- 
101372 1735 0-6. 
101372 1735 0-6- 
101372 1735 0-6. 
101372 1735 0-6' 
101372 1735 0-6' 
101372 1735 0-6' 
101372 1735 0-6- 
101372 1735 0-6- 
101372 1735 0-6- 
101372 1735 0-6- 
101372 1735 0-6- 
101372 1735 0-6. 
101372 1735 0-6- 
101372 1735 0-6- 
101372 1735 0-6- 
101385 1732 0-6- 
101385 1732 0-6- 
101385 1732 0-6- 
101385 1732 0-6. 
101385 1732 0-6- 
101385 1732 0-6. 
101385 1732 0-6- 
101385 1732 0-6. 
101385 1732 0-6. 
101385 1732 0-6- 

RA-228 1.05 
. RU-10 6 < 1.0 

pCi/g J 482400 
pCi/g J 482400 

SR-90 
TC-99 
TR-228 . 
TR-230 
TR-232 
TR-TOTAL 
U-234 
0-235/236 
0-238 
U-TOTAL 
CS-137 
RA-226 
RA-228 
RU-106 
0-235 
0-238 
CS-137 

TR-232 
TR-TOTAL 
0-234 
0-235/236 
0-238 
0-TOTAL 
CS-137 
GROSS w m  
CROSS BETA , 

PO-238 
PO-239/240 
RA-226 
RA-228 
RU-106 
SR-90 
Tc-99 
m-228 
TR-230 
TE-232 
TR-TOTAL 
0-234 
0-235/236 
0-238 
u-TOTAL 
CS-137 
CROSS wBA 
CROSS BETA 
PO-238 
PU-239/240 
RA-226 
RA-228 
RO-106 
SR-90 
Tc-99 
28-228 
TE-230 
28-232 
m-ToTAL 
0-234 
0-235/236 
U-238 
u-TOTAL 
C5-137 
GROSS ATPEA 
GROSS BETA 
PO-238 
PU-239/240 
m-226 
RA-228 
RU-106 
SR-90' 
Tc-99 

0.62 pCi/g - 
< 0.9 pCi/g - 
2.56 pCi/g J 
1.97 pCi/g J 

< 0.6 pCi/g - 
8.79 ug/g - 

' 2.36 pCi/g J 
< 0.6 pCi/g J 
2.52 pCi/g - 
8.44 U¶/¶ J 

< 0.2 pci/g J 
0.72 pCi/g 3 
0.68 pCi/g 3 

< 1.0 pCi/g J 
< 0.3 pCiJg J 
0.92 . pCi/g J 
0.42 pCi/g J 
15.0 pCi/g - 
33.1 Sf/¶ - 

< 0.6 S A / ¶  - 
< 0.6 pCi/g - 
0.86 pCi/g J 
1.03 pCi/g J 

< 1.0 pCi/g 3 
2.84 pCi/g - 

< 0.9 pCi/g - 
2.94 pCi/g - 
1.87 pCi/g - 
1.15 pCi/g - 
10.4 u d g  - 
5.86 pCi/g - 

< 0.6 pci/g - 
5.71 pCi/g - 

1.08 Si/¶ - 
0.62 pci/g - 
5.62 ug/g - 

< 0.6 pCi/g - 
< 0.6 Si/¶ - 
< 0.6 vCi/a - 
< 3.9 
0.51 
27.1 
33.0 

< 0.6 
< 0.6 
1.10 
1.35 

< 1.0 
< 0.5 
< 0.9 
2.74 
3.14 
1.24 
11.2 
2.82 ' 

3.07 
9.05 

22.7 
23.1 

< 0.6 , 

< 0.6 
0.93 
1.10 

< 0.6 

< 0.2 

< 1.0 
< 0.5 
< 0.9 

482400 
482400 
482400 
482400 
482400 
482400 
482400 
482400 
482400 
482400 
482400 
482400 
482400 
482400 
482400 
482400 
483306 
4833.0 6 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 

483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 
483306 

483306 

1383000 
1383000 

1383000 
1383000 
1383000 
1383000 
1383000 
1383000 

1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 
1381957 

1381957 

i3a3000 

i38i957 
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101385 1732 0-6. 
101385 1732 0-6. 
101385 1732 0-6' 
101385 1732 0-6. 
101385 1732 0-6' 
101385 1732 0-6' 
101385 1732 0-6" 
101385 1732 0-6- 
101409 1729 0-6. 

101409 1729 0-6- 
101409 1729 0-6. - 
101409 1729 0-6- 
101409 1729 0-6. 
101409 1729 0-6. 
101409 1729 0-6. 
101409 1729 0-6. 
101409 1729 0-6. 
101409 1729 0-6- 
101409 1729 0-6. 
101409 1729 0-6. 
101409 1729 0-6- 
101429 1729 16-18 
101429 1729 16-18 
101429 1729 16-18 
101429 1729 16-18 
101429 1729 16-18 
101429 1729 16-18 
101440 1745 0 - 27 
101440 1745 0 - 27 
101442 1743 0 - 24 
101442 1743 0 - 24 
101444 1741 0 - 30 
101444 1741 0 - 30 
101446 1739 0 - 30 
101446 1739 0 - 30 
101448 1737 0 - 15 
101448 1737 0 - 15 
101450 1735 0 - 13 
101450 1735 0 - 13 
101452 1732 0 - 21 
101452 1732 0 - 21 
101454 1729 0 - 30 
101454 1729 0 - 30 
101801 1728 NA 
101802 1728 NA 
101803 1729 NA 
101804 1729 NA 
101805 1730 NA 
101806 1730 NA 
101801 1732 NA 
101808 1732 NA 
101809 1734 NA 
101810 1734 NA 
101811 1735 NA 
101812 1735 NA 
101813 1736 NA 
101814 1736 
101815 1737 NA 
101816 1737 NA 
101817 1738 NA 
101818 1738 NA 

TE-228 
TE-230 
TE-232 
TE-TOTAL 
0-234 
0-235/236 
0-238 
0-TOTAL 
CS-137 
GROSS Atpn 
GROSS BETA 
P0-238 
P0-239/240 
RA-226 
RA-228 
RQ-106 
SR-90 
TC-99 
TE-228 
TE-230 

0-238 
TE-TOTAL 
V-TOTAL 
TH-TOTAL 
0-TOTAL 
TE-TOTAL 
0-TOTAL 
TE-TOTAL 
V-TOTAL 
TE-TOTAL 
0-TOTAL 
TB-TOTAL 
0-TOTAL 
TE-TOTAL 
V-TOTAL 
TE-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTU 
0-TOTAL 
0-TOTAL 
U - m U  
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 
0-TOTAL 

2-80 pCi/g - 
1.10 pCr/g - 
9.96 W¶ - 
1.25 pCi/g - 

< 0.6 pCi/g - 
1.69 pCi/g - 
4.53 ug/g J 

1.66 p C y g  - 

483300 0.47 
28.5 483300 
24.1 pCi/g - 483300 

< 0.6 pC?/g J 483300 
< 0.6 pCL/¶ - 483300 

483300 
483300 

0.86 

483300 
0.92 

< 1.0 pCi/g - 
0.83 pCi/g - 483300 

< 0.9 pci/g J 483300 
2.24 pCi/g J 403300 
1.45 483300 
1.10 2;;; ," 483300 
9.94 ug/g - 483300 
2.41 pci/g - 483300 

< 0.6 pCi/g J 483300 
3.22 pci/g - 483300 
9.88 ug!g J 483300 

< 0.2 pCi/g J 483300 
0.70 pCi/g J 483300 
0.13 pCi/g J 483300 

< 1.0 pci/g J 483300 
< 0.2 pci/g J 483300 

1.26 pCifg J 483300 
6.11 w g  478500 
4.09 w g  478500 
6.87 ug f 4 479100 
5.42 W g  479100 

480700 
480700 
482400 
482400 
483306 
483306 
483300 
483300 
483300 
483300 
483300 
483300 

< 0.6 w/53 483308.25 
< 0.6 ug/g 483308.25 
< 0.6 w/53 483300 
< 0.6 ug/g 483300 
< 0.6 ug/g 483300 
< 0.6 
< 0.6 
< 0.6 
< 0.6 
< 0.6 
< 0.6 
< 0.6 
< 0.6 
< 0.6 
< 0.6 
< 0.6 
< 0.6 
< 0.6 483539 

1378500 
1378500 
13 7 8 5 0 0 
1378500 
13 7 8 5 0 0 
1378500 
1378500 
1378500 
13 7 8 5 0 0 
1378500 
1378500 
1378500 
1378500 
1370500 
13 7 8 5 0 0 
13 7 8 5 0 0 
13 7 8 5 0 0 
1378500 
1378500 
1378500 
1378500 
1378500 
1378500 
1378500 
1382000 
1382000 
1383000 
1383000 
1383000 
1383000 
1383000 
1383000 
1381957 
1381957 
1380500 
1380500 
1379500 
1379500 
1378500 
1378500 
1377966.74 
1377966.74 
1378500 
1378500 
1379000 
1379000 
1379500 
1379500 
1380000 
1380000 
3380500 
1380500 
1381000 
1381000 
1381957 
1381957 
1382635 
1382635 

. . . . . . . . 
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1.0 PuRposE 

eport of the surface radiation field measurements for characterization of the 

Waste Management Facility (EWMF) site at the Fernald Environmental 

t (FEMP). The report will discuss methodology in Section 3.0 and Data 

20 om= 
Previous surface radiatio 

Center (FMPC) Remedia 

Task Additional measur 

Characterization Task in 
property boundaries. M 
established in accordance with Section 1.0 of the "RUFS: Volume I: Sampling Plan" (March, 

1988). The  RUFS sampling plan required 100- 

Large-volume [2" x 2" N a I w ) ]  scintillation surv 

Eberline Instrument Company (Sante Fe, 
Stokes pressurized ionization chamber (PIC 
exposure rate measurements, was used to 

ments were made under the Feed Materials Production 

asibility Study (RVFS) Surface Soil Characterization 

eeded in areas not covered by the Surface Soil 

ng evaluation for the EWMF within the FEMP 

tocol for the surface radiation field measurements was 

rvals between measurement locations. 
ents (SPA3ESP-I)  manufactured by 

to make the measurements. A Reuter- 

raceable calibration for radiation 

A - 3 B P - 1  measurements. 

3.0 MEITTODOLOGY 

T h e  Surface Radiation Field Measurement Procedure (December 

methodology for obtaining gamma radiation measurements. A co 
in Appendix A Instrument count rates (SPA-3/ESP-1 readings) 

measured at a distance of one meter above the ground surface at 

areas north and east of the Production Area of the FEMP in areas designated by the "Engineered 

Waste Management Facility Sampling and Analysis Plan" (November, 1991). Count rates were 

converted to exposure rates using conversion factors (standardization factors) derive 

comparisons of scintillation survey instrument readings to exposure rate measurements ta 

the PIC at  the same location. 

ure is included 

a radiations were 

1 
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Prior to using the survey instruments for field measurements, source checks were made to ensure 

t operated within established acceptable ranges. Also, before use and every 

t in use, each SPA-3/ESP-1 was standardized with the PIC for ten one- 

urce checks and standardizations were performed outdoors. Field 

re made at survey points on the state planar coordinate grid system with SPA- 
3/ESP-1 instruments. The instruments were held one-meter (-3 feet) above the ground facing 

the direction of maximum exposure rate. A one-minute count was collected and recorded at each 

grid node. Copies of Gel 

Appendix B. 
records, including standardization records, are included as 

Three SPA-3/ESP-1 inst 

numbers were as follows: 

e pic were used on this project. The instrument serial 

Instrument Manufacturer 

PIC Reuter Stokes 

SPA3ESP 1 Eberline 793, 23/2057, 20/2058 

4.0 DATARESUL'IS 

The Surface Radiation Field Measurements Plan commenced on  December 5,  1991, and 

concluded on January 29, 1992 Within this time period approximately 1571 locations were 

surveyed with an average of 65 locations surveyed per day. Figur 
each measurement site. The data collected are summarized by st 

by exposure rate in Appendix C. Appendix D is a summary of e 

State Planar Coordinate in lo0 foot increments. Calculated e 

are shown in Figure 2 A three-dimensional representation of calculated exposure rates is shown 

in Figure 3. 

the location of 

coordinate in and 

long each North 

rate contours (isopleths) 

2 
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5 1 6 9  

, 

ENGINEERED WASTE MANAGEMENT FACILlTY 
SURFACE RADIATION FIELD MEASUREMENT PROCEDURE 

1.0 

f this procedure is to control conduct of field radiological surveys and data 
analysis of the data generated during the field radiological surveys in 

the siting evaluation for the Engineered Waste Management Facility (EWMF) 
ald Environmental Management Project (FEMP). The field radiological 

surveys will accomplish the following: 

Locate areas containing elevated levels of radionuclides to verify that radiological 
ed from the geological and geotechnical borings are 

uch topsoil in the study area must be treated as 

hazards to construction workers from 
areas with elevated gamma-radiation levels. 

Count rates from gamma radiation will b 
nodes of 100 foot grids using 2" x 2" scin 
west of the Production Area of the 
rates will be converted to exposure ra 
comparisons of scintillation counter 
Reuter-Stokes pressurized ion cham 

ured at one meter above ground at the 
n counters [NaI(Tl)] in areas north and 

designated by Reference 2.1. Count 
version factors obtained from 
osure rate measurements taken with a 

20 References 

21 U.S. Department of Ener 
Analvsis Plan, November, 

22 Eberline Instrument Corporation. Technical Manual for E art Portable Model 
ESP-1. 

31 Reuter-Stokes Corporation. Operational Manual RSS-111 Area Monitor Svstem. 

3.0 Equipment 

ESP-IEPA-3 (3) 
RSS-111 pressurized ion chamber 
Extra cables for ESP-TEPA-3 (2) 
Extra "C" cell batteries (12) 
ESP-I and RSS-I 11 instruction manuals 

1 
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5'2'69 
Calculator 
(3-137 check source 
Uranium slab S/N 2741/91 

. . . . . . . . . . 

4.0 Instrument CaliiratiodOperational Check 

Scintillation counters (SPA-3ESP-1) and Reuter-Stokes pressurized ion chamber 
ithin one year of use. Prior to each use or daily when kept 

each instrument in accordance with Reference 2.2 and 

test of audible response 
test of zero 
examination for physical damage 

Instruments failing any of the above 
other instruments, tagged as "out of 

verification that the instrument is i 

taken out of service. segregated from 
paired prior to use. 

4.1 SPA-3BP-1 SOU= Check 
Conduct source checks on the SPA-3ESP-ls using the following: 

Conduct source checks putdoors. 

Measure background counts on the  instrument for. 

Place the Cs-137 check'source on the flat surface 
source label next to the 'detector and measure the c 
one-minute count. Subtract the background counk 
compare to the acceptable range marked on the instrument. 

r centerline with the 

the gross counts and 

If an instrument falls outside of the acceptable range. repeat the source check. If the 
instrument falls outside of the acceptable range a second consecutive tim.e. .take,.the 
instrument out of service. 

Record results of the source checks. source check location. field conditions. 
Field Activity Daily Log Form. 

2 
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4 2  Rsslll Source Check 
Conduct source checks on the RSS- I l l  using the following: 

Conduct source checks outdoors with the instrument o n  the tripod and the detector 
approximately 3 feet above the ground. 

1 measurements after the reading has stabilized. Round all readings to the 

re the background exposure rate. 

Place the box containing the uranium slab feet side down o n  the top of the detector 
with the center of the box over the detector centerline. Measure the exposure rate. 

m the gross exposure rate and compare to the acceptable 
ent. 

I f an ins t rum of the acceptable range, repeat the source check. If the 
e acceptable range a second consecutive time. take the 

Record results of the source checks, source check location. field conditions, etc on  the 
field activity daily log form. 

4 3  Establishing Acceptable Ranges for So 
If not  previously performed, establish 
S P A - 3 m P - 1  per the following: 

nges for source checks for the 

Record all readings and calculati 
sheets. 

lation sheets. Sign and date  all 

Measure background counts on the instrumen1 for ten. one-minute counts. Calculate 
the  arithmetic mean of the background counts. 

. . . . . . . 

Place the (3-137 check source on the Hat surface on  t enterline with the 
source label next to the detector and measure the cou 
one-minute counts. Remove and replace the Source r between counts. 
Calculate the sample mean and sample standard devia 

Calculate the net count by subtractins the mean back 
gross count. Calculate the acceptable range by adding and subtracting three times the 
source count standard deviation from the net count. Record the acceptable range in 
counts per minute on  the instrument. 

trument for ten. 



5.0 Conduct of the Survey 

,' 5.1 Standardization with the Rslll 
Prior to each use or every four hours when kept in use. standardize each 

ESP-1s that is in'use with the RSS-111 in accordance with the following: 

the RS-111 with the detector centerline at three feet above ground level and 
10o0 feet of all areas to be surveyed prior to the next standardization. 

RS-111 power switch to "batt". 

. 

5 2  

53 

Turn RS-111 electrometer switch to "zero" and wait one-minute. then veri@ the LCD 
output reads zero. 

Turn RS-11 switch to "read". 

Allow RS-11 reading to stabilize. 

d intervals, record the background radiation exposure rate 
Round all results to the nearest p u r .  Calculate the 

arithmetic average of the ten readings. Record results on the survey form. 
Attachment 1. 

At approximately three feet a 
the counts €or ten, one-minute c 
arithmetic average of the ten he survey form, ' 

Attachment 1. Use a separate 

vel and 10 feet from the RS-111. record 
ch in-use SPA-3/ESP-I. Calculate the 

Calculate the standardization exposure rate by the 
average count rate €or each instrument and record on Attachment 1. 

Field Measurements 
Field measurements will be performed by teams consis 
surveyors, one data recorder and location surveying pe 
recommended for use among team members when e 
At the survey point locate the maximum exposure rate b 
listening for the maximum audible response. Facing t 
rate, measure the counts on the SPA-3ESP-1 for on 
with the front at 3 feet above the ground. Perform 
the study area as close as possible to the grid nodes in accordance with Rererence 2.1. 

communication is 

Documentation 
Record data on Attachment 1. Locate survey points using state planar coo 
system. Use separate forms for each survey instrument and standardization p 
Transmit daily the previous day's survey data and tield activity daily log forms 
electronically to Nuclear Sciences. Knoxville for data reduction and evaluation. 

4 
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Ir I 
INTERNATIONAL 
TECHNOIDGY 
CORPORATION 

Date: 

Instnrmant No.: 

SURVEY DATA 

Page 1 of 

STANDARDIZATION DATA 

bat ion:  

STANDARDIZATION F A O R :  

SURVEY RESULTS II 

9 

Radiation Surveyor: Date: 
Signature 

Print 
000259 



Ir € 
INTERNATIONAL 
TECHNOWGY 
CORPORATION 

SURVEY DATA 
(Continuarion) 

...... Date . . . . . .:< . . 
... .. 
e..... .. .... . ... . ..... . . . . . . . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . . ..... ..... . . . . . . . 

Radiation Surveyor: 
. ... 
... . .. ... 

Signature 
. . . . ._ . . .... . . . . . . . . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  
. .. ... 

Print 
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47- 
47- 
47- 
47- 
47- 
4 m  
476700 
4 m  
476700 
47s700 
476700 
r767m 
47m 
476700 
476200 
476200 
476200 
476700 
476200 
47- 
47- 
47- 
47- 
47- 
47- 
47- 
47- 
17- 
47- 
47- 
47- 
47- 
47- 
47- 
47- 
476900 
476900 
476900 
478900 
476900 
4 7- 
476900 
47- 
476900 
476900 
476900 

' 478900 
476ODO 
476900 
rnm 
4nm 

4nm 
4nm 
4nm 
4nm 
4nm 
4nm 
4nm 
4nm 
4nm 
4nm 
4nm 

4nim 
~ n i w  
~ n i m  
in100 
rn im 

. rniw 
mi00 
4ni00 

mi00 
4 n i o o  

4 7 7 m  

477100 

4771OO 

477100 

imimi 

i 2 n i m i  
0 1 m m  * 

12I11m1 
12n 1m1 

01 MlB2 
1m1m1 
tm1m1 
1m1m1 
t a l  1m1 
12nlB1 
imimi 

r m w 1  
lZnW1 
12nlID1 
1 m w 1  
1m1m1 
1m1191 
lznl lol  
01127IB2 
0 1 m m  
01R7R2 
01R7B2 
lYllID1 
12IllBl 

12nlBl  
12nlB1 

12nl191 
12n1m1 
12nllol 
lZlllRl 

0 t R7R2 
01R7192 
0 1 R7192 
01R7102 
12mYD1 
12mWl 
1 m 1  
12mM1 
121oQR1 
1-1 
12109191 
1-1 
1 m 1  
12109191 
1-1 
01127192 
O1R7m 

12106191 
12mm1 
121DP101 
1-1 
12mwa1 
lzIo(y01 
121DP101 
1-1 
1-1 
12E00101 
1 m 1  

OlR7R2 

0 1 ~ 7 ~ 2  

i m i m i  

imimi 

01~7102 

oimm 

1 1 s  
11:45 
11 : s  
12- 
rrm 
ll* 
1 1 2  
1 1 . e  
11-54 
1 2 a  
12:m 
12:a  
12:a 
1 2 s  
14:16 
1 0 s  
10 : s  
10 : s  
1 1 m  
1 1 -16 
1 4 2  
1 1 P  
11% 
1 1 s  
12.01 
12:16 
1 2 s  
12:a 
1257 
l4:M 
1o.m 
1 0 3  

12.44 

14:lO 
1 0 3  
1 0 s  
1 os 
1 1 m  
14 .a  
14.43 
14'45 
14'47 
13:9 
13:s  
13.3 
13 : s  
13:41 
13'U 
13'45 
1041 
1051 
11:10 
1420 
14:ll 
14'1s 
14.13 
1431 
1 4 m  
1 4 a  
1 4 m  
14- 

1356 
1o:u 
10- 

1254 

13:s 

11.7 
11.1 
1 o s  

9.7 
9 5  

1 1 .4 

i o n  

iin 
t i n  
l l b  
l l b  
112  
11.1 
100 
110  
9 2  
80 
QJ 
0.4 

1 1 .I 
11.0 
115 
115 
115 
113  
1 1 s  
112 
11.8 
102 

9.4 
9.1 
9 2  
9.7 

1 1 3  
1 0 s  
9.7 

l l d  
l l d  
l l b  
11.8 
1 1 J 
112  
11.1 
112 
9.7 
0 .7 

l oa  

9.7 9.64E+Q) 
9.6 9.61E+a3 
9.7 9.71E+CU 
9.8 1 &SE+OL 
0 s  l.WE+OI 

102 1 .OQE+OL 
9 d  9.76E+a3 

1 0 3  l.OJE+DI 
10.1 1 .Ol E +w 
105  l.OSE+O) 
10.1 l.OlE+W 
10.1 1.01E+O) 
0s 901E+rn 
9n 9B3E+a 

100 OPOE+aJ 
9.7 9.7sE+a 
0 .l Q.lOE+os 

10.1 l.WE+04 
9s 1 .WE+O( 

000262 



1 0 - k b - P  
TlUE MPOSURERATE COUNTRATE Sm. FACTOR RTH COORUMATE EAST COORUNATE DATE 

rnioo 
4 m  
4 m  
4nzoo 
4- 
4- 
mpg 
4- 
ClZpD 
477200 
4- 
4- 
4 m  
4- 
477200 
477300 
477300 
477300 

477300 
477- 
477300 
477300 

4n300 

477300 
4773x1 
477300 
477300 
4 7 7 3 x I  
477- 
477400 
4nd 
477400 
477400 
477400 

477400 
4 ~ 1 4 0 0  
477400 

477400 

4 7 7 1 0 0  
4nm 
177500 
4 n m  
4 7 7 m  
4nm 
4 7 7 m  
4 7 7 m  
4nm 
477500 

477500  
4nm 

477500 
4 7 7 m  
477330 

4 7 7 8 0  
4 7 7 8 0  
4n80 

177030 
4n80 
4 7 7 8 0  

4n80 
4nm 

477030 

477400 

4n400 
477400 

477100 
477100 

4nsM) 

477YK) 

4nw 

rn80 

4 7 7 8 W  
477- 

477030 

4 7 7 8 0  
477- 

EWUFLOC.WI0 

0 1 m m  
1-1 
1-1 
1-1 
1 m 1  
1 m 1  
:-I 
1-1 
1-1 
1 m 1  
1 m 1  
1-1 
01R7R2 

OlR7m 
1 m 1  
1-1 
1-1 
121I)cYpl 
r-1 
1-1 
tZRWO1 
t2DWW 
12101y01 
-1 
WOW1 
Ut11101 
1211 1Dl 
12l11191 
12lQm1 
12109191 
1-1 
1-1 
1-1 
1 m 1  
1 m 1  
12l0cvol 
12109191 
121wIp1 
1-1 
1-1 
12J11191 
12/11191 
12111191 
1 m 1  
12109191 
1-1 
1MQRl 
1-1 
12109191 
1-1 
1 m 1  
1-1 
r m m r  
12109191 
12109191 
1-1 
1 r n 1  
1211 llpl 
12111191 
ltlll191 
1 m 1  
12109191 
1 m 1  
1-1 
1-1 
12109191 
l r n l  
12109191 
1-1 
1-1 
1 2 m 1  
1-1 
1 M o R l  
12111m1 
1 2 n l D l  

oimm 

1132 
14:19 
14!17 
1435 
14!13 
14:11 
1 4 s  
14- 
1 4 s  
1 4 a  
1 J : S  
1 3 : s  
1 o : a  
1047 
11'14 
14.40 
14'41 
14.43 
14'45 
14.47 
14:a  
14.51 
1 4 ' 3  
1 4 : s  
14:9 

l4:JB 
14'43 
14.47 
14.40 
14'41 

i 4 : n  

14.Q 
1 4 : s  
145% 
16- 
16- 
1 6 m  
1601 
15.59 
1 5 . 9  
1 5 : s  
14'14 
1 5 : s  
1551 
1 5 - a  
1 5 s  
1 5 , s  
15 35 
15:m 
15 01 
15:m 
16- 
16:m 
16:W 

. 16.01 
1 s : n  
1 s:n 
15% 
15:s  
1551 
15-49 
1 5 3  
1 5 . 3  
1 5 : s  
15- 
15'13 

9.7 
11.0 
1 1 2  
11.0 
1 1 3  
1 0 9  
11.0 
lob  
1 0 9  
11.1 
1 0 9  
11.0 
1 OD 
9 4  
9 9  

1 1 2  
11.1 
1 1 2  
1 1.4 

1 0 3  
1 1 0  
1 0 9  
1 0 4  
1 0 9  
1 1 3  
11.6 a 

1 1 9  
12.0 
9s 
9 9  

1 0 0  
1 0 3  
99  

1 1 9  
1 0 2 .  
1 0 3  
Qd 
9 d  

1 0 2  
113 
11.7 
125 
10.1 
1 0 0  

ion 

i o 2  

1.04€+01 
l . l lE+W 
i . r J E + a  
i . i i E + w  
l.l4E+W 
1.10€+01 
1 .l 1 E+01 
1 .mE+01 
1 . iOE+O( 
1.12E+W 
r.iOE+Oc 
1.1 lE+01 
1 .O7E+01 
1 .OSE+O( 
lX#E+O) 
1.13€+01 
1.12E+01 
1.13€+01 
1.15€+01 
t.ioE+o, 
1 .04E+01 
1.11€+01 
i.iOE+01 
1 .WE+@ 
l.lOE+ol 

adlE+m 
r.olE+ol 
1.02€+01 
991E+m 
9D2E+m 
iDOE+01 
i a j E + o r  
B M E + Q )  
lDOE+01 
l r n E + o c  
1 . a E + 0 1  
9.79E+rn 
9.79E+a3 
1.02E+W 
i .02E +01 
958E+03 
9dOE+Q) 
1 .O(iE+01 
i.oiE+CM 
QS7E+m 

l.l4E+W 

1 AlE+W 
1 .LXE+DI 
1 . a E + W  
1 05E+01 
1 91E+01 
1 .a3E+m 
10.4 
9.8 

1o.O 
10-1 
1 0 2  
10.1 
11.6 
1 1 2  
1 1 2  
1 1 2  
1 1 .4 
11.1 
11 4 
1 1 3  
1 1 J 
11.1 
1 0 2  
11 1 
1 1 .o 
1 OD 
11.1 
1 1 3  
11.4 
11.0 

300263 

1.04€+01 
9.ME+m 
QDQE+Q) 
i a i E + a  
1.02E+01 
1.01€+01 
QME+Cu 
@.46E+a3 
QJOE+W 
i .i3E+01 
i.iSE+ol 
1.12€+01 
1.15E+W 
l.l4E+01 
l . lSEt01  
i.r2E+01 
1 .a€ +01 
1.12E+W 
1 .l 1 E+01 
i.iOE+01 
1.12E+01 

@dSE+a3 
932E+m 

1.14E+01 

9JTE-a  
9SlE-O) 
QPlE-Ol  
QP1E-W 
QDlE-Ol 
9 S l E - w  
9PlE-O) 
9 S l E - W  
9 9 1 E - a  
0S lE-W 
QDlE--O) 
991E-01 
9 3 7 E - a  
O J t E - W  
9 3 7 E - a  
B P 1 E - W  
9DlE-01 
99lE-01 
QDlE-01 
991E-01 
QPlE-01 
991E--01 
QDlE-01 
O O l E 4  
99lE-m 
9 9 l E - m  
1.18E-0 
1.18E-Q) 
t.18E-Q) 
OPOE-01 
9EQE-01 
999E-01 
9-E-01 
O-E-O( 
l . lDE-O 
OPOE-01 
OBSE-o, 
999E-01 
999E-01 
9-E-01 
9-E-01 
1.18E-Q) 
1.18E-Q) 
1 .lEE-Q) 
999E-01 
999E-01 
9-E-01 
900E-01 
9-E-01 
9-E-W 
999E--01 
1.19E-05 
999E-01 
Q99E-01 
9-E-01 
QPOE-01 

QPQE-01 
1.18E-al 
1.1EE-a3 
1 .la€- 
@PIE-01 
OSlE-Ol 
991E-01 
9DlE-OL 
9DlE-01 
991E-O) 
991E-01 
9DlE-01 
SPlE-01 
SPlE--Ol 
991E-01 
9SlE-O( 
991E-O)  
1.18E-Q) 
1 .18E-a5 

9mE-m 



5 1 6 9  
10-M-QZ 

‘9TncooRaNATE EABTCOOAUNATE DATE 

12nlIP1 
12npRl 
1mw1 
12n-1 
12n-1 
1mw1 
12n-1 
12nw1 
12nmr 
1mw1 
12n-1 
1211w1 
1211am1 

4 m  
477700 
4 m  
477700 
4nm 
4 m  
477- 
177- 
477800 
477- 
477- 

477- 
I n -  
477- 
477- 
4n- 
4nmo 
477- 
In000 
4 m  
4n000 
4nmo 
4nmo 

4n900 
477- 
477000 
4 m  
4n000 
477000 
477- 
4 m  
4 m  
4 m  
47- 
47- 
4 7 m  
4 7 m  
47- 
4 7 m  
4 7 m  
47- 
4 7 m  
47- 
4 7 m  
478000 
47boOo 
47boOo 
47- 
4 7 m  

478100 
478100 
478100 
478100 
478100 
478100 
478100 
478100 
478100 
478100 
478- 

4nm 

477900 

mmo 

- 
1- 1211QRl 
13a3100 12112191 
1- 12n2m1 
1- 12n2m1 
1361mo 12nw1 

15:16 
1027 
1 0 s  
1091 
1 0 : s  
1OJ5 
1 os?  
10a 
1 o : e  
10143 
1 o : a  
1 o : a  
1 0 3  
1 os2 
l o a  
1 o a  
1 om 
10s 
1 02 
10% 
10s 
1 0 : s  

. 1o:a 
1 o : e  
1043 
1 o : a  
1048 
1 0 : s  
10% 
10:15 
1o:m 
1 0 s  

11:u 
11.42 
11-40 
1 0 s  
103) 
1 0 : s  
12- 
11% 
1 1 3  

1 1 3  
1 1 5 1  
1 1 %  
1 1 : a  
1 1  :I7 
1 1 : o  
11-44 
11:u 
1 1 : a  
1 0 : s  
lo= 
1 0 s  
1227 
1 2 s  
1 2 3  
1 2 s  
1 2 P  
1 2 3  
1 2 3  
1 2 s  
12:41 
1 2 : u  
12:o 
12:46 

1 1 s  

11.4 
102 
os 
OB 
OD 
OB 
OD 
0 .I 
0.7 
0.7 
os 
Ob 
0.6 
OD 

119 
11.4 
12.0 
10.1 
os 
0 .7 
OB 
OB 
Ob 
OB 
OB 
OB 
OB 
Ob 
Ob 
OD 

10.1 
10.0 
8 B  

1 os 
0.7 
0.7 
OB 
OS 

10.1 
0.7 
e .7 
Ob 

102 
0 3  
03 
0 7 

94iE+Q) 
i.lOE+06 
lD7E+06 
1 .ObE+Ol 
1.07€+06 
1 .mE+D( 
1 117E +06 
1.05€+06 
lBSE+ol 
1 B E + -  
iLUE+O( 
1.04€+06 
l.O4E+06 
197E+06 
l.OoE+M ’ 

l.lOE+M 
i.iSE+M 
1 P E + M  
1 ZOE+01 
l.l7E+06 
l.lOE+W 
i.i8E+06 
1.16E+M 
1.18E404 
i.iSE+W 
l.l8E+W 
i.i8E+W 
l.l8E+06 
i.i8E+W 
1.00E+M 
1.02E+04 
1.0lE+W 
1 .07E+W 
132E+W 
l . l tE+ol  
1.17€+01 
l.l8E+06 
120€+06 
i P E + 0 6  
l.l7E+06 
l.l7E+06 
l.l6E+06 
123E+06 
l.lJE+Oc 
1.12E+01 
940E+03 

102 iLUE+06 
10 
8 
9 
0 
8 
8 
9 
0 
0 
0 
OB l.o6E+o4 
0.7 1.05E+06 
0.7 l.OlE+(Y 
9 0  0.71E+Q) 

11s 1.14E+06 
i . i  1E+M 11s 

12.0 i.iSE+ol 
10.0 l .mE+M 
OB i.O6E+DI 

10.0 l.OSE+W 
10.0 i M E + 0 6  
9s 1.07E+01 

102 l.lOE+M 
10.1 i N E + 0 6  
10.1 r.OQE+W 
0 .7 l.O5E+W 
os 1.07E+06 
OB il#E+04 
OB ll#E+M 

1.18E-Q) 
O26E-Ol 
9 2 6 E - a  
026E-a 
0we4 
O26E-0, 
026E-01 
O2aE-0) 
O26E-06 
926E-06 

’ O 2 6 E - a  
OWE-0) 
O 2 6 E - a  
Oz6E-06 
1.O4E-m 
1 ME-= 
1me4 
8 a t E - a  
826E-06 
8 2 6 E - a  
8 W E - a  
OWE-06 
826E-06 
826E-a 
82eE-m 
82SE-01 
826E-06 
826E-06 
826E-0) 
O P 1 E - a  
OPlE-06 
QPlE-04 
OWE-Ol 
826E-06 
am€-06 
8 W E - a  
820E-01 
826E-0) 
826E-06 
826E-0) 
sa€-06 
8WE-06 
826E-06 
826E-06 
826E-06 
OSlE-06 
ODlE-06 
0DlE-06 
0 2 s - 0 6  
026E-a 
026E--01 
om€-06 
026E-06 
Oz6E-0) 
026E-06 
026E-06 
Oz6E-01 
026E--01 
Oz6E-06 
026E-01 
O2SE-0) 
1.04E-m 

O X € - 0 6  
02SE-06 
02SE-06 
O2SE-06 

000264 



5 1 6 9  

478100 
478100 

47- 
47- 
47- 
47- 
47- 
47- 
47- 
478200 
47- 
47- 
47- 
47- 
47- 
47- 
4 m  
47- 
47- 
4 m  
478300 
4 7 w  
47- 
4- 
47- 
47- 
478500 
47- 
47- 
47- 
47- 
47- 
47- 
478400 
478400 
47- 
478400 
478400 
478400 
478400 
478400 
478400 
478400 
478400 
4 7 0 0  
478400 
478400 
478400 
470400 
478400 
4 7 m  
47a!m 
47- 
478500 
47- 
47- 
47- 
47- 
47- 
47- 
47- 
47- 
47- 
47- 
47- 
47- 

EWUFLOC.Wl0 

1- 1m0191 
1- 12nWl 
1- 12n-1 
lJM00 12n2191 
1- 12nzlpl 
1- 12n1191 
15alsoo 12n0191 
1301700 1mw1 
1381- 12nw1 
1381mo 12n-1 
1- rmw1 
1382l00 1znWl 
1- 12/10191 
1- 1mPI01 
1- 12nw1 
1- 12/10191 

12nPRl  
1 0191 
1 0191 
1 -1 
1 0191 
1 zlpl 
1 w1 
1 zlpl 

12:a 
1 2 : a  
1251 
1 o : o  
10:47 
lo:& 
1227 
1 2 s  
1291 
1 2 s  
12% 
1 2 s  
1 2 a  
12:s 
1241  
12:u 
12:u 
1 2 : a  
1 2 : a  
1 2 s  
1251 
1 0 : u  
10:47 
1048 

1s- 
1glrmO 
13UtWQ 
15a1900 
ljapoo 
1-00 
1- 
1- 
1302b00 
1- 
1- 
13a2700 
1- 
1- 
1- 
136300 
1- 
1- 
1381600 
1381700 
1381600 
1381900 
1= 
l l s n 0 0  
1- 
1- 
1382400 
1- 
1- 
1382700 
1- 
1- 
1- 
1383100 
1- 
1- 

1381600 
1381700 
1381800 
138loQQ 
1- 
1-00 
1- 
1- 
1382400 
1- 
1382600 
1382700 
1382WO 
1- 
1- 

1 m i m  

. . . .  
PI01 1 5 s  
0191 1 5 s  
PI01 1 5 s  

lUlPI01 1 5 s  
12nPI01 1 5 s  
lz/10191 1527 
12/lQID1 
12JlPI01 
12/1QID1 
12nWl 
12IlPI01 
12/10191 
12/1Wl 
12/1QIDl 
la14191 
12/1w1 
12/1w1. 
12nw1 1 1 3 3  
12/1PI01 1 5 3 7  
12/1-1 1534 
12nOml 1 5 s  
12/1Wl 1 5 s  
lY10191 1 5 s  
1YlQIpl 1 5 s  
12/1Om1 1 5 s  
1m0191 1523 
lY10191 1 5 s  
W l O R 1  1 5 P  
Wlolsl 15:m 
12IlORl 15:16 
1YlOm1 1 5 1 4  
la10191 1 5 : s  
12/10191 15:11 
12/12ml 1 1 m  
12/1w1 11:10 
la12191 11:14 
l y r 6 m l  10:15 
12/lMl 10:13 
12IlMl 10:11 
12nMl 10- 
1 2 n M l  1o:m 
12f16m1 1 0 s  
1 2 / l M l  lo:= 
12nWl lorn 
12/1w1 1 om 
12nMl 09:s 
1 2 n M l  09s 
12/1&Ql 0 9 9  
12nM1 09s 
1 2 n M 1  0951 
12n&Ql 09:rO 
12/1-91 -:a 

0.6 
9 .? 
9 5  

102 
102 
10.0 

106 
Ob 
05 
OB 
OB 
0 9  
9 5  
0.7 
Ob 
04 
Ob 
9 4  
9 3  
0.4 

11.4 
11.6 
12.4 

on 

125 1 .osE+M 1.13E-m 
12.0 l.O7E+O( l . l J E - a  
12.0 1.07E+O( 1 .1JE-a 
i i n  TmE+O( i .t3E4 
123 l.rnE+O( 1 .1JE-a 
lis 1 .WE+O( 1.1JE-ao 
11.4 l0lE+O( 1.1JE-QS 
11.7 i.O*E+O( l . 1 J E - a  
113 i.OOE+O( 1.1JE-m 
11.1.  OA2E+Q) l .13E-a 
1 1 2  OB5E+Q) 1 . l J E - a  
115 1 A2E+O( 1 . l J E - m  
113 1 .OOE+O( 1 .lJE-O) 
112 O S E + Q I  1 .lJE-a3 
1 1 5  1.02E+W 1.13E-QI 
100 i.OiE+O( 0SlE-04 

105 l.rnE+O( . OS1E-O( 
13.1 123E+04 1.WE-OD 
12.7 i.iOE+O( 1 D7E-m 

12.6 l.l8E+O( 1 m E - a  
i.iIE+O( 1 II7E- 
l.l8E+01 1 07E-m 
1.15E+O( 1 .OIE-m 
1.14E+O( 1.07E-a 
l . l7E+M 107E-m 
1 .15E+O( 1 O7E-QO 
1.13E+O1 1.07E-m 
l.lJE+O( 1 B7E-m 
1.12E+W 1.07E-06 
l.l4E+O( 1 D7E-m 
l.l4E+O( 1 .0?E-(13 

11.6 1.12E+O( t m E - O  
115 1.1 1E+& tmE-o) 
l l B  l.l3E+O( 104E-a 
129 121E-os 
1 2 s  121E-QI 

12lE-Q) 12.7 
1 3 3  121E-a ’ 

121E-m 124 
12.6 121E-m 
12.7 121E-a 
125 ? P I E - m  
1 2 2  * P I E - m  

12lE-O) 12.0 
iia 9.75E+Q) . 12lE-m 
12.1 1 .OOE+O( 12lE-oP 
1 2 4  l.WE+O( 121E-m 

121E-Q) 12.1 1 .00E+O, 
12lE-QI i i n  omJE+m 

12.1 1 .OOE+OI 12lE-Q) 

102 l.OJE+Oc on1E-w 

12.7 i.iOE+O( 1 n7E-m 

000265 



47- 

EWMFl.0C.W~ 

09:a 
09:U 
0o:u 
1 0 3  
1036 
10:13 
10:11 
10- 
1o:m 
10- 
1 om 
1o:m 
10- 
09s 
w:sa 
00:s 
0o:Y 
09:s 
-:a 
w:a 
Q9:a 
69:U 
0o:u 
11 :lo 

lY1Wl 1 1 m  
1 2 n W l  11.- 

10:s  

1211Wl 10% 
12/1Wl 1051 

12/1591 i o : n  

1 m m 1  11:m 
12/1&91 . 11:cM 
la1631 11m 
12/16rSl 1 0 : s  
12/1Wl 1 0 : s  
12/1&91 1o:u 
lYl6ml 1 o : a  
12n&91 10:47 
12/1&91 1o:u 
12/16/91 lo:= 
12/1&91 1 0 : s  
12n6rSl 1023 
12/16/91 lo:= 
12/1&91 1031 
12/1&91 1 1 : s  
1 Y l W l  11:a 
12n6-91 11'46 
1 2 n W 1  11.44 
12n&91 1l.O 
12/1W1 l l :41  
12/16ml 1 1 : s  
12n-1 1 1 s  
12n&91 1 1 : s  
12I lWl  1 1 : a  
12/1w@l 11:31 
1211W1 1 1 s  
12/1&91 1127 
12/1w@l 1 1 2  

12/1w@l 1 1 : a  
12rl6ml 11:a  
1Y1691 11:a 
12/16rS1 11:U 
12fl6191 11:a 
1211-1 11:m 

12/ lWl  r t : n  

1 1 9  
1 1 9  
11.7 
12.1 
11.8 
12.1 
12.4 
1 2 3  
12.1 
1 2 2  
1 1 s  
11.6 
113 
11.4 
1 1 1) 
11.0 
11.4 
1 1 3  
113 
1 1 2  
112 
11.1 
109 
1 2 6  
12.7 
1 2 3  
1 M  
1 2 9  
126 
1 2 3  
11.4 
12.7 
12.1 
1 2 3  
12.1 
12.1 
1 2 2  
1 1 9  
1 1 .? 
Qd 

lld 

1 1 9  
12.1 
lld 
11.1 

l id  

1 1 2  
1 1.6 
l ld 
11.1 
1 1 6 
119  
1 1 .7 
1 1 .6 
1 1 s  
1 1 2  
10d 
11.1 . 
109 
1 0 3  
139 
12.7 
1 0 9  
1 1 s  
12.1 
1 2 6  

000266 

9B2E+m 
QB2E+m 
0.71E+m 
l.l?E+W 
i.lSE+O) 
1 .17E+W 
12OE+O) 
l.lOE+O) 
1.17E+O) 
i.l8E+CM 
l.lJE+O) 
i . l JE+W 
t.12E+W 
l . l l E + W  
1.07E+O) 
1.07E+W 
l . l lE+O)  
1.12E+O) 
1.12E+O) 
l.OOE+W 
1 .OgE+O) 
i.OOE+O) 
1 .=E+- 
l.ObE+O) 
iBSE+W 
1.02E+O) 
l.OIE+W 
1.07E+O) 
i-E+O) 
1 .QJE+D( 
S.UE+rn 
l.OIE+O) 
QOIE+(P 

999E+03 
Q J ? E + 0 3  
l O l E + W  
9.81E+m 
9%5E+03 

l.QJE+* 

Q 5 1 E + m  
1.15E+W 
1.1SE+W 
l.l6E+(Y 
i.i?E+W 
l. lSE+W 
1 .OBE+(Y 
1.07E+(Y ' 

l . l l E + W  
l. lSE+W 
1 .OOE+(Y 
1 .OOE+O) 
1.09E+01 
1 .OBE+W 
l.OOE+(Y 
1 .OJE+(Y 
i . i l E + O c  
i.OQE+(Y 
1.13E+(Y 
l.lSE+W 
1.08E+W 
l. lJE+(Y 

1DSE+W 
898E+O 
9.@4E+O 
1.#)EtM 
1 .WE+M 

1 2 t E 4  
12ltE-m 
121 E - m  
1 r n E - m  
1 B E - m  

IrnE-QD 
1 m I i - m  
1 a s E - m  
1 r n E - m  
1 r n E - m  

1OJE-W 
1 D3E-m 
1.OJE-OD , 

1-E- 
1 BE-OD 
1 mE-m 
1 -E-m 
1-E- 
1 =E-OD 
1 OJE-OD 
7 OJE-OD 
121E-O) 
121e- 
1 2 l E - m  
1 t l E - W  
l21E-a 
121E-W 
121E-OD 
121E-03 
121E--Q) 
121E-03 
1 2 1 E - W  
121E-OD 
l21E-m 
12lE-03 
121E-Q1 
121E-Q) 
1 .OJE-m 
tOJE-m 
1 OJE-05 
1 .ME-= 
193jE-m 

1 .WE* 
153E-m 
I .OJE-a3 
1 .=E-= 
1 a3E-Q) 
1 -E-a5 
1 .ME-OD 
1.05E-m 
1 .OJE-Q) 
1-E-m 
1OJE-03 
1 S3E-m 
1 .OJE-Q) 
1 .OJE-m 
1-E-03 
1-E-03 
1.OJE-03 
\=E-m 
1 .OJE-03 
1 B3E-Q) 
1-E-m 
1 AJE-03 
1 .OJE-Q) 
1-E-m 
1 2 l E - 0 3  
121E-m 
1 2 l E - 0 3  
121E-03 
t 2 1  E-Q) 
121E-OO 
1 2 1  E-03 

1 mE-m 

1 .m-m 

1 .mE-m 



479100 
479100 
470100 
470100 
470100 
470100 
4tO100 
470100 
470100 
470200 
470200 
470200 
4 7 m  
470200 
47- 
4 m  
47- 
470200 
4 7 0 P g  
4792#) 
470200 
4 7 o p o  
470200 
4TojDo 
47- 
47- 
4 7 9 9 0  
47090 
47090 
47090 
47090 
47090 
4 7 0 9 0  
4- 
47oJDo 
47PU)O 
470400 
479100 
47PU)O 
47- 
470400 
479100 
47ouK) 
479100 
479u)O' 
479(00 
479400 
4 70400 
470400 
470500 
470500 
47- 
479500 
470500 
47osoO 
470500 
470500 
Inno 
4 m  
4 7 m  
47- 
47- 
4 m  
4 m  

1211-1 
12nWl 
1211Wl 
1211Wl 
w 1 m 1  
12nWl 
12nm1 
1 2 l r m 1  
12n6-91 
1 m m 1  
12n6rD1 

1 1 : s  
1 1 %  
1 1 s  
l l s l  
1 1 s  
1 1 2 7  
1 1 %  
1Wl 
15:lO 
15:17 
15:15 
15:13 
15:ll  
15.49 
15- 
1 5 m  
15:oD 
15.- 
1 5 m  
1 4 : s  

1 5 2 l  
15:lO 
1 5 ~ 1 7  
15:15 
15:U 
15:ll 
1 5 s  
15- 
15- 
15:W 

w : n  

12nm1 
1211591 
1211691 
lmml 1 6 s  
1211Wl 1624 
12116rsl 1 6 2 1  
12nWl 1 6 2 l  
1 2 1 l W l  16:lO 
1mw1 1637 

1 2 n W l  16:47 
1211691 18:U 
1211m1 la:= 
1211m1 1 6 : a  
1 2 n W l  1 6 : s  
12nWl 1631 
1 2 I l M l  1 6 a  
12nMl 1626 
rmw1 1624 
1 2 l l W l  1621 
1 2 n m 1  1821 
12116rDl 16:lO 
12nm1 38:17 
0 1 M 2  oom 
01-2 OBm 
i 2 n t m i  1 0 : s  
i2n7mi 10.31 
121171~1 10% 
i2n7mi 1 0 - s  
i m 7 m i  1 0 2 4  
121171p1 1 0 2  
i v i 7 m i  1 0 3  
i2n7mi 1o:w 
i m t m i  . 1016 
i m 7 m i  1010 
12n7lP1 1 om 
01- 00s 
O l M  00- 

1211Wl 16:U 

1 2 4  
' 12s 

1 1.7 
1 1 4  
1 1 2  
109 
1 1.4 
1 1 3  

6.1 
10.1 

10.1 
105 
103 
103 

9 s  
0 5  
0.4 
9 2  
92 
05 

1 0 5  
9 5  
8.1 
9.1 

10.1 
0.7 

.lob 
102 

0.4 
9 3  
6 5  
8S 
0 .7 
0.1 

102 
10.1 
10.8 
1 0 J  
1 0 5  
10.0 

0 .I 
9.4 

10.1 
9.1 

7 4  

on 

1 .WE+01 
055E+Q) 
1.16E- 
l.l5E+01 
7.60E+oD 
i.rZE+Dc 
i.iOE+ol 
i.iiE+Ol 
l.lOE+01 

..... . t.ioE+oc 
0.7 995E+Q) 

10.6 i.WE+01 
1 0 5  i.WE+W 

11.1 1.14E+01 

0 5  0.74 E +oD 
7 6  

ion 

7.6 
9.8 

10.0 
9 .7 
05 

9 9  
9 5  
82 
8 .I 
8 .4 
82 
82 

an 

137E+O( 
i34E+OI 
i23E+CU 
i-E+01 
120€+04 
rZSE+01 
i P E + O (  
113E+01 
127E+0( 
1 P E + M  
1.05E+m 
1.12E+W 
1-08€+01 
1 .UE+M 
1 .UE+m 

t21e4 
12lE-Q) 
121E-Q) 
1 2 1 E - m  
121E-O) 
12lE-Q) 
121E-Q) 
O.7lE-O) 
O.7lE-O) 
0.7lE-O) 
O.7lE-O) 
9.71 E - 0 1  
9.71E-01 
Q.7lE-O) 
O.7lE-O( 
9.71E-01 ' 

0.7lE-O) 
O.7lE-01 
0.7lE-O) 
0.71E-01 
0.7lE-O) 
8ME-O) 
8ME-O) 
B.mE-01 
8- 
8.mE-O) 
8ME-m 
8ME-m 
8ME-O) 
8ME-O) 
8ME-Oc 
8 M E - W  
8ME-O) 
8ME-04 
8ME-O) 
8S6E-or 
8-E-01 
8ME-W 
am€-01 
8ME-01 
8ME-01 
8.rnE-01 
8ME-01 
8ME-01 
EWE-01 
EM€-01 
8ME-01 
0.7lE-01 
9.7lE-01 
0.71E-01 
0.71E-01 
O.71E-OI 
O.71E-01 
O.7lE-01 
O.71E-O( 
O.71E-01 
O.7lE-04 
O.71E-Ol 
O.71E-O) 
O.7lE-01 
0.71E-61 - . 
5.70E-01 
5.70E-01 
7.79E-01 
7.79E-01 
7.79E-01 
7 . 7 s E - a  
710E-01 
7.79E-01 
7.7SE-01 
7.79E-01 
7.TDE-01 
7.79E-01 
7.7sE-W 
5.70E-O) 
5.70E-04 

000267 



5769 

479700 
479700 
479700 
479700 
479700 
479700 
419700 
479700 
479700 
479'200 

479700 
4TOQO 
4- 
4 m  
47DaDO 

' 4- 
479800 
47- 
4toQo 
47- 
47- 
47DaDO 
4loax) 
4- 
47oooo 
47- 
4 m  
4 7 m  
47- 
47- 
47- 
47oooo 
4- 
4- 
4- 
46- 

' 4 w  
4- 
4 m  
*Wmo 
4 w  
46ooDo 
4- 
4 w  

119700 

460100 
aoiw 

imiw 

460100 
460100 

460100 
460100 
460100 
4aO100 
460100 
460100 
460200 
460200 
4- 
am00 
460200 
4- 
4aomo 
4- 

EWMFLOC.W)(J 

1 1 2 7  
1124 
11- 
11:19 
1 1  :16 
1 1 %  
1 1 x 2  
11- 
1 1 s  
1 1 m  
11m 
0992 
09:rr 
13= 
1 3 3  
1 3 s  
13:JD 
1 3 a  
1 3 s  
1324 
1 3 2  
13.20 
1336 
13% 
09% 
OW8 
1 4 m  
1 3 3  

12117191 1 3 . S  
imrmi 13% 

12117Bl 15% 
12117B1 1527 
12l17Bl 1525 
12I17Ip1 1 5 P  
12n7191 15% 
01- 092D 
01- 09s 
01- 0925 
01 - 0924 
12/17Ip1 1 5 : s  
12l171p1 1 5 : F  
12Il7lOl ' 15:4l 
12117Bl 15:U 
t m 7 m i  1 5 : a  
12f17191 1 5 : a  
12/17191 1531 
01- 09:u 
01-2 09:u 

. 01- Do:= 
01- 09:m 
i m 7 m i  1 6 a  
lUl7lDl 1 6 m  
j2117191 16:Ol 
12117m1 1 5 : s  
12/17191 1 5 : s  
i m 7 m i  1 5 3  
12117191 1 5 s  
01-2 m 4 7  
01- 09:s 
01- 0 9 3  
01- Q R S  
~ 2 n 7 m i  16.W 
12n7191 16- 
12/17191 1633 
12nlFIl 16:15 

105 
1 1 . 0  
102 
9 9  
9.6 
9 9  
9E 
9 3  
9.6 
9 A 
9.1 
8.6 
8.4 

115 
11.7 
11.0 
11.0 
10.7 
10.4 
119 
9 9  

10.1 
9 6  
9 3  

7.ZOE-0) 
7.79E-0) 
7.70E-0) 
7.tOE-0, 
7.tOE-m 
7.tOE-0) 
7 . 7 0 ~ 4  
7.7VE-0) 
7.tOE-0) 
7.toE-o) 
7.toE-0) 
5 . 7 O E 4  
5.tOE-0, 
7 .m-0,  
7.tOE-m , 
7 . 1 0 E 4  
7.tOE-w 
7.tOE-0) 
7.TOE-0, 
7.tOE-0, 
7.tOE-m 
7.tOE-0) 
7.7oE-0, 
7.TOE-0) 

9 3  1.63€+0, S.toE-0)  
9 2  1.62E+0, 5.7OE-01 

121) i Y E + W  7.tOE-0) 
13.0 1.67E+0, 7.tOE-0, 
11.7 I.SOE+O, 7.tOE-0) 
1 1 4  1.52€+0,. 7.TOE-a 
115 l.J7E+OI 7.tOE-O) 
112 1 .UE+0, 7.tOE-0) 
10.7 1.37€+0, 7.tOE-m 
9 2  1.18€+0, 7.TOE-0) 

1OE i38E+0, 7.tOE-0) 
10.4 134E+O) 7 . T O E 4  
9 9  127E+0, 7.tOE-0, 
9.7 1.71E+0, 5.7%-0, 

103 1 4 i E + 0 ,  5.70E-0, 
109 1.6QE+0, 6.46E-0) 
11.0 1.71€+0, 6.46E-01 
103 1.60E+0, 6ME-0,  
10.0 rJSE+0, 6.46E-W 

Q .7 l M E + o ,  6.46E-0, 
9 .o 1.40€+0, 6.46E-0, 
9 5  i.47E+0, &-E-0, 

1.42E+ol 5.70E-0) 
1.63€+0, 5.m-0,  
2.10€+0, 5.70E-0) 
lESE+OI 5.7OE-Ol 
1.74E+0, &ME--OL 
2.OOE+0, 6.46E-0, 
1 .ME +0, &ME-0, 
i E l E + 0 ,  6.ME-0, 
1.7OE+0, 6.46E-0) 
1.6SE+Ob 6ME-0,  

113 1.7SE+0, 6.46E-0, 
6 3  1.1  iE+W 5.7OE-0, 

11.6 2DJE+0, S.7OE-0, 
1 4 3  250E+0, 5.7OE-0, 
13.1 229E+0, 5.7OE-0, 
129 2.OOE+ &ME-0, 
142 2ZOE+ 6.46E-0, 
125 t%E+ 6.46E-01 
115 i.78E+ 6.46E-0, 
1 1.4 1.76E+ . 6.46E-0, 
1 1.4 i.78E+ 6.lbE-O( 
122 1 .89E + 6.46E-0, 
10.4 323E+ WOE-0, 
1 5 2  2.66E+ 5.tOE-0, 
14.7 2 M E +  S.?OE-0, 
14.7 258E+0, 5.7OE-0) 
15.4 239E+0, 6.46E-0, 
15.4 2.38E+0, 6.46E-0, 
13E 2.14€+0, 6.46E-01 
1 2 s  i9SE+O, 6.46E-01 

000268 



5769 
10-Fab-PP 

‘9TH cooRD(NATE EAGTcooRD(NATE MTE 

1mOlp1 
1211891 
01106192 
OllP(1102 
011[#192 
1mWe1 
lZIl(yo1 
12IlprBl 
1211891 
1mw1 
lM(yo1 
i u i m i  

immi 
i m m i  
1 m w 1  
01106192 
01- 
O l m E m  
lzllolol 
12/l(yo1 

12nPRl 
1YlwSl 
121ls91 
1 m w 1  
1mWs1 
1 m w 1  
12IlWl 
01- 
01- 

i m m i  

126 
115 
125 
131) 
129 
10.7 
7.7 

23.4 
205 
216 
1 6 9  
17.1 
15.1 
135 
123 
115 
111) 
113 

0 9  
37.8 
299 
28.1 
205 
179 
17.0 
145 
12.7 
11.7 
106 
10.7 

i i n  

103 
10.1 
92 

439 
42.7 
333 

21.1 
162 
155 

1 3 3  13.4 
1328 116 
1 3 s  1 0 6  
1 3 s  103 
1 3 3  10.1 

236 

1 3 s  
13:a 
10:u 
1030 

1 3 s  
1354 
1352 
1351 
13:rO 
1347 
1315 
13:U 
13:41 
1x10 
10:13 
10:b 
10:17 
1350 
1 4 s  
14- 
14- 
14:a 
1451 
1 4 9  
1 4 s  
1 4 s  
1 4 s  
1024 
1 0 P  

1 o:a 

1 J lE+ob  6 3 5 E - a  
l . l l E t 0 4  6SSE-01 
127E+a5 5.7oE-01 
122E+O 5.7OE-U 

5.7OE-01 ?AlE+O( 
3.7SE+O( O S € - O )  
298E+01 6UE-01 
2.46Et01 635E-01 
2DsE+01 am-01 
lME+O, 635E-a 
iME+Ol 635E-OI 

105 1.62€+01 6 3 5 E - a  
103 l J I E + O (  65SE-O( 
0 5  1.50EtM 635E-Ol 
92 1.4lE+O( 635E-a 

1602 5.7oE-m 
101s 5.7OE-Ol 
55.4 5.7OE--Ol 
268 6UE-01 
209 6SSE-01 
163 6SSE-a 
14.4 6SSE-01 
12.6 655E-01 
1 1.4 635E-m 
103 6 S E 4  
10.1 l n E + w  6 S E - O )  
on 1.49E+OI 635E-O( 
9 3  1.42€+01 O S E - O ,  

33n6 591E+a6 5.7oE-a 
1185 2rnE+a 5.7oE-0, 

EWUFU)C.WIO 

000269 



4 
4 

' '  4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

d 
'I 
I( 
4 
ld 
I 
d 
a 
a 
a 
a 
a 
m 
I 
I 
d 
d 
d 
I 
I 
I 

I 
d 
d 
d 
d 
d 
4 
*I 
I 
a 
I 

a 
I 
a 
a 
d 
d 
a 
d 
I 
a 

a 
I 
a 
I 
a 
I 
I 
a 
I 
I 
I 
d 
I 
I 
a 

I 
I 
a 
I 
I 
I 
d 
I 
I 
d 
,a 

a 

a 

a 

a 

)a 
le 
Le 
I( 

1- 01- 
1- 01- 
IS2400 i a i m i  
1- immi 

i m m i  
l- 1 w 0 0  . i m m i  
1- immi 
1- immi 
1- immi 
1- immi 
1- i2nmi 
1303l00 i m m i  
1383100 i m m i  
1- i m m i  
1- immi 
1- immi 

1- 1211-1 

1 
1 
1 
1 
1 
1 
1 

immi 
immi 
12l1m1 
12nm1 
12/1m1 
1P/1m1 
i a i m i  
immi 
i m m i  
01106r92 
01- 
01- 

l o a  
1O:lQ 
15:18 
1536 
15:u 
15:13 
1531 
l 5 P  
1 5 9  
15:a 
15- 
1 S S  
15:9 
15m 
15m 
15:o) 
1sm 
15% 
1 0 s  
l o a  
1 0 3  
lo:= 
1520 
lam 
1 5 s  
15- 
1 S S  
lS24 
1 5 s  
15:s 
1553 

. ~ ~- 
01- 

01107192 WZ? 
01107m OQ= 
01107m2 09% 
01101192 092 
01107192 0020 
01107192 OW10 
01107192 OW17 
01107192 09:15 
01107192 0934 
OllO(L102 14P 
0110gR2 14- 
01- 1 4 2 0  
01- 14:18 

oimm 

oinrm 09s 
oimm 09'34 
01107192 09:s 
01107192 oQ37 
01101192 09:s 
01107m ow40 
01107192 09:u 
01107m 09:u 
oimim 09:u 
olmm m:47 
01- 1 4 s  
01- 1 4 2 B  
01- 1 4 3  
01- 1 4 s  
01107m 1030 
01107192 10.- 
Ol107mz 1 om 
o i m m  1 om 
0 1 m m  l o a  
omrm t o m  
oimm 1 W  
oimotm W S  

57.6 
342 
27.1 
21 1) 

1 4 3  
12.6 
12.7 
115 
1 1.4 
103 

10.1 
10.0 
9.1 
0 .I 
8 6  
8.6 

1459 
74.7 
48 -7 
33.1 
26.7 
24 .6 
202 
21.1 
173 
175 
1 4 5  
14.6 
13.0 
11.8 
0.8 

10.0 
s.4 
0 R 

58.7 
ss3 
42.1 
303 
32.0 
26.7 
225 
19.4 
17.4 
152 

i 8.6 

ion 

14 4 1 .aSE+01 
1 UE+O(  
1 .46E+or 
lJOE+o, 
7PE+01 
7WE+01 
6.17€+01 
4.70E+OL 
3.48€+01 
3.07~+01 
2.70E+01 

20.4 2.34E+01 
174 2.02€+01 
16.0 l d J E + O (  
14.7 1.60€+01 

5.7DE-a 
5.70E-OL 
65e-u 
05e4 
635E-W 
6 U E - a  
6SSE-a 
6 u E - O )  
6ssE-W 
635E-a 
85-w 
6UE-O) 
6 S E - O I  
6 S E - 0 1  
O S E - 0 1  
8 S E - O )  
6 U E - a  
6SSE-O) 
5.70E-0, 
5.70E-01 
5.7oE-a 
5.7OE-01 
8 S E - 0 1  
USE-01 
85SE-01 
6 U E - a  
65SE-O) 
6 - 4  
6ssE-a 
8SE-01 
6UE-0 ,  
6UE-01 
6SSE-01 
8UE-W 
8 U E - a  
8SSE-U 
5.7OE-01 
S.mE--OL 
5.70E--01 
5.70E-01 
8.73E-01 
6.73E-OI 
8.73E-0) 
8.73E-01 
8.73E-04 
8.73E-01 
8.73E-01 
8.73E-01 
8.73E-01 
8.73E-01 
525E-01 
52SE-Ol 
52sE-01 
5SE--01 
8.73E-01 
8.73E-01 
8.73E-01 
8.73E-01 
8.73E-01 
8 . 7 s - 0 1  
8.73E-01 

135 
13.0 
122 
35.0 
31.6 
276 
219 
29.6 
24 5 
22.0 
182 

146 
. 1 4 3  

132 

169 

1 3  
1.4 
1.4 
6 A 
6.0 
52 
4.1 
3.3 
26 
26 
211 
1 3  
l d  

13 
i d  

8.7 

LE+@ 8 1 
)E+01 8 I 
E + O c  8 1 
1E+01 8.7 

3 
3 
3 
5 
5 
5 
5 
3 
3 
3 
7 
7 
3 
'I 
3 

,E-Ob 
8E-U 
E-01 
1e-01 
NE-01 
iE-Ol 
,E-01 
IE-Ob 
1e-01 
1e-01 
E 4  
IE-O) 
LE- 
1e-01 
1e-01 

000270 



5769 

481- 
481- 

4 8 l m  
481m 
4 6 1 9 0  
481100 
481100 
481400 
481100 
481100 
a1100 
481100 
a1400 
481400 
101- 
481100 
481400 
481400 
4815#) 
481500 
481500 

4815#) 
48ls#) 
461Y)o 
4815#) 
481500 
481YK) 
481500 

481Yx) 
48180 
4 8 1 0  
4 6 1 8 0  
4 8 1 8 0  
48180 
4 8 1 0  
4 6 1 0  
461BK) 
4 8 1 0  
46lm 
4 6 1 0  
481- 
4 8 1 8 0  
4 8 1 m  
461m 
481700 
481700 
461700 
481700 
481700 
481700 
481700 
481700 
481700 
461700 
481700 
481- 
4 8 1 0  
4 6 1 0  
481- 
481- 
481- 
481- 
481m 
481- 

4 8 i m  

aim 

EWMFLOC.Wb3 

1- 0 1 m r m  
1- 01mrm2 
1-00 01- 
1- 01- 
1- 01- 
1 s  0 1 m r m  
1- 01mm 
1- 01mrm 
1- 01mrm 
1- 0 1 m r m  
1- oimrm 
1- oimrm 
l j s n a ,  oimrm 
1- 01 mrm 
1- oimrm 
l jgl00 01- 
1- 01- 

1- 
imrm 
imrm 
1m?m 
1 m1m 
lm?m 
1101m 

O B 3  
W S  
14:40 
1 4 a  
14:m 
1014 
10:15 
10:1? 
1O:lQ 
102l 
1 0 2  
10% 
lo= 
1028 

1 4 : a  
14:U 
1 4 M  
10:- 
10 :u  
10:10 
1 0 : s  
1 03 
1036 

l o a  

1051 
lm?m . 1 0 3  
imrm 1 om 
lm?m lo= 

01- 15:m 
01- 1 4 s  
01- ' 
OlIOIm 

01mrm 
01mrm2 

oimrm 

oimrm2 
oimrm 

oimrm2 

Olm?m 
omrm 
011o?lB2 
01- 15m 
01- 1 5 s  
01- 1524 
01mrm2 13:U 
oimrm 13:U 
oimrm 13:4l 
omrm 1 3 s  
oimrm 13- 
oim~m 13- 
oimrm 13% 
oim7m 1 3 m  
oimrm 1311 
01mrm2 1 3 a  
01- 1531 
01108192 1 5 s  
O l m 6 m 2  1 5 s  
Om?m 1 3 : s  
QIIO'IIPZ 1 3 3 2  

o i m7m2 13:s 
0 1 m r m  13% 
olmrm 14m 
01mrm2 14- 
0 I 101192 14:U 
011011~2 14:15 
01mrm2 14:lI 
01- 1 5 . 3  
01- 1 5 s  
QllOdRz 1 5 s  
o i m m  l4:(0 
011orm l 4 : n  
01mrm2 14:u 
o i m m  14:Q 
01101192 14:41 
01m?m 14= 

01m?m2 i3:n 

12.4 

33 .? 
289 
21 9 
282 
2 l E  
201 
109 
183 
1 4 9  
14.1 
1 3 3  
13D 
11.4 

263 
203 
26.1 
23.1 
199 
1 7 5  
1 5 5  
14.1 

i in  

329 

1.42E+O( 
l J J E + O (  
8.41E+01 
4m~+or 
4.00€+01 
323E+01  
2R4€+01 
2J?E+OI 
2.18E+01 
i d?E+01 
l.?lE+o, 
lBlE+oc 
1 U E + W  
1 .*OE+01 
1 3 1 E + 0 1  
627E+O) 
5DlE+O) 
JaeWE+OI 
299E+01 
2.65E+01 
2 2 8 E + 0 1  
2.01€+01 
1 . n E + 0 1  
141E+O( 

132 131E+01 
13D 1 AB€+@ 
12.1 l j o E + W  
12D i J ? E + 0 1  
333 634E+01 
2 4 6  4.?2E+OI 
19.7 J.?SE+Ol 
2s .4 259E+01 

20.4 2mE+01 
16.1 in!5E+cu 
inn lbOE+Ol 
14.7 l J o E + 0 1  
13.0 133E+O) 
133 136E+O( 
125 lZ?E+04 
l ld 120E+Q4 
33.0 629E+O) 
23 .? 4 U E + 0 1  
18.1 3 . u E + 0 1  

2.41€+01 234 
225 229E+01 

l.SQE+W 
1 .?OE+01 
1 5 2 E + 0 1 .  
1.45€*01 
i Y E + O ,  
l.lDE+O, 
124E+01 
1 2 3 € + 0 1  
S.ME+Ol 
4 2 8 E + 0 1  
334E+D) 

23.r 2.42E+D) 

21.0 2.14E+D( 
203 2D7E+O( 
1 ? 5  l.?8E+O( 
19.1 195E+0(  
19.1 1 9 5 E +  
Ob $.-E+ 

1 2 9  1 =E+ 
1 3 0  133E+01 
1 2 2  124E+01 
12.0 1 P E + D (  
a n  4.49E+01 
20 .? 395E+D( 
1 7 2  328E+U 
209 2.13E+O( 
16.7 191E+O( 
1 5 9  1b2E+Oc 
139 1.42E+Ol 
135 l j s E + 0 1  
133 1 3 6 E + 0 1  

000271 

6.ZSE-a 
8.IJE-m 
5 2 M - a  
5SE-0( 
S1SE-m 
8.ZSE-m 
a.73E-m 
6.73E-a 
8.tJE-m 
8.73E-a 
6.73E-O) 
8.t5E-m 
6.73E-a 
8.ZSE-a 

S1SE-a 
52SE-01 
525E-o) 
6.ZSE-a 
8 n E - a  
8.ZSE-01 
8.ZSE-m 
6.73E-m 
8.73E-a 

8.73E-a , 

8.7SE-m 
8 . n E - a  
6. t JE-W 
8.ZSE-m 
5 B E 4  
525e4 
52SE--01 
9ElE-a 
QElE-Ol 
9ElE-a  
9 E l E - W  
OE1E-m 
QElE-01 
OElE-04 
QElE-01 
9ElE-a 
QElE-01 
52SE-01 
52SE-0) 
5-E-01 
OElE-01 
PElE-01 
QElE-01 
O N E - 0 1  
QElE-01 
QElE-01 
QElE-01 
BElE-01  
QElE-01 
o m € - O l  
5 2 S E - a  
65e-a 
52SE-01 
QElE-01 
QElE-01 
QElE-01 
OElE-01 
QElE-01 
OElE-0) 
OElE-01 
OElE-01 
QElE-01 
QElE-01 
52SE-01 
52SE-01 
55e-a 
QElE-04 
QElE-01 
QElE-01 
QElE-01 
QElE-0( 
9ElE-a  



01107192 

01107192 
01101192 
01- 
01- 
01- 
01107192 
01107192 
01107192 
01107192 

01107192 

oim7m 

o i m m  
oimm 
oim7m 
oim7m 
oim7m 

1 - 
1 - 
1 I#uo2 
1 Io7192 
1 Io7192 

1 Io7192 
1 m 7 m  

1 4 9  
14= 
14m 

15:e 
15:Y) 
1 5 s  
1 4 s  
1 4 s  
14% 
1 4 9  
1450 
15- 
15- 
15:QI 
1 5 s  
15.w 
15:u 
15M 
15:u 
15:41 
1 5.3 
15.37 
1 5 s  

i4ai 

107192 15.3 
107m 15:m 
107m 1 5 s  

oimm 1 5 s  
oimm 1 s a  
oimrm 15.- 
01106192 15:s 
01- 
01- 
OlmW2 
01- 
01- 
O l t o W m  

' 01- 
01- 
01- 

01- 
OllO(L102 00:U 

01- 15:9 
01- 1 5 s  
01- 10- 
01- lo rn  
01- 00s 
01- O Q S  
01- 0054 
01- 0 9 9  
01- 0051 
01- 00:a 
01- ow47 
01- -46 
01- 18.115 
01- 18- 
01- 1e.m 
01- 1 om 
01- 1 om 
01- 1 om 
OlIWID2 10- 
01- 10:11 
01- 10:13 
Ol-' 10:14 
01- 1016 
01- ' 10:17 
01-2 1039 
01mm2 16- 
01- 18- 
01- 1s:to 
01- 10:s  
orIWID2 10:s 
01- 1 0 s  
o1mmz 1 0 s  

OlmV2, 

01- 1 s : n  

126 
119 
l lb 
115 
22.1 
17.7 
15E 
185 
l7A 
159 
143 
13E 
129 
12.7 
12.4 
1 1 .7 
115 
173 
14.4 
isn 
iea 
1 sn 
16.7 

13.1 
135 
122 
125 

112 
119 
14s 
129 
113 
153 
159 
14.1 
13A 
129 
12.7 
12.1 
l l A  
11.7 
109 
12.4 
11.1 
103  

i i n  

102 

14.1 
13.4 
12.6 
1 2 s  
12.0 
114 
11.7 
112 
109 
10.4 

O b  

0.4 

126 
3 2 2  
12.1 

ion 

ion 
129 

130E+01 
121E+01 
1.18€+01 
1 .l?E+ol 
421E+01 
337E+O( 
2naE+01 
1 
1 BlE+ot 
lrnE+ol 
1.40E+oc 
1.41€+01 
13lE+O4 
12%+01 
1 a€+@ 
1 .WE+@ 
l.l7E+01 
329E+M 
234E+Oll 
2.47€+01 
1 .6QE+01 
1 .?OE+Oll 
1 UE+m 
1.34E+O) 
138E+O, 
124E+U 
127E+01 
121E+o, 
1.14€+01 
121E+O) 
2.7QE+W 
2.45E+U 

1 I Q E  +01 
lME+01 
l.e4E+01 
lBlE+ol 
150€+01 
1.48€+01 
1.41E+01 
12ME+Oll 
136€+01 
12?E+01 
237E+01 
2.11€*01 
.197E+01 
1.74€+01 
1.66€+01 
1.5QE+01 
152E+01 
l . U E + o c  
iJSE+Ol 
lJ lE+W 
134E+0( 
132E+01 
128E+01 
2.12E+01 
1 .QSE+W 
1 W E + a  
i.USE+Oc 
1.50€+01 
1.47€+01 

2.18E+M 

QAlE-Ol 
0ElE-a 
OAlE-01 
QAlE-01 
515E-01 
55-01 
525E-01 
QAlE-01 
QBlE-01 
QElE-01 
QAlE-01 
QAlE-01 
QAlE-01 
QAlE-01 
qa1e4 
QAlE-01 . 
QA1E-O) 
55-a 
5ZE-O)  
5 2 5 E - a  
QAlE-01 
QAlE-01 
QA1E-O) 
QAlE-01 
QAlE-01 
QA1E-O) 
Qd1E-O) 
OA1E-a 
OAlE-01 
QAlE-01 
S25E-01 
5ae4 
525E-O) 
851E-a  
851E-O) 
851E-O) 
851E-a 
857E-O) 
857E-a 
857E-0) 
857E-01 
857E-01 
857E-O) 
S a € - 0 1  
5 Z E - 0 )  
525E-O) 
857E-01 
am-01 
O R E - 0 1  
857E-01 
657E-01 
857E-01 
857E-01 
857E-01 
an€-01 
am-01 
525E--01 
52SE-O) 
S a € - 0 1  
857E-01 
857E-01 
8 S E - 0 1  
8 S E - 0 1  
857E-W 
857E-01 
em-ol 
857E-01 
857E-W 
857E-0, 
S2SE-W 
52SE-01 
S B E - 0 1  
857E-01 
857E-01 
857E-01 
857E-W 

000272 



482400 
482100 

EWUFLOC.WU 

1- 01- 
1- 01- 
1- 01- 
1383100 01- 
1- 01- 
1- 01- 
13a2l00 01- 
1- . 01m.m 
1- 01m.m 
1- O l r p l p z  
1- 01- 
1- 01- 
13B2800 01- 
l jM00 O l M  
1- 01- 
1- 01- 
1- 01- 
1 
1 
1 
1 
1 
1 
1 
1- 
1- 
lsspw 
1- 
1- 
1- 
1383100 
130300 
1- 
1- 
1- 
l J M 6 7  
1382067 
1381W7 
1381867 
1381767 
1301667 
137Q3#) 
1370400 
137Ow# 
13- 
131m00 
137- 
137oBoo 
1- 

1- 
1- 
1380100 
138moO 
ljwdoo 
1380700 
1381567 
1382400 
1382500 
138Z600 
1 3 M w  
1 a m 0 0  
1- 
1- 
1 ~ 1 0 0  
116900 
1.Utun 
13as00 
1381467 
1381361 
1381267 
1301167 
138lob7 
1-7 
1- 
1382417 

i s m o o  

1 O a D  
1 os?  
1 o a  
10% 
lo= 
1 0 2  
1 0 2  
1o:m 
10:1e 
lo:* 
1 0- 
1040 
10:41 
1o:u 
104s I 

1047 
10:s  
1 0 9  
10% 
1031 
1 0 s  
1 0s 
13:u 
1 0 m  
1344 
13:Y 
13:Y 

01- 1350 
01- 13:s  
OlEDBIp2 13.53 
01- 
01- 
01- 

O l l l 3 m  

o l l l w  

0111j/92 
0 1 1 1 w  
Oll1392. 
oimm 1 0 P  
oimm 10:16 
oiRim 10:16 
OlRlm2 10:14 
0 1 m m  1032 
oimm 10:10 
OlRlm 10- 
OlRllPZ 10- 
01RlIW l o a  
OlRlm2 lo* 
01Rlm2 lorn  
OlRllPZ 09s 
OlRllPZ 09s 
01RllPZ 00s 
01Rlm2 0 9 9  
OlllJR2 1Qr5  
01- 1 4 3  
01- 14aD 
01- 1439 
01- 14:16 
01- 11:14 
01- 14:13 
01- 14:11 
01- ' 14:lO 
O l M  14- 
01- 1 4 s  
01- 14- 
o i n m  1o:a 
01113!32 l o a  
o i n m  10:a 
o i n m  1051 
o i n w  10:s  
o i n m  lo= 
o i n w  1 o s  
o i n m  11:11 

o i n w  
o i n w  
o i n w  

11.7 
11.7 
10.7 
105 
10.6 
112  
l8B 
17.6 
1 6 s  
14.7 
1 2 6  
12.4 
11.7 
119 
11B 
106  
10.7 
10.7 
105 
1 6 5  
180  
159 
1 4 3  
15.0 
14.1 
142  

14.0 
132 
132  
12.7 
12.4 
lld 
1 4 5  
15.6 
153  
1 5 s  
155  
17.4 
1 6 s  
182  
1 2 3  
13.0 
14.4 
15.1 

139  

1 JdE+W 
i S E + W  
12sE+W 

t J i E + 0 1  
1 B6E+01 
t .76E+01 
lB3E+W 
1.47E+01 
1.47E+O, 
1.45€+01 
i37E+01 
lJoE+W 
i j s E + 0 1  
12SE+W 
12SE+Ol 
125€+01 
122E+O, 
1 .asE+01 
1.60E+01 
150€+01 
1.4SE+O, 
1 JOE+Ol 
1 .UE+W 

123E+M 
124E+O( 

16.4 1.76E+W 
lbOE+W 
1 .ME t0L 
220E+01 
2bOE+01 
329E+01 
320€+01 
3.72E+M 

. .  ... 
1 9 5  
132 
102  
132 
130  
1 2 5  
12B 
1 2 5  
119  
12.1 
12.1 
1 1 5  
20.6 
229 
239 
25B 
28.4 
30.7 
32s 
132 

000273 

1 .UE+W 
1.4 1 E+01 
1.42E+W 
134E+01 
131€+01 
12PE+01 
128E+Ol 
120E+W 
1 .UE+oc 
154E+Ol 
151E+Ol 
157E+01 
1 U E + U  
1 .?2E+01 
1.67E+Ol 
lBOE+01 
132E+01 
l S E + O ,  
lWE+01 
1.62€+01 

OdJE-O( 
0-E-01 
9-E-01 
QB3E-01 
QD3E-W 
BB3E-O) 
OB3E-O( 
9-E-0) 
1.01E-a 
1ottE-m 
1 0 1 E - m  
lDlE-aD 
1DlE-a 
1DlE-as 
1DlE-m 

' 1DlE-a) 
Q34E-0) 
O34E-W 
934E-01 

' QYE-0)  
OYE-01 
9349-01 
B Y E - 0 )  
B Y E - 0 1  
934E-01 
QYE-01  
8'3434%-01 
QYE-01 

4.18E+01 QYE-01 
3.74E+O1 BYE-01 
33(E+01 934E-01 
1 S3E +01 l9lE-m 
131E+01 BB3E-Ol 
l.WE+M 9.83E-01 
lS(E+W OdJE-01 
l S E + 0 1  9E3E-Ol 
lZ IE+  9B3E-01 
1 3 E +  Om€-01 
l Z E +  BdJE-Ol 
1 2 1 E t  QB3E-01 
123E+ 9B3E-Ol 
123E+ BB3E-Ol 
l . lTE+ QBE-OL 
2.01E t 1 D1E-O 
2.18€+ 1 DlE-m 

1I)lE-a) 2J7E+ 
1DlE-O 2UE+01  

2BlE+m 1DlE-a 
3DIE+01 1DlE-a) 
326E+01 1DlE-O 
i31E+01 191E-a) 



l j a a l 7  o i n m  
1=17 0111m 
1529300 QlR1192 
137ouK) 01121m 
1 379500 01121102 
13- 01R1102 
13m00 Q1121192 
1 3- QlRllP2 
1 3 m  01Rl102 
1- 01RllP2 
1mO100 OlRlR2 
1- 01R1102 
Jrumm QlRllQ2 
1- QlRllP2 
1- 0 lRl rn  
1- OlR1192 
13wToO 01RlIP2 
1 
1 
1 
1 
1 
1 
ljatooD 
f s a o o  
t31P100 
3- 
1- 
1- 
1382400 
1 S S O O  
1- 
l j M 0 0  
ljsawo 
1- 
1- 
1383100 
1- 
1- 
1383mO 
1382ll7 
1=17 
1381017 
1381817 
1381717 
1381817 
1381517 
1381418 
1381318 
1381218 
1381118 
1381018 
1-18 
13nsoO 
13- 
137- 
13781 00 
1 3 7 m  
1378300 
13784 00 
137- 
137mwo 
1378700 
137moo 
137mOo 
1379000 
1379100 
137pzoO 
1379300 
1370400 
137D500 
1370600 
1370700 
1379800 
1- 
13boDoo 

0 1 m m  
QlR7102 
01127192 
01127102 
01- 
01- 
01- 
0 1 m  
01- 
01- 
0 1 M  
01- 

11:13 
1135 
1 0 P  
1 0 3  
1 0 s  

1 om 
lo= 
1051. 
10:s 
10 ' s  
10- 
10:41 
10:u 
10:47 
10:a 
10:s 
1 0 s  
1825 
1 8 2  
1 6 2  
16:10 
16:17 

l o a  

16:14 
1632 
18:10 
18:m 
18- 
1 5 9  
142N 
1426  

01mm2 
OllOMn 
0llOMn 
0tIl3mP 
01113m2 11 :lo 
01113v2 1120 
oin3192 l l Z  
o i n m  11= 
01113v2 1126 
0lll392 1 1 a  
0 1 n m  11-Jg 
0 1 n w  1131 
0111Y92 1 1 s  
OlIl3v2 1 1 : s  
o i n m  11:s 
01113192 1137 
0 1 m 2  1437 
01RQm2 1 4 : s  
0 1 R7B2 18- 
01R7102 1827 
01R7192 16 ' s  
01 R7192 1 6 P  
011271~2 1 6 2  
0 1 R7R2 1e:10 
o i m m  18'17 
o 1 mm2 16'18 
01i27lQ2 1832 
01127192 16:s 
0 1 R7B2 16- 
01R7fW 16:m 
01R71V2 15% 
01~1m2 1 4 . S  
QlRlR2 14'31 
0lRlB2 14= 

01RlB2 1426 
OlRllPZ 1 4 2  
01RllD2 1 4 2  
OlRlR2 1 4 Z  

OlRli92 i 4 a  

14.4 
15.0 
11.6 
13.1 
13.6 
1 4 9  
15.7 . 17.0 
16A 
185 
P A  
272 
302 
293 
29.1 
28 A 
282 
P5 
1 1.4 
112 
105 
11.7 
11.6 
119 
119 
115 
115 
12.0 
11.7 
12s  
125 
13.1 
115 
122 
11.7 
12.1 
119 
119 
12.0 
1 1.4 
152 

162 
16.1 
15s  
16.6 

14.6 

1 .UE+W 
1 .*OE+W 
12eE+O( 
1 .*OE+0) 
1 .*dE+0) 
1 
1 .ME+O( 
lE2E+0) 
1.78€+0) 
1 M E + W  
2JOE+0) 
291E+0) 
3 2 3 E + 0 )  
3.14€+0) 
3.12E+O( 
3.06€+0) 
3azE+0) 
2.41E+0) 
1.14E+0) 
1.12€+0) 
1 .05E+0) 
1.17E+0) 
1.16E+0) 
l.lOE+o, 
l . lOE+oc 
1.15E+0) 
l.lSE+or 
lzoE+0) 
1.17€+0) 
131E+0) 
127E+0) 
13JE+W 
1.17E+0) 
124E+0) 
i.ioE+0) 
i 2 j E + 0 )  
12lE+0) 
121E+oc 
1 P E + O I  
l.l6E+W 
1 5 0 € + 0 )  
1.47E+0) 
1.60€+04 
1 S O E + 0 )  
1.57€+0) 
i . ~ E + 0 4  
1.72€+0) 
lJlE+OL 
1.80€+0) 
2.03E+M 
2.16E+0) 
231E+oc 
2YE+0) 
8bOE+03 
l.ozE+DI 
l.OOE+OI 

112 1.01 E+0) 
1 1.4 i .WE+0) 
11.4 1 .WE+0) 
119 1.07E+0) 
115 l.WE+W 
119 
11.6 
119 
11.5 
122 
125 
123 
112 
l l b  
119 

,12.1 
13.1 
133 
142 
15.6 

1.07E+OI 
1 .WE+O1 
1.07E+W 
1 .DIE+Oc 
1 l O E + 0 )  
i . i 3 E + 0 )  
1 .llE+0) 
1.30E+0) 
137E+0) 
139E+0) 
1.41E+0) 
iUE+OI 
i a E + 0 )  
165€+0) 
1 .ME+W 

1 . 0 1 E 4  
1 .01 €4 
S S E - 0 ,  
OSIE-0, 
0 3 4 E 4  
034E-0, 
0 Y E - W  
0ye4 
034E-U 
O34E-W 
0 3 4 E 4  
0 3 4 E 4  
O34E-0, 
034E-0) 
B 3 4 E - 0 1  . 
034E-0( 
B S E +  
OS1E-W 
0b0e4 
OSEE-0) 
9-E--Ol 
0-E-U. 
0-E-0) 
BSBE-01 
0PoE-U 
OBOE-0( 
0PoE-W 
OBOE-0) 
OBOE- 
OE3E-O) 
0-E-0) 
BE3E-W 
0-E-0) 
065E-W 
OE3E-W 
OB3E-W 
0-E-0) 
@-E-0) 
O E 3 E - a  
OE3E-0, 
1DlE-Q) 
1.01 E-Q) 
1DlE-O) 
1.01E-Q) 
1.01E-m 
1 BlE-Q) 
1.0lE-Q) 
1.OlE-O) 
1.0lE-Q) 
1.01E-Q) 
1 . 0 l E 4  
1.OlE-Q) 
1.OlE-Q) 
125E-Q) 
1.12E-m 
1.llE-Q) 
1.llE-Q) 
1.11E-Q) 
1 .llE-Q) 
1.11E-Q) 
1.llE-m - 
1.llE-Q) 
1.llE-a3 
l . l l E 4  
1.1 1E-Q) 
1.llE-Q) 
l.llE-a3 
1.11E-Q) 
65PE-0) 
8SE-0)  
I S E - O l  
6S8E-Ol 
8SE-0) 
8SE-0)  
8SE-0) 
8SE-0)  

EWFL0C.Wk) 

000274 



t38f748 
tsw 
tMt548 
1 38M 
1361346 
1381248 
1381116 
13BlDlb 
1- 
1 3 m  
1 3 m  
137- 
1378100 
137- 
137- 
137- 
137- 
137- 
13787700 
1378800 
137- 
1379000 
1313100 
137- 
1 3 m  
137- 
1379600 
137- 
13loTOO 
137oBoo 
137- 
lJbaD00 
1340100 
1- 
1- 
1- 
1- 
1- 

1- 
1- 
lsan#) 
1- 
1- 
1- 
13B3100 
1- 
1.Utun 
1-00 
1- 
136246B 
1- 

i m o o  

1 4 2 l  
14:lO 
14:17 
1436 
1434 
14:lJ 
14:12 
14:lO 
15:18 
1534 

1910 
15:- 
15- 
15- 
15- 
14- 
oom 
09:o 
oom 
m a  
09:10 
09:12 
09:13 
09:u 
09:10 
W:17 
09:10 
09P 
WZ! 
0924 

1532 

01 
01 
01 
01 
01 
O l R m  10:s 
01R- 10:s 
01RWnz 10% 
O l m m 2  10:a 
0 1 m  10:47 
0 1 m  . 10:4 
01R1R2 14:rO 
OlRlRZ 14:41 
OlRlR2 14:U 
01R1R2 14:- 
01R1- 14:a 
OlRtRZ 14:4 
OlRlR2 1451 
01R1R2 14:U 

01RlR2 1 4 : s  
OlRlR2 15:s  

01Rlrn 16:oD 
O1R1R1 16m 
01RllP2 16m 
01RllP2 16- 
OIID(Yp2 15:rO 
01- 1542 
014(L101 15:a 
01- 15:a 
01106R2 15:u) 
01- 1551 
01- 15-53 
. 0 1 m m  1526 
01- 1s:n 
OlID(Yp2 15:s 
o i n m  msl 
0111Snz 0 9 3  

OlRlR2 14:n 

01RlR2 i5:n 

156 
1QD 
202 
202 
21.7 
21 2 
21 6 
18D 
109 
l l b  
1 1 3  
112 
11.0 
11.7 
11s  
11s 
115 
18.1 
185 
18.4 
10.4 
10.4 
200 
203 
20.1 
20.1 
20D 
225 
23.1 
23s 
24.1 
25.4 
2 4 6  
12.0 
119 
12:7 
1 ZD 
12.4 
12.1 
12.4 
13.1 
13.4 
12.7 
12s  
13.1 
13d 

lb(E+O1 
2PE+01  
236E+OL 
235E+01 
2YE+01 
u 7 E + D c  
2YE+O, 
2.lOE+O( 
1.1 1E+O1 
lZOE+O, 
l.lSE+O1 
l.l4E+01 
1 .12E+01 
l.iOE+01 
1 ZOE+O) 
lZOE+O( 
1.17E+ol 
l.iOE+01 
lZ?E+W 
126€+01 
133E+Ol 
i33E+01 
137E+01 
iJOE+D1 
iAOE+01 
138E+01 
137E+01 
iwE+W 
lSBE+01  
1.64€+01 
1 .aSE+Ol 
1.74€+01 
l.IOE+D) 
osE+m 
imE+oc 
lIYE+OI 
QdJE+Q) 
i.a2E+O4 
oo2E+Ul 
1 =E+@ 
1.07€+01 
1 .\OE+Ol 
i.CUE+O4 
1 .WE +01 

l.iJE+Oc 
lD7E+01 

. . . . . 13.4 . . . . l.lOE+or 
1 .07E+D( 
1 P E + m  
iZOE+01 
133E+Ol 
i S E + W  
1.42E +w 
l.rdE+D) 

15.4 
16.0 
162 
18.4 
18D 
174 
18D 
113 
12s  
115 
109 
11s  
115 
12.1 
11.4 
119 
11s  
185 
16.4 

000275 



-7 
rSJas0 

4- 
a 1 0 0  
483100 
483100 
483100 
a 1 0 0  
483100 
483100 
483100 
483100 
483100 
483100 
m100 
483100 
483100 
483100 
483100 
483100 
483100 
483100 
483100 
483100 
483100 
483100 
483100 
483100 
483100 
483100 ' 

483100 
463100 
483100 
463100 
483100 
483100 
483104 
483100 
463100 
483100 
483100 
483100 
483100 
463100 
483lM 
483167 
48316B 
483172 
483174 
483lT7 
403160 
403162 
a l a  
483186 
483190 
4831W 
W 1 W  
4831W 
rsjaw, 
rsjaw 
483ao 
4 6 3 z w  
483ao 
4mzDo 
w . 

1- 
1- 
1m00 
13- 
13tpJOo 
1379100 
1 3 m  
137- 
1 3 m w  
1 3 m  
1 3to#K) 
1- 
ljstn00 
1 n  
1- 
1m00 
13OOSOO 
1- 
1%0700 
1- 
l j s a w o  
13U2700 
1- 
1- 
1- 
1303100 
1- 
1- 
1-00 
1- 
1-4 
1-71 
1-14 
1 =74 
l W 7 4  
1382074 
1381074 
1381874 

1381674 

136U74 
138074 
1361274 
1 3 m  
13Tlooo 
13- 

137800 
13- 
137- 

i38ini 

r a i n 4  

imioo 

1- 0 1 n s  
l W 8 B  0 1 n s  
1- o i n m  
138lmB o i n s  
1381am oinsR2 
1 3 a 1 m  01nm 
13alam 0 1 n s  
1 3 6 1 s B  o t n m  
138- 01nm 
138- 0 1 n s  
138- o i n w  

13a11m o i n s  
13almQ o i n w  
1- 01nm 
1 3 m  01- 
1- O l R m 2  
137- 01- 

01- 
01Rm2 
0 1 R l B 2  
01RlB2 
O l R l B 2  
01RllP2 
0 1 R l R 2  
01RllP2 
01RlB2 
01 RlB2 
O l R l B 2  
O l R l B 2  
01 RlB2 
0 1 R l B 2  
O l R l B 2  
OlRlM 
O l R l B 2  
01RllD2 
01- 
01- 
011011192 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
o i n w  
o i n w  

o i n w  
o i n w  
o i n w  
o i n w  
o i n w  
o i n w  
o i n w  

oin- 

o i n w  

0 1 n w  

0 1 n w  

0 1 n w  
01- 
01- 
01- 
0 1 R W  
01- 
01- 
01- 

oes 
09s 
09:41 
-45 
09:4 
00:- 
m a  
09s 
09s 

ma 
09% 
t o m  
l o r n  
1 4 : s  
14- 
11a 
11- 
11m 
1 o s  
1 0 s  
1036 

1054 
1 0 s  
1 o s  
10a 
1040 
1 0u 
1 8 s  
1691  

an 

18:lO 
18- 
lam 
1 8 s  
18:lQ 
10:18 
1s:15 
16:U 
1 8 : S  
1&11 
18- 
18- 
18- 
16- 
10- 
1010 
1 0 9  
10u 
1 0 1 5  
1 0 1 7  
1O:lB 
1 O P  
102l 
1 0 P  
1 om 
1 0 s  
1027 
1 0 s  
1491  
1 4 a  
11- 
11:11 
11:u 
11:- 
1 1 2 9  

17.7 
172 
17.7 
17.4 
17.7 
19.0 
10.7 
108 
1 08 
21 5 
215 
21 5 
225 
23.1 
11.4 
11B 
10.4 
106 
10.8 
1 OD 
,105 
10.8 
11.0 
109 
11.0 
113 
113 
11.1 
109 
OB 

11.0 
11.6 
112 
121 
123 
1 2 4  
13.1 
13.4 
13.8 
1 5 3  
14.7 
1 4 d  

1 4 s  
1 5 2  
105 

1 4 9  

12lE+O( 
1.18E+O( 
121E+O( 
l.lBE+O( 
12tE+O( 
190E+O( 
l jsE+O( 
1 S E i W  
l S E + O (  
1 .47E+# 
1.47E+W 
1.47E+O( 
ls lE+O( 
1 S E + O (  
0.12E+m 
1 .OSE+O( 
l.lOE+O( 
1 .12E+u 
1.12E+W 
1.18E+O( 
1 .llE+Ol 
l.lZE+O( 
l.l7E+D( 
l.l8E+O( 
l.l?E+W 
12OE+O( 
iZOE+O( 
l.l8E+or 
i.lsE+W 
l.lIE+O( 
128E+O( 
i j s E + O I  
131E+O( 

i .OE+O( 
i.UE+O( 
iUE+O( 
1 5 6 E i O l  
i d l  E+w 
l . n E + W  
1.7lE+O) 
1.73E+OI 
1.74E+OI 
1.74E+W 
l.nE+O( 
1 D7E+OI 

lAlE+O( 

i 2 S E + w  
Q.lOE*rn 
12OE+01 
121E+O( 
i.l8E+O( 
1 P E + O (  
l.lBE+OI 
l P E + o 1  
t P E + O (  
l.OBE+O( 

17.4 l.lQE+O( 
18B l.lSE+O( 
17.7 121E+O( 
l 7 B  . l P E + O I  
1 8 3  12SE+O( 
1 8 3  
1 8 4  
10.1 
1 8 5  
18.4 
1 8 5  
20.0 
20.0 
12.0 
115 
122 
122 
12.1 
l2.0 
e.0 

12SE+ 
126E+ 1 ME-OO 
l J l E +  1me-0 
1 2 7 E +  1ME-Q) 
t 26E+ 1 . M E 4  
l Z E +  1ME- 
1 J 7 E +  1me-0 
1 3 7 E +  1 . M E 4  
0 4 1 E ~  1 2 S E - a  
1mE+ 1 . 1 2 E - a  
r m E + M  . 15-0 

BBSE+m 15-a 
B M E + m  1pe-0 
QbOE+rn 15-0 

9 9 7 ~ + m  i s - m  

000276 



5769 

1- 
1- 
1- 
1- 
1- 
l j M 0 0  
1- 
1- 
1- 
1- 
1381174 
1381074 
1-71 
1-7 
1- 
1-57 
1-7 
l n 7  
1377000 
1 3 m  
137- 
1378100 
137800 
137- 
1378400 
137b500 
137- 
1378700 
137- 
137- 
l37oooO 

1 Slop00 
1379300 
137M00 
1 3tosQo 
l37oboo 
1 3 m  
1 3 m  
13toDOo 
1- 
lJbOlO0 
1- 
1- 
15bo100 
1- 
?SO600 
1sWTw 
1- 
1- 
13uZ?w 
1- 

i ~ 7 m o o  

1- OlR 
1 m  O1R 
1 3 7 W  O1R 
1- OlR 
152800 OlR 
13- OtR 
137BlOO O1R 
lJTpp00 O1R 
13- O1R 
1 37sao OlR 
1 37mm OlR 
137mm O1R 
137V700 OlR 
137- OlR 
13- O1R 
1- OlR 
1-00 O1R 
1 R 
1 R 
1 R 
1 R 
1 R 
1 n 
1 R 

R 
Io 
Io 

o m  

m2 
w2 
1yo? 
m2 
m2 
w2 
m2 
mz 
w 
m 
m2 
m 
m2 
1192 
1192 
1192 
1R2 
llD2 
1192 
1192 
'1192 
1192 
'1192 
'1192 
'1Rz - 
lm2 
IoIp2 

01109192 
01109192 
01104192 
01- 
01109192 
01- 
011151p2 
oinyp2 
o i n w  
o i n m  

112l 

1 1 a  
11- 
11- 
11% 
11= 
1 1 s  
1 om 
1o:u 
10:41 
1 0 3  
10:s  
18- 
18:n 
18:15 
18:17 
* 8 2 l  
t 8 P  
1824 
1 8 s  
1 6 B  
1 6 P  
18% 
1 8 3  
1 8 2 l  
1 8 2  
10:s 
1 0 s  
10:u 
10:u 

i t a  

o1n 

0111 
o tn  

oin 
01- 
01- 
01RW2 
01- 
O l R a  
0 1 R W  
O l R W  
O1R-2 
01- 
O l R W  
01- 
01- 
O l R W  
0 1 m 2  
01- 
O t R W 2  
01- 
O l M 2  
01- 
01- 
01RllD2 
01Rl192 
01RllP2 
01R1102 
01R1192 
OlR1192 
OlRl192 
01R1R2 
OlRlR2 
01RlR2 
01Rl192 
01RlR2 
01- 
01- 

14- 
>4= 
11- 
1131 
11:13 
11:17 
11:10 
1 1 2  
1 1 m  
11% 
1127 
1 1 s  
1131 
11= 
11:s 
lo:& 
1o:u 
l o w  
1 o= 
1 0 s  
1e:Q) 
15% 
15:s 
15% 
1 5 s  
15% 
1 5:48 
1 5:46 
15:U 
15:a  
1 5 B  
152a 
11:18 
11:15 

11.7 
13.7 
132 
12.7 
132 
132 
13.1 
12.0 
1 2 7  
13.1 
13d 
135 
129 
122 
125 
125 
13.1 
134 
13.7 
134 
15.1 
15.1 
14.7 
140 
120 
02 

lld 
12.1 
114 
11.4 
12.1 
12.4 
11.7 
12.4 
204 
21 2 
21 0 
16d 
172 
13.8 
152 
18.1 
11s 
113 
10.7 
ion 

OdZE+O) 
l.l2E+O, 
1 .ME +01 
l.ME+ol 
l.ME+01 
l.DBE+W 
i.O7E+W 
iBOE+Ol 
1.15E+O) 
l.lOE+Ol 
124E+W 
lZ)E+Ol 
i.tTE+O) 
IZSE+ol 
132E+O( 
132E+Ol 
13E+O) 
1 .-E+@ 
1.4SE+01 
i .aE+O4 
150E +01 
150E+01 
lYE+O) 
1 .reE+oc 
12?E+O) 
O J l E -  
1 2 0 E + 0 1  
1 2 E + 0 1  
l.l7E+01 
l.lSE+W 
i P E + 0 1  
125E+01 
i.l8E+01 
125E+Ol 
1.4OE+O( 
1.4SE+O( 
1 .UE+OI 

i.l(rE+W 
O32E+OO 
1 .O(E+04 
124E+01 
o.UE+m 
101E+04 
i . l 3 E + 0 1  
1.12€+01 

l.l4E+01 

10.8 1.12E+01 
i .11 E+O4 
1.12E+01 
1.12€+01 
i .1 tE+W 
1.16E+O1 
1 .lSE+O( 
i.loE+CU 
i.iSE+Ol 
121E+CU 
i.lOE+CU 

125 1.17E+01 
133 124E+W 

13.8 127E+01 
132 1 2 3 E + 0 1  

13.4 i2SE+Dc 
115 
11s 
12.4 
123 
13.0 
13.1 
13.4 
13.7 
13d 
132 
130 
105 
10.1 
118 

1pe-0 
1pe4 
1- 
1 P E - a  
15-a 
15-0 
15-6 
15- 
1.loE-a 
1 .loE-a 
1 .loE-a 
1.1oE-a 
1 .loE-a 
O.4aE-0) 
OME-0) 
B Y E 4  * 

oME-0)  
O M E - 0 4  
O M E - 0 1  
0.48lE-04 
OME-0) 
0.4aE-01 
@ M E 4  

O M E - 0 1  
OrnE-01 
95e-w 
0ooE-W 
0 - 4  
000e4 
0SOE-u 
O o o E - 0 1  
0ooE-O) 
0ooE-W ' 
1 M E 4  
1 M E 4  
1.48E-ab 
1 . 4 8 E 4  
1 . - E a  
1 .ME- 
1 A4E-Q) 
1 ME-QI 
1 = € - a  
1.12E-0) 
0-E-OL 
ba5e4 
O.UE-OI 
O.UE-01 
0.UE-01 
O.UE-01 
0.UE-W 
OME-OI 
0 . U E - u  
O.UE-01 
0.UE-W 
0.UE-W 
O.UE-01 
1 D7E-Q) 
1 B7E-OO 
1 DIE-O) 
1 . 0 7 E 4  

omE-O( 

1mE-03 
0.aE-W 
0me4 
O.48E-0) 
O.48E-W 
O.48E-0) 
OME-01 
O.48E-01 
0ME-W 

* O.4aE-0) 
O.48E-01 

137E+01 0ME-W 
1.1 t E+D1 O.48E-W 
l.O2E+01 09oE-W 
i . l O E + o ,  0DOE-W 

000277 



5 1 6 9  

1- 01- 
1- 0110492 
l j M 0 0  01- 
1- 01- 
1- 01- 
1 s  01- 
1- 01- 
1-57 01n%2 
1- 01n= 
i s i m 7  01ns92 
1381m o l n ~  
1381757 01nm 
1381m 01nm 
1381551 o l l l m  
1381457 01nS32 
1381357 01nm 
1381257 01nS32 

13- 
13AUld 
137- 
137- 
137WOO 
137- 
1 3 7 8 0 0  
1379000 
137oloO 
13- 
137- 
1379)oO 
1379500 
137- 
13707W 
137oBoo 
137oDoo 
1- 
1360100 
1- 
1- 
1-00 
1- 
1380600 
1380700 
1- 
1- 
1- 
1- 
1- 
1383100 
1- 
1- 
1383400 
1383SOO 
1382750 
1- 
13BSSO 
1382Uw) 
136- 
1 n  
1302lSO 
13820% 
1361050 
1381ssa 
13817% 
1361eSo 
1 3 6 l s o  
1361450 
1381350 
1361250 

11:11 
11m 
11- 
1 1 s  
11m 
1 O R  
10s 
1047 
10:- 
1031 
1- 
1 0 s  
1 os 
1 0 s  
1 o s  
1 0 3  
11m 
1 1 s  
11- 
1 1 s  
1 4 s  
1 4 s  
14% 
1 4 2 l  
14:lS 
14:17 

nw2 1 4 : s  
Rw2 1433 

01lZw2 14:ll 
01- 14- 
01RW 
01RW2 
01- 
01- 

01nmZ 
01- 
O l n m Z  
01- 
01- 
01- 
01- 11m 
OlRllDi 1s.m 
O l R l R I  1 5 s  

O l R l R I  15:11 
O l R l R 2  l%U 
01 R1R2 1s:1s 
O l R l R I  15% 
oimm 1s:P 
OlRlRI 1sm 
O l R l R I  1s- 
OllD0102 1 1 s  
OllD0102 11% 
01 loolpz 1 1 2 1  
01- 1 1 s  
01- ' 1 1 3 0  
01- 1 1 s  
OlloQlOz 1 1 - 3  
01- 1 1 3 7  
oinm 1 0 s  
OlltSm2 lo= 
OlIlS32 lo= 
o i n w  103) 
0 1 t 1 m  1031 
01IlYQ2 1 033 
OlllSm2 lo= 
01nSm2 1 0 s  
0111m 1 0 3  
O l l l M t  1 0 P  
oinSm2 1 0 2  
01na 1 0 s  
o i n m  10:10 
oinm 1037 
011lw2 1 0 M  
01IlYQ2 10% 

01Rw2. 

01 RllP2 ism 

12.1 
12.1 
10.1 
12.0 
12.4 

12.0 
1 7 5  
18.1 
17.7 

18D 
18.8 
10.4 

1 0 6  
10.1 
10s 
19.1 
l 8 b  
125 
12.4 
0.7 
OE 

102 

120 

ian 

i o n  

1 P E + W  
l P E + o )  
l.OZE+O1 
12lE+oc 
125E+O1 
121E+01 
121E+01 
120E+01 
124E+01 
lZlE+or 
l P E + O r  
123E+01 
12PE+O) 
135E+01 
130E+O( 
1 S E + a  
lJlE+OI 
132E+0) 
i3lE+01 
1.14€+01 
1 #)€+a 
l . l l E + M  
1 I)7E+U4 
1 .oBE+O1 
l.l2E+oc 

054 
S S S - 0 1  
0 - 4  
0- 
0mE-m 
oOoE-0, 
0PoE-08 
1- 
15- 
1a4 
1 - 4  
1 . u E 4  
1 M E - a  
1 ME-0 

1 .ME- 
1ME-0 
1 .e4 
1.44E-a 
1 .4aE-O 
1 2 S E - a  
1 .12E-a 
0-E- 
0llOE-m 
054 

1.44E-O , 

102 1.12E+O( 0mIE-a 
0 9  l.OeE+01 oooE-01 
0.7 1.07€+01 0DOE-a 

102 1.12€+01 0ooE-01 
10.1 1 . l  1 E+@ 0 r n E - a  
10.4 1.14E+O, smE-01 
105 1.15€+01 0DOE-a 
10.7 1.18€+01 omE-01 
10.0 1.1OE+O1 omE-a 
10.7 l.l8E+O( omE-01 
122 l.llE+O1 1 . l o E - a  
12.0 1 .oeE+01 l.lOE-a, 
122 1 .llE+Ol 1 . l o E - a  
129 1.17E+O1 1 . l o E - a  
113 1 rnE+O, 1 . l a E - a  
12.7 i.iSE+O, 1 .lOE-a, 
1 3 2  120E+01 l.lOE-O 
11s 126E+W SME-01 

0.4s-0, l l B  
122 12SE+O, 9.48E-01 
122 129E+01 OME-01 

0.48E-0) 
0.48€-0, 
0.48E-01 
0.4aE-01 
O.4aE-a 
0.4aE-W 
O W E *  
0-E-0) 121E+W 

12SE+01 0.mE-W 
1.13€+01 0.mE-W 

1 1.7 l.l8E+o, 0.mE-W 
122 123E+O4 9mE-01 
12.4 125E+01 0m-01 
12.4 125E+0( SSOE-0) 
13.0 1 nSE+OI 124E-m 
131) 24E-0) 
13.1 24E-0) 
1 3 5  24E-0) 
13.4 21E-m 
1 3 4  24E-0) 
13.6 2 4 E - m  
14.1 24E-0) 
14.6 24E-0) . 
14.6 24E-0) 
14.4 . . . . . . . . 24E-0) 
l 4 d  i.iOE+m 124E-Q) 
1 4 9  120E+01 124E-0) 
1 4 d  l.lOE+oc 124E-m 
1 4 d  l.lOE+Ol 124E-0) 
1 4 6  l.lOE*o, 124E-a, 

124E+O1 

000278 



1s1150 oinm 

1- oinm 
138(050 0 1 n m  

1- 01- 
1 3 m  01- 
137- 01- 
151b100 01- 
1- 01- 
ljlgoo 01- 
1 3 7 W  O l R b R 2  
1- 01- 
1 37- 01- 
1378700 01- 
137- 01- 
137aoO 01- 
13- 01- 
1 m 0 0  01- 

01 RIB2 
OIRllD2 
01RlR2 
0 1 R l m  
01RllP2 
OlRm2 
01RlR2 
01RllP2 
011001D2 
01- 
OlloIyo2 
O l M  

1013 
10:11 
10- 
i r a  
i 4 a  
14- 
14- 
14:18 
14:M 
14:U 
14:P 
14:lO 
14- 
1 4 s  
1 4 a  
14- 
14Sl 
1350 
1 0 s  
1056 
1051 
1 os 
1 1 s  
rrm 
11.- 
1 4 s  
1451 
1 4 9  
14= 

14= 
14:s 

01- 
OlE09102. 
oinniz 1 0 s  
oinw 1 os 
0 1 n S 2  10% 
oinm 1 o s  
01nSIp2 1030 
oinm llao 
oinm 11m 
0111SIp2 1 1 s  
oinniz 1 1 m  
01nyp2 11- 
oinniz 1 1 m  
oinSIp2 1 1 m  
oinm 11- 
0 1 n w  11:11 
oinm 11:- 
oinm 1133 
oinm 11 :14 
01nSR2 11:16 
oinm 1137 
oinyD2 11:w 
OlRIyPz 1 4 2  
O l R D R Z  142l 
01- 142B 
01- 1430 
01- 1 4 s  
01- 1 4 a  
01- 1436 
01Rm2 1 4 3  
01- 1 4 s  
0 1 R m  14:41 
01- 14:U 
01- 14:G 
01- 14 :I7 
01- 14~19 
OlRm 14% 

149 
143 
1 2 2  
l ld  
11.8 
12.B 
131) 
12s 
13.1 
129 
12.7 
125 
12.7 
13.1 
13.7 
13.6 
12.7 
135 
123 
122 
12.7 
12.4 
13.4 
133 
128 
11.0 
11.7 
12.0 
11.4 
11.0 
l l d  
11.6 
ton 
11.7 
8.0 

125 
12.1 
12.1 
12.1 
11.4 
l ld  
126 
13.0 
13.4 
13.0 
14.0 

120E+0) 
l.lSE+Ol 
OdZE+Q) 
S.UE+Q) 
1.04€+0) 
1 -E+- 
lB3€+0) 
1 -E+0) 
1 .04E+0) 
191E+0, 
1 DiE+0) 
OSOE+Q) 
1.01 E +0) 
1.04E+0) 
1.0&€+0) 
1 DEE+0) 
l.OlE+0) 
l N E + 0 )  
1.1SE+0) 
1.14E+# 
l.lOE+0) 
i.l8E+0) 
125€+0) 
124E+0) 
1.18E*O( 
1 .WE- 
lZIE+0)  
127E+0) 
l a E + 0 4  
126E+0) 
124E+0) 
l P E + 0 )  
1 .lSE+0) 
123E+0) 
0.40E+Q) 
i26E+0) 
i22E+0) 
122E+0) 
1 PE+0)  
i.lSE+0) 
i.loE+oc 
1.03€+0) 
iBSE+0) 
lrnE+0) 
1 .lo€+@ 
l.l3E+0) 
l.OBE+0) 
1 .lSE+0) 
l.l8E+0) 

E l.lOE+oc 
l.l8E+0) 
i.iSE+m 
i.lSE+Oc 

1 . 8  i.l8E+0) 
, .4 1.18€+0) 
id l.lOE+oc 
i.0 121E+0) 
I5 l.l7E+0) 
1.0 1.12E+0) 
15 1.00€+0) 
ID 728E+Q) 

12D 

0 5  
1 OD 
102 
102 

10.0 
o s  

102 
102 
102 
1Od 
105 
103 

iin 

ion 

000279 

125-m 
1.12E-Q) 
0-E- 
ODQE-0) 
Om€-0) 
ODQE-0) 
Om€-0) 
ODOE-0) 
ODQE-0) 
000E-0) 

1.12E+0) . ..... QDQE- 
1.12€+0) 0-E-0) 
l.lOE+0) @DOE- 
i.lSE+0) OBOE-0) 
1.13E+0) 0DOE-W 

124E-Q) 
124E-Q) 
124E-Q) 
1SE-O) 
1.12E-Q) 
lSOE--aD 
1SOE-OO 
12OE-Q) 
1h-0 
lSE--aD 
1 2 0 E 4  
120E-Q) 
t26E-Q) 
126E-Q) 
126E-Q) 
12OE-Q) . 
l26E-Q) 
126E-Q) 
1DIE-QI 
1 D7E-Q) 
1 D7E-Q) 
1D7E-a3 

1 D7E-m 
1 D7E-Q) 
OME-01 
0.46lE-W 
O.48E-W 
OM€* 
O.48E-0) 
O.48E-0) 
0ME-W 
OM.€- 
OME-O) 
O.48E* 
0PM-O) 
0PM-O) 
O M *  
O M - - o I  
OpoE* 
000E-01 
124E-Q5 
124E-Q) 
124E-QO 
124E-m 
124E-a 
124E-Q) 
124E-Q) 
124E-Q) 
124E-Q) 
124E-OD 
124E-Q) 
124E-m 
124E-OD 
124E-Q) 
124E-QO 
124E-m 
124E-Q) 
124E-a5 
124E-m 
124E-m 

i ~ 7 ~ 4  



4 
4 
4 ..... 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

. 4  
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

d 
d 
d 
d 
d 
d 
d 
a 
a 
a 
a 

a 
s 
d 
d 
d 

d 
d 

a 

a 
a 
a 
a 

a 
d 

d 
d 
d 
d 
d 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 

a 
a 
a 
a 
a 

a 

a 

a 
a 
a 

d 

d 

0 

8 

4 
88 

d 
d 
d 

d 
d 

d 
‘8 

ld 
ld 
I1 
I( 
u 
L( 

a 

*a 

le 

1 3 m  01- 
13- 01- 
1 3 m  01- 
1- 01- 
137n700 01- 
152800 01- 
1 3 m  01- 
1- 01RllP2 
lj#n00 OlRlR2 
1- 01RllP2 
1- OlRllP2 
1- 01Rlm2 
1- 01RlR2 
1- 01RlR2 
lSO700 01Rlm2 
1- 01Rlm2 
1- OlRlm2 

-14 
1-11 
t-14 
1562514 
1-14 
l a 1 4  
l a 1 4  
l a 1 4  
1=14 
1381014 
1361814 
1381714 
1381814 
1381514 
1381414 
13TIbOo 
1 3 m  
137- 
13781 00 
137- 
137- 
13m00 
1 3 7 W  
137- 
1378700 
137- 
137- 
13foDoo 
13791 00 
137- 
137- 
137e800 
1 3 m  
1370600 
1379700 
137- 
1379900 
138- 
138ol00 
138G?OO 
1- 
1380400 
1- 
1- 
13MR00 
1jMaOO 
1- 
1- 
1 ~ 1 0 0  
1- 
130SOO 
1 ~ 0 0  

1 5 2  
15- 
15- 
15m 
15-S 
1 5 3  
1133 
1 3 s  
1 3 9  
14- 
14- 
14- 
14- 
1431 
l4:13 
14:W 
14:18 
1151 
11:s 
11:s  
1 1 9  
11:s 

14 :s  
l 4 : 9  

12.01 

.. . . .  oinsm 1 4 : a  
1450 

o i n w  1481 
o i n w  1 5 s  
o i n w  15:OT 
o i n s  13:m 
o i n w  
o i n w  

o i n m  
o i n m  

0111m 
0111592 

OlllM2 

OlllsR2 
OlRPIp2 

. Olnoro~ 
OlRW2 14- 
O l R W  1 4 :P 
01R&%? 1 4 s  
01RW2 1 4 : s  
01- 1437 
01RW2 1 4 9  
01R- 1 4 : a  
O l R W  14:U 
01- 14:U 
01Rwn2 14:& 
01- 14:& 
01R- 14.- 
OlRIW 1 4 . S  
O l R W  1524 
01 Ram 1 5 s  
OlRam 1 5 s  
01Ra52 15:s 
0 1 m  1 5 S  
0 1 R W  lS34 
01Rgrp2 11 :I3 
OlRlm2 lo:& 
OlRlB2 10:s 
OlRlm2 1 0 s  
01Rlrn 1054 
01RlR2 10:s 
01RlR2 1 o s  
OIRlm2 11.- 
01Rlrn 11- 
OlR1192 1 1 w  
01Rlm2 1 1 s  
01- 12:11 
01109192 . 12- 
OlDm2 12.0s 
01- 1 2 s  
01109192 1230 

0 9  
102 
lQ2 
1 0 9  
112 
1 1 s  
13.1 
113 
10.7 
1 1.4 
1 1.4 
1 1.4 
11s  
10.6 
10.0 
10.0 

119 
123 
12.1 
12.4 
11.6 
122 
12.7 
13.4 
13.4 
13.4 
13.4 
136 
139 
14.4 
142 
142 
13.6 
133 
133 
13.6 
143 
1 4 0  
12.4 
119 
12.6 
129 
126 
13D 

102 

129 

i .09E+w 
1.12E+01 
1.12€+01 
120E+o, 
123E+01 
i Z E + o l  
i P E + o ,  
i . iOE+01 
i.lJE+fn 
iZQE+OI 
lZQE+01 
1 S E + a  
121E+01 

l .OSE+a  
i.O6E+w 
1 .WE +01 
i 2OE+01 
124E+Ol 
122E+or 
12SE+O( 
i.iOE+o, 
123E+O, 
1 .mE+a 
1.12E+ol 
1.12E+01 
l.lZE+o, 
1.12E+O, 
1 .15E+Ol 
l.l6€+01 
i2OE+D) 
1 .18E+or 
i.iaE+O, 

1 .I iE+W 
1 .I i E + o r  

1 .iOE+OI 

091E+m 
1 .mE+m 
BME+m 
l.OZE+o, 
1 #)E+W 
iDJE+01 
iD2E+Ol 

1.14€+01 

l.l5E+W 

l.l3E+01 

124E+Or 

IGE+OI 
i.oiE+o, 
1 .ME+D) 
BME+m 
i.obE+o, 
i.WE+Oc 
i.OBE+01 
i.OZE+Dc 
r a l E + o c  
i ~ S E + o l  

13.0 i.o3E+O, 
13.7 i.ooE+o, 

13.6 iBOE+01  
12.1 1 .lOE+04 
105 
10.4 
10.7 
101) 
103 
106 
9 9  
9.1 
9 2  
OD 

12.1 
123 
123 
12D 
120 

13.7 . 1 .oBE+01 

. . .-:::. . . . i.. ........ -... .. ,.., ........ . ....... ... __............ . __.  .. .. .:. .: .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . ... ... 

l.l3E+Ol 

. . . . , . . . . .... 
Q ME + OJ i:?<::c 
QWE+m :.:,::::::.:.: .. . . . 
842E+m 5::. ::::y:: 

1PE+04 
124E+01 
124E+O1 
121E+01 
12lE+O( 

. . . . . . . . . . . . . . .. :.. ..:.,.. 
..:i ....... .. i.. ..:. .. . . . . . . . 

EWMFLOC.WIO 000280 



E M F  - (Ma 5769  
10-M-OP 

mCCOORUMTE EAGTcoOROlNATE MTE n m  EXPOSURE RATE COUNT RATE SlD.FACrOR ' 

1- 01- 
1- O l l l 5 3 2  
1- 01n532 
1- . o i n w  
1-02 o i n w  
1- oinsm 
1- o i n w  
1377000 O l r m Y p 2  
1- 01- 
1- 01- 
1378100 01- 
1 3 m  01- 
137- 01- 
1378700 01- 
137- 01- 
137- 01- 
13tQ)o 01- 

1- 
1- 

1 3 t 8 0 0  
1 3 m  
1- 
ljsot00 
138a?OO 
1- 
1- 
1- 
1- 
1-00 
1- 
1- 
1382402 
1- 
1- 
1383b00 
1- 
130SOO 
1- 
1- 
1382lm 
1- 
1301m2 
1381802 
1301702 
1301m 
1381502 
13Tmoo 
1 3 m  
137- 
1378100 
137- 
137- 
1370400 
137- 
137- 
1376700 
137- 
137800 
137600 

137s3O 
137pwK) 
137oIoo 
1 3tO600 
1 3 m  
1379700 
1 3 m  
137PPOO 

1 a m  

i3rmoo 

01- 
01- 
01Rlm2 
01Rlm2 
01Rlm2 
01RlR2 
01Rlm2 
OlRlm2 
01RlB2 

1 2 s  
15:& 
1551 
1 5 s  
1 5 s  
1 5 s  
15% 
14m 
14m 
14- 
14m 
1 8 s  
le= 
1e.m 
15.S 
15:s ' 

1 5 s  
1 5 s  
1551 
10- 
15:a 
1637 
16- 

15:U 
15:Q 
15:a 
15- 
11:10 
1o:a 
1 0 3  

15:a 

01RlR2 
01Rlm2 
OlRlm2 
01n!Vn2 
01- 
01- 12:15 
01- 12:lB 
01- 1 2 P  
01- 1224 
o i n m  1 5 9  
o i n m  
o i n m  
o i n m  
o i n m  
o i n m  

0 1 n m  

0 1 n m  

0111m 
01 RPRZ 
01- 
01- 
0 1 M  
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
O l m I 9 2  
O l n B R 2  
01- 
OlRm2 
01Run2 
01- 
01- 
01- 
01- 
OlRwn2 

lam 
18S? 
lam 
16- 
10- 
1e:10 
18:ll 
1e:n 
14.- - 
14- 
14- 
1 4 a  
l e a  
16- 
10.- 
lam 
l e a  
1 s s  
15% 
15% 
1552 
1550 
15:a 
15:47 
1545 
15:U 
15:42 
15- 
1 
11:17 

9.0 
159 
18.1 
152 
18.1 
21 6 
209 
122 
125 
126 
126 
13.0 
1 2 2  
12.4 
129 
13.1 
13.0 
13.1 
13.1 
13.0 
135 
12.7 
13.1 
13.0 
13.1 
126 
135 
13.4 
119 
102 
08 

102 
9 9  

103 
05 
8 A 
9.0 
0 6  
0 6  

192 
119 
12.0 

116 
113 
1 D.0 

119 

B . l l E + a  
135E+0, 
1UE+0, 
12DE+0, 
1 -E+# 
1.85€+0, 
1 .nE+0, 
B.TJE+QD 
1 noE+0, 
1.02€+0, 
1.02€+0, 
1.03€+0, 
B.tOE+aO 
BdZE+m 
1 =E+@ 
1.04€+0, 
1.03€+0, 
1.04€+0, 
l.04€+0, 
1IUE+0, 
1.07€+0, 
1.01€+0, 
1.04€+0, 
l a J E + 0 ,  
1.04E+W 
1DOE+0, 
1 .07E+0, 
1 .oeE+0, 
1 .ME+0, 
i.iOE+0) 
1.04E+0, 
l . l O E + 0 ,  
1.07E+0, 
l.llE+W 
l a J E + 0 ,  
B . l l E + a  
B.7lE+a 
1.04€+0, 
1 .06€+0, 
iB3E+0, 
120€+0,  
121E+04 
120E+0, 
l . l B E + 0 ,  
1.14€+0, 
1.8lE+0) 

B00E-0( 
1.18E-Q) 
1 .18E-a 
1.18E-a 
1 .WE43 
1.18E-a 
1.18E-a 
1 S E - Q )  
1 B E - 0  
15e-a 
15- 
15-a 
1llbE-a 
1llbE-a 
1llbE-Q) 
128E-a . 
1 a E - a  
1llbE-a 
1llbE-O 
128E-O 
1llbE-a 
1llbE-a 
IllbE-aS 
128E-a 

128E-a 
1llbE-a 
128E-O 
1 .loE-a 
B27E-Ol 
BZ7E-0, 
0 P E - W  
B 2 7 E - W  
O27E-O) 
B 2 7 E - 0 1  
B 2 7 E - 0 1  
0m-0, 
B27E-0,  
O P E - 0 ,  
1.18E-QO 
BSOE-0, 
B # H - O l  
BSOE-0) 
0-E-0) 
BSOE-0, 
1.18E-ao 

1me-0 

1.41E+0, 
1 S E + 0 ,  
1.14E+0, 
lPE+O(  
121E+04 
121E+0, 
l.l8E+0, 
l.llE+M 
l . lOE+o,  
BBOE+OI 
1B2E+0, 

l l b  1.05€+0, 
0.7 1 .07€+0, 
0.7 1 D7E +0, 
9 9  lDOE+0,  

1 0.0 
0.4 
9 9  
05 
9 9  

10,l 
105 
106 
105 
10s 
10.7 l.l8E+0, 
10.7 l.lOE+W 
10.4 1.14E+0, 
10.1 l.llE+W 
116 l.lOE+0, 

1.18E-a 
1.18E-a 

1.18E-al 
1.18E-al 
1 .lBE-QD 
l.18E-a 
1.18E-al 

1.12E-al 
1 .12E-aJ 
1.12E-a 
BDOE-0, 
DBOE-0, 
BDOE-0, 
BDOE-0, 
OBOE-0, 
OBOE-0) 
BDOE-0, 
BDOE-0, 
BllOE-0) 
BDOE-0, 
BDOE-01 
BDOE-0, 
0DOE-W 
om00E-0) 
BDOE-0) 
BDOE-0, 
0DOE-0) 
1 B7E-a 

1 . m - a  

1.12~-0) 

000281 



5 1 6 9  

136900 01- 
1- 01- 
1- 01- 
1- 01- 
1- 01- 
1- oinw 
1- oinm 
1- o i n a  
1- o i n a  
1- o i n a  
1- o i n a  
1383487 o i n a  

l a 7  o inw 
1-87 oinw 
1- oinw 
1381W7 oin5r92 

1=7 0111w 

a inw 
oinw 
oinsm 

oinw 

o l l l w  
OlllS92 

01104192 
01- 
01- 
OlloIyo2 
01- 

1 B  
1 2 s  
1231 
1 2 9  
r w  
1531 
1 S S  
11% 
1596 
1 S S  
15% 
1 s s  
1e.OI 
10- 
16- 
le= 
1 em 
1612 
13:a 
13:u 
13:rO 
13:s 
13% 
1 4 s  
1 4 s  
14% 
1450 
1s- 
1 sm 
rsm 
1s- 

01104192 
01loIyo2 
01- 
0111m2 
0 1 n w  

0 1 / 1 w  

OlmW2 

01- 
01- 
01- 
O l l P l D 2  
O l r P m  
O l l P l D 2  
O l l P l D 2  
01rWB2 

o i n w  

oinw 
oinsm 

. . . . . . . . 
14:& 
14:U 
14:e 
14:u) 
14m 

14- 
1 0 9  
1431 
1 o s  
1 0 s  
11m 
rrm 
11- 

14:s 

120 
12.1 
l l B  

OB 
12.5 
13.1 
13b 
13B 
13E 
13.8 
13.7 
13B 
13s 
140 
13.7 
12.1 
13.0 

123 
123 
12.0 
90 

133 
13.1 
13s 

138 
14.0 
138 
143 
130 
110 
1 l P  
12.0 
80 

10s 
11s 
123 

13.1 
148 
13.0 
12s 
142 
100 

iin 

i in 

14n 

i in 

121E+W 
1 P E + W  
l.l@E+W 
1 .l@E+O) 
ODOE+Q) 
imE+w 
l.OOE+W 
i.iJE+W 
1 .lSE+W 
l.lSE+Ol 
1.13E+W 
l.l4E+W 
1.15E+W 
1 .lsE+o, 
1.17E+W 
l.l4E+W 
1.0lE+W 
1.13E+W 
i.lOE+W 
l Z I E + W  
124E+W 
l Z l E + W  
01#E+Q) 
l.l3E+o, 
l . l lE+W 
r . i o E + ~  
12SE+W 
i.iSE+W 
i.i@E+W 
1.1SE+W 
i Z l E + W  
i.iOE+W 
1 S E + W  
l l o E + W  
121E+W 
OPQE+O) 
l.OOE+W 
12OE+W 
124E+W 
l.l@E+W 
1.1 1E+W 
124E+W 
l.lOE+W 
l.OBE+W 
i S E + W  
l.OlE+W 

i P E + W  
1 . l lE+W 
0.7@E+Q) 
i.iOE+W 

0.4 . 051E+O) 
1.07E+W 

nOoE-01 
O s o E - 0 1  
@OoE-o( 
0POE-O) 
0PoE-a 
15- 
15-0 
15- 
15- 
15- 
15-4) 
12OE-O 
13oE-o 
l2OE-o 
13M-Q) 
l a € - O  . 
11OE-Q) 
11oE-o 
D 9 0 E - m  
090E-m 
O ~ - m  
@DOE-W 
0DOE-01 
1.lOE-m 
1.laE-a 
1 .lalE-a 
1.1aE-o 
1.1s-03 
1.18E-m 
1.lOE-a 

1.1OE-a 
BS0E-m 

~ 090E-m 
0soE-W 
BSotE-01 
@DOE-W 
0BOE-m 
09M-m 

1 .lOE-Ob 
1.lOE-m 
1.18E-a3 
1.lOE-03 
1.18E-Q) 
OnoE-o, 
1.lOE-a0 

1 P E - 0 3  

1 .la€- 

omE-01 

0mE-w 
omE-0) 
1PE-m 
1PE-03 
1PE-a3 
1 P E - m  
1PE-Q) 

000282 



51.6 9 

... 

- .  . 

.... . 

000283 



m i 0 0  
480100 
4aosoo 

479500 
479700 
479500 
4- 
479700 
4eomo 
478000 
4 7 m  

4 7 m  
4aOaoO 
479500 
476000 
4nmO 
476'100 
484100 
483500 
4 7 m  
479200 
463100 
461- 
47- 
*?sa00 
4- 
463s3 
483700 
4- 
479900 
47- 
4833200 
An100 
479200 
479JW 
4 7 9 m  
4Bomo 
47odoo 
463200 
479100 
A79800 
479100 
476700 
A76800 
4833200 
479800 
reom0 
48DU)O 
4 77000 
479200 
480000 
479800 
476700 
480700 

478200 
479600 
479700 
478qK) 
479Pq 
479100 
4- 
4aomo 
476700 
47- 

479m 

4 ~ 7 0 0 0  

, ,...... . . . $g3~17lp1 . . . . . . . 
, , ,. . . . . 
zw-1 
~.::.;:~1(yo1 ..... . . . . 81k7m 
..... .. . . , . 

OlIDpIp2 
OlRlIPZ 
12n6mr 
12/16ml 
01- 
01- 
1 m m 1  
1 U 1 ~ 1  
01RlR2 

011001p2 
12nW01 

01 R7R2 
OlRllOZ 
12mml 
12n6ml 
12116ml 
1211bs1 

o i n m  

12n7m1 

iaimi 
i m i m i  
01-2 
12nWl 
12n7101 
12n6ml 

01R7192 

01- 
12nWl 
12n9191 
12H@31 
12116ml 
0 1 M 2  
01- 
01 R7m2 
12nOm1 
c m w 1  
12/1(yol 
12nllP1 
12nllD1 
1211QIPl 
1u16rDl 
12nm1 
O l R W  
12nW01 
01 t27m 
OlR7R2 

01 ~7192 

01~1192 

1539 
09:u 
1 33 
1 8 : u  
09:01 
1 8 s  
15:15 
09:m 
1 1 s  
O g l D  
15:17 
09- 
09:m 
10:16 
09:11 
10- 
10:11 
09:12 
1 5'3 
1 1 s  
16:17 
10:10 
12:m 
1531 
1 0 2  
11% 
12m 
1034 
13% 
14% 
15:m 

11:m 
13:s 
1 4 : s  
1819 
15:15 
15:s 
11:Ol 
1 6 s  
1 4 : s  
13:- 
15.a 
10:s 
10:s 
11- 
0936 
1340 
12:Sl 
1 1 M  
15:w 
0927 
09:14 
10:s 
1 4 : s  
11:U 
12:- 
11- 
1336 
1 1 9  
1 5 s  
15- 
1 6 a  
15:U 
11:m 
lo rn  

6.1 
6 3  
7.3 
7 5  
7.6 
7.7 
7.6 
7.6 
8.0 
8.1 
8.1 
62 
82 
82 
8.4 
8.4 
8.4 
8% 
8.6 
8.6 
8 .? 
8.7 
8B 
OB 

9.71E-W 
S.7oE-W 
6 U E - W  
9.71E-W 
5.7OE-W 
6.46E-W 
9.7lE-W 
5.7OE-W 
927E-W 
5.70E-W 
8mE-W 
5.m-0) 
5.70E-W 
?.?@E-01 
5.70E-01 
7.tOE-W . 
9-E-0) 
5.70E-W 
65e-w 
Om€-0) 
8ME-W 
7.7mE-01 
QSE-0 ,  . 
6UE-W 

8d l.l3E+04 7.ToE-W 
8 8  QUE+m 9mE-W 
8.6 1.07E+0) 826E-W 
8.9 9.48E+m QJ7E-W 
8 9  asaE+m QPOE-01 

9.48E-0) 
8ME-Oc 

8s 9.40E+m 
6D 1.03E+0) 
8 3  i.OJE+Ol 6ME-01 
8S O.lOE+m 9dSE-W 
OD Q.OSE+m QPOE-W 
9.0 9.7OE+Q1 QmE-0) 
9.0 Q.?lE+m Om€-0) 
9.0 B.llE+m 927E-Oc 
9.0 ?=€+a3 124E-Q) 
8.0 Q.llE+0) 95-0) 
9.0 138€+04 6UE-W 
0.0 1.40€+04 6.46E-01 
0.1 9.68E+Q) QJ7E-04 
.Q.l QME+Q) 927E-04 
0.1 9.lOE+Q) 9-E-0) 
9.1 1 .OS€+@ ONE-0)  
9.1 1.05E +04 8ME-04 
9.1 i.05E+04 8ME-0) 

6SSE-W 
7.7QE-0) 
QbSE-04 
0.71 E-Oc 
7.7QE-0) 
9.7lE-04 
U T E - 0 )  

9bJE+Q) QJ7E-0) 
996E+03 927E-0) 
1.62E+M 5.7OE-Oc 

9 2  1.41E+W 6UE-Oc 
92 1.41E+Ol 6UE-0) 
9 3  1.12E+04 828E-0) 
9 3  i .O?E+ol 8ME-04 
9 3  1.63€+04 SJOE-Ol 
9 3  5.70E-0) 
9 3  0J7E-0) 
9 3  6UE-0) 
9 3  826E-0) 
QJ 826E-0) 
9J 7.?mE-0) 
9 3  7.7SE-0) 
9.4 926E-0) 
0.4 0we4 
9.4 9.64E+G3 9.7lE-Oc 
9 A 10JE+0) DIIOE-04 
9.4 1.43E+04 6UE-0) 
9 .4 1 .OOE+W QJ7E-0) 
9.4 1 DOE+@ qj1e4 

000284 



479500 

47opo 
4 7 m  
4 m  
478100 
483900 - 
4 m  
47@mo 
470500 
4 m  

479500 

4nm 
4nm 
4n000 

4nm 
4nm 

478200 
478200 

4 m  
4 m  
478100 
483mo 
a3mO 
4n000 
47- 
47- 
47oIoo 
47ouw) 
477000 

4nm 
478200 
417000 
4 m  
47- 
4aomo 
479Jw 
479PO 
479200 

477000 

477000 
4n900 
*moo 
478100 
4 m  
4 7 m  
4 m  
4 7 M w  
4 7 m  
478100 
403900 
483900 
483400 
483400 
479500 

477100 
476900 
476900 
47moa 
4 m  
477100 

rntoo 

4nm 

1- 01- 
1- l211nQRl 
1- 12117191 
1- 12116191 
137aooo 01- 
136SOO 12116191 
138SOO 1211W1 
1- 01mm 
1- 1211Wl 
1- 12n7/91 
13almO 1211QIpl 
1- 12npID1 
1- 12114191 
1- 12/17/91 
l j s a 0 0  12117191 
13M00 1 2 1 1 W l  
1- 12nQRl 

1211oRl 
1 2Il-1 
1 1 R m  
1 1Rlm 
1 
1 Ul7IBl 
1 21171D1 
1 
1 

m:10 
12% 
l l r n  
162) 
14% 
15- 
1e:17 
1 1 m  
1 4 9  
1 5 s  
12:s 
1 2 9  
12:Y - 
10:10 ' 

10% 
15:19 
1 1 5 1  
10:a 
1251 
1 5 s  
10- 
1 5!Y 
11-  
10s . ......... ~ 

2ntrol 11:10 
211-1 1 0 s  
2Il-1 1 o : a  
2n-1 11:U 

12110191 1 2 : u  

lMQIO1 1 o s  
1211-1 1291 

1211w1 1 1 s  
12n-1 1 1 : Y  
12n(yol 10- 
1 u t w 1  12:41 
1211-1 1 1 147 
1211aDl 1 1 s  
12117191 1 5 B  
12nWQl 1 5 m  
1211WDl 1 6 3 1  
12nWl 1 4 . 3  
12nW1 15:ll  
121opIol 13:U 
1211w1 1 0 : s  
lZIlQR1 10u 
la14191 1 2 : a  
12JlQRl 10:Y) 
12114191 11:44 
12/1W1 1o:u 
1211OIOl 1 1 : U  
1 2 1 1 W l  1 1 : s  
1211a31 12:41 
01- 1 6 s  I 

01Rem2 18- 
0 1 R W  1 4 s  
01RwQ2 14:13 
12n7lDl '  1026 
12mwl 13% 
01 R7192 1 1 3 2  
01R71Q2 1 0 s  
01127192 1 0 9  
01mm 11- 
OlloCLRz ow19 
1-1 1420 
1a1w1 1 o : u  

9.4 
9.4 
9.4 
9.4 
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
9 5  
94  
9 4  
9.6 

1.79E+O( 
l.llE+O( 
lZlE+O( 
lBQE+O( 
1 .ME+O( 
9.74E+rn 
9.74E+rn 
l.OlE+O( 
9.75E+rn 
1.47E+O( 
l.l5E+O( 
1 .lSE+OI 
l.lSE+O, 
l=E+O( 
122E+O( 
l.lOE+OI 
1 -E+@ 
lB3E+o) 
lBS+O( 
11#E+O( 
l.O3E+D( 
1.46E+O( 
l l j E + o ,  
1 P E + W  

94 1 =E+@ 
94 l.l8E+or 
9.6 l.l8E+O( 
9.6 l.l6E+O( 
9.6 l.l6E+04 
9.6 1 .18E+O( 
94 l.leE+O( 

oaiE+rn 9 4  
on l.o4E+o, 
9.6 iwE+O( 
9.6 104E+O( 
9.6 l.o4E+O( 
9.6 11)1E+O( 
9 J 0.66E+rn 
B -7 lIUE+DQ 
9.7 ' l.O3E+O( 
9.7 995E+m 
9 J 995E+rn 
9 -7 l.l7E+04 
9.7 l.l7E+or 
9.7 1.17E+O( 
9.7 1.17E+O( 
9.7 1.17E+O( 

1.17E+O( 
iSOE+O( 

1.12E+O( 
1.12€+04 
1.12E+O( 
9.71E+rn 
OM)E+Q) 
1 .OS€+& 
l.OSE+O( 

9.7 1 .=€+a 
9.7 1.05E+O, 
9.7 1.05€+04 
9.7 i.OSE+D, 
9.7 l.OSE+O( ' 

9.7 
9 .I 
9.7 
9.7 
9.7 
9 .I 
9.7 
9.7 
0.7 
9.7 
9.7 ll)rE+OI 
9.7 l.7lE+Ol 
Ob 8.76E+Q) 
on i.l8E+O( 

1.48E+O( 

000285 



1 4 - k b - e  
3( COORUMATE COORDINATE DATE TIME MPOSURERATE COUNTRATE 5TD. FACTOR 

470m 
47- 
483mo 
481700 
4 m  
478100 
477700 
478100 
476000 
478100 
47- 
47- 
47- 
470700 
483400 
477100 
48ogK) 
4- 
477- 
477- 
47nzoo 
477800 

477m 
477200 
476000 
4- 
477m 
480500 
479700 
479500 
47- 
470800 
47- 
477400 
477100 
479100 
478100 
477700 
478100 
477700 
477700 
4 m  
483000 
4- 
4 8 3 1 0  
4 8 S m  
483- 
4- 
477800 
477100 
47- 
4 7 0  
477- 
4 m  
483700 
4- 
4 m  
478000 
4nmO 
477100 
477400 - 

4 7 7 m  

1- 12n4191 
1- 12llQIDl 
l j M 0 0  12n-1 
1- 121lQID1 
l W 0 0  12/1QID1 
1- 12llQIDl 
13827OO la14191 
1- 12llpIP1 
1- 1-1 
1-00 01- 
1- 1-1 
1382?00 12109191 
1379300. O l R l B 2  
1- 1 2 l l W l  
1381800 12l18191 
1- 01- 
1- 01107192 
1 
1 
1 
1 
1 
1 
1 

. . . . , . . 
OlRwB2 
12109191 

01Rlm2 
12109191 
1-1 
1 2 n W l  
w14191 
12n4191 
01R7192 
01R7192 

wimi 

1 2 : e  
1 1 : s  
1 2 : s  
lo= 
12:46 
1048 
1 0 M  
1 4 : s  
1 3 s 7  ' 
18- 
1 4 . S  
1 4 : s  
1 6 3  - 
1 6 s  
11:12 
1227 
14:W 
1031 
1 2 s  
1 0 : s  
1 2 : e  
ll:47 
1 2 : a  
1 1 : e  
1 1 : a  
11:12 
13:m 
1 4 2 l  
14- 
1341  
rom 

01R7192 
12117101 

12l101Pl 
W l 7 N 1  1 3 s  
i a i 7 m i  1020 

12n7N1 1 3 : a  
12Il7N1 11:19 

12m1. 

12l17101 11:14 

1-1 14:U) 
12-1 1 4 a  
1 2 l l W l  1s:m 
12llQID1 1 2 : 9  
12IlQIDl lo= 
ra1PR1 1 2 : a  
12/10191 1 0 s  
:z/1OIp1 lo:= 
12114191 1 0 : 9  

01RW2 1 4 : s  
01R692 14:lS 
OlRwB2 1 5 s  
0 1 R W  1 5 : s  
O l R W  le:= 
12112m1 10:15 
12-1 14:41 
12llQIDl ' 1 2 z  
12114191 1 2 : s  
12114191 1 0 : s  
12l14191 1 1 5 1  
01Rl192 11m 
OlRm2 1 0 3  
0 1 R7192 11:14 
0 1 127192 11- 
o I nrm 1051 
0 1 R7192 1 o : a  
12mW1 14:47 
OlRlRZ 14:13 

O l R W  1 s:n 

9d 
9 6  
9.8 
9.8 
9d 
9 .8 
9.8 
9 d  
9d 
9d 
9d 
9d 
9 6  
9 8  
9 d  
9.8 
9 d  
9d 
Q B  
9 6  
9.8 
9d 
Qd 
Od 
9 6  
9d 
Ob 
94 
9d 
9d 
OB 
OB 
Ob 
9d 
9d 
9d 
9d 
9d 
9 8  
9 9  
9.9 
9 9  
9 9  
9 9  
9 9  
9 9  

1.18€+04 
1 .tlE+04 
1 .18E+W 
i.iEE+04 
l.lEE+O, 
1.18€+04 
1 .18E+04 
1 .49E+04 
O.TIE+Q) 
ldOE+04 
9.79E+03 
9.7SE+QD 
1.14E+04 
i.i3E+04 
951E+03 
QSOE+Q) 
1.00E+04 
1.06€+04 
i.O6E+04 
1.06€+04 
r.06E+04 
i.06E+04 
1 .ObE+W 
1 .Ob€+@ 
1 .WE+04 
iWE+04 
i28E+04 
1 .WE+04 
O.E3E+03 
1.50€+04 
l.o6E+04 
QB4E+Q) 
O b l E + O O  
1 .iOE+04 
l.lOE+04 
l.lOE+04 
l.O5E+04 
1 .OS€+@ 
l.O5E+04 
1 U E + 0 4  
990E+03 
i J i E + 0 4  
127E+W 
127E+04 
127E+04 
127E+04 

9 9  127E+W 
91E+Q) 
91E+Q) 
.02E+04 
.07E+04 
.07E+04 
.07E+04 
.07E+04 
.07E+04 
.O7E+04 
.OQE+04 

93 i.OOE+04 
9 9  i.OQE+04 
9 9  i99E+04 
9 9  1 .OgE+04 
9 9  i.OQE+04 
9 9  
9 9  
9 9  
9 9  
9 9  

9.9 
9 0  
9 9  
9s 
9 9  
9 9  
9 9  

100 

9 9  

8 2 e E 4  
8 2 e E - a  
8 2 8 E - a  
8 2 6 E - a  
828E-0) 
8 2 8 E - a  
8 2 e E - a  
655E-0) 
9.WE-0) 
52SE-04 
9POE-a 
9 P O E - a  
EBE-04 
BME-04 
1 .OJE-aD 
9 S O E - a  
9 B l E - a  
928E-04 
928E-04 
926E-01 
O2eE-04 
026E-04 
928E-04 
9 2 e E - a  
9 2 6 E - a  
7.TOE-a 
7.TOE-0) 
9.OOE-04 
9-E-O( 
855E-04 
927E-01 
9mE-a 
9mE-a 
828E-01 
82eE-04 
828E-04 
9J7E-04 
OJtE-04 
937E-04 
6.46E-01 
0991-04 
ESSE-04 
7.TOE-04 
7.TOE-04 
7.TOE-04 
7.TOE-04 
7.7BE-04 
9-E-04 

9.71E-04 
026E-04 
928E-04 
928E-04 
928E-04 
926E-04 
928E-04 
9.WE-04 
0.WE-a 
9 9 9 E - a  
999E-04 
9.0BE-a 
9.OaE-04 

9rnE-w 

9 9  
9 9  
82 
82 
82 
82 
9 2  
9 2  
OJ 
9 J  

i.O6E+04 OJ 
1.06E+04 93 
99SE+Q) 9 9  
1.05E+04 9.4 

1 
9 
e 
e 
e 
e 
7 
7 
d 
17 
17 
11 
a 
d 

E-04 
1 E - a  
E-04 
, 6 0 4  
'E* 
,E-04 
'E-04 
E44 
'E-04 
'E-04 
' E - a  
'E-04 
6 0 4  
1e-04 

EWMFEXP.WI0 
000286 



5169  

47ogg 
477500 
182400 

478100 
478100 
478100 
478100 
477- 
47- 
483700 
47Qmo 
480900 
48omo 
477200 
4- 

4TIoOo 
4nm 
4aoaoo 
480m 
480(00 
4eOSoO 

477100 
477mo 
477500 
4833900 

477000 
477100 
4833900 
483400 
477100 
478100 
478100 
483300 
4lUjDO 
479100 
479100 
*no30 

479100 
4 7 9 m  
479m 
47- 
4173900 
4mmO 
483600 
463400 
483600 
483400 
483600 
4BJg)o 
483600 
483600 
483400 
478100 
4 m  

477400 

479500 

477500 

4 7 7 m  

r n i w  

4 7 7 4 ~  

ins00 
477400 
4- 
*3aoo 
47980 
478100 

1-00 12n6rD1 
1381mo 1-1 
l 3 8 Z O O  01- 

OllwlO2 
1zIopIol 1 3 M w  

13aaOo.  12mWQ1 
1- 121oQR1 
137- OlR&rD2 
137- OlRWm 
1378100 01128192 
137- 01nW92 
w m o o  01Rbr02 
l jggoo 01- 
1381900 12/lQIp1 
1381600 lUlWQ1 
1381mo 12/1(YPl 
1- 12nZml 
1 Zml 
1 -1 
1 1192 
1 7Dl 
1 
1 
1 7192 
1 
1 
1 s  

I-. 

1381900 
1383100 
1383100 
lj(1900 
1383100 
1- 
1 m O O  
138lmo 
l38poo 
1379800 
1- 
1382400 
138Pgo 
1379000 
1378700 
1382500 
138- 
1- 
1382700 
1363100 
138wO 
1382400 
1-00 
1383100 
1383l00 
1383100 
138P00 
1382400 
1 ~ 0 0  
137u300 
137- 
1378600 
1378MO 
137800 
1379500 
137800 
1379100 
1378700 
137IIjoo 
1382loO 
1381800 

383000 
1382900 
ljgzooo 
1 JazS00 
1- 
1- 
:- 
1 ~ 1 0 0  

. . . . . . . ..... ;:?:;::;el R1m 
7m1 

:;:,:':3&/( -1 
12/lWQ1 
12nQm1 
121lpIol 
12nQm1 
12/1aQl 
1-1 
lMol01 
12ms.91 
1 M W l  
01 Ra32 

1mQn1 
12xwvo1 
OlR-2 
OlRBlsZ 
1 m 1  
12nWQl 
1zllWQl 

01lwn2 
12/16,91 
lzllrnl 
1211Z/01 
0 1 R7D2 
12117lS1 
12IlMl 
1zllM1 
12116,991 
12110191 
01RM)2 
01RIY02 
01RM)Z 
01RwQ2 
O 1 R m  
0 1 R m  
OlRBlP2 
01R-2 
OlR-2 
01R-2 
12llOlsl 
12llw91 
12mm1 
ltlDSIp1 

. . . . . . . . I$:i:+m . . . . . . . . . . . . . . . .. . . . . . 
. . . . . . . . 

1 2 1 0 ~ ~ 1  

0 1 mmz 

i m m i  
i2m9m 1 
OlRlmZ 
01R1192 
1211 7D 1 
12112191 

1 6 s  
1 8:01 
18:m 
1sa1 
15:a 
14- 
l4:U 

14:s  
14 :s  
14-5L 
14- 
1437 
1 2 s  
1 2 s  
12:s 
lo:& 
r o z ?  
11m 
10:s 
1 5 s  
15:46 
15.a 
1o:a 

i6:m 

14:16 
1 0 3  
11:s  
10:31 
1 5 3  
1 4 3  
12:s 

14:QI 
12:s 
12m 
11 :la 
11m 
.15:17 
15:13 
10:ro 
lo:u 
13m 
1 6 2  
16:41 
15:13 
ll!U 
1434  
14:U  
14:ll 
14:U 
14:W 
1 5 a  
1 4 : s  
15% 
14:41 
14:17 

' 12:s 
1027 
14:- 
1 4 : s  
15- 
14:49 
1 0 9  
1o:a 
1 1 2  
1O:U 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
1 OD 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
1 0.0 
10.0 
10.0 
10.0 
10.0 
10.0 

1 .lSE+O( 
9S7E+m 
l.SoE+O( 
l.SoE+01 
~PgE+ql  
BSQE+OO 
1 .00E+O, 
1 .lOE+ol 
l.lOE+O( 
i.lOE+O( 
i.lOE+D, 
1 .lOE+W 
l .OlE+O,  
i.OBE+O( 
1.08E+(Y 
l.O8E+Oc 
i.OlE+W 
l.OlE+cw 
l . O l E + 0 1  
1.08€+01 
1 .s5E+01 
1 .UE+W 
1.53E+O( 
1.07€+01 

8ME-W 

5256-04 
52SE-01 
9POE-W 
9POE-W 
9 9 9 8 4  
9-E-O( 
9-E-O) 
900E-U 
9DOE-W 

9#)E-o( 
926E-01 
926E-W 
9266-01 ' 

BSlE--01 
ONE-01 
SSlE--01 
927E-01 
6.4OE-O) 
6SE-01 
65e-w 
937E-01 

ome-a 

amE-or 

10.0 1.06€+01 9.4E-W 

10.1 122€+01 826E-W 
10.1 122E+M 82aE-W 
10.1 i .54E+01 8 S E - 0 1  
10.1 1 .WE+W . USE-01 
10.1 1 54E+01 6SE-0) 
10.1 i54E+01 6SE-01 
10.1 l .O lE+O(  9SQE-0( 
10.1 1 . O l E + 0 1  9SQE-W 
10.1 i.OlE+W 9-E-01 
10.1 i .OlE+O( 99QE-W 
10.1 1 .'l 1 E +01 9-E-01 

10.1 t.OtE+CU 999E-O) 
10.1 1 .o 1 E +01 9POE-W 
10.1 1.1 ?E+- 9-E-01 
10.1 l . l l E + o r  Sn9E-O) 
10.1 i .OtE+O) 9SSE-O) 
10.1 1 .oQE+01 926E-01 
10.1 1 .oQE+cu 926E-01 
10.1 ' i.OZE+U 9-E-O( 

1 .ME+U 9.71E-01 
1 .ME+O( 9.7lE-O( 
1.02€+01 9916-01 
1 .O8E+D1 9.37E-04 
1.30€+01 7.79E-01 
1.17E+01 864E-O( 
1.17€+01 8.64E-01 
l.l7E+O4 8.64E-01 
i 2 3 E + W  826E-011 
1.12E+O( 9.WE-01 

102 ?.12E+OI %=E-01 
102 . 1.12E+W 9.09E-01 
102 1.12€+01 O R s € - 0 1  
102 1.12€+04 QOQE-O( 
102 
102 
102 
102 
102 
102 
102 
'02 
102 
102 
102 
102 1 1OE+.& 927E-01 
102 l.lOE+Ol 927E-01 
102 l.J1€+01 7.7BE-01 
102 1.03E+01 991E-01 

10.0 129E+W 7 . 7 9 ~ - 0 ,  

10.1 l.OlE+O( 9rnE-m 

10.1 1 .OtE+W 9rnE-w 

000287 



1 4 - h b - e  
W COORUNATE EASr COORUNATE DATE TIME MPOSURE RATE COUNT RATE STD.FAcToR . 

1- 
13USOO 
1- 
1- 
1- 
13- 
1 3 8 S W  
1383100 
1- 
1379700 
1378800 
138SOO 
137lDoo 
1383500 
1380100 
1382500 
1 3824 00 
1382l00 
1383300 
138zBoo 
1w00 
137- 
13701 00 
13701 00 
1 jag00 
137- 
1370400 
1376300 
1379300 
138- 
l3826W 
1- 
1-00 
1382500 
13816W 
1382300 
1382300 
1383300 
1382500 
13- 
138aBOO 
13808oO 
1382000 
1383100 
137OJ00 
1382300 
1378100 
1378500 
137- 
13781 00 
137E500 
1376100 

1- 12/12191 
1- 12/111D1 
13USOO 1-1 
ljS900 12/12191 
1- OlRTrn 
1- l2tl!lml 
1382700 1mm1 
1- 01106rD2 
1- izn imi 
1- O l M 2  
1- 01RllP2 
1 37oDoo O 1 R W  
1370400 OlRBIP;! 
1- 12/19191 
1383100 1211&31 
1 3 M W  1-1 
1382600 12104191 

1-1 
9.tR21P2 
01- 
12n7lP1 
01- 

12/19191 
12n9191 
0 1 R W  
0 1 m  
0 1 m  
01RW2 
01122192 

1-1 
12109191 
1m1 
rmZlo1 
1211 719 1 
la17I91 
0 1 R m  
OlRwe2 
OlRBIP;! 
OlID(M2 
01RrY02 
01R-2 
OlRBrO2 

i z i m i  

0 1 ~ 1 1 9 2  

0 1 ~ 1 1 9 2  
0 1 ~ 1 1 9 2  
12/16/91 
12tlb101 
12/1m1 
1211691 
01R7m2 
1ZlODlPl 
121DglPI 
lUlZlo1 
1211 719 1 
01rnW2 
OlR1192 
01RlR2 
ra1b101 
01108192 
O 1 R m  
01-2 
OlR&92 
01Rm2 
O l R W  
O l R W  
O l R W 2  
01RW2 

1 0 3  
11:ro 
1 s:s  
10:47 
11:10 
16:U 
15- 
1 4 p  
1 2 : s  

1438 
14% 
1 5 : O  - 
13:Q 
1 3 : O  

is:m 

14:17 
1 4 5 1  
14:G 
1 0 : s  
10:P 
1 5 : s  
15- 
1s- 
14:41 
1 6 : s  
1 4 : a  
1 0 : s  
09:18 
1 5 B  
1 5 : s  
15:m 

1 0 : s  
13% 
13:41 
tr:m 
14'49 
1 5 : s  
1 0 : s  
1 1 . m  
1 0 : s  
11:17 
14:U) 
1 0 . 4  
1631 
15% 
16% 
15:ll 
1621 
1 5 : 9  
14:13 
11:13 
1 1 : n  
16:W 
1 5 : Z  
1 5 : s  
1 1 : s  
1024 
1 s.47 
0924 
11:m 

1 1 m  
1 1 3 1  
1 1 : n  
1139 

1 o:n 

102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
103 
103 
103 
103 
103 
103 
1 0 3  
103 
103 
103 
103 
103 
103 
103 

i m E + O 1  
1 .03E+01 
1 .D3E+O, 
1 .WE+@ 
1 .ME+@ 
i.leE+oc 
i . leE+o,  
lXLIE+OI 
8.67E+Q) 
105E+O( 
l.ME+Ol 
1.13E+01 
1.13E+01 

157E+O( 
1 57E+O( 

1 .03E+01 
1.03E+O, 
1 .03E+01 
1 .I lE+O( 
1 . i iE+O( 
1.03E+01 
1 .ObE+D1 
l.O6E+01 
120E+M 
l.lOE+W 

ODlE-0) 
ODlE-0) 
OD1E-W 
ODlE-01 
OJ7E-01 
OBOE-01 
8ME-0)  
O d 5 E - W  
1 . 1 O E 4  
52SE-0) 
OME-01 
ODOE-01 
000E-0) 
655E-0) 
6SSE-Ol 
O B O E 4  ' 

OBOE-01 
OBOE-01 
027E--01 
B27E-01 
OBOE-01 
O.7lE-01 
0.7lE-01 
8 S E - 0 )  
8BE-01 

103 i.04E+01 ODlE-Ol 
103 8.45E+Q) 1pE-aD 
1 0 3  1.8iE+ol 5.7OE-W 
103 i.WE+01 &ME-01 
I03  1 P 7 E + M  52SE-0) 
1 0 3  158E+O1 6SSE-01 
1 0 3  i J e E + W  6 B E - 0 1  
1 0 3  i S E + O ,  6 U E - 0 1  
10.4 1.14E+01 000E-0) 
10.4 1.14E+01 000E-0) 
10.4 121E+01 851E-01 
10.4 1 .1OE+01 O.UE-01 
10.4 8 5 i ~ + m  1 P E - Q )  
10.4 1.12E+01 O27E-01 
10.4 i.OlE+W BBOE-01 
10.4 i.O4E+01 OBOE--01 
10.4 1 .WE+@ OBOE-01 
10.4 1.05E+01 991E--01 
10.4 i3JE+(Y 7.IDE-01 
10.4 l Y E + D 1  7.79E-01 
105 i.lSE+01 0-E-01 
105 i.15E+01 9-E-01 

.15E+Ob O.oaE-01 
22E+01 857E-01 
.11€+01 O.UE-Ol 
. i i E + o l  9.UE-Ol 
.llE+O( 9.UE-01 
P E + ( Y  8S8E-01 
.13E+01 O27E-01 
21E+01 8.66E-04 
21E+01 8.66E-01 

O.7lE-0) .WE+DI 
0.7lE-01 10.5 i.WE+or 

105 i.OSE+O, 099E-01 
105 1.05E+01 099E-01 
105 i .OSE+O( QOOE-0, 
105 i.WE+O( ODlE-01 
105 
105 
10.5 
105 
105 
105 
1 0 5  
105 
10.6 
10.6 
10.6 l.lZE+O1 O.UE-04 
10.6 i.lZE+O( O.UE-01 
10.6 i.iZE+O1 9.UE-01 
10.6 i.r2E+01 O.UE-01 

EWyFDB.WI0 000288 



13teoO 01- 
1382400 12n-1 
1- 1m6I91 
1383100 12116191 
1- 12116191 
1- 1211wol 
1- 01- 
137- 01R8BZ 
1- 12n7191 
1- 12111191 
1- 01RlS2 
13Moo 12117191 
1- 12111191 
13WOOO 1211PIDl 
1- 12n6191 
1- 12/1Wl 
1380l00 OlRlS2 
1- 01- 

. . . .... -. . . . . . , . . ..... .$$*+- 

jisji jiQn 7191 '::.::;!wl 7191 

01RlIP2 
1211w1 
O l m w z  
01- 
1-1 
12mW1 
01 R 1 m  
121101D1 
12n9191 
1maA1 

lZllllD1 
1211mr 
0 1 R m  
01R-2 
121lpR1 
01RbQ2 
01R-2 
lM6 I91  
12111191 
1 m m 1  
1 m w 1  
01- 
0 1 m 2  
12mSvl 
12mwol 
1 m 1  
1-1 
12mwo1 
12mSvl 
luoolol 
01Rl rn  
0 1 R m  

O l M  
01- 
12111191 

z v  
. . . . . . . . 

iai mi 

12n0101 

i v i i m i  
12nm1 
12JlWal 
1u1m1 
12111191 
O l R W  
01 R-2 
0 1 R m  
0 1 R m  
01- 
12nTlsl 

11:13 
1 8 9  
15:m 
1621 
1031 
13:U 
1 0 3  
11:m 
1s:a  
l 6 P  
10:s 
1 3 s  
13317 
1257 
16% 
1 0 s  
1357 
10:s 
1 0 s  
10% 
1o:n 
1358 
15:u 
1S:U 
1 4 m  
1 4 . 3  
1091 
13:U 
10:s 
1691 
14- 
10:47 

1s:a 
1 2 s  
1127 
11:31 
11:u 
11:s 
16:s 
1127 
1037 
09:u 
15:s 
1 4 : s  
14:47 
14:U? 
14:s  
13:s 
14:ll 
1 4 s  
15:S 
1 1 3  
15:a 
1916 
1 4 : p  
15:s 
1 1 - s  
1 o s  
09:U 
12:s 
1o:u 
1125 
1 0 3  

09:a 
1s:a 

i o:n 

1 Ob 
10.0 
1 Ob 
10.6 
10.6 
10.6 
10.8 
10.7 
10.7 
10.7 
10.7 
10.7 
10.7 
10.7 
10.7 
10.1 
10.7 
10.7 
10.7 
10.7 
10.1 
10.7 
10.7 
10.7 

1.12E+01 
1 P E + W  
l P E + 0 1  
1 .OOE+01 
1.03E+W 
142E+O( 
124E+01 
1.13E+W 

1 .ME+M 
1 .eSE+W 

l.iSE+o, 
137E+01 
1 37E+01 
1 .rnE+01 
l.lOE+W 
l.lOE+01 
1.13€+01 
125E+04 
125E+W 
125E+01 
8.70E+W 
l.laE+or 
1.18€+01 
1.18€+01 

0.UE-O) 
8ME-01 .  
8 M E 4  
9.7lE-01 
1-E-W 
6SSE-O) 
8 r n - O )  
O.UE-01 
8.48E-O) 
6.48E-O) 
0m4 
7 .foE-o) 
7.708-01 
65e4 
9.71E-O) 
0.71E-O) . 
O.48E-0) 
ORE* 
am-01 
0re4 
1PE- 
0-E-01 
9-E-01 
0-E-01 

10.7 1 .18E+u 0a0e4 
1 Ob 8dOE+W 15- 
1 Ob l S E + O l  7.tOE-O) 
1Od l S E + O ,  7.tOE-O) 
1 Ob l.l6E+01 027E-0)  
(OB 1 .l lE+01 O.7lE-04 
1 Ob 11)9E+O, O S O E - 0 4  

ion 1 .-E +01 O91E-04 
10.8 l.OOE+O) 991E-0) 
1 Ob l.l4E+01 0.aE-O) 
10.8 1 .ME+O) 635E-0) 
lob i.ME+01 6SSE-o) 
1 OB i.eSE+W USE-01 
10.8 9.1OE+W 1.1OE-W 
l o b  9.16E+W 1 .IE-m 
106 l.OSE+O, 1 .WE-W 
106 1.1OE+01 O.OOE-D1 
1Od 1 . laE+M 0mE-01 
l o b  ldlE+O1 02SE-01 
1 Ob l . lSE+U a.uE-OI  
lob  l.lSE+W 0.UE-04 
109 6S8E+W 121E-W 

E+W 1 .18E-W 
E+W 0.71E-01 
E+m 121E-W 
E+@ ORE-01 
E 4.01 857E-01 
E+01 091E-01 
E+01 091E-01 

l.lOE+01 OS1E-01 
i . l O E + U  091E-01 
r.lOE+D) 931E-01 

109 l.tOE+CU 991E-01 
109 i.15E+01 O.48E-01 
100 120E+01 9-E-01 
109 132E+01 8 2 S E - 0 1  
109 1.1 1E+W 45E-01 
109 1.1 1 E+W 5e-01 
109 025E+0) .lOE-W 
100 lJOE+01 .46E-01 
109 i.O6E+W . W E 4 3  
109 1.06E+01 ajE-W 
109 1.06€+01 .-E-= 
109 927E+m .18E-W 
109 l.l6E+01 .UE-OI 
109 i.rOE+Oc .UE-OI 
ion l.lOE+01 O.UE-01 
109 l.l6E+01 9.UE-01 
l l D  i38E+01 857E-01 
11.0 1.7OE+01 6.46E-01 

1Od - 126E+01 e s E - 0 )  

109 i.iOE+01 9siE-m 

000289 



14-*-PO 
-YORT)( COOAolNATE WT COORDINATE DATE nME EXPOSURERATE COUHTRATE Sm. FACTOR 

EWMFE€P.WU 

1- 
1- 
1382l00 
1382SOO 
1382400 
1- 
137moo 
ljapoo 
1362700 
1- 
1382400 
1- 
1- 
1- 
1382400 
1370100 
1 3 M 0 0  
1379300 
1- 
l S Z ? O O  
1370700 
1- 
1382900 
1383100 
1 3 8 1 m  
138lMK) 
1 s2Qw 
1382l00 
ljapoo 
1- 
1- 
138aoo 
1378100 
13- 
lJg2gog 
137- 
13- 
137- 
1- 
1383100 
1- 
1- 
1- 
1- 
l j M 0 0  
1- 
1383100 
1- 
1- 

1637 
1651 
13:9 
11% 
13:s 
14- 
1S:13 
1431 
14:lS 
1s:a 
14:lO 
1 3 3  
1 4 m  - 
1x47 
1s:a 
W S  
1 0 s  
09:s 
l 4 Z  
14:16 

10:9 
1531 
15:lO 
1823 . . . . . . . . 
1 5 9  
14- 
15:Sl 
1 S S  

1-1 14 :41 
12104191 14- 
1 m 1  
12mQml 
01R7R2 
12111191 

l a 1  1m1 
1211m1 
la1651 
1211m1 
12116ml 
1211651. 
O 1 R W  10:- 
01- 16- 
OlRlrn 1436 
i m i m i  1s- 
12lldlP1 18:U 
0 1 R W  1 S S  
o im7m 1 s m  
12111m1 14110 

, 0 1 m 2  1123 
01R7iV2 1 6 s  
12im91 16- 
1 2 m 1  14:40 
1U)lvsl 14~17 
12-1 1443 
121101p1 1514 
01- 1S:lO 
l!2fl\101 1 s m  
01R7R2 1627 
1211rn1 1 sm 
12/17B1 13:40 
O l R N 2  11:s 
12lQYO1 14:14 
0 1 R W  1129 
1a11m1 12:a 
01-2 10:16 
0 1 M 2  00151 
OllOILR2 1021 
1211651 09:a 
121lWl 10:s 
12116191 11:a 
12fl&rP1 1131 
12116lQl os:& 
12116191 1Q:U 
1 2 l 1 ~ 1  1 037 

i a i i m i  

11.0 
11.0 
1 1 .Q 
11.0 
11.0 
11.0 
11.0 
11.0 
1 1 .o 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
11.0 
1 1 .o 
11.0 
1 1 .o 
11.0 
11.0 
11.1 
11.1 

1.70E+01 
128E+W 
1.4lE+01 
1.41E+O( 
1.4lE+01 
l.l6E+O( 
BYE+a3 
i . l lE+O( 
l.l1E+01 
i . l lE+01 
1.1 lE+W 
l. l lE+or 
1.1 1 E+@ 
1 .ME+Q4 
i.l2E+01 
1 .O7E+O, 
1.07E+O, 
l.O7E+Dc 
935E+a3 
935E+oJ 
1.17E+01 
1.17E+W 
1.71E+04 
9B2E+(D 
1.14E+01 

6.UdE-01 
a s € - 0 4  
7.7OE-04 
7.70E-01 
7.7OE-0( 
0.48E-oc 
1.rsE-m 
ODlE-a 
OD1E-O) 
OPlE-01 
OPlE-01 
OSl€-Oi 
051 €-a 
6SSE-01 
Om€-04 
1.03E-m . 
1 -E-oJ 
1 .WE-Q) 
1.18E-m 
1 .lOE-m 
O.UE-01 
9.UE-0( 
6.48E-O) 
1 .tJE-aJ 
0.71E-01 

11.1 2.1 1 E+01 5 2 5 E 4  
11.1 ODOE+oJ 1.12E-m 
11.1 1.12€+01 0PlE-04 
11.1 1.12E+ol QPlE- 
11.1 i . iZE+U 091E-01 
11.1 i.l2E+04 SP1E-01 
11.1 1.12€+01 OPlE-04 
11.1 1.12E+W OPlE-01 
11.1 l.OOE+O( 1.1 1 E-aJ 
11.1 0.4 1 E +oJ 1,18E-m 
11.1 OAlE+oJ 1 .lsE-o3 
11.1 0.42E+a) 1.18E-aJ 
11.1 i.WE+W 1 D3E-Q) 
11.1 lD8E+01  1 BE-QD 
11.1 I .-E +01 1.OJE-Q) 
11.1 . l.WE+OI 1.03E-m 
11.1 t.WE+Oc 1.03E-m 
11.1 1.18E+01 O.UE-01 
11.1 2.12E+O) S25E-01 
112 130Ei01 8-E-01 
112 9.46E +oJ 1.18E-Q) 
112 l.lSE+O( 0.71E-01 

123E+Or ODOE-ol 
961E-01 1.14€+01 

S.48E+oJ 1.18E-m 
l.l3E+O( 990E-ol 
1.12E+01 9-E-01 
l.lJE+(Y 091E-01 
i.i3E+01 9DlE-01 
1.13€+04 9P1E-0) 
1.13E+01 091E-01 
OO5E+oJ 1.13E-m 

112 1.14E+01 O B E - 0 4  
112 95OE+oJ 1 .llE-aJ 
112 l.O1E+01 l.1lE-m 
112 9ME+03 1.13E-Q) 
112 1.44€+01 7.10E-01 
112 i.iOE+ O.UE-01 
112 9.43E+ 1.1OE-m 

.112 i.iOE+ BAJE-01 
112 951E+ 1 .lOE-aJ 
112 1 J l E i  8S7E-01 
112 l J l E +  857E-01 
112  1 J l E +  857E-04 
112 l.OOE+ 1-E-m 
112 1 .WE+ 1 B3E-Q) 
112  1 .ME+ 1 m E - m  
112  1 .WE+O( 1.03E-OO 
112  1 .OOE+01 1.03E-aJ 
112 l.OOE+Oc 1-E-m 
112 I-E+Oc 1DJE-m 

oooz9o 



14-kb-92 
''OrTTw COORUNATE E M T  COORUNATE DATE TlUE MPOSURE RATE COUNT RATE SlD. FACTOR 

raxmo 
1- 
1 3 m  
l S 3 l o O  
llurrrun 
138SOO 
1382700 
138a)O 
1- 
1382l00 
1- 
1 ~ 0 0  
ljsmoo 
ljeapoo 
1383400 
1383100 
13831 00 
1381400 
1381900 
1- 
1- 
1 ~ 0 0  
13- 
138zDOo 
13T7MK) 
1 3 8 3 0 0  
1- 
13701 00 
137OSOO 
1 3 8 m  
138900 
1377900 
137- 
137- 
1382400 
1370300 
1- 
138SOO 

1383300 
1383100 
l S Z ? O O  
1382?00 

1 3 a p o o  
138oKK) 
137B800 
1- 
1383300 
1383300 
1383100 
13827oO 

t w o 0  

r w o o  

1383100 12neml 
1- 12rl1191 
137- 01Rlm2 
1- 12117191 
13s?r00 12111191 
1- 1211(yPl 
1382400 rm(yP1 
l jM00  12/1em1 
1- 1211eml 
1- 1211 1191 
1382400 iziimi 
1380OM OlRl102 
1- 01- 
1- 1 m 1  
1- 12100101 
1- 1-1 
1- 1-1 
1383100 la1 1/91 
1 
1 
1 
1 
1 
1 

OlIOWW 

12/17/91 
12/17/91 
121lWBl 
1211 1191 
01Rl192 

OlRlB2 
OlRl192 
0110oR2 
01-2 
12/11/91 

iaiimi 

01~1192 

o i ~ 7 m a  

1 1 m  
12:u) 
1 6 s  
1537 
1 2 : u  
15:m 
1 5 2  
16:47 
1 5 2  
11:13 
1 2 a l  
1 3 : s  
12% - 
15:s  
15:s 
14:13 
1 4 : s  
1 4 9  
15:12 
1 5 : a  
1551 
1 6 : s  
14% 
m:47 
1 0 9 .  
10:a 
11:O 
1 o z  
15:a 
15:16 
15:n  
15 :s  

.s;;sif 5 

12109191 
12XlgRl 
12mw91 
12-1 
12rl9191 
1211 0lPl 
0 1 m 2  
01108192 
01106192 
OlRYP2 

12t16nl 
1211Wl 
0 1 m 2  
0 1 m 2  

12I16r91 
0lR7192 
12/1&91 
1211&91 
lU16nl 
o i ,07192 
121lzIo1 
12112ml 
1210991 . 
12117191 

01RlR2 
01R1192 
1210991 

0 1 ~ 1 1 9 2  

01~7192 

12111191 . 

01107192 
01107192 
O l m m 2  

. lZlW91 

16:a 
14:U 
1 5 : s  
18:01 
15- 
14231 
1 4 2 3  
14.44 
15% 
1 1 : a  
14:U 
1O:Io  
1 1 2 s  
1 4 : s  
14:W 
1 6 a  
0 0 : s  
1 6 Z  
1 1 : s  
10:a 
09s 
10% 
1o:u 
l o a  
14:U 
1 3 : s  
11 : s  
14:07 
16:W 
14.47 
1 5 m  

' 1431 
09:a 
15:ll 

1 1 2  
1 1 2  
1 1 2  
1 1 2  
1 1 2  
113 
113 
1 1 3  
113 
1 1 3  
1 1 3  
113 
113 
1 1 3  
11.3 
1 1 3  
1 1 3  
1 1 3  
1 1 3  
113 
1 1 3  

. 1 1 3  
1 1 3  
1 1 3  
1 1 3  
113 
1 1 3  
1 1 3  
1 1 3  
1 1.4 
11.4 
1 1.4 
1 1.4 
1 1.4 
11.4 
11.4 

. 11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
1 1.4 
11.4 
1 1.4 
11 .4 
11 .4 

11.4 
1 1.4 
11.4 
11.4 
11.4 
1 1.4 
1 1.4 
1 1.4 
11 .4 
11.4 
1 1 5  
1 1 5  
11.5 
1 1 5  
1 1.5 
11s 
1 1 5  
1 1 5  
1 1 5  

9 2 8 E + a 3  
9S!E+Q) 
131E+01 
1.74€+01 
953E+03 
1 .ooE+ol 
1 .WE+O( 
1.16E+01 
1.16E+ol 
056E+Q1 
956€+O) 
1 .lPE+OI 
1.14E+O( 
l . l4E+01 
1.14€+01 
l.l4E+Dc 
1.14E+01 
9.58E+m 
l.lSE+Dc 
l.iSE+(Y 
1.75€+04 
l.tSE+Oc 
l.OlE+OL 
132E+(Y 
12OE+O) 
1 2 0 E + M  
1 .OJE+01 
1 .OOE+Ol 
2.16E+01 
9.62E+O) 
1.76E+Oc 
1.76E+W 
l .OlE+w 
964E+Cr) 
12oE+01 
120E+01 
120E+01 
1 2 0 E  +01 
l . lSE+W 
l . lSE+ol  
o.mE+m 
i . iSE+W 
i.lSE+DL 
i . iSE+W 
l.lSE+01 
1.74E+01 
1.74€+01 
9.12€+03 
l . l6E+W 
l . l6E+W 
121E+01 
1 3 3 E i 0 1  
9.44E + W 
9.44E+a3 
1.02€+01 
1.02E+(Y 
l.o3E+01 
I . t l E + o l  
1 .03E+W 
i . i iE+Ol  
l . l l € + o r  

l.l4E+(Y 

t21E-(D 
1.16E-as 
85aE-0) 
6.48E-01 
1.18E-a 
1.13E-a 
1.13E-a 
0.7lE-01 
O.71E-0) 
1 . 1 8 f - a  
1 .16E-(D 
0 .aE-0)  
0OOE-01 
0DlE-04 
0DlE-01 
ODlE-01 . 
O N E - 0 1  
1.18E-m 
0aJE-04 
Od3E-01 
6.48E-01 
6.48E-01 
t.12E-m 
857E-01 
0.UE-01 
0.4aE-04 
1 . lOE-a  
1 D4E-m 
5ZSE-01 
1.18E-rn 
&ME-01 
6.46E-0, 
1.13E-Q) 
1 .18E-m 
@ME--0) 
0.48E-W 
0.ldE-01 
0.48E-0) 
BOO€-01 
0OOE-01 
1.16E-m 
9DQE-01 
QDlE-01 
0DlE-01 
091E-04 
ODlE-01 
6 S E - 0 1  
6 Y E - 0 1  
125E-Q1 
0.83E-01 
0.mJE-01 
0.UE-04 
85aE-01 

12lE-m 
1.12E-Q1 
1.12E-m 
1.1lE-m 
1 .a€-= 
1.11E-m 
1.03tE-m 
1.03E-Q) 

1 2 1 ~ - m  

l . l l E +  1.03E-m E 

1 3 l E +  8.73E-04 
i .iOE+ 1IYE-Q) 
i . ioE+ 1 I Y E - a  
0,62E+ 1 .WE-al 
1.47€+ 7.79E-01 
9.71E+ 1.1sE-m 
121E+ 0.46E-01 
1 2 1 E +  0.48E-01 
9.6*E+ 1.10E-0) 

OBlE-01 1.17€+01 
OBlE-01 1.17E+01 

1 3 4 € + 0 1  857E-01 
1.02E+01 1 .13E-Q) 

EWMFBCP.Wm 



5'2'69 

14-M-QT 
STD. FACfOR 3RTH COORUNATE EAST COORDINATE DATE TIME MPOSURE RATE COUNT RATE 

47- 
482- 
482- 

4BoIDo 
479700 
47- 
478oDo 
47- 
4 7 m  
4 8 j P O  

482900 
482900 
47Moo 
4 7 m  
4- 
47- 
479*00 
483500 
4- 

4 7 7 9 0  
481- 
483100 
4u3coo 
4833200 
402000 
4tJosoo 
483100 
481200 
476000 
4.30200 
47woo 
477SOO 
476700 
4 7 8 W  
478000 
478900 
478- 
478000 
47Cmo 
4 70400 
4 8 3 m  
48210 
482300 
482400 
482100 
reo400 
483500 
483500 

481- 
48lDoo 
478700 
47- 
4- 
4- 
479700 
47- 
482800 
482- 
4BoQx) 
47- 
482000 
483100 
48- 

4 7 7 ~  

~ m i w  

4 7 7 1 0  

1- 12114191 
l382l00 Oli27B2 
1- 01 R7B2 

1S2640 12/17/91 

1- 0 1 m  
1385100 0 1 m  
1 j M W  01- 
1382700 0 1 ~ 2  
1- 01- 
1- 01- 
l382l00 1211 1191 
1- 1211s91 
13apoO 12117191 
1- 1211691 
1- 12/1691 
1- 12/lesl 

1- i z i i m i  

1- i z m ~ i  

15:M 
16:lO 
1 6:a2 
11:s 
15:- 
1 6 : a  
14- 
14% 
1551 
14:m 
15:a 
15:u 
r 1 : p  - 
1 sa 
1235 
lo:= 
11:s  
O W 9  
09:s 
14:a 
t 4 : U  
1 6 a  
1639 
1130 
10:s 

1- 1 5 s  
m i m i  1236 
2/1&91 1 6 a  
1121n2 1 4 2 7  

01- 09:s 
011Odlp2 0g:u 

01107B2 
OlRllDZ 
O l R l B 2  
O l m a m  
01127192 
12119191 
0110&92 

i u i i m i  

oim7m2 
1211 i n 1  
1211719% 
1211691 1131 
imimi 1 5 a  
12111191 11:U 
12/16ml 1 om 
1211-1 11:a 
1211631 11:41 
1 m m 1  lo:= 
1 2 1 1 ~ 1  11:s 
121121I)l 10:47 
12112191 11:07 
OlR91S2 14.S 
01108192 1027 
0 1 mat92 10:14 
0 1 m 2  l o a  
01108192 09:U 
1a1s91 13:w 
01R1192 1 4 Z  
OlRl/9Z 14:s  
121111991 r4:n 
oim7n2 1333 
01107192 1 %a 
1211691 10:s 
1211691 11:s 
01109192 1o:a 
01mm2 ' 1 1 s  
12/17/91 13= 
1211 719 1 1 3 : s  
01/27/92 16:lQ 
01127192 15:s 
12117191 15:u 
12111/91 11% 
0 1 m 2  14:s 
0 1 m 2  16- 
0 1 m 2  15:m 

1 1 5  
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115 
1 1 5  
11.5 
115 
115 
115 
115 
115 
115 
115 
115 
115 
115  

1 .WE +a 
r . l S E + M  
l . l S E + M  
9 . 7 4 ~ + m  
1.78E+M 
1.78€+04 
1.17E+M 
1.17E+M 
1.17E+O( 
1.17E+O( 
l . l7E+M 
1.17E+M 
9.75E+m 
1.76E+M 
1.48E+M 
1.12E+M 
1.12E+M 
1.12E+M 
l . l2E+M 
1 .CUE+M 
9 . 7 o ~ + m  
1 .ME+M 
l.CUE+M 
1 . l l E + M  
1.11E+M 

114 127E+01 
11.6 9 .79E +m 
11.6 l . lQE+M 
1 1 .e 1 P E + M  
11.6 1 3 E + M  
11s 2.03E+M 
11.6 961E+rn 
11.6 l . r l E + M  
1 1.6 1.35E+M 
1 1.6 1.35E+M 
1 1.6 l.l7E+O( 

11.6 1 .tlE+O( 
1 1.6 i . l 8E+M 
1 1.6 l.mE+M 

11.6 l.OOE+M . 

11.6 SDSE+m 
118 Q.wE+m 

11.6 l . l 6E+M 

1 1 4 g.esE+m 

11.6 9.61E+OJ 

11s  1.13E+M 
11.6 1.13E+M 

1.13E+M 
1.13E+M 
1.13E+M 
1.12E+O( 
1.12E+M 
i.CUE+M 
: .36E +M 
1.36E+M 
1.36E+M 
1.36E+M 
1.78E+M 

1 1.7 123E+M 
1 1.7 123E+M 
1 1.7 9.89E +CU 
1 1 .7 I . l S E + M  
1 1.7 
1 1.7 
11.7 
11.7 
1 1.7 
11.7 
11.7 
1 1.7 
1 1.7 
11.7 
11.7 991E+03 
1 1.7 l . l9E+M 
11.7 '1.1SE+M 
11.7 i . lQE+M 

1 . lJE-a 
9 B Q E 4  
9 9 8 E 4  
1.leE-m 
6.UE-0) 
6ME-O) 
0A3E-O) 
QA3E-O) 
9dSE-O) 
Q d S E 4  
QdSE-0) 
9dSE--Ol 
1.18E-a 
6SE--OL 
7.70E-01 
1.03E-03 
1.03E-Q5 ' 

1 .OJE-Q5 
1 
1.12E-Q) 
1.10E-0) 
1.11E-rn 
1 .11E-Q5 
1ME-Q) 
l M E 4  
9 m E 4  
1.18E-a 
9.7lE-OI 
9.48E-01 
8SE-O( 
WOE-0, 
1.18E-03 
QElE-01 
85aE-08 
85aE-O( 
0mE-w 
9mE-m 
8ssE-Ol 
BB3E-W 
8.IJE-0) 
1 .teE-aJ 
&ME-Oc 

1.18E-ao 
1.18E-m 
1 .OJE-Q) 
1.03E-Q) 
1 .OJE-Q) 
1 .OJE-O) 
1.03E-Q) 
1.04E-Q) 
(ME-Q) 
1.12E-m 
857E-04 
8 S E - M  
857E-Ol 
847E-M 
6 S E - O l  
9 4OE-M 
9.4EE-0) 

9ElE-01 
OElE-O( 
121E-03 
121E-Q) 
9-E-M 
9-E-M 
7.10E-M 

USE-01 

6.46E -0) 
1.18E-ao 
Om€-M 
Om€-M 
9 m E - M  

1 2 1 ~ - m  

1 .ioE-m 

7.70~-01 

QmE-m 

0 0 0 129.2 



14-M-OP 
VORTH COORDlnATE EAST COORDINATE DATE TIWE MPOSURERATE COUNTRATE S?D.FACTOR . 

1- 1 m w 1  
1- 1m1191 
137- 01- 
1- 01- 
t W 0 0  1211m1 
1- r m 6 r P r  
1- 1mm1 
137- OlRllOl 
138Ol00 01RllOl 
1- 01RlR2 
1- 12117191 
1378100 01- 
13TIooo 01RQ102 

1379300 OlRl102 
137- 01- 

1- 12nl191 
1 
1 
1 
1 
1 
1 
1 

137W00 01~7192 

1- o i m m  

1SESOO 
1382BOO 
1- 
1- 
1-00 
1 J M W  
1- 
1- 
1- 
1- 
1- 
1382400 
138ZOO 
1- 
1362400 
1 3 m  
1377800 
1383100 
1- 
1 38- 
1382600 
1381500 
1- 
138Z300 
1382700 
1381900 
1 3 8 m  
1379800 
1m3100 
1383100 
136j100 
138900 
13&QOO 
1 3 7 m  
1377900 
t 3 m  
137M00 
1378000 
137- 
13- 
1383400 
1- 
1383400 
ljsJo00 
1383100 
l37oooO 
1383100 
1- 
1- 
138lWo 
1383400 

immi 
01- 
O l I o a 5 2  
01- 
01- 
01- 
0 1 m  
12116.91 
12nl191 
12111191 
im itmi 

1 5 P  
11:m 
1 1 2  
1041 
1137 
0o:u 
11 :14 
1431 
1 5 a  
1 4 : s  
1 e:= 
1431 
1431 - 
16:16 
1 O D  
11:v 
1 3 a  
1234 
12:m 
13:46 
11:a 
1 1 : s  
1 2 z  
14:m 
1231 
1 2 s  
11:15 

1 3 3  
1 8 s  
15:14 
16:14 

i i:n 

1m1191 
01Rp102 
O l R O I p ?  
OlIO&rs2 W:41 
01mm2 10:13 
01- 10:U 

12n-1 1O:ll 
1211-1 1137 
12/1(1191 11:u  
1mm1 10:47 
1211&91 11- 

OlRlm 15:s 
1211M1 lo:= 
0 1 ~ 7 M ?  1 4 : s  
oim7m 1 5 s  
o 1 107192 1 5 : a  
12/1m1 10:37 
0 1 m 2  11:19 

12117191 n:n 

12116al io:n 

01129192 1 4 : 9  
OlRILRZ 1421 
01R7102 16- 
01 R7IP2 16:12 
0 1 ~ 7 ~ 2  16:17 

011001p2 1 3 9  
O l n # R 2  . 1234 
O l I o ( v 0 2  12:19 
01- 1151 
01m1yo2 14:Q) 
OlRIvOz 11 :16 
12n6.91 09:a 
12/16r91 0O:U 
OlR7182 lC12 
otmmz 16:14 
01- 1557 

0 1 m  1 3 : s  

1 1.7 
1 1 .7 
11.7 
11.7 
1 1 .7 
1 1.7 
1 1 4  
1 1 p  
114 
114 
i in 
1 1 4  
114 
11.0 
1 1 4  
1 1 4  
11.8 
11.8 
114 
114 
1 1 4  
11 .a 
11.8 
114 
1 1 4  
114 
1 1 4  
1 1 4  
1 1 4  
11.8 
114 
11.8 
1 1 4  
1 1 4  
114 
114 
114 
1 1 4  
114 
1 1 4  
1 1 4  
1 1 s  
11.8 
1 1 J  
114 
11.8 
114 

1D1E+D1 
993E+aD 
9.62E+a3 
137E+Oc 
1.14E+01 
9.7lE+W 
l . l3E+01 
137E+O, 
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APPENDIX E 
BEDROCK STRATIGRAPHIC SEQUENCElDESCRIPTIONS 

tigraphic sequence descriptions for bedrock occurs in the area of the FEMP (from 
age) (Swinford, 1990b): 

Shale and limestone, interbedded. Shale (65 percent or more of unit), medium- to dark-gray, platy to 

ftssile, calcareous, locally silty, in beds up to 3 feet thick. Zones of well-preserved whole-fossils 
present. Limestone, li 
and packstone in wide 
formations is 60 or mor 

and light-bluish-gray, coarse -to fine-grained, grainstone 
s. The combined thickness of Amheim and Waynesville 

Arnheim Formation 
Limestone and shale, in ne (50 percent or more of unit), medium- to dark gray, 
fine- to medium-grained, argillaceous, packstone and wackestone containing well preserved whole 
fossils and fossil fragments. Beds are planar to discontinuous, moderately spaced, and up to 
8 inches thick Less abundant, light- to medi hole and fossil-ftagmental grainstone present 
with discontinuous-fissile shale partings. Be , wavy irregular surfaces, and up to 
0.5 feet thick. Limestone (dominant in up medium- to dark-gray, fine-grained, very 
argillaceous, distinctly nodular bedded pac e, with intercalated discontiuuous 
fssile shale. Shale, light- to medium- , platy, locally ftsile, calcareous and 
silty, generally fossil poor, in beds 8 inches or less thick. Shale believed dominant in middle of unit. 
Unit weakly resistant. It is encountered at an elevation range of 75 

Mt. Auburn Member of the Grant Lake Limestone 
Limestone and shale. Shale (60 percent or more of unit), medium- 
argdlaceous, phosphatic, whole-fossil and fossil-fragmental w 
nodular to wavy, discontinuous, up to 4 feet thick. Whole-abrad 
in the upper portion of unit Much less abundant limestone, light- to medium-gray, whole fossil to 
fossil-fragmental grainstone with discontinuous ftsile shale partings. Beds are wavy, discontinuous, 
and up to 15 feet thick. Shale medium- to dark-gray, ftssile to platy, with abundant ems. 
Unit somewhat resistant and only locally exposed m upland streams and roadcuts. Th of 

y, fine-grained, very 
tone. Beds are 

hiopods abundant, particularly 

the Grant Lake Limestone, which consists of the MtAuburn Member, Corryville Member, 
Bellewe Member, has been observed to be 75 to 90 feet 
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C o M l l e  Member of the Grant Lake Limestone 
Shale and limestone, interbedded. Shale (60 percent or more of unit), light- to medium-gray, platy to 
fssile, calcareous, locally silty with zones of well-preserved whole fossils. Beds may be up to 1.5 feet 

ommonly less than 8 inches thick. Limestone, light-to medium-gray and light-bluish- 
um-grained, argillaceous, locally silty, fossil-fragmental packstone, grainstone, and 
are planar continuous, up to 1 foot thick but commonly less than 6 inches. Wavy- 
similar to underlying Belleke with more abundant platy shale partings are locally 

eakly resistant and poorly exposed except locally. 

Bellevue Member of the Grant Lake Limestone 
Limestone, light-to me 
shalepanings. Beds 
thickness. Whole-and 
medium- to coarse- 
shale. Unit somew 
Lake Limestone, p 
shale body or interbedded limestone and shales of Fairview Formation. Unit thins northward and 
northwestward. It is encountered at the elevatio 

e-fossil to fossil-fragmental grainstone with discontinuous fssile 
avy, and irregularly surfaced, measuring up to 4 feet in 

ominated by brachiopods and bryozoans. Much less abundant 
fossiliferous limestone interbedded with light- to medium-gray 

g ledges and riffles in creek beds. Lower contact, base of Grant 
wavy-bedded limestone which overlies the main Mamitown 

Miamitown Shale 
Shale and limestone, interbedded. Shale (75 
flag=, calcareous, locally very silty, fossil 
medium-gray and light-bluish gray, fine to 
fossil fragmental wackestone and packstone. Beds are planar, lenticular, generally less than 0.5 feet 

discontinuous beds which contain abundant gastropods and pel 
base marked by a 0.5 feet to about 3 feet thick wavydiscontinuo 
shale partings. The observed thickness of Miamitown Shale is 15 
encountered at an elevation of 700 feet (MSL). 

re of unit), light- to medium- gray, platy to 
to 4 feet thick. Limestone, light- to 

argillaceous, locally very silty, whole and 

thick. Silt to silty limestone, medium gray to mediumdark-gray, gillaceous, as thin 
ern portion of county, 

estone layer with fissile 
e Miamitown Shale is 

Fairview Formation 
Limestone and shale interbedded Limestone (50 percent or more of unit), light-to medium-gray, 
medium- to coarse-grained, fossil-fragmental packstone and grainstone. Beds are p 
moderately spaced, commonly having ripple-marks and graded-bedding. Beds comm r 
less in thickness but can be up to 1.5 feet thick. Fossils commonly broken with fe 
Much less abundant siltstone to silty limestone, medium gray to medium-dark-gray, fme-grained, 

mudstone and wackestone. Beds are planar, lenticular, and 
Shale, light-to medium-gray and light bluish gray, platy, calcareous, 

argillaceous, sparsely fossiliferous, 
generally less than 3 inches thick. 
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locally silty, generally fossil poor. Present as individual beds up to 1.5 feet thick or as thin partings. 
The thickness of a Faireview Formation is 40 to 90 feet; it is encountered at elevation 600 feet (MSL). 

e, interbedded. Shale (75 percent or more of unit), light- to medium-gray and light- 
lcareous, locally silty, sparsely fossiliferous. Resent as beds commonly about 

ocally up to 10 feet which weather and slump readily. Limestone, medium gray and 
y, fine- to coarse-grained, whole-fossil or fossil-fragmental grainstone, packstone, 

and wackestone. ‘Beds are planar, lenticular, commonly 6 to 8 inches thick, widely spaced, with ripple 
marks and graded bedding. Common particularly in upper portion of unit is a siltstone to silty 
limestone, medium-gray -gray, fine-grained, argillaceous, fossil poor to barren- 
mudstone to wackes , continuous, rarely more than 3 inches thick, laminated to 
cross-laminated with c 
landslides common. ess of Kope formation is 260 to 280 feet. The elevation of 
the Kope formation 

esistant than overlying and underlying units, 

PL Pleasant Tonme 
Limestone and shale interbedded. h e s t o n e  (5 
medium-bluish-gray, coarse-to fine grained, fos 
planar, lenticular, commonly less than one foot 
spaced. Well developed ripple marks present 
many beds contain abundant crinoid col 
weathers with a slight yellow to brown 
1 to 1.5 feet thick and as partings within limestone beds. The thickness of R Pleasant Tongue 
formation is 30+ feet. 

or more of unit), medium-light- gray and 
ntal wackestone and packstone. Beds are 
locally up to 1.5 feet thick and moderately 

-gray and medium-bluish gray, 
en and whole fossils common to abundant, 

, locally silty, as distinct beds commonly 

Petrolow and Mineralow of the Cincinnatian Series Shales 
Samples for mineralogical analysis were obtained from a location s 
County by the ODNR. Table 1 presents the shale mineralogy at 

etown in Butler 

The pattern of mineralogical, textural, and chemical variation is a function of stratigraphic position. 
The Cincinnati Series shales show a persistent vertical and lateral textural, mineralogical, and chemical 
uniformity. The mean size distribution is clay (34 percent), silt (64 percent), and sand 
The mean mineral composition is quartz (2A percent), calcite (6 percent), dolomite (9 
(47 percent), mixed-layer illite (4.4 percent), chlorite (7.7 percent), mixed-layer chlorite (2 

with trace amount of kaolinite, feldspar, and pyrite. The mean elemental weight pexcentag 
(21 percent), AI (7.8 percent), K (3.9 percent), Ca (8.6 percent), Mg (2.4 percent), Fe 
and Ti (0.4 percent). Tables 2 and 3 present the results of X-ray spectrochemical analyses of the 
Cincinnatian shale, and wet chemical analysis of the total shale and the clay fraction accordingly. 
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TABLE E-1 
MEAN SHALJ2 MINERALOGY BY SIZE FRACTION 

(Percent by Weight) 
Ordovician--Silurian Contact 

NOTE: 
ND = not detected 
@=trace 

D.M. Scotford, "Petrology of Cincinnatian Series Shales and Environmental Implications: Geological 
Society of America Bulletin," v. 76. 

... .. 

5 

6 

12 

13 

14 

15 

16 

17 

18 

€4 



"ECHREFQRT5.1BDFWT. 57 6 9 
February 23.1993 

TABLE E 2  

OF CINCINNATIAN SHALE IN WEIGHT PERCENT 
MEAN VALUES OF X-RAY SPECTROCHEMICAL ANALYSES 

. . . . . . . . . . . . . . . . . . . . 
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TABLE E-3 
WET CHEMICAL ANALYSES OF THE TOTAL SHALE AND THE 

CLAY FRACTION IN WEIGHT PERCENT 

Ti02 0.79 0.9 

I I 
I I 

co* I 7.81 0.57 
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/TABULATED RESULTS 

zes analytical procedures used to acquire the geochemical data and provides 
ith a detailed discussion of data applications. Geochemical data were collected to 

11s between leachate and glacial overburden, as well as natural and engineered 
ce pathway analysis for constituents of concern, which involved analyzing the 

(e.g., clay liners, bentonitelsand mixtures, and structural concrete). 

F-1 ANALYTICAL METHODS 
Subsurface soil samples 
exchange capacity, total 
from weathered, unwea 
laboratory batch tests to 
leaching cement/waste 
experiments was analy 
the OSDC. 

the OSDC acreage were analyzed for particle sue, cation 
, and mineral composition. Subsurface soil samples selected 
hed water zones in the glacial overburden were used in 

days in distilled water. The leachate produced from these 
ontaminant adsorption ratios. Additional data were collected by 

constrain contaminant concenrrations in leachate that may migrate from 

F-1.1 Subsurface Soil Samples 
Particle size was evaluated using ASTM D42 a standard sieve analysis followed by 
hydrometer analysis of silt- and clay-siz was performed as part of the geotechnical 
evaluation of the OSDC site. Cation exc measured according to EPA SW846 
Method 9081/6010, which evaluates the exchangeable with sodium ion. Total 
organic carbon was analyzed by SW846 Method 9060, which measures organic carbon as carbon 
dioxide released from catalytic combustion or chemical oxidation o 
measure of total organic material in the soil is also provided in the 

matter in the soil. A 
1 analysis as modal 

percent humus. 
.. .... 

. . . . . . . . 

The mineralogy of glacial overburden samples was determined by ptmgraphic and X-ray diffraction 
analyses canied out by McCrone Associates, Inc (1992). ASTM or SW846 procedures do not cover 
mineralogical characterization, and a brief outline of the procedm is provided here. 

Petrographic studies were conducted with oversized thin sections prepared from the so 
samples were impregnated with an epoxy resin prior to the preparation of thin sections. 
the area of al l  thin sections was stained for the idenrification of K-feldspar and dolomite. 
microscopy was used to identlfy all mineral phases (e.g.. clay, calcite, dolomite, quartz, 
and quantification was carried out using a pointcounting technique (e.g., 50 percent c 
calcite, 10 percent dolomite, 8 percent quartz, etc). 

~ ~ / 3 1 3 3 2 7 . ~ S i i ~ 9 3  F-1 
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X-ray diffraction studies were conducted to idenufy the minerals in the silt- and clay-size fraction of 
the sample. Samples used for X-ray difhction studies were sieved to separate the size fraction less 
than 230 mesh. This size fraction was placed in deionized water that contains a deflocullating agent 

y agitated to disaggregate the particles. Centrifugation was used to separate the silt 
ns) and the remaining clay suspension was decanted into a vacuum filtration system 
fraction and orient the crystallites parallel to their basal (001) d-spacing. The 

of the principal d-spacing reflection of a clay mineral was used to semi-quantify 
proportion of the clay mineral in a sample. The NBS calibration standard 

SRM-640b was rim prior to and after the analysis of the samples to ensure instrument calibration. 

F-1.2 Leachate Samples 
A modifed FSUANS 
Operable Unit 1 to c 
OSDC. Operable Unit 
of process-generated w 

was performed on cement treated waste obtained from 
t concentrations in leachate that may migrate from the 

for this characterization because it represents the largest volume 
placed in the OSDC. 

Prior to conducting the modified ANSUANS 16-1 leach test, untreated waste was obtained from each 
waste pit in Operable Unit 1 and mixed to fo composite. One to two kilograms of the total 
mass of waste obtained from each borehole able Unit 1 waste pits was used to form 
the OSDC composite. The waste-pit com y mixed until unifom texture and color 
were observed. Additionally. six aliquots t 1 composite were taken for gross a6 
analysis and the composite was considere n the coefficient of variation for the six 
analyses is less than 30 percent. 

The OU1 composite was mixed with cement fomulations used 
mixture was cast into cylinders for use in the leach test. Cast cy 
3.51 cm, and casting was carried out in a manner that resulted in 
of about 100 cm’), elimination of internal voids, and overall hom 
Specimens so formed wefe cured in the mold for 30 days prior 

Specimen preparation, initial leachant, leach vessels, and the ratio of leachant volume to specimen 
external surface area followed the methods outlined in A N S 4 A N S  16-1. However, the 
ANSYANS 161 method was modified by keeping the initial leachant in contact with 
waste throughout the % d a y  leach period, and leachate composition was evaluated at 5 
day intervals. This modifcation allowed for the evaluation of contaminant solubility 
evaluates the highest contaminant concentration in leachate), rather than diffusion coeffici 
evaluates diffusion release of contaminants as a function of time by keeping fresh leachant 
with the waste). 

studies and the 

surfaces (surface area 
e fml cast form. 
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Leachate concentrations obtained froom experiments that measure the diffusion coefficient of a 
constituent are generally some fraction of the constituents solubility limit in the leachate. 

VANS 16-1 leach test was carried out in two 4 liter vessels @e., duplicate pairs) for 
nt formulations in Table F- 1. Total leachant volume was maintained at 2 2  percent 
e, and the leachant was kept in the temperature range of 17.5 to 275°C during the 

test 

Five and 45-day s-amples were extracted from the vessels for analysis of pH, I O  metals, and total 
Uranium, and 9Oday samples were characterized for all contaminants of concern (Le., metals and 
radionuclides) and gene 
to determine which con ached steady-state values in the leachate. The results are 
presented in Section F-2 

Metal concentrations obtained at 5.45, and 9Odays were used 

Batch sorption tests w Bmkhaven National Laboratory (BNL) with site-specific soil 
samples and perched groundwater. Leachate produced from the modified ANSYANS 16-1 leach tests 
was not available in sufficient volume to use in 
produced from the leachate samples were used as 

Batch tests conducted at BNL were designed 
contaminants on subsurface so& obtained fr 
will form an engineered barrier below the proposed OSDC. The distribution ratio is used to estimate 
the distribution coefficient of selected contaminants for given subsurface conditions in the engineered 

h sorption tests. Therefore, the analyses 
to prepare a synthetic leachate. 

distribution ratios, or adsorption ratios, of 
te and on a sand/bentonite mixture that 

barrier and glacial overburden present at the FEMP site. 

The distribution ratio (RJ differs from the distriiution coefficient 
mass of contaminantfi onto a solid medium and K,, implies that the 
by R,, is fully reversible (i.e., adsorption ratio = desorption ratio). 

the adsorbed contaminant into the solid, where it is no longer available for desorption. Therefore, 
desorption ratios are generally not equal to adsorption ratios and expert judgement must be retained 

predicts the adsorbed 

eral, the longer a contaminant 
adsorption predicted 

remains adsorbed to the sipface of a solid the probability increases ce reactions to incorporate 

when R,, is used to estimate &. 

The batch tests were nm by placing solid and contact solution in a container and measuring 
concentration of the solution as a function of time. The initial contact solution is spiked wi 
contaminants of concern prior to contacting the solids, with care taken to ensure that con 
concentrations in the initial contact solution do not exceed solubility limits for known contaminant 
solids (e.g., the initial lead concentration must be low enough to avoid precipitation of PbC03 when 
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TABLE F-1 
CEMENT FORMULATIONS FOR MODIFIED ANSVANS 16-1 LEACH TESTS 

SAMPLE ID 

1046-18 1046-30 104646 

234.2 228.2 303.9 

119.7 98.3 213.6 
Cement (g) - 

72.8 

sodium silicate (g 0 

Attapdsite (g) 14.1 

clinoptiloiite (g) 14.4 

98.2 

9.2 

13.7 

13.6 

...... 

. . . . . . . . 

000403 
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the initial contact solution is spiked with lead). After preparing the initial spiked solution, the solids 
and spiked solution are contacted and sampled at established time intervals. When contaminant 
concentrations in the solution have reached steady-state values, the solution is considered to be 

the solid. The distribution ratio is than calculated as follows: 

micrograms of adsorbed contaminant per gram of solid - ml 
8 
- - 

micrograms of contamjnant per milliliter of solution 

where the micrograms of adsorbed contaminant per gram of solid is determined by Werence between 
the initial and steady-sta 
contaminant per millilit 

Distribution ratios mea 
migration is dominantly 
along joints and frac 
the flow rate, less time is generally available for adsorption reactions to occur. Therefore, the 
condition of joint and fracture flow is not reprod 
batch tests cannot be used to estimate & under 

The experimental matrix for the batch sorptio 

A sandbentonite mixture and weathered and unweathered glacial overburden were used as 
solids, and synthetic leachate, synthetic leachate mixed with perched groundwater, and perched 

groundwater were used as the contact solutions for a combination 
matrix design simulates cement leachate reacting with the sand/be 

weathered and unweathered glacial overburden. Once the leachate 
may mingle or mix with pore waters and/or perched groundwater. 
mix is contacted with w e a t h d  and unweathered.glacial ov 
engineered barrier. Likewise, perched groundwater is not expected 
engineered harrier, and it is restricted to experiments involving only the weathered and unweathad 
glacial overburden. In all  experimental sets, the mass of contact solution was equal to four times the 
mass of the solid. 

concentration in the contact solution, and micrograms of 
fers to the steady-state contaminant concentration in solution. 

h test method may be used to estimate & when conraminant 
ar porous material. In contrast, when contaminant migration is 

is exposed to the contaminated solution and, depending on 

batch tests, and R,, measured by laboratory 

a r i d  in Table F-2. 

ental sets. 'Ibis 

lacial overburden, it 
leachate/groundwater 

ide in the sand/bentonite 

Prior to initiating the experiments, the solids were dried and passed through a 200-mesh 
(75 micrometers) sieve to homogenize the solid sample and to remove the solid fraction larg 
fme sand. The removal of solids sized greater than fine sand will not change the adsorption 
characteristics of the solid sipficantly, as most adsorption sites are present on the silt- and clay-sized 
fraction. A mass correction is applied to the experimental results if the soil solids sized greater than 
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TABLE F-2 
EXPERIMENTAL MATRIX FOR BATCH SORPTION TESTS 

Leachate + 

No No 

Yes Yes Yes 
Unweathered Till Yes Yes Yes 

c 

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

. . . . . . . 
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fine sand comprise greater then 5 weight percent of the total sample. The homogenized dried solid 
material was divided into the appropriate number of splits, placed in centrifuge tubes, and contacted 
with perched groundwater solution to moisten and pretreat the exchangeable sites on the solids. Solids 

times with the perched groundwater. For the first three washings, the solid and 
stirred several times over a 15 minute period, allowed to settle, centrifuged, 
d. The fourth washing was done over a 24 hour period with occasional stirring, 

g, centrifugation and decantation. 

Three spiked contact solutions were prepared to simulate the leachate and groundwater solution 
compositions expected at the site. As noted above, the synthetic cement leachate was prepared from a 
recipe derived from anal n leachate (sample 1046-30) obtained from 90-day leach tests of 
cement-treated waste fo undwater was recovered from a lo00 series background well 
(1024) to serve as the ber. The third contact solution was a one-to-one mixture 
of the synthetic leacha oundwater. Contact solutions were spiked with the 
contaminants of intere for details on contaminant spikes) and allowed to equilibrate 
for a minimum of 24 utions were then fitered through a 0.45 micrometer fdter and 
analyzed for all dissolved constituents prior to contacting the solids. 

Prior to the initiation of the full-scale batch t 
was established using the prepared contact so 
limited number of samples to minimize the n 
state equilibration period. Additionally, two 
of spiked contact solution placed into an em 
container surface. A second control run mvolved contacting the solid with perched groundwater to 
evaluate the addition of contaminants to solution from the solid (Le 

After establishing the equilibration period, each contact solution/so prepared and run in 
triplicate. The contents of each tube were initially s h e d  and pen ted. Duringthelast 
24 hours of the predetermined contact period, the mixtures were to stand and settle prior to 
measuring the pH of the samples. After measuring pH, an aliquot ution from each of the 
triplicate runs was obtained by using a 0.45 micrometer fdtered Syringe. The concentration of each 
contaminant of interest m each aliquot was determined with the appropriate analytical technique and 
triplicate runs compared to assess whether steady-state conditions had been attained. S 
conditions were considered established if the analytical results on triplicate aliquots a 
2 percent, If steady-state conditions are not established, the contact period was extended 
additional 3 days and the prcxedure a b v e  was repeated until steady-state had been estab 

of the time required to reach steady-state 

cal tests needed to establish the steady- 
were conducted. The first consisted 
the adsorption of contaminants by the 

-specifc solids. This was done with a 

n occurring). 

After steady-state conditions had been established, the solution was extracted from the tube through a 
0.45 micrometer filtered Syringe and analyzed for the contaminants of concern. The mass of 
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contaminant adsorbed to the solid was calculated by the difference between its concentration in the 
steady-state and initial contact solution. A distribution ratio was then calculated as indicated above. 
However, if the analytical results for a steady-state solution reported a concentration for a contaminant 

tion limit of the instrument, the distribution ratio was calculated by using the 
on limit as the contaminant concentration in the steady-state solution. This is a 

h that results in a minimum estimate of the distribution ratio (Le., maximum 
undwater). For example, if the d u m  concentration in the steady-state solution 

s than 1 ppb, using a value of 1 ppb in the denominator produces a smaller 
distribution ratio relative to a number that is less than 1 ppb. Additionally, since the mass adsorbed to 
the solid is calculated using the difference between the steady-state and initial solutions, using the 
detection limit value fo 
adsorbed to the solid, 
estimate of the distribu 

te solution will underestimate the amount of contaminant 
er number in the numerator will also contribute to a minimum 

Particle size measurements were performed as part of the geotechnical evaluation, and they are 
presented in Technical Report 51A. Results for cation exchange capacity and total organic carbon are 
given in Table F-3. As noted and illustrate .5 and Figure 3-10, variation in cation 
exchange capacity, as measured by exchangeab ion, is independent of the total organic 
carbon content of the soil. However, total or 
organic, and some inorganic, constituents wi 

The mineralogy of subsurface soil samples i 
is based on the area occupied by a mineral on the surface of a longitudinal or perpendicular section cut 

feldspar. For calcite and dolomite, most counts fell on clasts of of dolomite or calcite, 
and these were counted as the respective mineral. Three of the 
minerals illite and corrensite. Comnsite is a mixed layer clay con 
ironaxide content of the soils varies from 0 to 254 percent, and 
soil is important for retardation of anionic species (e.g., U02(C03), 

ontent will affect the degree to which 

modal percent. Modal percent 

through the soil sample. Most samples are dominated by the 010mite. quartz, and K- 

mprised of the clay 
tite and chlorite. The 

esence of such phases in the 

Complete characterization of the 9Oday leachates derived from the modified A N S W S  16-1 tests are 
given in Table 3.6-1, and a comparison of metal concentrations at 5,45, and 90 days ' 
Analytical results for metals in 5-,45-, and 9-y leachate samples derived from the 
ANSI/ANS 16-1 tests are given in Table F-5. Cement formulations for the three s 
Table F-1. Leachate concentrations for antimony, beryllium, cadmium, cobalt, and silver n 
reached their respective detection limits, implying that cement treatment of OU1 waste is v 
successful for these elements. Iron and manganese concentrations were detected at 5 days, but 
dropped to less thao their respective detection limit values at 45 and 90 days, probably due to 
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TABLE F-3 
ANALYTICAL RESULTS FOR 

CATION EXCHANGE CAPACITY (CEC) AND TOTAL ORGANIC CARBON (TOC) 

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

1732 

1734 

1737 

1738 

1738 

1 740 

1 740 

1740 

1741 

1742 

1742 

1742 

1743 

1743 

1744 

1745 

1745 

1746 

1747 

1748 

273 1 

273 1 

-. . 

- 101405 unweathered Ra 13.05 

100845 weathered Ra 2.93 

1013 Ra/DaB/XeB 0.93 

1007 XeB 3.12 

1008 XeB 1.4 

1007 FdA/RwB2 2.14 

1007 FdA/RwB2 1.73 

100772 (dup) -- 0.87 

101331 FdA 1.31 

100718 FdA 4.32 

100733 FdA 6.08 

. .  . 

100733 (dup) -- 2.21 

101297 Unweathered xfB2 1.28 

100705 Weathered 

101279 U n W e a t h d  

101287 Weathered xfB2 1.31 

101279 (dup) - 

... 

100691 Weathered 

101236 UnWeatheaed xfB2 6.37 

100678 Unweathered xfB2 0.92 

100554 weathered EcE2/DaB 3.83 

100565 U n W e a t h d  EcE2Da.B 5.1 1 

832 

379 1 

601 1 

3444 

6699 

3724 

7121 

-- 
4584 

5865 

1140 

-- 
713 

464 

1188 

1641 

- 
4132 

5404 

5135 

'Soil zone refers to unweathered, gray glacial overburden and weathered, yellow glacial overburden. 
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TABLE F-3 
(Continued) 

t of Agriculture soil classifications are taken from Lerch et al. (1980) and Lerch et al. 

e milliequivalents per 100 grams of soil. 

e milligrams per kilogram of soil, or ppm. 

. . .. 
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precipitation of amorphous iron- and manganese+xyhydroxide phases. Chromium, copper, vanadium, 
and zinc were detected in most samples, although chromium detections were very near the analytical 
detection limit. Molybdenum concentrations increased with time in all three samples, suggesting 

be leached and transported in an aqueous environment. Uranium concentrations 
f the three samples after 90 days. The increasing uranium concentration in sample 
a mixture of waste and portland Cement only (Table F-l), indicates that the flyash, 
clinoptilolite components in the other cement formulations minimize the mobility of 

achate. Leachate concentrations for aluminum, barium, calcium, magnesium, sodium, 
and silicon reflectthe composition of non-waste components in the cement formulations. Aluminum 
concentrations are highest in samples 1046-18 and -30 because they contain flyash, attapulgite, and 
clinoptilolite, componen 
higher in these samp 
because this formulation 
behave in a similar fashi 
and magnesium will v 
for calcium in calci 
the cement formulations. 

urce for the aluminum. Likewise, sodium and silicon are 
ts reach their highest concentrations in sample 1046-30 
silicate. Barium, calcium, and magnesium concentrations 
elements are present in portland cement. In general, barium 

y with calcium concentrations, as these elements can substitute 
rals (e.g., hydrogarnet) that form when water reacts with 

F-3 E03/6 GEOCHEMICAL CODE 

F-3.1 Introduction 
As part of the risk assessment evaluation, a on was performed to determine if 
comaminant concentrations in leachate produced from the cement-treated waste would be lowered by 
reaction with minerals in the glacial overburden. The reactions that were simulated include the 
dissolution of carbonate and silicate minerals by the leachate and th 
these reactions leads to a prediction of a stable assemblage of min 

pH. A simulationof 
e of these minerals 

.... . 

control contaminaut concentrations by mineral solubility constmhts 

.... . 

Mineral solubility calculations were performed with the EQ3/6 g cal computer code. EQ3/6 
was developed at Lawrence Livermore National Laboratory (Wol 83; Wolery and Daveler, 1989) 
fur predicting the behavior of metals, radionuclides, and other contaminants in the natural environment. 
The EQ3/6 computer code is an industry-standard geochemical model that performs sol 
speciation (aqueous form) calculations and reaction-path modeling. These calculations 
simultaneous solution of equations describing the mass balance of each component, mass ac 
expressions for solubility equilibrium, oxidation/reduction reactions, and elecaical balance c 
Activity coefficients of aqueous species are approximated with the B-dot set of equations, 
valid up to the ionic strength of seawater. 
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The EQ3/6 code accesses a data base containing the thermodynamic properties of 78 elements, 
862 aqueous species, 886 minerals, and 76 gases. This data base includes 57 aqueous uranium species 
and 160 uranium-beariug minerals, constituting the most complete data base available for modeling the 
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8 
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10 

11 

I2 

13 

14 

15 

16 

17 

in ~ N r a l  waters. EQ3/6 has been validated using standard geochemisq 
the speciation of seawater (Nordsuom, 1979), basaldseawater interactions (Bowers 

ous comparisons with experimentally determined mineral solubilities (Jackson, 
comparisons with the results of similar codes (e.g., PHREEQE) have been 

(1983), Nordstrom (1979). Kincaid and Morey (1984) and Kemsk (1981). 

EQ3 is the portion of the code that calculates the initial aqueous species distribution with user 
providg concentration tes the saturation indices of pertinent minerals. The saturation 

re Q = the ion activity product and K = equilibrium constant. 

ly. After computing the speciation model, EQ3 computes a 

index is defined as SI = 
A SI of greater than zer s than zero corresponds to a mineral that is supersaturated, 
saturated, and undersa 
mass balance for each c t and charge balance and writes this information in a pickup 
file that is used as an input file by E@. EQ3 differs from EQ6 in that EQ3 identifies mine& that 
are supersaturated and undersaturated, but EQ3 does not simulate the precipitation and dissolution of 
minerals. ........... ........ . . . . .  ........... .......... :.:. 

... I ............ :: 
. . . . .  ....... ............ ............. 
............. ......... . . . . . .  . . . . . . . .  

I 8  

-- 

The EQ6 portion of the code performs all the 
Reac tion-path (chemical evolution) modeling uence of thermodynamic equilibrium 20 

problems in reacting systems consisting of 

of EQ3 and reaction-path calculations. 19 

or other solids. The reacting system 21 

may consist of leachate that xnigrates through, and equiltbrates with, natural minerals in an underlying 
clay barrier. The chemical evolution of the reacting system is ~ v e n  by dissolution and precipitation 
of minerals or solids and/or by changes m temperature and pressure h step of the reaction 
path, the EQ6 code computes the precipitation and dissolution of 
expressions for solubility equlibrium with water. TEus, EQ6 y allowing 26 

supersaturated minerals (SI > 0) to precipitate from solution and un 
dissolve. 28 

F-32 Limitations and Assum~tions of Mineral Solubilitv Calculations 
TEe EQ3/6 geochemical code estimates contaminant concentrations by calculating mineral solubilities 
in water/solid systems. These calculations have the following limitations and assumpti 

22 

23 

24 

on mass action 2s 

minerals (SI < 0) to n 

29 

30 

31 

A limited number of organic constituents can be modeled, and this can lead 32 

33 

34 

estimates of leachate concentrations for some inorganic constituents if organic 
complexation occurs with constituents not present in the data base. 

Ideal mineral phases are assumed to represent the actual minerals in the 3s 
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Dissolution and precipitation kinetics are instantaneous, and this can lead to estimates of 
concentrations that are tqo high or too low. 

Adsorption processes are not evaluated with the EQ3/6 model. 

eled concentrations are site-specific solubility limits, and in most cases these 
entrations are the highest concentrations which can exist in solution. 

UT b w t s  identify limitations and assumptions that introduce the greatest uncertainty in the 
calculated mineral-solubility concentration, and these merit further discussion. For example, a solution 
containing trace amoun 

thermodynamic data b 
no tributyl phosphate. 
amorphous form, rathe 
of the contaminant con 
stronger element bon 
mineral phase. In c o m t  to the statement of bullet three, dissolution of minerals is rarely 
instantaneous or complete m the natural enviro 
salts (e.g., NaCl), and this can 
error). Assumin g instantaneous precipitation 
concennations if the m i n d  is dSkult  to 
such m i n d  can be suppressed from prec 
the calculated solubility concentrations may 
considered. Adsorption reactions can substantially lower some contaminant concentrations below a 

calculated solubility limit (e.g., 0’). 

hosphate (an organic complex not present in the EQ3/6 
a greater concentration of uranium relative to a solution with 
the second bullet, if a solid phase is present as a metastable 
using a mineral phase for the solid can lead to low estimates 
occurs because mineral phases generally contain shorter and 
hous solids, and this leads to a lower solubility for the 

.g., feldspar), except for some highly soluble 
taminant concentrations (i.e, a conservative 

hases can lead to low estimates of element 
stallize in the natural environment, and 

to high es 

havior is known (e.g., dolomite). Finally, 
e adsorption reactions are not 

. .  
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