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1.0 INTRODUCTION. 

The Weldon Spring Chemical Plant (WSCP) is located in St. Charles 

County, Missouri, approximately 20 mi west of St. Louis, Missouri. 

Figure 1-1 presents the general location of the site and its 

relationship to major geographical features and population centers. 

A detailed plan of the WSCP's major buildings and features, 

including the raffinate pits, is provided in Figure 1-2., 

In 1941, the U.S. Department of the Army (DA) acquired the site and 

surrounding areas for construction of the Weldon Spring Ordnance 

Works (WSOW) 	The.WSOW operated ftoM 1941 through 1944 and was 

engaged in the manufacture of trinitrotoluene (TNT) and related 

compounds. In. 1946, the WSOW was declared surplus land, and parcels 

were transferred to various federal, state, and local agencies or 

sold to private concerns. 

. In 1956, the. Atomic Energy Commission (AEC) acquired approximately. 

220. acres of the original WSOW from the DA for use as.  a uranium feed 

materials plant. The plant was operated as an integrated facility 

for the conversion of uranium ore concentrates and recycled scrap to 

pure uranium trioxide, int'ermediat'e compounds, and uranium metal. A 

relatively small amount of thorium was also processed. The feed 

materials plant ceased operations in 1966. During the plant 

.operating period, four pits were excavated for storage of raffinates 

from the plant. Following the shutdown of the feed materials plant 

in 1966, the AEC returned the facility to the DA in 1967 for planned 

use as a defoliant production plant [to be known as the Weldon 

Spring Chemical Plant (WSCP)). The DA started removing equipment 

and decontaminating the buildings in 1968. The defoliaht project 

was cancelled in 1969 before any• herbicide was produced. The DA 

retained the responsibility for the land and the facilities at the 

WSCP, but the tract encompassing the raffinate pits-was transferred 

-back to the AEC. 



In November 1984, the Department of Energy (DOE) was directed by the 

Office of Management and Budget to assume responsibility for the 

WSCP from the DA. This transfer of responsibility occurred on 

October 1, 1985. The chemical plant was transferred from the DA to 

DOE-for administration under its Formerly Utilized Sites Remedial 

Action Program (FUSRAP)/Surplus Facilities Management Program (SFMP) 

with caretaker support supplied by Bechtel National, Inc. (BNI). In 

1986, the site (chemical plant and raffinate pits) became a separate 

remedial action project known as the Weldon Spring Site Remedial 

Action Project (WSSRAP) under a DOE contract with the M-K Ferguson 

Company. 

This hydrogeological investigation is aimed at providing information 

for the siting of a disPosal facility on the 220-acre site. The 

hydtogeological characterization plans and field work were completed 

by BNI during the spring, summer, and fall of 1986 under the 

FUSRAP/SFMP prior to the 1986 transition to the WSSRAP. 
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AREA 	NO 	 DESCRIPTION 

	

101 	SAMPLING 

	

102 	REFINERY TANK FARM 

	

1c3 	DIGESTION & DENITRATION 4  

	

105 	ETHER EXTRACTION 

	

108 	NITRIC ACID PLANT 	• 

	

201 	GREEN SALT BUILDING 

	

202 	GREEN SALT TANK FARM 

	

301 	METALS BUILDING 

	

302 	MAGNESIUM BUILDING 

	

401 	BOILER HOUSE 

	

403 	WET 6 DRY CHEMICAL PILOT PLANT 

	

404 	METAL PILOT PLANT 
405 A •8 AUXILIARY TO PILOT PLANT 

	

406 	WAREHOUSE 

	

407 	LABORATORY 

	

408 	MAINTENANCE & STORES 

	

409 	ADMINISTRATION BUILDING 

	

410 	SERVICES BUILDING 

	

412 	ELECTRICAL SUB STATION 

	

413 	COOLING TOWER PUMP HOUSE 

	

414 	YARD MAINTENANCE BUILDING 

	

416 	RESIDUE STORAGE PIT 

	

417 	PAINT SHOP 

	

426 	ELEVATED STORAGE TANK 

	

427 	PRIMARY SEWAGE TREATMENT PLANT 

	

42B 	PROPANE E. BUTANE GAS PLANT 

	

429 	RESERVE WATER FACILITIES 

	

434 	STORAGE BUILDING 

	

437 	STORAGE BUILDING 

	

438 	STORAGE BUILDING 

FIGURE 1-2 WELDON SPRING CHEMICAL PLANT AND RAFFINATE PITS 
(MAJOR BUILDINGS AND FEATURES) 



2.0 PURPOSE AND SCOPE 

2.1 PURPOSE  

A hydrogeological characterization study was performed at the WSCP 

to meet two objectives: 

o Provide a groundwater monitoring system to determine if 
contaminants Irom the site have degraded groundwater qualit 

o Evaluate the site geology and hydrogeology for utilization of 
the site as a waste disposal facility. 

2.2 SCOPE 

The site investigation included geophysical surveys, trenching, 

borehole drilling and sampling, installing groundwater monitoring 

wells, laboratory soil property analyses,:and groundwater sampling 

and chemical, analyses. 
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3.0 PREVIOUS SITE INVESTIGATIONS 

Site-specific geological and hydrogeological studies have been 

performed. These investigations include those by Fishel and 

Williams (1944), Roberts (1951), Lutzen (1967), Moylan and Elser 

(1967), the DA (1976), Lomenick (1982), Dean [1978, 1984 (two 

studies), and 1985), Berkeley Geosciences Associates (1984), and BNI 

(1984). 

Fishel and Williams (Ref. 1).performed the first hydrogeological 

investigation of record, involving contamination of groundwater and 

surface waters by liquid wastes from the WSOW. This investigation 

concentrated on the migration of acid wash water and red water from 

the plant. The report concluded that the majority of the 

groundwater contamination resulted from surface runoff subsequently 

recharging bedrock and alluvial aquifers along Dardenne Creek. 

Roberts (Ref. 2) examined the site hydrogeological conditions prior 

to construction of the WSCP, for the AEC. This report. focused 

primarily on providing baseline hydrogeological data and did not 

deal specifically with contaminant migration potential. 

Lutzen (Ref. 3) evaluated seepage conditions at the raffinate pits 

and concluded that the low permeability of the soils would preclude 

any groundwater contamination by seepage from the pits. Moylan and 

Elser (Ref. 4) also evaluated the raffinate pits; although they 

found no evidence of seepage, they recommended installation of 

groundwater monitoring wellsin the uppermost bedrock unit to allow 

early detection of groundwater contamination. 

The DA (Ref. 5) evaluated hydrogeological conditions at the WSCP in 

its site assessment and concluded that vertical migration of 

contaminants would be minimal due to the low permeability of the 

soil. Dean (Ref. 6) pointed out that the DA data indicate the 

presence of a paleosink on the chemical plant site. He contended 

that this sink may act as conduit for contaminant migration to the 

groundwater system. He recommended that additional investigations 

be performed to evaluate potential contaminant migration 'pathways. 
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Lomenick (Ref. 7) evaluated the hydrogeological data for the 

raffinate pits area and indicated that no detectable quantities of 

radionuclides had migrated from the pit area, but he recommended , 

additional borings and groundwater sampling to verify this 

conclusion. The Berkeley Geosciences'investigation at the 

raffinate pits (Ref. 8) included the installation of seven 

groundwater monitoring wells placed to the top of bedrock. This 

study concluded that water in the raffinate pits is probably perched 

above the regional groundwater system and recommended that 

additional boreholes be drilled beneath the pits to allow evaluation 

of vertical seepage from the pits. 

Dean (Refs. 9 - 11) performed dye tracing studies in the chemical 

plant area to determine the relationship between surface water and 

groundwater. The most significant finding of this investigation was 

that the drainageway from the plant ash pond was connected via the 

subsurface to the Burgermeister Spring area, a straight line 

subsurface flow distance of approximately 6,500 ft. 

BNI (Ref. 12) performed a detailed geological investigation of the 

raffinate pits area. This investigation included geophysical 

surveys, trenching, drilling and sampling boreholes, installation of 

groundwater monitoring wells, and installation of piezometers. The 

finding of this investigation was that the raffinate pits site is 

suitable for long-term storage of residual radioactive materials. 



4.0 REGIONAL . GEOLOGY 

Elements of regional geology applicable to the geological 

characterization of the site are stratigraphy, structural geology, 

and-seismology. 

4.1 STRATIGRAPHY 

4.1.1 Consolidated Materials  

Figure 4-1 presents a generalized description of geological 

formations in the Weldon Spring area. 

The oldest formations of interest are the Ordovician age Champlanian 

series. This series includes the St. Peter Sandstone, the Joachim 

Dolomite, the Plattin Limestone, the Decorah Formation, and the 

Kimmswick Limestone. The St. Peter Sandstone is composed of fine-

to medium-grained, massive-bedded, quartzose sandstone. Overlying 

the St. Peter Sandstone is the Joachim Dolomite, which' is a thin- to 

thick-bedded dolomite which grades into a siltstone (Ref. 13). The 

Plattin Limestone overlies the Joachim and is a thin- to 

thick-bedded, microcrystalline to fine-grained limestone. Overlying 

the Plattin is the Decorah Formation, which is a thin-bedded 

argillaceous limestone with intercalcated calcareous shales. A thin 

bed of metabentonite separates the Plattin and Decorah Formations. 

The Kimmswick Limestone unconformably overlies the Decorah and is 

composed of thick-bedded, high-purity limestone with local 

concentrations of chert (Ref. 14). 

Overlying the Kimmswick is the Ordovician age, Cincinnatian series 

Maquoketa Shale. This unit pinches out northeast of Weldon Spring 

(Ref. 13) and is probably not present beneath the site. 

South and west of Weldon Spring, the Kimmswick Limestone is 

unconformably overlain by the Upper Devonian age Sulfur Spring 

Group. This group is represented by the Bushberg Sandstone member 



in the Weldon Spring area. The Bushberg Sandstone is a fine- to 

medium-grained quartzose sandstone with variable carbonate content 

(Ref. 14). 

Unc,onformably overlying the Bushberg is the Early Mississippian age, 

Kinderhookian series Chouteau Formation. This formation is a 

thin-bedded limestOne which contains a few shale partings and 

localized quantities of argillaceous material and chert (Ref. 14). 

The Chouteau Formation is conformably overlain by the Mississippian 

age, Osagean series which includes the Fern Glen Limestone and the 

Burlington and Keokuk Limestones. The Fern Glen Limestone is a 

thin- to thick-bedded, crystalline to argillaceous limestone. Chert 

is common in this formation with occasional calcareous shale 

interbeds also occurring. The Burlington and Keokuk Formations are 

similar lithologically and have been grouped together by most 

investigators. These formations will hereinafter be referred to as 

the Burlington/Keokuk Formation.. This formation 'is composed of 

limestone with abundant bedded and nodular chert. The limestone is 

very thin- to thick-bedded and crystalline, with grain sizes ranging 

from very fine to very coarse (Ref. 14). 

OVerlying.the Osagean series are the Mississippian age, Meramecian 

series limestones which include the Warsaw Formation, the Salem 

Limestone, and the St. Louis Limestone. These units represent the 
stratigraphically youngest consolidated rocks in the Weldon Spring 

area. These units have been locally eroded away southwest of Weldon 

Spring (Ref. 13). 

4.1.2 Unconsolidated Materials  

Unconsolidated materials in the Weldon Spring area can be subdivided 

into five units: 

o Alluvial deposits 
o Aeolian deposits (loess) 
o Ferrelview Formation 



o Glacial till 
o Residuum 

Alluvial deposits are primarily found in the Missouri and 

Mississippi River valleys and along major tributaries to these 

rivers. These.deposits are typically composed of silt and clay of 

the Holocene epoch, underlain by sand and gravel of both the 

Holocene and Pleistocene epochs (Ref. 1). Thicknesses of the 

alluvial deposits range from a few feet to in excess of 100 ft along. 

the Missouri River (Ref. 15). 

Aeolian deposits are primarily loess (wind-deposited silt and clay) 

which was deposited during the Wisconsinan stage of the Pleistocene 

epoch. The loess deposits range from a slightly clayey silt to a 

silt and clay (approximately 50 percent of each). These deposits 

range from less than 5 ft to approximately 20 ft in thickness. The 

areal distribution of these deposits is typically limited to bluff 

tops and crests of divides (Ref. 16). 

The Fetrelview Formation is a Pleistocene deposit composed of clayey 

silt. The preferred theory concerning the depositional environment 

for this unit is accumulation on a poorly drained till-plain 

surface. This unit is reported to range in thickness from 8 to 

10 ft (Ref. 17). Since the Ferrelview .- Formation is related to the 

underlying glacial till, the.distribUtion of the Ferrelview is also 

controlled by the areal distribution of the till. 

Glacial till deposited during the Kansan stage of the Pleistocene 

epoch is present in the Weldon Spring area. The till is composed of 

clay, silt, sand, gravel, and cobble-sized particles. The glacial 

till has been subdivided into a clay till unit and a basal till unit 

based upon sand percentage and petrologic composition of the 

gravel/cobble fraction. The clay till unit is composed of clay with 

some sand, silt, and gravel. The gravel fraction is composed of 

quartz, chert, and igneous and metamorphic rocks. The presence of 

igneous and metamorphic rocks suggests a distal provenance for this 

till. The basal till unit is composed of chert cobbles in a sandy, 
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clayey silt matrix. The gravel and cobble fractions of this unit 

are almost entirely chert. The abundance of chert suggests a 

prOximal provenance for this till. The areal distribution of 

glacial till in the Weldon Spring area,varies and depends on the 

bearock surface topography and the extent ,of glaciation in the 

area. Thickness of the glacial till varies from 0 (in areas of rock 

outcrop) to approximately 45 ft (Ref. 12). 

The residuum is material resulting from in situ weathering of 

bedrock.• Much of the Weldon Spring area is underlain by 

Mississippian age limestones. The residuUm developed on these rOckS 

is typically reddish-brown gravelly clay. The composition and 

percentage of the gravel fraCtion varies with the rock unit on which 

the residuum is developed. The residuUm thickness varies from less 

than 4 ft up to 20 ft (Ref. 16). 

4.2 STRUCTURAL. GEOLOGY  

The rocks in the Weldon Spring area have a regional strike of N60°W 

with a regional dip, of approximately 1/2° to the northeast. The 

regional dip is a result of flexure from the Ozark dome (Ref. 14). 

Several small flexures have been noted in the Weldon Spring area; 

the nearest to the site is the Eureka/House Springs anticline. This 

flexure is located approximately 4 mi southwest of the site and 

trends northwest-southeast (Ref. 13). 

Roberts (Ref. 2) identified two major joint sets in the Weldon 

Spring area: one set trending between N30°E and N72°E and a second ' 

set trending between N30°W and N65°W. Krummel (Ref. 14) indicates 

that the joint planes are vertical or nearly vertical. 

All of the investigations in the Weldon Spring area have indicated 

that no faulting is' evident in the exposed bedrock units. 
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4.3 SEISMICITY 

The site seismicity and design earthquake considerations for the 

Weldon Spring area were previously evaluated by BNI (Ref. 18). The 

following paragraphs and figures summarize the results of the 

evaluation. 

The Weldon Spring area lies within the tectonically inactive Central 

Stable Region near its boundary with the Mississippi Embayment. The 

Mississippi Embayment' contains tectonically active areas with 

several fault zones present, including the New Madrid seismic zone. 

Figure 4-2, based on data from the National Geophysical. and 

Solar-Terrestrial Data Center (Ref. 19), is a plot of regional 

seismicity within 200 mi of Weldon Spring. The New Madrid seismic 

zone is clearly defined by the seismic activity cluster located 

along the southeastern tip of Missouri. 

Probabilities of peak dynamic accelerations and intensities have 

been evaluated for the Missouri area by Algermissen and Perkins 

(Ref. 20). They calculated accelerations with a 10 percent 

expectation during a 50-yr period (approximately equivalent to 

475-yr accelerations). The results of their calculations are shown 

on Figure 4-3. Interpolation between contours indicates that the 

Weldon Spring area would have a gravitational acceleration of 

approximately 0.07 g at this probability level. 

In addition to peak dynamic acceleration, estimates of maximum site 

intensity and body wave magnitudes were made. Estimates of maximum 

potential intensity range from VII to VIII on the modified Mercalli 

intensity scale. These values imply body wave magnitudes of about 

5.3 to 5.8. 

12 
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6.0 SITE TOPOGRAPHY AND SURFACE DRAINAGE 

The WSCP is located along the axis of the drainage divide between 

the Missouri and Mississippi River basins [Figure 6-1 (Ref. 24)). 

The. main plant area is essentially flat with a surface elevation of 

approximately 660 ft above mean sea level. Four topographic 

features dominate the chemical plant area. First, the man-made 

dikes for the raffinate pits extend up to 20 ft above the 

surrounding ground surface. The second and third features are the 

topographic depression in which the plant ash pond was constructed 

and the man-made dike.at the northwest end of the ash pond. The 

fourth feature is a'slope to the north along the northern margin of 

the chemical plant. This slope has been artificially exaggerated in 

the area of the steam plant to provide a level coal storage area and 

a depressed settling basin for the coal storage area runoff. 

Surface water drainage frOm the site is controlled by the drainage 

divide mentioned previously. The southeastern portion of the 

chemical plant drains toward the Missouri River and the remainder of 

the site, including the raffinate pits and ash pond'areas, drain 

toward theMississippi River. Three major drainageways are present 

at the site. One drainageway receives runoff from the northeastern 

portion of the site and includes the settling basin known as the 

frog pond. This drainage enters Lake, 36 in the Busch 'Wildlife Area 

and eventually enters the Mississippi River. A second drainageway 

receives runoff from the ash pond and raffinate pits area. This 

drainage enters Lake 35 in the Busch Wildlife Area and eventually 

enters the Mississippi River. The third drainageway, which was the 

sewage outfall for the plant, is located southeast of the plant. 

This drainage eventually enters the Missouri' River. 
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7.0 SITE GEOLOGY 

The investigation of the site geology included performing a seismic 

refraction survey, drilling 34 boreholes, and excavating and 

bac.kfilling five trenches. The locations of the investigatory data 

acquisition points are shown on Figure 7-1. Summaries of 

information collected from the borings and trenches are preSented on 

Tables 7-1 and 7-2, respectively. Boring logs and trench logs are 

presented in Appendices A and B, respectively. 

Borings were advanced through the overburden using hollow stem 

augers and were sampled using either a split-spoon sampler or a 

Shelby tube sampler. Rock core samples were obtained using an NQ or 

NXB (3-in. diameter) wire-line coring apparatus. Trenches were 

excavated with a John Deere 410B backhoe and shored with hydraulic 

shoring prior to entry for wall mapping. All drilling and trenching 

activities were monitored and documented by BNI geologists. All 

borings not completed as groundwater monitoring wells were 

backfilled with cement/bentonite grout to the ground surface. 

Trenches'were backfilled with radiologically "clean" excavation 

spoils, which were compacted in average lifts of 1 to 2 ft by using 

the backhoe bucket. The trenches were backfilled with the "clean" 

materials to ensure that water infiltrating through these materials 

would be of higher quality than water infiltrating through adjacent 

ground. 

Results of this investigation were integrated with the results of 

the previous BNI investigation (Ref. 12) to interpret the site 

geology. The data points from the previous investigation are also 

shown on Figure 7-1, and a summary of boring data is included on 

Table 7-1. 

Hydrogeological cross sections of the site were prepared using 

stratigraphic information from the borings. These sections are 

shown on Figures 7-2 through 7-4. 
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7.1 BEDROCK GEOLOGY 

The uppermost bedrock unit underlying the site is the 

Burlington/Keokuk Formation. This formation is composed of fine- to 

coalse-grained limestone with abundant chert occurring as nodules 

and beds. Stratigraphic information from the borings indicates that 

the Burlington/Keokuk Formation can be subdivided into two units at 

the site. The uppermost unit is highly to moderately weathered, 

highly to moderately fractured, yellowish-brown to white limestone, 

containing 40 to 60 percent chert. This unit contains solution 

features ranging from vUgs (up to 2 in.) to small cavities (up to 

5 ft). Cavities are generally filled with silt/clay/chert graVel 

mixtures but may occasionally be filled with sand/chert gravel 

mixtures. Both solution features and predominant fractures appear 

to be oriented parallel to bedding in the limestone. The unit 

varies froM 19 to 42 ft in thickness. The variability in,thickness 

is attributed to variations in depth of weathering of the 

limestone. The undetlying unit is a slightly weathered to fresh, 

slightly fractured, brownish-gray to gray limestone, containing 20 

to 40 percent chert. Solution features are limited to occasional 

vugs in the upper portion of the unit. Stylolites (pressure 

solution features) and/or shale interbeds are common in this unit. 

In core samples, this unit appears massive and without horizontal 

fracturing. Core breaks generally occur along stylolites or shale 

interbeds. Thit unit is thought to represent the unweathered. 

portion of the Burlington/Keokuk Formation. 

Two seismic refraction (SR) survey lines were run (Figure 7-1) to 

evaluate variations in bedrock topography. SR Line 1 runs in the 

north-south direction east of Raffinate Pits 1 and 2; SR Line 2 runs 

primarily east-west and is located north of the ash pond. The 

results of these surveys are presented in Appendix C. The results 

of the surveys indicate that the top of bedrock,,as,defined from a 

borehole, could not be accurately delineated by the refraction 

survey. This results from an absence of significant seismic 

velocity contrast between the overlying residuum and glacial till 
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and the underlying weathered bedrock. The refraction method does 

appear to delineate the boundary between the upper and lower units 

of the Burlington/Keokuk Formation. The seismic velocity of the 

lower unit is approximately 2 to 3 times the velocity of the upper 

unit. 

Boring information was used to generate a bedrock topography map of 

the site (Figure 7-5) to allow evaluation of the preglacial 

paleogeomorphology of the site. The bedrock topography contour map 

represents an interpretation of data colleCted from the boreholes 

shown on Figure 7-1. The contours are based on a finite number of 

data points, and thus varying interpretations or localized 

variations in the bedrock surface with dimensions that do not extend 

to the boreholes are possible. Previous investigations (Refs. 5 and 

6) indicated the presence of a large circular depression in the 

bedrock surface centered adjacent to the steam plant. This feature 

was postulated to be a paleosink. Additional subsurface information 

collected during this investigation indicates that this feature is 

more extensive than originally defined. The bedrock topography map 

indicates that this feature is a paleochannel. The feature appears 

to trend with the regional joint orientation of N30°-65°W (Ref. 2). 

Information from several borings (GMW-7, B-20, and B-3) indicates a 

gravelly zone at the base of the residuum. This zone probably 

represents the residue from a weathered chert zone within the 

bedrock. 

7.2 OVERBURDEN GEOLOGY 

Figure 7-6 presents an isopach map of overburden thickness. The 

overburden isopach map is based upon a finite amount of boring 

data. The interpretation presented represents the results of 

evaluating the boring data with respect to the geology of the area. 

Additional boring information would allow further refinement of 

these contours or may suggest an alternative configuration. This 

map shows that, in general, the overburden thickness follows the 

bedrock topography, with the thickest overburden deposits present 

where the bedrock is topographically the lowest. 
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Stratigraphic information from the borings indicates that the 

overburden contains six units: 

o Residuum 
o Basal till 

-o Clay till 
o Ferrelview Formation 
o Loess 
o Topsoil/fill 

The residuum is typically a red to yellow gravelly clay to gravelly 

silt. The gravel fraction is primarily composed of angular chert, 

with minor amounts of weathered limestone fragments. The thickness 

of the residuum varies from 0 to approximately 23 ft on the site. 

The areal distribution of the residuum varies and appears to be a 

function of localized weathering and erosional mechanisms.. 

Overlying the residuum in some areas of the site is the basal till 

unit. This unit is a yellowish-brown sandy, clayey silt with 

angular chert gravel and cobbles. Figure 7 -7 presents an isopach 

map of this unit. The areal distribution of this unit appears to be 

controlled by bedrock topography, since the unit thins or is absent 

in areas with higher bedrock elevations and is thickest in areas of 

lower bedrock elevations. 

Overlying the basal till is the clay till unit. The clay till is a 

yellowish-brown silty clay to clayey silt. This unit contains sand 

and gravel-size particles and pyrolusite (manganese oxide) veins and 

stringers. The gravel fraction is composed of subrounded to rounded 

granitic and mafic rocks and chert fragments. Figure 7-8 presents 

an isopach map of this unit. 

Overlying the clay till unit in most areas of the site is the 

Ferrelview Formation. This unit is a dark yellowish-orange to brown 

color with gray mottling. The Ferrelview ranges from a silty clay 

to a clayey silt. Iron oxide nodules and pyrolusite veins and 

stringers are common in this unit. Figure 7-9 presents an isopach 

map of the Ferrelview Formation. 
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Loess deposits overlie the Ferrelview Formation, or where absent, 

the clay till unit. This unit is a mottled gray, dark 

yellowish-orange clayey silt to silty clay. The loess varies from 0 

to 10.5 ft in thickness across the site. Areal distribution of the 

loess is quite variable due to predepositional topography and ,  

postdepositional erosion. 

The topsoil/fill unit is the uppermost overburden unit at the site. 

The topsoil portion of the unit is a black, organically. rich, silty 

clay or clayey silt. Topsoil thickness ranges from less than 0.5 ft 

to 1 ft. The fill portion of the unit is quite variable in 

composition. The source of the,fill is thought to be primarily 

on-site soils which have been excavated, transported, and 

recompacted. The thickest areas of fill occur at the raffinate pit. 

dikes, where up-to 26 ft of fill is reported. Other minor areas of 

fill occur around the site, primarily for maintaining plant grade 

'and drainage control. 

7.3 OVERBURDEN CHARACTERISTICS 

Disturbed (split spoon) and undisturbed (Shelby tube) samples of the 

major overburden units were submitted to Controls for Environmental 

Pollution (CEP) of Santa Fe, New Mexico, for soil testing. Results 

of the soil tests are summarized on Table 7-3, and test data sheets 

are presented in Appendix D. The data presented on Table 7-3 are 

broken down by individual units to examine variability within units 

and provide a comparison between units. 

Comparison of grain size distributions of the four units indicates 

that the basal till has the highest gravel content, the clay till 

has the highest sand and clay content, and the loess has the highest 

silt content. The Ferrelview Formation contains a higher percentage 

of silt than the clay till does, yet the Ferrelview is thought to be 

derived from the clay till. The higher silt content of the 

Ferrelview may reflect loess deposited contemporaneously with the 

Ferrelview. 
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The two most critical parameters measured in the soil testing 

program were effective cation exchange capacity and distribution 

ratio. The clay till unit exhibited the highest cation exchange, 

followed by the Ferrelview Formation and finally the basal till. 

The-loess unit was not examined in this study due to its. limited 

areal extent on the site. The results of these tests are as could 

be expected from the percentages of clay in each unit. The clay 

till has the highest clay content and thus has the highest surface 

area and largest number of surface charged particles available for 

exchange reactions to occur. The basal till has the least amount of 
clay and contains significant amounts of quartz and amorphous silica 

(chert) which provide less possibility for sorption reactions to 

occur. Distribution ratios were measured using a 10.44 mg/1 uranium 

source solution. The results of the distribution ratio tests 

indicate the opposite results from the cation exchange capacity 

tests, with the basal till having the highest distribution ratio and 

the clay till having the lowest distribution ratio. Visual 

examination of the samples by laboratory personnel indicates that 

the basal till sample has the highest organic content of the samples 

tested. This suggests that the reactions observed in the basal till 

sample may involve complex formation and/or oxidation-reduction 

reactions created by the reducing conditions surrounding the organic 

matter, rather than by sorptive processes. The cation exchange 

capacity measurements show the basal till as having the lowest 

cation exchange capacity which indicates a low sorptive capacity of 

the soil. The implication of this reasoning is that the ability of 

the basal till to immobilize radionuclides is directly tied to 

organic content and the geochemical environment and may vary both 

spatially and temporally. 

Seeley and Kelmers (Ref. 25) determined distribution ratios for 

uranium (VI) and radium-226 of five soil samples taken of raffinate 

pit dike fill and natural soil. Distribution ratios for uranium 

(VI) were determined using source concentrations of 5 mg/1 and 

10,000 mg/1. Distribution ratios for the 5 mg/1-source 

concentration ranged from 12 to 1,300 ml/g and for the 10,000 mg/1, 
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they ranged from 0.72 to 1.6 ml/g. DistribUtion ratios for 

radium-226 were determined using a source concentration of 

100,000 pCi/m1 and ranged from 660 to 48,000 ml/g. 

In Addition to the parameters measured by the laboratory, other 

relevant soil parameters were calculated for the Ferrelview, 

Formation, the clay till unit, and the basal till unit. These 

parameters are also shown on Table 7-3. These data indicate that 

the Ferrelview Formation has the highest saturation, specific 

retention, .and activity, and the lowest specific yield (Ref. 26). 

This is further supported by the work performed by Howe and Heim. 

(Ref. 17) on the Ferrelview Formation. They state that construction. 

experience with the Ferrelview has indicated that it has a very high 

capacity for moisture retention and that it tends to dry out very 

slowly. 
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TABLE 7-1 

BORING SUMMARY 

Page 1 of 2 

Borehole 
Numbera 

North 
Coordinateb 

weat 
Coordinateb 

Ground 
Elevations 

Overburden 
Thickness 	(ft)d 

Residuum  
Thickne'ss 	(ft) d  

Depth to 
Top of Sound 
Rock 	(ft)d 

Total 
Depth of 
Role (ft) 

Depth to 
Crounekater 

(ft) 
Installation 

Date 

8-1 99507.31 52283.25 638.89 _ 21.5 Dry 02/16/83 
8-2 99255.75 52139.58 631.04 29.6 29.6 22.6 02/21/83 
8-3 101532.61 51176.70 635.10 54.0 4.0 54.0 150.5 56.5 03/11/83 
8-4 99548.26 49549.08 655.19 18.0 5.7 23.7 119.6 38.9 03/16/83 
11-5 99235.26 50975.59 653.29 21.5 8.01 03/22/83 
8-6 99050.01 51224.33 663.72 21.5 20.5 03/17/83 
8-7 98764.40 51596.95 658.17 - 22.75 Dry 03/23/83 
8-8 98750.81 51969.06 646.68 27.0 - 33.0 Dry 03/23/83 
8-9 99848.34 54284.63 632.72 21.0 0 21.0 84.7 50.7 04/04/83 
8-10 99257.79 52044.62 665.85 - - - 25.6 Dry 03/24/83 
8-11 96958.31 52458.57 669.86 23.0 6.0 23.0 106.2 63.5 03/29/83 
8-12 100003.42 51968.88 663.60 - - 30.0 Dry 03/25/83 

at. B-13 99890.22 51545.69 663.78 - - - 27.0 Dry 03/28/83 
0 8-14 99236.90 50965.65 653.53 - - 21.83 22.1 04/08/83 

8-15 99420.65 51025.38 663.94 - 30.0 19.0 04/11/83 
8-15A 99410.29 51021.62 663.42 - 37.0 Dry 04/11/83 
8-16 99084.02 52513.02 621.67 27.0 8.0 - 28.5 17.4 04/18/83 
8-17 100043.37 52082.13 645.64 29.0 3.93 29.0 99.1 42.0 04/12/83 
8-18 99218.80 50750.75 658.75 - 24.0 Dry 04/11/83 
8-19 99596.66 50805.60 645.37 21.0 21.5 Dry 04/08/83 
9-19A 99546.41 50954.29 645.17 28.0 8.0 30.0 101.0 35.0 04/25/83 
8-20 99597.59 50956.60 643.75 29.5 8.49 29.5 29.5 Dry 04/08/83 
8-21 98832.32 52123.23 644.41 35.0 12.0 35.0 99.4 35.7 04/19/81 
8-22 9931.65 51266.71 647.36 15.0 - 15.0 9.33 04/15/83 
8-23 98471.52 50936.42 665.09 38.0 0 38.0 90.7 52.0 04/19/83 
8-24 99969.05 51635.20 649.22 23.5 - 23.5 22.35 04/15/83 
G-1 98473 50581 668.0 39.7 0 45.3 84.0 53.23 01/30/86 
G-2A 100440 50578 658.0 42.5 2.3 44.8 83.0 53.20 02/05/86 

G-3 101195 50949 654.0 54.6 7.0 54.6 88.2 65.55 02/11/86 

C-4 101141 51296 644.0 50.0 12.5 53.0 81.0 56.10 02/13/86 
G-5 100650 51250 635.9 40.0 18.0 40.0 73.0 38.00 08/04/86 
G-6 100450 51150 639.7 23.5 7.5 23.5 67.0 10.71 06/20/86 



TABLE 7-1 

(continued) 

Pa e 2 of 2 

Borehole 
Numbers 

North 
Coordinateb 

West 
Coordinateb 

Ground 
Elevations 

Overburden 
Thickness (Rid 

Residuum 
Thickness 	(ft)d 

Depth to 
Top of Sound 
Rock 	(ft)d 

Total 
Depth of 
Role (ft) 

Depth fo 
Groundwater 

(ft) 
Installation 

Date 

G-7 101200 50450 633.3 18.5 7.0 18.5 64.0 34.20 06/18/86 

G-8 100450 49900 655.3 30.0 4.0 34.3 75.0 52.12 06/18/86 

G-9 100065 49905 656.0 37.5 11.5 37.5 76.0 49.47 06/16/86 

G-13 99521 50517 654.7 28.5 6.5 28.5 71.0 31.08 06/12/96 

G-14 99199 49935 655.8 37.5 10.0 37.5 76.4 41.40 06/09/86 

G-15 98924 50447 658.0 41.0 4.0 41.0 75.5 18.10 06/06/86 

G-16 98051 51007 656.7 34.0 9.0 34.0 80.4 30.10 06/05/86 

C-18 101350 52551 633.8 29.0 11.5 36.0 79.0 41.00 06/23/86 

C-19 101700 51950 619.4 41.5 22.7 41.5 66.0 40.50 06/24/86 

G-20 101850 50950 630.3 32.5 16.0 32.5 66.0 44.30 06/23/86 

C-21 101336 52116 638.7 34.2 7.2 54.0 74.5 52.00 07/31/86 

GMW-1 100858 52554 612.1 26.5 11.8 26.5 60.0 23.30 07/14/86 

4a 	GMW-2A 100658 52253 624.0 24.5 9.5 29.0 60.0 31.0 07/12/86 
I-. 

GMW-3 100347 52299 636.8 38.8 10.8 38.8 S9.0 38.10 07/10/86 

GMW-4 101450 51750 642.8 51.0 18.0 51.0 72.0 51.40 07/24/86 

GMW-5 101131 51950 635.7 44.8 12.1 44.8 76.0 47.41 07/23/86 

GMW-6 101223 49852 633.9 22.6 8.6 22.6 65.5 30.10 06/27/86 

GMW-7 100928 50933 649.0 59.0 13.0 59.0 94.0 48.80 07/09/86 

GMW-8 101720 50659 619.9 31.5 14.5 31.5 57.0 34.20 06/25/86 

CMW-9 101350 50700 636.7 20.5 5.5 26.5 54.0 39.00 06/26/86 

GMW-10 101150 50100 642.1 29.5 6.0 32.8 59.0 40.00 06/27/86 

GMW-11 100916 50030 653.0 32.0 5.0 32.0 74.0 52.00 06/30/86 

GNW-12 101050 49643 636.2 25.5 5.5 25.5 60.0 40.00 07/02/86 

GMW-13 100819 49539 645.5 27.5 6.5 27.5 70.0 39.60 07/03/86 

GKW-14 100735 49186 647.3 33.0 12.0 35.0 59.0 43.00 07/07/86 

GMW-15 100100 50550 .  657.4 45.5 9.0 45.5 80.5 53.41 08/01/86 

GMW-17 100200 49050 657.8 23.5 0 23.5 64.0 52.30 06/25/86 

CMW-18 • 98297 50382 661.4 32.5 5.5 32.5 65.0 39.40 07/08/86 

aBoreholes 9-1 through B-24 were surveyed in 1983: boreholes G-I through GMW-113 were surveyed in 1986. 
bCoordinates are based on the AEC coordinate system. 
cElevations are based on the USES system. 
dzero 	''cates that the unit is absent: dash indicates that the boreho11d not extend to or through the particular unit. 



TABLE 7-2 

TRENCH SUMMARY 

Trench 
Number 

Center Point Coordinates a  
Total 
Depth 
(ft) 

Average Unit Thickness (ft) 
Topsoil/ 

Fill 
Clayey Silt 

(Loess) 
Ferrelview 
Formation 

Glacial 
Till Residuum .  N 	w 

T-1 100,546.5 52,437.5 15.0 0.8 4.2 10.0 

T-2 100,555.5 50,662.0 15.0 0.6 2.2 6.8 5.4 

T-3 98,621.0 50,844.0 15.0 1.5 6.4 7.1 

at. 
T-4 98,886.5 50,427.0 15.0 5.5 9.5 

IsJ 

T-6 101,206.5 50,411.0 16.0 2.4 1.3 11.3 

aCoordinates are based on the AEC coordinate system. 



TABLE 7-3 

SOIL TESTING SUMMARY 
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Borehole 
Number 

Sample 
Number 

Depth 
Interval 

(ft) 
Percentages of Grain Sizes 

Gravel Sand Silt Clay 

LOESS UNIT 

G-18 1 3.5 - 	5.0 0 6 65 29 
G-21 SS-1 3.5 - 	5.0 
GMW-1 SS-1 3.5 - 	5.0 - - - 
GMW-3 SS-1 5.5 - 	7.0 0 5 65 30 
GMW-4 SS-1 3.5 - 	5.0 - - 
GMW-5 SS-1 3.5 - 	5.0 0 5 67 28 
GMW-7 SS-1 3.5 - 	5.0 - - 
GMW-11 SS-1 3.5 - 	5.0 0 3 64 33 
GMW-15 SS-1 3.5 - 	5.0 59 38 

mean 0 4.4 64 31.6 
standard deviation 1415 +1.3 _ +3 +4 

5 5 5 
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TABLE 7-3 

(continued) 

Page 2 of 25 

Borehole 
Number 

Sample 
Number 

Depth 
Interval 

(ft) 
Liquid 
Limit 

Plasticity 
Index 

Unified Soil 
Classification.  

LOESS UNIT 

1 
SS-1 
SS-1 
SS-1 
SS-1 
SS-1 
SS-1 
SS-1 
SS-1 

3.5 
3.5 
3.5 
5.5 
3.5 
3.5 
3.5 
3.5 
3.5 

- 	5.0 
- 	5.0 
- 	5.0 
- 	7.0 
= 	5.0 
- 	5.0 
- 	5.0 
- 	5.0 
- 	5.0 

30 13 CL 

G-18 
G-21 
GMW-1 
GMW-3 
GMW-4 
GMW-5 
GMW-7 
GMW-11 
GMW-15 

mean 
standard deviation 

1 	1 	1 
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(continued) 
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Depth 
Interval 

(ft) 

Specific 	Unit Weight  
Gravity 	 Dry 	 Wet 
(g/cm 3 ) 	(lh/ft 3 ) 	(lb/ft ) 

 

Borehole Sample 
Number 	Number 

 

LOESS UNIT 

G-18 1 3.5 - 	5.0 
G-21 SS-1 3.5 - 	5.0 2.58 ••■ 

GMW-1 SS-1 3.5 - 	5.0 VIII 

GMW-3 SS-1 5.5 - 	T.0 92.3 110.6 
GMW-4 SS-1 3.5 - 	5.0 85.5 101.7 
GMW-5 SS-1 3.5 - 	5.0 95.2 106.9 
GMW-7 SS-1 3.5 - 	5.0 101.6 122.7 
GMW-11 SS-1 3.5 - 	5.0 101.9 125.1 
GMW-15 SS-1 3.5 - 	5.0 86.6 92.8 

mean 93.8 110.0  
standard deviation +7.1 +12.4  
n 1 

6 
6 
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TABLE 7-3 

(continued) 

Page 4 of 25 

Borehole Sample 
Number 	Number 

Depth 
Interval 

(ft) 
Moisture 
Content 

Centrifuge 
Moisture 

Equivalent 

Effective 
Cation 

Exchange 
Capacity 

(meq/10.09). 

Distribution 
Ratio 
(ml/g) 

LOESS UNIT 

G-18 1 3.5 - 	5.0 
G-21 SS-1 3.5 - 	5.0 
GMW-1 SS-1 3.5 - 	5.0 
GMW-3 SS-1 5.5 - 	7.0 
GMW-4 SS-1 3.5 - 	5.0 
GMW-5 SS-1 3.5 - 	5.0 

.b. 
ch 

GMW-7. 
GMW-11 

SS-1 
SS-1 

3.5 
3.5 

- 	5.0 
- 	5.0 

GMW-15 SS-1 3.5 - 	5.0 

mean - - - 
standard deviation - 	- - 
n 0 0 0 



TABLE 7-3 

(continued) 
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CALCULATED PARAMETERS 
Depth 

Borehole Sample. Interval 	Void 	Specific 	Specific 
Number 	Number 	(ft) 	Ratioa 	Porosityh 	Retentionc 	Yieldd 	Saturatione 	Activityf 

LOESS UNIT 

G-18 1 3.5 - 5.0 
G-21 SS-1 3.5 - 5.0 
GMW-1 SS-1 3.5 - 5.0 
GMW-3 SS-1 5.5 - 7.0 
GMW-4 SS-1 3.5 - 5.0 
GMW-5 SS-1 3.5 - 	5.0 
GMW-7 SS-1 3.5 - 5.0 
GMW-11 SS-1 3.5 - 	5.0 
GMW-15 SS-1 3.5 -- 	5.0 

mean 
standard deviation 
n 	 0 	 0 	 0 	 0 	 0 	 0 
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TABLE 7-3 

(continued) 
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Borehole Sample 
Number 	Number 

Depth 
Interval 	Percentages of Grain Sizes  

(ft) 	Gravel 	Sand 	Silt 	Clay, 

 

 

FERRELVIEW FORMATION 

G-8 1 3.5 - 	5.0 5 14 47 39 
G-8 3 11.5 - 	13.5 0 4 47 49 
G-9 2 6.5 - 	8.5 0 3 56 41 
G-14 1 3.5 - 	5.0 - - - - 
G-16 1 3.5 - 	5.0 - - - 
G-21 SS-2 8.5 - 	10.0 - - - - 
GMW-3 SS-2 8.5 - 	10.0 0 16 26 58 
GMW-3 ST-1 11.5 - 	13.5 0 14 41 45 
GMW-7. ST-1 11.5 - 13.5 0 12 42 46 
GMW-12 ST-1 10.0 - 	11.5 10 14 63 13 
GMW-13 ST-1 11.5 - 	13.5 0 7 48 45 
GMW-15 ST-1 11.5 - 	13.5 e 1g 3 53 44 
GMW-17/ 
G-10 SS-2 8.5 - 	10.0 - - - - 
GMW-18 SS-1 3.5 - 	5.0 9 17 49 34 
GMW-18 SS-2 8.5 - 	10.0 - - 

mean 2.8 9.8 49.6 39.6 
standard deviation +4.1 +5.5. +6.9 +10.9 

To 	To 	To 	lo 
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(continued) 
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Depth 

	

Borehole Sample 
	Interval 	Liquid 	Plasticity 	Unified Soil 

Number 	Number 
	

(ft) 	Limit 	Index 	Classification 

FERRELVIEW FORMATION 

G-8 1 3.5 - 	5.0 
G-8 3 11.5 - 	13.5 49 33 CL 
G-9 2 6.5 - 	8.5 40 23 CL 
G-14 1 3.5 - 	5.0 - - - 
G-1 . 6 1 3.5 - 	5.0 - - - 
G-21 SS-2 8.5 - 	10.0 63 43 CH 
GMW-3 SS-2 8.5 10.0 - - 
GMW-3 ST-1 11.5 - 	13.5 55 41 CH 
GMW-7 ST-1 11.5 - 	13.5 55 37 CH 
GMW-12 ST-1 10.0 - 	11.5 50 32 CL-CH 
GMW-13 ST-1 11.5 - 	13.5 45 28 CL 
GMW-15 ST-1 11.5 - 	13.5 61 44 CH 
GMW-17/ 
G-10 SS-2 8.5 - 	10.0 - - - 
GMW-18 SS-1 3.5 - 	5.0 
GMW-18 SS-2 8.5 - 	10.0 

mean 	 52.2 	35.1 	CL-CH 
standard deviation 	+7.8 	+7.5 

8 	8 	.8 
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Borehole Sample 
Number 	Number 

Depth 
Interval 

(ft) 

Specific 
Gravity 
(g/cm 3 ) 

Unit Weight 
Dry 	Wet 

(lb/ft 3 ) 	 ( lb/ft 3 ) 

FERRELVIEW FORMATION 

G-8 	1 3.5 - 	5.0 
G-8 	 3 11.5 - 13.5 2.53 115.1 127.3 
G-9 	2 6.5 - 	8.5 2.63 103.5 124.0 
G-14 	1 3.5 - 	5.0 2.45 
G-16 	1 3.5 - 	5.0 2.62 
G-21 	SS-2 8.5 - 10.0 - 
GMW-3 	SS-2 8.5 - 10.0 2.56 
GMW-3 	ST-1 11.5 - 	13.5 2.62 101.7 126.8 

tn 
o 

GMW-7 	ST-1 
GMW-12 	ST-1 

U.S 
10.0 

- 13.5 
- 	11.5 

2.64 
2.59 

108.0 
73.3 

129.0 
99.9 

GMW-13 	ST-1 11.5 - 	13.5 2.66 101.9 121.4 
GMW-15 	ST-1 11.5 - 	13.5 2.67 98.8 123.4 
GMW-17/ 
G-10 	SS-2 8.5 - 	10.0 107.9 1265 
GMW-18 	SS-1 3.5 - 	5.0 
GMW-18 	SS-2 8.5 - 	10.0 2.67 

mean 2.61 101.3 122.3 
standard deviation +0.07 +12.4 +9.4 
n Ti 8 8 
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Borehole Sample 
Number, Number 

Depth 
Interval 

(ft) 
Moisture 
Content 

Centrifuge 
Moisture 

Equivalent' 

Effective 
Cation 

Exchange 	Distribution 
Capacity 	Ratio 
(meg/100g) 	(ml/g) 

FERRELVIEW FORMATION 

G-• 	1 3.5 - 	5.0 
G-8 	3 11.5 - 	13.5 24.5 41 
G-9 	2 6.5 - 	8.5 24.6 35 
G-14 	1 3.5 - 	5.0 
G-16 	1 3.5 - 	5.0 
G-21 	SS-2 8.5 - 	10.0 
GMW-3 	SS-2 8.5 - 	10.0 
GMW-3 	ST-1 11.5 - 	13.5 24.7 47 
GMW-7 	ST-1 11.5 - 	13.5 24.6 46 
GMW-12 	ST-1 10.0 - 	11.5 25.7 60.2 47.9 
GMW-13 	ST-1 11.5 - 	13.5 23.8 60.4 61.6 
GMW-15 	ST-1 11.5 - 	13.5 24.9 58 
GMW-17/ 
G-10 	SS-2 8.5 - 10.0 
GMW-18 	SS-1 3.5 - 	5.0 
GMW-18 	SS-2 8.5 - 	10.0 

mean 24.7 45.4 60.3 54.8 
standard deviation +0.6 +0.1 +9.7 

-7 
±85 .5 

2 2 

ul • 
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CALCULATED PARAMETERS  
Depth 

Borehole 	Sample 	Interval , 	Void 	Specific 	Specific 
Number 	Number 	(ft) 	Ratios 	Porosityb 	Retentions 	Yieldd 	Saturatione 	Activity f  

FERRELVIEW FORMATION 

- - - - G-8 1 3.5 	= 5.0 
G-8 3 11.5 	- 	13.5 0.37 27% 33% 0% 100% 0.67 
G-9 2 6.5 	8.5 0.58 37% 28% 9% 100% 0.56 
G-14 1 3.5 	5.0 - - - - - 
G-16 1 .  3.5 	5.0 - - 
G-21 SS-2 8.5 	- 10.0 
GMW-3 SS-2 8.5 	- 10.0 - - - - - 
GMW-3 ST-1 11.5 	- 	13.5 0.29 22% 38% 0% 100% 0.91 

lll 
tv GMW-7 ST-1 11.5 	- 	13.5 0.52 34% 37% 0% 100% 0.80 

GMW-12 ST-1 10.0 	- 	11.5 0.62 38% - - 100% 2.46 
GMW-13 ST-1 11.5 	- 	13.5 0.63 39% - - 100% 0.62 
GMW-15 ST 11.5 	- 	13.5 0.69 41% 46% 0% 96.4% 1.00 
GMW-17/ 
G-10 SS-2 8.5 	- 10.0 
GMW-18 SS-1 3.5 	- 	5.0 
GMW-18 SS-2 8.5 	- 10.0 

mean 
standard deviation 
n 

0.53 
+0.15 _ 

7 

34% 
+7 _ 

7 

36% 
+7 

5 

2% 
+4 

5 

100% 
+1.4 

7 

1.00 
+0.66 _ 

7 
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TABLE 7-3 
(continued) .  

Borehole 
Number 

Sample 
Number 

Depth 
Interval 

(ft) 
Percentages of Grain Sizes 

Gravel Sand Silt Clay 

CLAY TILL UNIT 

G-5 ST-1 6.5 - 	8.5 -ig 20 31 49 
G-5 SS-3 13.5 - 	15.0 0 31 27 42 
G-6 1 3.5 - 	5.0 - - - 
G-6 3 11.5 '- 	13.5 1 22 32 45 
G-8 6 21.5 23.5 0 22 32 46 
G-9 5 16.5 - 	18.5 0 21 30 49 
G-19 2 6.5 - 	8.5 <lg 27 29 44 
G-20 2 6.0 - 	8.0 0 14 36 50 

ul G-21 ST-1 16.5 - 	18.5 0 27 31 42 
w GMW-3 SS-4 18.5 - 	20.0 - - - 

GMW-4 ST-1 11.5 - 	13.5 0 22 34 44 
GMW-4 SS-4 18.5 - 	20.0 0 28 31 41 
GMW-5 ST-1 11.5 - 	13.5 0 26 31 43 
GMW-6 ST-1 11.5 - 	13.5. 0 18 28 54 
GMW-7 SS-6 28.5 - 	30.0 0 25 34 41 
GMW-8 ST-1 11.5 - 	12.5 4 22 35 39 
GMW-10 ST-1 11.5 - 	13.5 0 25 35 40 
GMW-11 ST-1 13.5 - 	15.5 0 18 31 51 
GMW-13 SS-4 18.5 - 	20.0 - - - - 
GMW-14 ST-1 11.5 - 	12.5 0 16 32 52 
GMW-15 SS-6 28.5 - 	30.0 - 
GMW-17/ 
G-10 SS-4 18.5 - 	20.0 - - - - 
GMW-18 ST-1 11.5 - 	13.5 0 20 32 48 

mean 0.4 22.4 31.7 45.6 
standard deviation +1.0 +4.5 +2.4 +4.5 
n 18 18 18 18 
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Depth 

	

Borehole Sample 
	Interval 
	

Liquid 	Plasticity 
	

Unified Soil 
Number 	Number 
	

(ft) 
	

Limit 	Index 	Classification 

CLAY TILL UNIT 

G-5 ST-1 6.5 	- 	8.5 53 36 CH 
G-5 SS-3 13.5 	- 	15.0 - 
G-6 1 13.5 	- 	5.0 - - - 
G-6 3 11.5 	- 	13.5 4 . 6 29 CL 
G-8 6 21.5 	- 	23.5 47 31 CL 
G-9 5 16.5 	- 	18.5 50 34 CL-CH 
G-19 2 6.5 	- 	8.5 41 27 CL 
G-20 2 6.0 	- 	8.0 62 43 CH 

vl 
.b 

G-21 
GMW-3 

ST-1 
SS-4 

	

16.5 	- 	18.5 

	

18.5 	- 	20.0 
42 
81 

29 
56 

CL 
CH 

GMW-4 ST-1 11.5 	- 	13.5 48 33 CL - 
GMW-4 SS-4 18.5 	- 	20.0 - - - 
GMW-5 ST-1 11.5 	- 	13.5 . 44 29 .  CL 
GMW-6 ST-1 11.5 	13.5 42 28 CL 
GMW-7 SS-6 28.5 	- 	30.0 - - - 
GMW-8 ST-1 11.5 	- 	12.5 44 28 CL 
GMW-10 ST-1 11.5 	- 	13.5 39 23 CL 
GMW-11 ST-1 13.5 	- 	15.5 58 44 CH 
GMW-13 SS-4 18.5 	- 	20.0 - - 
GMW-14 ST-1 11.5 	- 	12.5 53 39 CH .  

GMW-15 SS-6 28.5 	30.0 
GMW-17/ 
G-10 SS-4 18.5 	- 	20.0 
GMW-18 ST-1 11.5 	- 	13.5 55 .39 CH 

mean 50.3 34.2 CL 
standard deviation +10.5 +8.4 
n 16 16 16 
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Depth 
Interval 

(ft) 

Specific 
Gravity 
(g/cm 3 ) 

 

Unit Weight  
Dry 	Wet 

(lb/ft 3 ) 	(lb/ft 3 ) 

 

Borehole Sample 
Number 	Number 

  

CLAY TILL UNIT 

G-5 ST-1 6.5 	- 	8.5 2.43 105.4 129.5 
G-5 SS-3 13.5 	- 	15.0 - 
G-6 1 3.5 	- 	5.0 2.67 - 
G-6 3 11.5 	- 	13.5 2.65 110.6 136.6 
G-8 6 21.5 	- 	23.5 2.61 103.9 121.1 
G-9 5 16.5 	- 	18.5 2.60 107.3 127.6 
G-19 2 6.5 	- 	8.5 2.68 107.9 125.9 
G-20 2 6.0 	- 	8.0 2.67 96.7 121.4 	. 
G-21 ST-1 16.5 	- 	18.5 2.64 
GMW-3 SS-4 18.5 	- 	20.0 - 
GMW-4 ST-1 11.5 	- 	13.5 2.46 102.9 122.7 
GMW-4 SS-4 18.5 	- 	20.0 - - 
GMW-5 ST-1 11.5 	- 	13.5 2.62 113.4 132.6 
GMW-6 ST-1 11.5 	- 	13.5 2.66 104.7 121.7 
GMW-7 SS-6 28.5 	- 	30.0 - - - 
GMW-8 ST-1 11.5 	- 	12.5 2.37 100.3 113.3 
GMW-10 ST-1 11.5 	- 	13.5 - 104.6 117.7 
GMW-11 ST-1 13.5 	- 	15.5 2.55 105.5 129.7 
GMW-13 SS-4 18.5 	- 	20.0 2.68 - - 
GMW-14 ST-1 11.5 	- 	12.5 2.68 98.2 121.5 
GMW-15 SS-6 28.5 	- 	30.0 2.68 
GMW-17/ 
G-10 SS-4 18.5 	- 	20.0 2.62 
GMW-18 ST-1 11.5 	- 	13.5 2.55 105.2 112.2 

mean 2.60 104.8 123. . 8 
standard deviation +0.09 +4.4 +7.0 
n 18 T4 14 
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Borehole Sample 
Number 	Number 

Depth. 
Interval 

(Et) 
Moisture 
Content 

Centrifuge 
Moisture 
Equivalent 

Effective  
Cation 
Exchange 
Capacity 
(meg/100g) 

Distribution 
Ratio 
(ml/g) 

CLAY TILL UNIT 

G-5 	ST-1 6.5 - 	8.5 22.9 34 
G-5 	SS-3 13.5 - 	15.0 - - 
G-6 	1 3.5 - 	5.0 - - 
G-6 	3 11.5 - 	13.5 18.0 36 
G-8 	6 21.5 - 	23.5 16.9 33 
G-9 	5 16.5 - 	18.5 18.7 45 
G-19 	2 6.5 - 	8.5 16.9 37 
G-20 	2 6.0 8.0 23.5 46 
G-21 	ST-1 16.5 - 	18.5 14.2 - 60.8 38.6 
GMW-3 	SS-4 18.5 - 	20.0 
GMW-4 	ST-1 11.5 - 	13.5 19.7 41 
GMW-4 	SS-4 18.5 - 	20.0 - - 
GMW-5 	ST-1 11.5 - 	13.5 18.7 34 
GMW-6 	ST-1 11.5 - 	13.5 18.6 34 
GMW-7 	SS-6 28.5 - 	30.0 _ 
GMW-8 	ST-1 11.5 - 	12.5 15.7 51 
GMW-10 	ST-1 11.5 - 	13.5 17.2 40 
GMW-11. 	ST-1 13.5 - 	15.5 23.3 41 
GMW-13 	SS-4 18.5 - 	20.0 - 
GMW-14 	ST-1 11.5 - 	12.5 23.3 45 
GMW-15 	SS-6 28.5 - 	30.0 - 
GMW-17/ 
G-10 	SS-4 18.5 - . 	20.0  
GMW-18 	ST-1 11.5 - 	13.5 21.7 77.3 29.9 

mean 19.3 39.7 69.0 34.2 
standard deviation +3.0 +5.7 +11.7 ±26.2 

T5 T3 2 
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CALCULATED PARAMETERS 
Depth 

Borehole 	Sample 	Interval 	Void 	Specific 	Specific 
Number 	Number 	(ft) 	Ratioa 	Porosityb 	Retentionc 	Yiele 	Saturatione 	Activityf 

CLAY TILL UNIT 

G-5 ST-1 6.5 - 	8.5 0.44 30% 27% 3% 100% 0.73 
G-5 SS-3 13.5 	- 15.0 - - 
G-6 1 3.5 	- 	5.0 - - - - - - 
G-6 3 11.5 	- 	13.5 0.50 33% 29% 4% 95.4% 0.64 
G-8 6 21.5 	- 23.5 0.57 36% 26% 10% 77% 0.67 
G-9 5 16.5 	- 	18.5 0.51 34% 36% 0% 95.3% 0.69 
G-19 2 6.5 - 	8.5 0.55 35% 30% 5% 82.3% 0.61 

yl 
G-20 2 6.0 - 	8.0 0.72 42% 37% 5% 87.1% 0.86 

-...1 G-21 ST-1 16.5 - 	18.5 - - - - - 0.69 
GMW-3 SS-4 18.5 	- 	20.0 - - - - - 
GMW-4 ST-1 11.5 	- 13.5 0.49 33% 32.8% 0.2% 98.9% 0.75 
GMW-4 SS-4 18.5 - 	20.0 - - - - 
GMW-5 ST-1 11.5 	- 13.5 0.44 30% 27% 3% 100% 0.67 
GMW-6 ST-1 11.5 	- 	13.5. 0.58 37% 27% 10% 85.3% 0.52 '  

GMW-7 SS-6 28.5 	30.0 - - - - - - 
GMW-8 ST-1 11.5 	12.5 0.47 32% 41% 0% 79.1% 0.72 
GMW-10 ST-1 11.5 	- 	13.5 - - 32% - 0.58 
GMW-11 ST-1 13.5 	- 15.5 0.51 . 34% 33% 1% 100% 0.86 
GMW-13 SS-4 18.5 	- 	20.0 - - - - - 
GMW-14 ST-1 11.5 	- 	12.5 0.70 41% 36% 5% 89.2% 0.75 
GMW-15 SS-6 28.5 	- 30.0 - - - - - 
GMW-17/ 
G-10 SS-4 18.5 	- 	20.0 - - - - - 
GMW-18 ST-I 11.5 	- 	13.5 0.51 34% - - 100% 0.81 

mean 0.54 35% 32% 4% 91.5% 0.70 
standard deviation +0.09 +3.6 +4.7 +3.5 + 	8.6 +0.10 
n 13 13 13 12 13 15 
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Borehole 
Number 

Sample 
Number 

Depth 
Interval Percentages of Grain•Sizes 

(ft) Gravel Sand Silt Clay 

BASAL TILL UNIT 

G-15 7 33.5 	- 	35.0 0 8 56 36 
G-21 SS-5 23.5 	- 	24.2 0 6 63 31 
GMW-1 ST-1 11.5 	- 	13.5 39 26 10 25 
GMW-2 ST-1 11.5 	- 	12.5 25 41 16 18 
CMW-5 SS-5 23.5 	- 	25.0 - - - - 
GMW-7 SS-9 43.5 	- 	45.0 0 6 59 3 .5 
GMW-9 ST-1 11.5 	- 	13.5 0 25 35 40 

mean 10.7 18.7 39.8 30.8 
standard deviation +17.1 +14.3 	. +23.0 +8.1 
n  6 6 6 6 
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Depth 
Interval 	Liquid 	Plasticity 	Unified Soil 

(ft) 	Limit 	Index 	Classification.  
Borehole Sample 
Number Number 

BASAL TILL UNIT 

G-15 7 33.5 - 	35.0 
G-21 SS-5 23.5 - 	24.2 35 19 CL 
GMW-1 ST-1 11.5 - 	13.5 66 43 GC 
GMW-2 ST-1 11.5 - 	12.5 35 16 .  SC 
GMW-5 SS-5 23.5 - 	25.0 31 14 GC 
GMW-7 SS-9 43.5 - 	45.0 - - 
GMW-9 ST-1 11.5 - 	13.5 41 26 CL 

mean 	 41.6 	23.6 	GC-CL 
standard deviation 	+14.1 	+11.7 _ 
n 	 — 5 	5 	5 

U' 
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Depth 
Interval 

(ft) 

Specific 
Gravity 
(g/cm 3 ) 

 

Unit Weight  
Dry 	Wet 

(1b/ft 3 ) 	(lb/ft 3 ) 

 

Borehole Sample 
Number 	Number 

  

BASAL TILL UNIT 

G-15 7 33.5 - 	35.0 104.8 126.5 
G-21 SS-5 23.5 - 	24.2 99.4 114.1 
GMW-1 ST-1 11.5 - 13.5 2.45 86.5 107.9 
GMW-2 ST-1 11.5 - 	12.5 
GMW-5 SS-5 23.5 - 	25.0 
GMW-7 SS-9 43.5 - 	45.0 103.6 126.8 
GMW-9 ST-1 11.5 - 13.5 104.8 117.9 

Ch 
0 

mean 99.8 
standard deviation :  +8.1 5

118.6 

n 1 
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Borehole Sample 
Number 	Number 

Depth 
Interval 

(ft) 
Moisture 
Content 

Centrifuge 
Moisture 

Equivalent 

Effective 
Cation 

Exchange 	Distribution 
Capacity 	Ratio 
(meg/100g) 	(mlig) 

BASAL TILL UNIT 

G-15 	7 33.5 	- 	35.0 
G-21 	SS-5 23.5 	- 	24.2 
GMW-1 	ST-1 11.5 	- 	13.5 23.0 40 - 
GMW-2 	ST-1 11.5 	- 	12.5 23.1 - 29.0 206 
GMW-5 	SS-5 23.5 	- 	25.0 - 
GMW-7 	SS-9 43.5 	- 	45.0 - - - - 
GMW-9 	ST-1 11.5 	- 	13.5 16.5 37 

mean 20.9 38.5 - - 
standard deviation +3.8 +2.1 _ 
n 3 2 1 1 
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CALCULATED PARAMETERS 
Depth 

Borehole 	Sample 	Interval 	Void 	Specific 	Specific 
Number 	Number 	(ft) 	Ratioa 	Porosityb 	Retentionc 	Yieldd 	Saturatione 	Activityf 

BASAL TILL UNIT 

G-15 
G-21 
GMW-1 
GMW-2 
GMW-5 
GMW-7 
GMW-9 

7 
SS-5 
ST-1 
ST-1 
SS-5 
SS-9 
ST-1 

	

33.5 	- 	35.0 

	

23.5 	- 	24.2 

	

11.5 	- 13.5 

	

11.5 	- 	12.5 

	

23.5 	- 	25.0 
43.5 - 45.0 

	

11.5 	- 	13.5 

0.77 44% 32% 

30% 

- 
8% 

- 
73.2% 
- 

0.61 
1.72 
0.89 

0.65 

mean 
standard 
n 

deviation 
1 1  

31% 
+1 
2 1 1 

0.97 
+0.52 
4 
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Depth 
Interval 	Percentages of Grain .  Sizes  

(ft) 	Gravel 	Sand 	Silt 	Clay 

 

Borehole Sample 
Number 	Number 

 

 

FILL 

GMW-8 	SS-1 	3.5 - 5.0 	20 	48 	19 	13 
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TABLE 7-3 

(continued) 

 

 

Depth 
Interval 

(ft) 

  

Borehole Sample 
Number 	Number 

Liquid 	Plasticity 
Limit 	Index 

Unified Soil 
Classification 

FILL 

GMW-8 	SS-1 	3.5 - 5.0 	 SM 

rn 
4=.• 
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Borehole Sample 
Number 	Number 

Depth 
Interval 

(ft) 

Specific 
Gravity 
(g/cm 3 ) 

Unit Weight 

 

Dry 
(1b/ft 3 ) 

Wet 
(lb/ft3) 

FILL 

GMW-8 	SS-1 	3.5 - 5.0 	2:54 

31152512ittk. 

rn 
1-71 



,1111141;,,,  

TABLE 7-3 

(continued) 

Page 24 of 25 

     

    

Effective 
Cation 

Exchange 	Distribution 
Capacity 	Ratio 
(meq/100g) 	(ml/g) 

Borehole Sample 
Number 	Number 

Depth 
Interval 

(ft) 
Moisture 
Content 

Centrifuge 
Moisture 

Equivalent 

FILL 

GMW-8 	SS-1 	3.5 - 5.0 
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CALCULATED PARAMETERS 
Depth 

Borehole 	Sample 	Interval 	Void 	Specific. 	Specific 
Number 	Number 	(ft) 	Ratioa 	Porosityb 	Retentions 	Yieldd 	Saturatione 	Activity (  

FILL 

GMW-8 	SS-1 	3.5 - 5.0 

NOTES: 
avoid Ratio = (specific gravity x unit weight of water/dry unit weight) - 1 
bPorosity = (void ratio/1 + void ratio) x 100% 
cSpecific Retention = centrifuge moisture equivalent x 0.80 (Ref. 26) 
dSpecific Yield = porosity - specific retention 
esaturation = (specific gravity x moisture content)/void ratio 
( Activity = plasticity index/percent of clay 
gl percent used for mean and standard deviation determinations 



8.0 SITE HYDROGEOLOGY 

The site hydrogeological investigation included delineation of the 

uppermost aquifer, installation of groundwater monitoring wells, 

determination of groundwater movement including direction, gradient, 

and Velocity, and evaluation of site hydrogeochemistry. 

8.1 AQUIFERS  

The uppermost aquifer at the site is the upper fractured and 

weathered zone in the Burlington/Keokuk Formation. A saturated zone 

in the residuum unit was also noted in boreholes G-19 and GMW-15, 

but since this zone appeared to be localized in these areas, the. 

residuum was not considered in the hydrogeological investigation of 

the site. 

To characterize the permeability of the uppermost aquifer, borehole 

field permeability tests were performed during the drilling 

program. These tests included constant head (packer) tests as 

described by the U.S. Bureau of Reclamation (Ref. 27) and variable 

head tests as described by Hvorslev (Ref. 28). Packer testing 

equipment was calibration tested to develop a head loss curve for 

the equipment, with supplemental head loss curves taken from the 

U.S. Bureau of Reclamation (Ref. 29). Results of the field 

permeability tests are presented on Table 8-1. Test results are 

also presented on the hydrogeological cross sections (Figures 7-2 

through 7-4) to allow evaluation of lateral and vertical variations 

in permeability. Permeability tests were conducted in four specific 

zones as shown on the table. The upper two zones represent the 

vadose zone in the bedrock, the third zone is the uppermost aquifer, 

and the fourth zone represents the unweathered bedrock underlying 

the aquifer. Permeability testing at the overburden/bedrock 

interface was limited due to difficulties in maintaining a seal 

around the outside of the hollow stem augers. Permeability te'sts 

were attempted in this zone in all but the first four boreholes (G-1 

through G-4) drilled during this investigation. Leakage of water 
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around the outside of the augers occurred in all tests except for 

those presented in Table' 8-1. Tests in both the unsaturated and 

saturated zones in the bedrock indicate variations in permeability 

of up to four orders of magnitude. These variations in permeability 

may-result from variations in the interconnection of solution 

features and/or variations in solution feature filling materials or 

degree of filling. Comparison of permeability measurements in the 

weathered and unweathered portions of the bedrock indicate that 

average permeabilities in the fresh rock section are three orders of 

magnitude lower than in the weathered bedrock. The results of the 

permeability testing program indicate that the aquifer is of 

variable permeability in the horizontal plane and generally becomes 

less permeable with depth due to decreased weathering and associated 

solution activity. 

8.2 MONITORING WELL INSTALLATIONS 

Assessment of the site hydrogeological conditions requires 

groundWater monitoring wells to allow acquisition of groundwater 

level and groundwater quality data. 

An electromagnetic terrain conductivity (EM) survey was performed 

prior to finalizing groundwater monitoring well locations. The EM 

survey data can be used to detect changes in conductivity in the 

subsurface, such as would be created by a conductive plume of 

contaminated groundwater. The results of the 'EM survey are 

presented in Appendix E. The EM survey data indicated that an 

anomalous high conductivity area was present in the eastern portion 

of the site. A groundwater monitoring well (GMW-17) was relocated 

from its original design location to investigate this anomaly. 

A system of 17 groundwater monitoring wells was designed to monitor 

groundwater quality. The wells were designed with type 316L 

schedule 40 stainless steel casing and screen for durability and 

chemical stability. The wells are designated with a GMW prefix to 

differentiate them from previously installed wells of 
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polyvinylchloride construction. As-built well construction details 

are presented in Appendix F, and locations are shown on Figure 7-1. 

Table 8-2 presents a summary of the monitoring well installation 

data, including those wells installed during the previous BNI 

(Ref. 12) investigation. 

Boreholes were reamed to 8-1/2-in. diameter using an air rotary 

tricone. roller bit drilling system prior to well installation. All 

drilling equipment, casing, and screens were steam cleaned prior to 

each well installation to preclude downhole contamination or 

cross-contamination between boreholes. Water used for well 

installation and development activities was obtained from the 

St. Charles County water supply system. Following well 

installation, all monitoring wells were developed by air lift 

pumping and flushing with water to remove the maximum practical 

amount of fine-grained materials from the well. 

8.3 GROUNDWATER MOVEMENT 

Investigation of groundwater movement involved measurement of 

groundwater levels in'the uppermost aquifer. Table 8-3 presents the 
results of two groundwater level measurement surveys. These two 

surveys were taken to repre'sent two seasons of the hydrological 

year. The measurements taken at the end of July represent the low 

recharge season when precipitation is minimal and evapotranspiration 

is maximal in an average year. The measurements taken in November 

represent an increased recharge period due to a reduction in 

evapotranspiration (Ref. 30).  These measurement sets were contoured 

to generate the potentiometric surface maps shown on Figures 8-1 and 

8-2. These maps represent an interpretation of spatially and 

temporally limited data. Additional monitoring points and 

groundwater level measurements will a11oW further refinement of the 

potentiometric contours. 
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8.3.1 Groundwater Flow Direction  

Examination'of the potentiometric surface maps (Figures 8-1 and 8-2) 

indicates that a groundwater divide passes through the eastern 

portion of the site, beneath the surface water divide 

(Section 6.0). Groundwater to the east of this divide flows 

east-southeast toward the Missouri River. Groundwater to the west 

of the divide flows north-northwest toward the Mississippi River. 

8.3.2 Hydraulic Gradient  

Hydraulic gradients can be qualitatively evaluated by examination of 

the spacing of the equipotential lines on the potentiometric surface 

maps. Closely spaced equipotential lines indicate a steep hydraulic 

gradient, and widely spaced lines indicate a shallow hydraulic 

gradient. Variations in spacing of equipotential lines within an 

aquifer may indicate a change in aquifer permeability. This 
Phenomenon relates to Darcy's Law which states that groundwater flow 

is equal to the permeability times the hydraulic gradient times the 

cross sectional area of.flow. To maintain steady-state, flow, when 

the permeability decreases, the hydraulic gradient must increase, 

since the cross sectional area is assumed to be a constant. This 

phenomenon can be observed on the two potentiometric surface maps, 

in the area of GMW-6. (frog pond area). Permeability values 

(Table 8-1) for GMW-6, GMW-8, and GMW-13 are two to three orders of 

magnitude below the average permeability for the aquifer. 

Quantitative measurements of hydraulic gradients in the central and 

western portions of the site range from 0.02 to 0.03. The hydraulic 

gradient in the area of GMW-6 is approximately 0.05. 
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8.3.3 Groundwater Velocity 

The average interstitial velocity of groundwater can be approximated 

by a modified form of Darcy's Law (Ref. 31): 

K V = i  -- a 
where 

V = groundwater velocity (L/T) 

= permeability (L/T) 

i = hydraulic gradient (dimensionless) 

a = porosity 

Using the average aquifer permeability 1.6 x 10 -  cm/s 
(4.5 ft/day), a hydraulic gradient of 0.025, and an average porosity 

for limestone of 0.30 (Ref. 31), the resulting average interstitial 

velocity is 0.4 ft/day. In the area of GMW-6, using a permeability 

of 8.9 x 10 -5  cm/s (0.25 ft/day), a hydraulic gradient of 0.05, 

and an average porosity for limestone of 0.30 (Ref. 31), the average 

interstitial velocity is 0.04 ft/day. It should be noted that the 

groundwater gradients and velocities discussed herein assume 

conditions of Darcian flow. The fractured nature of the aquifer 

indicates, at least locally, that the constraints for Darcian flow 

are not met and conduit flow is occurring. The intent of the 

discussion of hydraulic gradients and interstitial velocities is to 

provide preliminary macroscale characteristics of the aquifer. To 

fully evaluate the effects of the non-Darcian flow would require 

utilization of tracer studies and other techniques to characterize 

localized groundwater flow. 

8.4 HYDROGEOCHEMISTRY  

A total of 27 groundwater and raffinate pit water samples were taken 

in September and October of 1986. Thirteen of these samples were 

submitted for chemical and radiological analyses. An additional 

10 samples were scheduled for chemical analyses but, due to a DOE 

stop work order, could not be submitted for analysis prior to 
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expiration of the storage period for the analytical parameters. 

Four additional samples were submitted only for radiological 

analysis. Chemical analyses were performed by Envirodyne Engineers 

of St. Louis, Missouri, and radiological analyses were performed by 

Envirodyne Engineers and Thermo Analytical (TMA)/Eberline. 

Analytical results are presented in Appendix G and summarized on 

Table 8-4. 

The results of the major ion chemical analyses were plotted on a 

trilinear diagram (Figure 8-3) using the method described by Piper 

(Ref. 32). Examination of the trilinear diagram indicates the 

following: 

o Up-gradient.(Wells B-11 and B-23) groundwater chemistry is 
significantly different from raffinate pit (RP-1, RP-2, and 
RP-3) water chemistry 'on all three fields of the diagraM. 

o Several down-gradient wells (GMW-2A, GMW-3, B-19Ai and GMW-5) 
exhibit water chemistry similar to the.raffinate pit water 
chemistry. 

o The distribution of the groundwater chemistry data suggests a 
Mixing relationship with the up7gradient water chemistry 
(Wells B-11 and B-23) as one end member and an unidentified 
water chemistry as the other end member. 

Evaluation of the analytical results indicates that two of the 

raffinate pit samples (RP-1 and RP-3) and four of the groundwater 

samples (Wells B-19A, GMW-2A, GMW-3, and GMW-5) have anion-cation 

imbalances. The analyses show 20 to 60 percent more cations than 

anions. The imbalance in the raffinate pit samples appears to be 

related to the presence of a two-phase system (solid and liquid) in 

the pits. Equilibrium reactions between the solid and liquid phases 

proceed at different rates due to variations in chemical 

solubilities and are frequently disrupted by direct and run-on input 

of fresh water from precipitation events. The cause of the 

imbalance in the groundwater samples is not as straightforward. 

Typically, three causes can be associated with an ionic imbalance. 

First, failure to analyze for a major constituent may create an 

apparent imbalance. Since the ionic imbalance indicates a paucity 
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of anions, this would suggest that one or more additional anionic 

substances may be present. Generally, other anionic substances 

found in groundwater include orthophosphate, sulfite, tetraborate, 

and halogens such as iodide and bromide. A second possible 

exp.lanation for the imbalance involves disruption of equilibrium 

during and/or after sampling. This disruption can be caused by a .  

variety of mechanisms including biological activity, pressure 

release (e.g., outgassing of carbon dioxide), or precipitation 

reactions. A third possible cause involves analytical error which 

may stem from a variety of causes including interference between 

ions. For example, sulfite interferes with the determination of 

chloride, and heavy metals interfere with the determination of 

sulfate concentrations. One or more of these three causes may have 

created the observed anionic imbalance. 

Selected trace constituents, including lithium, molybdenum, 

vanadium, total uranium, and radium-226, were also measured from the 

samples. All of these trace constituents are present in one , or more 

of the raffinate pits in significant concentrations. Groundwater 

analyses showed the folloWing results: 

o Lithium.  The highest concentration was observed at 
Well.GMW-3, with detectable concentrations also occurring in 
Wells B-19A GMW-2A, and GMW-5. 

o Molybdenum.  Molybdenum concentrations were not quantified in 
any groundwater samples. 

Vanadium.  The highest vanadium concentration was observed in 
Well GMW-4, with detectable concentrations also occurring in 
Wells B-19A and GMW-3. 

Total uranium.  The highest total uranium concentration was 
observed in Well B-4, with elevated concentrations observed 
in Wells B-2 and B-21. 

o Radium-226.  The highest radium-226 concentration was 
observed at Well GMW-18, with elevated concentrations at 
Wells GMW-1, GMW-10, GMW-13, and GMW-14. 
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The lithium and vanadium concentrations observed in the groundwater 

are thought to be derived from the area around the ash pond. Visual 

observationS and the results of the EM survey (Appendix E) indicate 

that metallic and other debris, both buried and on the surface, are 

present :in the ash pond area. Leaching of these materials may 

contribute to the elevated levels of trace metals. Boring and 

trench data for the area northwest of the dike indicate that the 

residuum layer is 10 to 12 ft below the surface. As discussed in 

Section 6.0, the ash pond is constructed in a topographic 

depression. Thus, the base of the ash pond is at or near the top of 

the residuum. Runoff from the disposal area would transport 

degrading materials into the ash pond, which could then infiltrate 

the bedrock aquifer. 

The presence of the elevated total uranium concentration in Well B - 4 

approximately coincides with the high conductivity anomaly 

identified in the EM survey (Section 8.2). This may also correlate 

with the elevated radium-226 concentration at Well GMW-18. The main 

implication of this interpretation is that contamination is 

migrating to those sites from an up-gradient infiltration source. 

Since the southeastern end of the site is topographically slightly 

higher than the adjacent Missouri Conservation Department/Weldon 

Spring Wildlife. Area properties, a possible mechanism to explain 

this source is suggested. However, more recent groundwater samples 

collected from Well B-4 have shown background uranium 

concentrations. Thus, it appears that a longer period for 

collection of water quality data for this well is needed to 

understand whether the test results indicate a cyclic condition or a 

one-time anomalous reading. At Well GMW-18, the uranium and radium 

in the water must have entered by some route other than vertical 

infiltration from the ground surface through the clayey overburden, 

because those clays have a strong affinity for both radium and 

uranium (Ref. 25). A deep burial area or a presently unknown thin 

overburden area up-gradient of Well GMW-18 is a likely entry 

location for the uranium found in the water there. After water 

level measurements have been made for at least a full year's 
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cycle in that well, the groundwater contours and the up-gradient 

direction(s) from Well GMW-18 can be refined. Using this 

information, a search for areas with thin bedrock cover up-gradient 

of the well can be conducted. 

A cement-bond log for Wells B-4 and GMW-18 might indicate that the 

seal that isolates the well screen from the overburden has 

deteriorated, so low quality water could enter the well along the 

annulus. 

The elevated radium226 levels in Wells GMW-10, GMW-13, and GMW-14 

appear to be related to the frog pond. The frog pond receives 

runoff from the northeastern portion of the site. Well GMW-6, 

located adjacent to the frog pond, indicates that the overburden 

thickness is apprOximately 23 ft in this area; however, the frog 

pond is topographically lower than the well and thus, the overburden 

beneath the frog pond is less. Seepage may enter the bedrock 

aquifer beneath the frog pond or in the swampy area downstream from 

the frog pond.' Since the frog pond is located across the 

groundwater divide as presented on. Figures 8-1 and 8-2, the area to 

which infiltrating water is contributed is also on either side of 

that divide.  However, because the overburden thickness is variable; 

the water contributed to the groundwater system on one side of the 

divide may have a quality different from the water on the other side. 

.Permeabilities measured in Well GMW-6 ranged from 10 -5 to 
- 10 6  cm/s, indicating a set of conditions differing from that of 

Well GMW-10 in which a permeability of 10 -3 cm/s was measured. 

This may explain the absence of radium-226 in Well GMW-6. 

Similarly, Well GMW-1, located to the west of the ash pond, is in an 

area of thin overburden cover, and thus may be receiving 

contaminants from the ash pond area. 
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TABLE 8-1 

PERMEABILITY TEST DATA 

Page 1 of 4'  

Depth .  

Borehole 	Test 	Interval 	Permeability 	Test 
Number 	Number 	(ft) 	(cm/s) 	.Typea 

Overburden/Bedrock Interface 

4.7 x 

9.2 x 

1.5 x 

6.3 x 

Bedrock 

10 -3  

10
-2 

10
-4 

10-2  

10
-3 

10
-3 

10
-3 

 

10
-3 

10
-3 

10
-4 

10
-3 

10
-3 

10
-3 

10
-6 

CHDP 

CHSP 

FH 

CHSP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

G-8 	2 

G-9 	1 

G-16 	1 

G-19 	1 

Statisticsb: 
n = 4 
mean = 3.7 x 10 -2  
standard deviation = 4.3 
variance = 1.9 x 10 -3  

Unsaturated, 	Weathered, 

30.0 	- 	32.6 

36.0 - 	37.5 

29.0 - 	34.0 

38.0 	- 	41.5 

x 10 -2  

and Fractured 

G-3 

G-7 

G-8 

G-18 

G-20 

GMW-3  

GMW-5 

GMW-9 

GMW-17 

GMW-18 

Statistics b= 
n = 10 
mean = 2.7 x 

1 

1  

1 

1 

1 

2 

1 

1 

1 

2 

10 -3  

56.0 	- 	66.7 

26.9 	- 	32.8 

31.7 	- 	37.6 

35.6 	- 	41.6 

40.0 	- 	46.0 

30.0 	- 	36.0 

38.8 	- 	44.7 

23.0 - 	29.0 

25.6 	- 	31.6 

30.0 	- 	36.0 

	

1.4 	x 

	

•2.2 	x 

	

5.4 	x 

	

8.5 	x 

1.9 x 

3.4 x 

2.2 x 

3.6 x 

4.7 x 

6.8 x 

standard deviation = 2.0 x 10 -3  
variance = 4.0 x 10 -6  
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TABLE 8-1 

(continued) 

Page 2 of 4 
Depth 

Borehole 	Test 	Interval 	Permeability . 	 Test 
Number 	Number 	(ft) 	(cm/s) 	.Typea 

Saturated, Weathered, and Fractured Bedrock 

G-1 

G-1 

G-2A 

G-2A 

G-4 

G-5 

G-5 

G-13 
G-15 

G-16 

G-19 

G-20 

GMW-1 

GMW-2A 

GMW-3 

GMW-4 

GMW-4 

GMW-6 

GMW-6 

GMW-8 

GMW-8 

GMW-10 

GMW-11 

GMW-13 

GMW-14 

GMW-15 

1 

2 

1 

2 

1 

1 

2 

1 

1 

2 

2 

2 

1 

2 
1 

1 

2 

1 

2 

1 

2 

1 

1 

1 

1 

1 

54.0 - 	64.7 

64.0 - 74.7 

56.5 	- 	67.2 

67.0 	77.7 

55.8 	- 	66.5 

45.3 	- 	51.3 

55.3 	- 	61.3 

30.1 	- 	36.0 

51.0 	- 	56.3 

45.0 	- 	50.3 

41.0 	- 	47.0 

43.0 	- 	49.0 

29.0 	- 	35.0 

35.2 	- 	41.2 

44.0 	- 	50.0 

52.0 	- 	58.0 

53.6 	- 	72.0 

41.8 	- 	47.7 

32.8 	- 	38.7 

45.0 	- 	51.0 

35.0 	- 	41.0 

40.0 	- 	46.0 

53.5 	- 	59.5 

40.0 	- 	46.0 

44.0 - 	50.0 

50.3 	- 	56.2 

1.0 x 10 -3  

2.8 x , 10
-4 

 

3.5 x 10 -4 

1.2 x 10 -4 

1.1 x 10
-3 

-7 <6.4 x 10 

1.3 x 10 -6 

5.0 x 	10 -3 

2.4 	x 10 -4  

6.1 x 10 -3 

8.0 x 10 	3 

6.9 x 10 -4 

<9.5 x 10 -7 

2.1 x 10 -4 

<8.0 x 10 -7 

<9.3 x 10 -7 

<3.9 x 10 -7 

8.9 x 10 5 

2.6 x 10 -6 

3.9 x 10 -5 

3.7 x 10 -5 

2.1 x 10 3 

-c- 

5.9 x 10
-6 

2.8 x 10
-4 

9.1 x 10
-3 

CHDP 

CHDP 

CHDP 

CHDP 

. CHDP 

CHDP 

CHDP 

CHDP 
CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHSP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 

CHDP 
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TABLE 8-1 

(continued) 

Page 3 of 4 

Depth 
Borehole 	Test 	Interval 

	
Permeability 
	

Test 
Nut!Ther 	Number . 	 (ft) 

	
(cm/s) 
	

Typea 

GMW-15 
	

1 
	

62.3 - 68.2 	5.2 x 10 -5 
	

CHDP 
GMW-18 
	

1 
	

42.0 - 48.0 	8.9 x 10
-5 	CHDP 

Statisticsb: 
n = 22 
mean = 1.6.x 10 -3  
standard deviation = 
variance 	= 7.8 x 10 -6  

Slightly Weathered 	to 

2.8 x 10 -3  

Fresh Bedrock 

3.6 

<3.5 

<7.8 

2.1 

<6.8 

8.2 

1.7 

5.2 

x 

x 

x 

x 

x 

x 

x 

x 

10
-6 

10
-7 

10 -7  

10
-6 

10
-7 

10
-7 

10
-5 

10
-6 

CHSP 

CHSP 

CHDP 

CHSP 

CHDP  

CHDP 

CHDP 

CHDP 

G-9 

G-14 

G-19 

G-21 

GMW-2A 

GMW-7 

GMW-12 

GMW-13 

2 

1 

3 

1 

1 

1 

1 

2 

66.0 

64.0 

51.0 

58.5 

51.8 

62.0 

52.0 

62.0 

- 	76.0 

- 	76.4 

- 	57.0 

- 	74.5 

- 	57.8 

- 	68.0 

- 	58.0 

- 	68.0 

Statisticsb: 
n = 5 
mean = 5.7 x 10 -6  
standard deviation = 6.5 x 10 -6  
variance = 4.2 x 10 -11  

aTest Type: 

CHDP = Constant Head Double Packer Pressure Test 

CHSP = Constant Head Single Packer Pressure Test 

FH = Falling Head Test 
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TABLE 8-1 

(continued) 

Page 4 of 4.  

bStatistics: 

n 	number of samples used for evaluation (tests with 
values reported as less than (<) were not included 
in the statistical evaluation 

cThe high water take on this test resulted in a head loss 
greater than the total head for the test and thus the test 
is considered invalid. 

0285t 
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TABLE 8-2 

MONITORING WELL SUMMARY 

Page 1 of 2 

Well 
Number 

Reference 
Elevation 

Depth of 
Well 	(ft) 

Monitoring 
Intervala 

(ft) Well Completionb Monitoring Zone 

B-2 633.08 26.8 18.8 	- 	25.8 2-in. PVC screen Clayey siltiglacial till 

B-3 637.08 150.5 62.7 	- 	145.6 2-in. PVC screen Burlington/Keokuk formation 

8-4 657.00 119.6 36.5 	- 	119.6 3-in. Open hole 	- Burlington/Keokuk formation 

B-9 635.38 84.7 41.0 	- 	84.7 3-in. 	Open hole Burlington/Keokuk formation 

8-11 671.78 106.2 51.0 	- 	106.2 3-in. Open Hole BurlingtOn/Keokuk formation 

B-14 655.62 21.8 13.7 	- 	21.1 2-in. 	PVC screen Silty clay/glacial till 

B-15A 665.66 32.0 24.25 	- 	32.0 2-in. PVC screen Silty clay/glacial till 

8-16 623.06 28.5 20.5 	- 	26.5 2-in. 	PVC screen Residuum 

B-17 646.44 99.1 39.0 - 	99.1 3-in. Open hole Burlington/Keokuk formation 

B-19A 648.18 101.0 39.0 	- 	101.0 3-in. 	Open hole Burlington/Keokuk formation 

8-21 646.52 99.4 45.0 	- 	99.4 3-in. Open hole Burlington/Keokuk formation 

B-23 667.01 90.7 52.5 	- 	90.7 3-in. 	Open hole Burlington/Keokuk formation 
a 

B-24 652.14 23.5 20.0 - 	23.0 2-in. PVC screen Glacial till 

GMW-1 614.10 59.0 31.6 	- 	58.0 2-in. 	Stainless steel 	screen Burlington/Keokuk formation ' 

GMW-2A 626.00 59.0 31.7 	- 	58.0 2-in. 	Stainless steel 	screen Burlington/Keokuk formation 

GMW-3 638.80 59.0 41.5 	- 	58.0 2-in. 	Stainless steel 	screen Burlington/Keokuk formation 

GMW-4 644.80 76.5 54.3 	- 	75.5 2-in. Stainless steel screen Burlington/Keokuk 'formation 

GMW-5 637.70 76.5 50.0 	- 	75.5 2-in. 	Stainless steel 	screen Burlington/Keokuk formation 

GMW-6 635.80 66.5 27.0 - 	65.5 2-in. 	Stainless steel 	screen Burlington/Keokuk formation 

GMW-7 651.00 94.0 62.3 	- 	93.0 2-in. 	Stainless steel screen Burlington/Keokuk formation 

GMW-8 621.90 56.5 34.0 - 	55.5 2-in. Stainless steel screen Burlington/Keokuk formation 

GMW-9 639.10 58.6 27.2 	- 	57.6 2-in. 	Stainless steel screen Burlington/Keokuk foimation 

GMW-10 644.10 59.0 37.2 	- 	58.0 2-in. 	Stainless steel 	screen Burlington/Keokuk formation .  

GMW-11 655.20 73.8 36.6 	- 	72.8 2-in. 	Stainless steel screen Burlington/Keokuklormation 

GMW-12 638.20 59.0 29.3 - 	58.0 2-in. Stainless steel screen Burlington/Keokuk formation 

GMW-13 647.40 69.0 31.3 	- 	68.0 2-in. 	Stainless steel screen Burlington/Keokuk formation 

GMW-14 649.40 59.0 37.0 	- 	58.0 2-in. Stainless steel 	screen Burlington/Keokuk formation 

GMW-15 659.90 78.5 47.3 	- 	77.5 2-in. Stainless steel screen Burlington/Keokuk formation 
• 



 

TABLE 8-2 

(continued) 

 

Page 2 of 2 

  

 

1  

Monitoring Zone 

Monitoring 
Well 	Reference 	Depth of 	intervala 
Number 	Elevation 	Well (ft) 	(ft) 	Well Completionb 

GMW-17 	659.90 	64.0 	30.0 - 63.0 	2-in, stainless steel screen 	Burlington/Keokuk formation 

GMW-18 	663.50 	64.0 	37.4 - 63.0 	2-in. stainless steel screen 	Burlington/Keokuk formation 

aMonitoring Interval: For wells with screens, the monitoring interval is defined by the depth to the bottom of 
the bentonite seal and the depth to the bottom of the screen. For wells with open hole completion, the monitoring 
interval is defined as the depth of the bottom of the surface casing and the depth of the bottom of the well. 

bwell Completion: 

2-in. PVC screen  = diameter polyvinylchloride riser pipe, 440 slot screen, and sump with filter pack and bentonite 
seal. 

3-in, open hole  • 4-in.-diameter polyvinylchloride surface casing cemented into the bedrock with 3-in.-diameter 
open hole below. 

2-in. stainless steel screen  • 2-in.-diameter type 3166 stainless steel riser pipe, 110 slot screen, and 1-ft sump, 
with filter pack and bentonite seal. 



TABLE 8-3 

GROUNDWATER ELEVATIONS 
: 

Well Numbei 07/24-30/86 11/01/86 .  

GMW-1 588.86 589.15 

GMW-2A 593.71 594.13 

GMW-3 597.98 597.92 

GMW-4 584.56 583.97 

GMW-5 588.26 588.23 

GMW-6 601.54 601.85 

GMW-7 590.36 590.26 

GMW-8 585.98 585.91 

GMW-9 597.96 597.81 

GMW-10 600.46 600.85 

GMW-11 600.72 600.80 

GMW-12 610.43 612.12 

GMW-13 605.26 607.98 

GMW-14 604.45 604.25 

GMW-15 603.99 603.54 

GMW-17 605.51 604.85 

GMW-18 615.43 614.80 

B-3 580.41 574.49 

B-4 607.92 607.60 

B-17 599.61 600.42 

B-19A 608.70 610.84 

B-21 607.77 607.22 

B-23 612.84 612.23 



TABLE 8-4 

HYDROGEOCHEMICAL DATA 

Page 1 of 5 

Monitoring Point Raffinate 
Pit 1 

Raffinate 
Pit 2 

Raffinate 
Pit 3 

Well 
B-2 

Well 
8-4 Parameters 

Calcium (mg/1) 

Magnesium (mg/1) 

Sodium (mg/1) 

Potassium (mg/1) 

Lithium (mg/1) 

361 

19.2 

420 

38 

BQL 

101 

46.9 

78 

20 

BQL 

420 

311 

767 

105.95 

2.79 

102 

53.9 

19.4 

1.24 

BQL 

ND 

ND 

ND 

ND 

ND .:  

Molybdenum (mg/1) 3.34 6.67 3.96 BQL ND 

Strontium (mg/1) 1.04 -0.353 L76 0.212 ND 

Vanadium (mg/1) 2.38 1.41 0.548 BQL ND 

Total Uranium (ppb) 41 -  130 130 26 28 

Radium-226 (pCi/l) 57 + 6 40'+ 4 1204 10 0 6 + 0.1 BQL 

Carbonate (mg/1) BQL BQL BQL BQL 	' ND 

Bicarbonate (mg/1) 50.8 39 50 128.6 ND 

Sulfate (mg/1) 315 796.  495 26 ND 

Chloride (Mg/1) 27.2 6.2 36.3. 4 ND 

Nitrate (mg/1) 404 10.13 1170 88.8 ND 

Nitrite (mg/1) 1.78 0.55 2.69 BQL. ND 

Hardness 
(mg/1 as CaCO

3
) 936 470 .2461 493 . ND 

Conductivity 
(1.1mhos/cm) 3515.8 425.5 9449.5 977.1 ND 

pH 8.01 8. 6 3 8.06 7.90 ND 

ORP
b 

(mv) 300 278 354 298 ND 

Gross Alpha (pCi/l) 190 + 40 590 ± 50 230 + 50 11 ± 6 16 + 9 

Gross Beta (pCi/l) 91 + 12 250 + 20 410 + 30 9 + 7 0 ± 5 
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TABLE 8-4 

(Continued) 

Page 2 of 5 

Monitoring Point Well 
B-11 

Well 
B-17 

Well 
B-19A 

Well 
B-21 

Well 
B-23 Parameters, 

Calcium (mg/1). 61.9 ND 951 ND 47 

Magnesium (mg/1) 34.5 ND 250 ND 53.1 

Sodium (mg/1) 11 ND 284 ND 26.3 

Potassium (mg/1) 1.18 ND 3.54 ND 17.54 

Lithium (mg/1) BQL ND 0.22 ND BQL 

Molybdenum (mg/1) BQL ND .BQL ND BQL 

Strontium (mg/1) 0.103 ND 2.57 ND 0.210 

Vanadium (mg/1) BQL ND 0.064 ND BQL 

Total Uranium (ppb) BQL 7 	, 5  26 ND 

Radium-226 (pCi/l) 0.3 + 0.1 0.6 ± 0.1 0.2 ± 0.1 BQL ND 	., 

Carbonate (mg/1) BQL ND BQL ND BQL 

Bicarbonate (mg/1) 260 4. ND 251.6 ND 365 

Sulfate (mg/1) 38 ND 57 ND 13 

Chloride (mg/1) 6.8 ND  2...1. ND 1.7 

Nitrate (mg/1) 1.5 ND 870 ND 1.10 

Nitrite (mg/1) BQL ND . 	0.06 ND BQI.. 

Hardness 
(mg/1 as C

a
CO

3
) 286 ND 3448 ND 340 

Conductivity 
.(vmhos/cm) 450.0 ND 7368.4 ND 7352.8 

PH 8.11 7.10 7.17 ND 8.18 

ORP
b 

(mv) 268 ND 336 ND 300 

Gross Alpha (pCi/l) 15 + 5 BQL BQL 9 + 4 ND 

Gross Beta (pCi/l) 22 + 6 76 ± 9 BQL 12 ± 3 ND 

I 
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TABLE 8-4 

(Continued) 

Page 3 of 5  

   

   

Monitoring Point 
Parameters 

Well 	Well 	Well 	Well 	Well 
GMW-1 	GMW-2A 	GMW-3 	GMW-4 . 	GMW-5 

 

    

Calcium (mg/1) 	ND 	210 	235 	59.2 	182 

Magnesium (mg/1) 	ND 	5.45 	84.6 	39.6 	49 

Sodium (mg/1) 	ND 	70.2 	57.2 	14.4 	71.5 

Potassium (mg/1) 	ND 	17.54 	10.54 	1.76 	9.96 

Lithium (mg/1) 	ND 	0.21 	0.45 	BQL 	0.27 

Molybdenum (mg/1) 	ND 	BQL 	BQL 	BQL 	BQL 

Strontium (mg/1) 	ND 	0.610 	0.723 	0.305 	0.722 

Vanadium (m8/1) 	ND 	BQL 	0.025 	0.084 	BQL 
i 
, 	Total Uranium (ppb) 	11 	BQL 	BQL 	BQL 	BQL 

Radium-226 (pCi/l) 	3.5 + 	0.8 	0.3 + 0.1 	0.5 + 0.1 	0.3 ± 0.1 	0.5 ± 0.1 

Carbonate (mg/1) 	ND 	BQL 	BQL 	BQL 	BQL 

Bicarbonate (mg/1) 	ND 	49.8 	237.8 	350 	83.2 

Sulfate (mg/1) 	ND 	64 	210 	13 	76 
."--) 

Chloride (mg/1) 	ND 	7.9 	13 	4 	9.6 	I, , y 

, 	Nitrate (mg/1) 	ND 	167 	236 	1.20 	185 
i 

Nitrite (mg/1) 	ND 	0.82 	BQL 	BQL 	BQL 

Hardness 
(mg/1 as CaCO

3
) 	• ND 	547 	962 	320 	656 -. 

Conductivity 
(umhos/cm) 	ND 	1601.6 	2551.4 	619.9 	1794.7 

PH 	 ND 	7.35 	7.81 	7.81 	7.64 

ORP
b 

(mv) 	ND 	333 	308 	229 	321 

Gross Alpha (pCi/l) 	25 ±.9 	BQL 	BQL 	BQL 	' BQL .  

Gross Beta (pCi/l) 	18 + 	4 	26 + 77 	20 ± 8 	BQL 	21 + 8 
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TABLE 8-4 

(Continued) 

Page 4 of 5 

Monitoring Point 	Well 	Well 	Well 	Well 	Well 	Well 
Parameters 	.GMW-6 	GMW-7 	GMW-8 	-GMW-9 	GMW-10 	GMW7 11 

Calcium (mg/1) 	ND 	ND 	83.1 	ND 	ND, 	61.3 

Magnesium (mg/1) 	ND 	ND 	33.1 	ND 	ND 	30.7 

Sodium (mg/1) 	ND 	ND 	18.0 	ND 	ND 	10.4 

Potassium (m8/1) 	ND 	ND 	3.13 	ND 	ND 	3.76 

Lithium (Mg/1) 	ND 	ND 	BQL 	ND 	ND 	BQL 

Molybdenum (mg/1) 	ND 	ND 	BQL 	ND 	ND 	BQL 

Strontium (mg/1) 	ND 	ND 	0.246 	ND 	ND 	0.116 

Vanadium (mg/1) 	ND 	ND 	BQL 	ND 	ND 	BQL 

Total Uranium (ppb) 	4 	11 	BQL 	6 	7 	ND 

Radium-226 (pCi/l) 	BQL 	BQL 	BQL 	BQL 3.3 + 0.6 	ND 

Carbonate (mg/1) 	ND' 	ND 	BQL 	ND 	ND 	BQL 

Bicarbonate (mg/1) . 	ND 	ND 	271 	ND 	ND 	295 

Sulfate (mg/1) 	ND 	ND 	59 	ND 	ND 	12 

Chloride (mg/1) 	ND 	ND 	50.4 	ND 	ND 	2.8 .. 

Nitrate (mg/1) 	ND 	ND 	BQL 	ND 	ND 	4.13 

Nitrite(mg/1) 	ND 	ND 	BQL 	ND 	ND 	BQL 

Hardness 
Cmg/1 as CaCO

3
) 	ND 	ND 	356 	ND 	. ND 	438 

Conductivity 
(vmhos/cm) 

PH 

ORP
b 

(mv) 

Gross. Alpha (pCi/I) 

Gross Beta (pCi/l) 

ND 	ND 	6837.0 	ND 	ND 	5597.9 

ND 	ND 	7.76 	ND 	ND 	7.90 

ND 	ND 	298 	ND 	ND 	' 297 

BQL 	14 + 8 	BQL 	6,+ 5 12 + 7 	ND 

13 + 3 	15 + 3 17 + 7 	5 + 3 	8 + 3 	ND 
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TABLE 8-4 

(Continued) 

Pate 5 of 5  

Monitoring Point 
Parameters 

Well 	Well 	Well 	Well 	Well 
GMW -12 	GMW-13 • 	GMW -14 	GMW -15 	- GMW-18 

Calcium (mg/1) 	ND 	ND 	ND 	ND . 	 ND 

Magnesium (mg/1) 	ND 	ND 	ND - 	ND 	ND 

Sodium (mg/1) 	ND 	ND 	ND 	ND 	ND 

Potassium (mg/1) 	ND, - - 	ND 	ND 	ND 	ND 

Lithium (mg/1) 	ND 	ND 	ND 	ND 	ND 

Molybdenum (mg/1) 	ND 	ND 	ND 	ND 	ND 

Strontium (Mg/1) 	ND 	ND 	ND 	ND 	ND 

Vanadium (mg/.1) 	ND 	ND 	ND 	ND 	• 'ND 

Total Uranium (ppb) 	3 	, 	9 	9 	8 	11 

Radium-226 (pCi/l) 	BQL 	2.0 + 0.6 	2.2 + 0.8 	BQL 	5.3 + 0.9 

Carbonate (m8/1) 	ND . 	ND  	ND 	ND 	ND 

Bicarbonate (mg/1) 	ND 	ND 	ND 	ND 	ND 

Sulfate (mg/1) 	ND 	ND 	ND 	ND 	ND 

Chloride (mg/1) 	ND 	ND 	ND 	ND 	ND- -) --,,,,,,. 

Nitrate (mg/1) 	ND 	ND 	. ND 	ND 	ND 

Nitrite (mg/1) 	ND 	ND 	ND 	ND 	ND 

Hardness 	. 
(mg/1 as CaCO

3
) 	ND 	ND 	ND 	ND 	ND 

Conductivity 
(vmhos/cm) 	ND. 	ND 	ND ' 	ND 	ND 

PH 	 ND 	ND 	ND 	ND 	ND 

ORP
b 

(mv) 	ND 	ND 	ND , 	ND 	' ND 

Gross Alpha (pCi/1) - 	BQL 	10 + 7 	10 ± 5 	BQL 	19 ± 9 

Gross Beta (pCi/l) 	BQL 	8± 3 	6± 3 	4+ 3 	23 j 4 

aBQL = Below Method Quantitation Limit 
ND = Not Determined 

bOxidation-Reduction Potential or Redox 
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9.0 FINDINGS 

To synthesite the results of this investigation, the following 

subsections address the objectives of the investigation as outlined 

in Section 2.1. 

.9.1 GROUNDWATER MONITORING SYSTEM 

Groundwater monitoring at the site appears to be complicated by the 

presenCe of a groundwater divide which creates two distinct 

down-gradient directions. Monitoring wells were installed to 

monitor both down-gradient directions. Results of preliminary 

groundwater sampling and analysis indicate that surface runoff is 

likely to be the primary transport agent for degrading materials, 

with infiltration of runoff to the groundwater system as a secondary 

mechanism. 

9.2 WASTE CONTAINMENT DESIGN 

Evaluation of geological data froM the site indicates several 

favorable features for waste containment design: 

o Areas of thick overburden deposits are present. 

o The clay till and Ferrelview Formation exhibit good sorbtive 
characteristics for radionuclides. 

o Based upon the raffinate pit and ash pond dike performance, 
the native soils are stable when used to construct engineered 
slopes. 

o Bedrock coring indicates the absence of large solution 
cavities which might affect the stability of a waste 
containment structure. 

Evaluation of the hydrogeological information also suggests that the 

groundwater system is restricted to the upper portion of the bedrock 

and, in some cases, the residuum layer. Thus, the unsaturated zone, 

in the areas of the thickest overburden, ranges from 30 to 50 ft in 

thickness. 
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The geological and hydrogeological data also indicate several 

unfavorable features for waste containment design: 

o Areas of the' site where the overburden is thin have the basal 
till and/or residuum units exposed, both of which may have 
pooret sorptive characteristics. 

o The uppermost aquifer is composed of fractured and solutioned 
limestone which would provide a pathway for transport of 
contaminants off-site, if these contaminants were to reach 
the bedrock. 

o The fractured nature of the aquifer adds additional 
complexity to the design of a permanent groundwater 
monitoring system with respect to locating the wells in the 
interconnected fractures which form the aquifer. 

The presence of a groundwater divide at the site would 
require installation of a larger number of permanent 
groundwater monitoring wells to allow monitoring of both 
down-gradient directions. 

The data collected in this investigation does not preclude the use 

of this site as a long-term storage facility. However, detailed 

investigations of the selected waste containment area and longer 

term monitoring of hydrogeochemistry and groundwater levels are 

recommended prior to final site selection. 
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APPENDIX A 

BORING LOGS 
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. 
- - 
- ..1 
: 
- 

- 
- 
. 
- 
- 
- 

.., 

BOTTOM OF BORING AT 84.0 FT. 	BORING 
GROUTED TO SURFACE ON 1/31/86. 

• 

. 

ROD•ROCI QUALITY 
DESIGNATION 
FOR EACH RUN. 

AP•AVERACE LENGTH 
OF CORE PIECES. 

LP•LONGEST PIECE 
OF CORE FROM 
EACN RUN. 

ALL SOIL AND ROCK 
COLOR DESCRIP-
TICHS FROM THE 
ROCK COLOR CHART 

_ 

PRINTED BY THE 
GEOLOGICAL SOCI-
ETY OF AMERICA, 

SS•SPLIT SPOON, ST•SMELOT 7UME, 
D•OERNISON, P.PITCHER; OWNER 

SITE 
ADJACENT TO BUILDING 435 

ROLE ND. 
6-1 

A - 3 



GEOLOGIC DRILL LOG FIVISCT 
FUSRAP - IELDON SPRING SITE 

as sa 
14501-201 

OUT MD. 
1 w 2 

MU ID. 
C-2 

Ertl 
EAST OF BUILDING 421 

MOMATICS 
N100,449.9 	151,517.3 

Aaal NM Ma. 
10 

lamoG 
. 

Kau 
1/29/16 

Clihrtrn  
24/116 

MUD 	TONT CALTRY 
mow ENCIKEERDO 

awl was NO KM 
Ci1E-55 ATV 	

Irz lift 
1/4 s/3' 

Sao tri.) 
42.5 

Ma fl..1 
21.5 

alla OWN 
64.0 FT 

UK Ifipagart./72 
9.9/52 

UNE Ms 
2 

S~ltti 
9 - 

 rly cc taw mono EL. 
657.9 

urnm. asap UM 
NOT LEASHED 

SWIM. TIP CIF ROM 
42.5 F145.4 

Milt Sala Kaglifai. 
HO LBS/30 IN 

GUM LEFT a MAI lokilaiTm 
NONE 

LIMB IT, 
LAINEXE YOLNC 

r i  li 1 ! i 
lir 

WM 
postac 

OUTS 

-' 

LEWIN 

651.9 0 -... 

ItStaral• al afillateNIN 

OM faa 
SID LAU& 
WOO Naga 
alaoCTIR Of 
alliall CIL 

1 
lag 
1ST I' 

b 
6"311D 

pik 
6 

657.4 
656.4 

/ 

625.4 

622.9 

1 

0.5 
1.5 

- - 

, 
 

5 - 
-  
- - 
.. 

: 
10 - . 

-I 
- 
- 

15 - 

U . 

20 -  . 
" . 
. 
- 
- ..i 
. 

25 -+ 
. 

" U 

31 -  - 
: 

32.5: 

- 
35 - 

FT CRAWL,  LIGHT CRAY (17), 0-44.1 FT DRILLED 
WITH 6%AIN OD MCI-
LOW STEM AUGERS. 

DRIVING C01311.E. 

LIMESTONE. 

- 

1 
-- 

— 

2 

3 

11.■. 

4 
— 

.. 

..- 

6 
—  

0.5-1.5 FT CLAYEY SILT. IL= OM . 
SOFT, ICIIST, ORGANIC DEBRIS. 

1.5-3 	T2.5 FT  CLAYEY 111 	MODERATE BROW 
(5Th 3/4), STIFF TO HARD, FIST, WITH 
MEDIUM CRAY (N5) SILT LENSES, TRACE TO 
SOLE SIN-ROUNDED GRAVEL.  

SS 
28 

18' 13' 22 6 
■ 

10 12 
i 

i 
SS 
2' 

18' 16' 
► 

1  10 12 

SS 
2 . 18' 18' 23 5 10  • 	13. 

SS 

2 1  18' 17' 30 14 16 
1 

25 18' 20' 20 6 9 11 

II' 20' 24 10 14 

32.5-35.5 FT 111,7_, OCIDERATE YELLOWISH 
BROWN (1011 54), STIFF, MIST, SOIL 
SLO-11011113ED CRAVEL. 

aldri.rt raft stiaurf aaLe 
taniaati P•PrtaCa 010110 

OAT 
EAST OF BUILDING 421 

MU la. 
C- 2 

A-4 



GEOLOGIC DRILL LOG Pl°jECT 	FUSRAP - WELDON SPRING SITE 
All O. 
14501-201 

SliEll 10. 
2 at 2 

OM C. 
6-2 

g 

gil 
g 

i 

g 
• 

I 
t 

5  

WEN 
Pi!UAW 

1LSTS 
VIVO law 

G22.9 35 

F. 
'' 

u• 
1 KICILIP1301 AM CLAUD ICC lt• 

wens w,, 
unu 1211111, 
ISI7D MI I , 

1111 
IIIIMICITII llt 

14.11111, rm. g 	
• 
 1 7" 

r 
°Ili 
': 	- ' 

2' 11' 10' 50. 
1ST V 
19 54/5' 

111 1'117.1, 
- 

622.4 

619.9 

615.4 

612.9 

393.9 

-1-■ BONEHCLE WAS 
RADIDLOGICALLY 

'E LOGGED BY ER- 
LINE ANALYTICAL 
CORPORATION PRIOR 
TO CORING. 

SUALINCIONVIEOKUK 

raftem- 
44.1 FT SAMPLER 
REFUSAL. 

--BA--21-- 
ROD • 0 2 

AP dP 0.05 FT 
LP • 0.2 FT 
ROM '2 

35.5 

- 

.. 
40 t 

: 

,A  

4  
a  

-.1 
8 

.j  

35.5-31.0 FT SILT AND GRAVEL 	MODERATE 
BROWN (5YR 3/4), STIFF, MOIST, SILT 
AND ANaLAR CHEAT CRAWL. 

31.0-42.5 FT CLAYEY SILT 	MODERATE 
BROWN (5YR 3/4), VERY STIFF, MDIST, 
TRACE TO SOME AMOULAR WERT GRAVEL. 

427s--a.rrr-Lrie-161,-*fp  -no-  - 
GRAY (Ml), SOFT, (MALY WEATHERED, 
C1ER1 FRAGMENTS. 

II' 23' 21 9 10 11 

42.5 

45 	
.., 

- 
, 

-.. 
-1 
' 

3' 5124 50/3' - SS 

 1  

j. 

• 
: 

li 

I, 

44.1-64.0 FT  LIMESTONE, DARK YELLOWISH 
ORANGE (10YR 6/6) TO VERY LIGHT GRAY 
(NI), MEDIUM SOFT TO HARD, RICHLY 
WEATHERED, VUOCY, 0.5 TO 0.$ FT CHERI 
LAYERS, HORIZONTALLY FRACTURED, SMOOTH 
PLANAR SWAZI, IRON STAINING ON FRAC- 
TL. 	MARGINS. FRACTURES FILLED WITH UX 
SILT AND CLAY. 

60.0-64.0 FT STYLOLITES. 

1  
..1 

I K1.0 Li 0.4 40 

.1. 
 

I 
1  

it 

7.0 0.9 13 

4 
1 	Ir. 

1  ROD - 0 2 
AP • 0.05 FT 
LP • 0.2 FT 
.....M..23 ..  

H 

..i 
...l 
' ../ 
-■ 

TriL" 
1 

NOD 0 34,1 
AP a 0.2 FT 
LP • 0.5 FT 
NUN 14  

!! 

it 

5.0 3.2 64 

i 	1--- 

1 
55 

NOD • 252 
AP a 0.1 FT 
LP • 0.6 FT 

44.1-64.0 FT 
DRILLED WITH MO 
DIAMOND CORE 
MILL WITH WATER. 

NOD•ROCK QUALITY 
DESTINATION 
FOR EACH PILN. 

AP‘AIERACE LENGTH 
OF CORE PIECES. 

LNILONOEST PIECE 
IF OBRIE FROM 
EACH NUN. 

ALI SOIL AND NOCK 
COLOR DESCRIP-
THINS FROM ME 
illiMaSkill 
PRINTED BY TX 
EOLOGICAL Sea-
ETY OF tiERICA. 

4-1-7----' 

6.0 5.4 90 

4-1-r. 

64 .1 

..: 

. 

. 

• 

- 

BOTTOM OF BORING AT 64.0 FT. 	BORING 
ABANDOIED AND REPLACED BY BORING 6-2A. 
BORING GROUTED TO SURFACE ON 2/646. 

norm moo 31•1111111T Yu c, 
Imessatou P■P I MCI: 0.011112 

uA 
EAST OF BUILDIMC 420 

ILI •61. 
6-2 

A-5 
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GEOLOGIC DRILI. LOG maim 
FUSRAP - tELDON SPRING SITE 

JOB sal 
14501-201 

LITT en 
1 	at 3 

■MIN■INIP 

NO-E No. 
G - 2A 

'SITE 

EAST OF BUILDING 42B 
COOKONTIS 

N100.440.0 	150.578.1 
MLLE nal OCRII. 

90 
REARM 	1 

- 	7'' 

att421 	1c11"17/-1) • 
2/4/B6 	1 	2/6/56 

c""Elt 	TONY CAL TRY 
BROTCXE ENGINEERING 

Doc: W. 	no um 
CIE-55 ATV 

)W sat 
6 1/4'/3' 

OKAMU FT.) 

CO 
ROM ,1J 

38.0 
TOTAL urn 

83.0 FT 
C 	IIICOIOtTel..rp 

...25.9/86 
COE BOLES 

3 
1$41,%13 
1 	- 

EL.tOP CF CASSIC 
- 

mom L. 
658.0 

OTIMAL. MOM RATER 
53.2 FT/604.8 

EFIN/Lt.. TOP O' ROM 
45.0 FT/613.0 

SAKI IMOD 11D;t1T/Fau. 
- 

CASK LITT Oi NOLLIDSLILD‘IN 
NONE 

LOGGED IITI 
LAWRENCE YOLK. 

r; 
15  I 

wil 

VIS 
-` 

.! f 

P. 
Er 

lea lea  .§82,,.1 
I 
5 

W 
gw r 

SAM 

7' Emir 
ILEVATIOr 

658.0 

X i  
0 

F., I   ESCRIPTICMI HO CLASSIXATIO0 

WTI Os 
MAUR LA1:14. 
wits WOW 
018RAtITS OF aluer.. tn. - 4 

11) i t  
.0 

I a/ 

LA 
La) 

i 

. 
4" LC 

Li 
a 
trJ 1••■ 
td, 

g 

, 

623.0 

- 

- 
- 

5 - 

I 
1 

10- 

.I 
■ 

15 - 

- 
- _ 
• 

-1 
. 

2 0 '... 

' . 
00 
" 
"I 
" 

" 
25 ." 

" 

" 

.1  

a 

—■ 
- 

a 

35 - 

0-53.0 FT DRILLED 
WITH 6-1/4 IN 
D.D. HOLLOW STEM 
AUGERS. 

. 

1114.0 MOS Slabliir ROL 
woossolowItonio-onam EAST Of BUILDING 428 

MI EL 
G-2A 

A-6 



GEOLOGIC DRItl_ LOG "AlECT 	FUSRAP - WELDON SPRING SITE J0°  ND. 14501-201 
SHEET ND. 

2 173 
ROLE NO. 

G-2A 

i 
:V 

i glii 

W 8  

.., 

a 
,illae 

. 

g 

gw 

FIIESSURE 
TESTS 

WATER  

ELEVATION 

523.0 

y
y 

35 

..1 la 

DESCRIPTION MD CLASSIFICATION 

ICTES aN ,  
INTER LEVELS, 
INTER RETURN. 
DIAMETER Or 
DRILLING. ETC. g 	. la 

W  
it: 

wEi 
'' 

605.0 

586.3 

583.0 

- 

- 

. 
40 - - 

, 

45 - 

. 
50 - - 

- 
- 

53.0-71.7 FT LIMESTONE,  DARK YELLOWISH 

REPLACEMENT BOR-
ING FOR BOREHOLE 
G - 2. ADVANCED 
WITHOUT SAMPLING 
TO 53.0 FT. SEE 
LOG OF BORING G-2 
FOR MATERIAL DE-
SCRIPTION FROM 
0-53.0 FT. 

53.0-83.0 FT 
CORED WITH MO 
WIRE LINE CORE 
DRILL USING WATER. 
32'.. 2/5/86 

BUk,INGION/KEDKUK 
FORMATION 

RUN '1 
8 
z° 

6.5'4.3' 66 

53 

--
15  

p., 

R

-- 

12 

- 
s 

1 
ORANGE (10YR 6/6 1 , SOFT, HIGHLY MEATH- 
FRED, 0.4 TO 0.6 FT CHERT LAYERS, NOR- 
12ONTAL FRACTURES. SILT AND CLAY FILL-
ING, ROUGH-PLANAR APERTURE. 

60.3-60.5 FT FOSSILTEROUS ZONE. 

62.4 FT FRACTURE ORIENTED 50° RELA- 
TIME TO CORE AXIS, IRON STAINED, 
ROUGH-PLANAR SURFACE. 

i 	1 
55- 

../ 	I 
a 

5 0 

7.4 

9 . 5 

15.0 

32 

10 

\ i - ROD • 52x 
AP • 0.2 FT 
LP = 0.4 FT 

RUN 92  
ROD • 0 X 

AP • 0.1 FT 
LP • 0.15 F7 

RUN *3 

t  
- 	1  1  

0.5'0.4' 67 

NO
  C

O R
E 1 

2.9'2.9' 100 

60 	1 

-. 

0.0 8.7' 

:t2d-- 

ROD 2  34X 
AP • 0.3 FT 
LP • 0.5 FT 

RUN 94  

i 65 
:71-1-1  

1 
I 

87 	 

1.8 
2.4 
8.6 

16.0 
18.0 
22.0 

12 
14 
14 

1 
ROD g 70X 

AP ■ 4.4 FT 
LP • 1.3 FT _i_Li  

70-:d7  

71.  
71.7-80.8 FT LIMESTONE,  MEDIUM DARK 
GRAY (N4) TO MEDIUM LIGHT GRAY (N6), 
HARD, SLIGHTLY WEATHERED WITH DARK YEL-
LOWISH BROWN (10YR 4/2) SHALE LAYERS, i T5 	1 

SS-SPLIT SPOON) ST-SHELBY TUDEO 
D.OE1INISCNI P.PITCNER1 OIDTNER 

SITE 
EAST OF BUILDING 428 

ROLE NO. 
G-2A 

A-7 



11 75 

Miter GEOLOGIC DRILL LOG FUSRAP - %ELDON SPRING SITE 	_ 
JCS Pe. 

14501-20k 
SHEET ND. 

3 or 3 ODLE P. 
G-2A 

INTER 
PIESSUNE 

TESTS 

• 

IMES ON1 
OATEN LEVELS, 
TWIN KURA. 
CNARAC'TEN Di 
DRILLINC. ETC. 

83 	 

OESCNIPT/ON AND CLASSIFICATION 

SOFT, 0.1 TO 0.5 FT THICK, HORIZONTAL-
LY FRACTURED WITH ROUGH-PLANAR SuRfA-
CES, VUGGY, OCCASIONAL STYLOLITES. 

80.8-83.0 FT LIMESTC.E, MEDIUM LIGHT 
CRAY (146), HARD, STYLOLITES, FOSSILI-
FEROUS. MASSIVE. FRESH 
BOTTOM OF BORING AT 83.0 FT. BORING 
GROUTED 70 SURFACE ON 2/6/86. 

RUN •5  
ROD • 96Z 

AP = 0.8 FT 
LP = 1.6 FT 

= 
Vw 

10.0 9.6' 

577.2 

575.0 

ROD:ROCK DUALITY 
DESIGNATION 
FOR EACH RUM. 

AP=AVERAGE LENGTH 
OF CORE PIECES. 

LP•LONGEST PIECE 
OF CORE FROM 
EACH RuN. 

ALL SOIL AND ROCK 
COLOR DESCRIP-
TIONS FROM THE 
ROCK COLOR CHART 
PRINTED BY THE 
GEOLOGICAL SOCI-
ETY OF AMERICA. 

SITE 
	

IDLE 
EAST OF BUILDING 428 
	

G-2A SS►SPLIT MUNI SI•SNEIBY WOE; 
D.DENNISOMI P.PITCNERt 047NER 

A - 8 



GEOLOGIC DRILL LOG "`"Ci  FUSRAP - AELDON SPRING SITE 
..011 PO. 
14501•201 

"MEET HO. 

1 OF 3 
NOLL 

G..  
110. 

 3 
Sin 

/LATHIEST CC COAL STORAGE AREA 
=ND MITES 1 

N101.195.3 	M50.948.6 
NRCLE F KR HER IL 

90 
BE AR INC 

.. 
li MN 
2/7/86 

COMPLETED 

2/11/86 
DRILLER 	TONY CAL TRY 

BROTCKE ENGINEERING 
DRILL WILE MD 110:IEL 

CNE-55 ATV 
POLE SIR 

6 1/4' 	3' 
ONERRURDEN In . / 

54.6 
RCM In.) 

33.6 
TOTAL DEPTH 

B6.2 FT 
CORE NECIRRERY(FT . /1) 

30.5/91 
CORE POKES 

4 
SAMPL ES 

11 
EL. 10P OF CALM CROAK) EL. 

654.0 
DEPTH/EL . MAO NATER 

65.55 TT/519.45 
RCP I I of.L. . TO' OF ROCA 

54.6 FT/599.4 
SAMPLE HAMER WE !DO /F Al L 

140 1.8S/30 IN 
CASING LEFT IN NM 8 DIA. /LENGTH 

NONE 
LOOZD BT' 

LAMRENCE YOUNG 

ri 
Ai ... 

1 

g: 611 
a   ea gt 1 E  

: 
lig 1 lg  la ig 

1  d . .• F 
a  

g1 
; B  
g r e 

WI R 
PRESSURE 

TESTS 
urvercw 

654.0 

-6 
— 

Sal 

DESCRIPTION MO MASSIF ICAT I CR 

RATES OW 
WW1 LEVEL S. 
INTER arum. 
CHARACTER OF 
CPI LL1 NS, ETC. i gm.: 

4  

 7  ..1 
IL  

la  

E  
ST 6'2ND 6 43RD 6 653.5 

650.0 

619.0 

0.5 • 0-0.5 FT GRAVEL 	LIGHT GRAY INTI.LINE- 0-54.6 FT DRILLED 
vim € 2141N OD HQ. - 
LOW STEM AUGERS. 

DRIVING COBBLE. 

" 

- 

STOW. 

0.5-4.0 FT CLAYEY SILT, BLACK (N1), 
SOFT, MOIST, ORGANIC DEBRIS. 

4.0-42.0 FT CLAYEY SILT 	MODERATE BROWN ... 

10  

B - 

20 ••• 

25 •'. 

. 

. 
...1 
..i 

30 - 

_ 

35 - 

SS 
2' 18' 18' 17 11 I5VR 4/43, MOIST, VERY STIFF, TRACE 

CHERI GRAVEL. 

SS 
2' 18' 18' 16 

SS 
2' IB' 18' 22 13 

SS 
2' 18' 1B' 26 10 16 

SS 
2 1  18 1  18 1  33 14 15 18 

SS 
2 1  18' 18' 

28 
13 15 

Sfe•SPi. I T SPOON' ST •SMELDT TUDE i 
CoDEPOII SON i P.PI TINIER' 0.0THER 

S ill 
NORTHIEST OF COAL STORAGE AREA 

IDLE 	D. 
0-3 

A - 9 



GEOLOGIC DRILL 	LOG 	 S 	
JO DO. 	S 	es:1 	MI Na. 

FuSRAP - WEiDOm SPRING SITE 	)60 	
on

-201 	2 of 3 	G-3 

IMAM 	 Morns NO CLASSIMION 	OITIM MOO 
OM Oa 
OM Was. 
CooArm ii 
Mum Pc. 

r 	 leo 
si Vairjlmyl 

SS 	18' 	14' 	88 	23 	48 	40 	 4 45 	* 9 	
SILT AND ANGULAR CHERI CRAWL 	LOGGED MY EBER- 

• 2' 	 LINE ANALYTICAL 

4.. 

S 	14' 	13' 	704 	14 	20 	50/2' 	50 	4 	ICI 	 SuRLIKICed/ 

Sk 
it.11 

KEOKUK FM. 

Rum 

a' 	15' 	39 	15 	18 	21 	40 

42.0-54.6 FT SILT AND GRAVEL 	PALE 
612.0 	42 	• 

I 

4 

A 

. 	REDDISH BROW (IOYR 5/4) TO MODERATE 	BOREHOLE WAS RA- 
N 	REDOISH Mom (1011 6/6), MDIS7, STIFF, 	D1OLDGICALLY 

4 	 CORPORATION PR]OR 
• TO CORING. 

4 	 SAMPLER REFUSAL.  
♦ — 

. 	5. c. 	50, 	5tw;.5, 	- 	.ir-, 	599.4 	5g 6 
In 	54.6-63.0 FT LIMESTONE, DARK YELLOwISH 

	

1 	ORANGE (i0YR 616) TO 	LIGHT GRAY (Ni), 	54.6-88.2 FT 

	

1 	MEDIUM SOFT TO NEDILw HARD, EXTREMELY 	DRILLED 111TH NO 
8.4'6.7' 	80 	 — WEATHERED, HORIZONTALLY FRACTuRED, 	DIAMND CORING 

IRON STAINED, FRACTURES FILLED WITM 	USING WATER. 
SILT AND CLAY, PLANAR-8000H SORFACES,  

23.1 	5 	 OCCASIONAL STYLCLITES AID MIN (0.1 TO 	el 

	

25.0 	10 	9 	 ■ 1 	0.2 FT) OtRI LAYERS. 	 MO 	TM  

	

26.3 	15 	7 	 ' 	 LP • 0.75 FT 

501.0 	63 

• 
AP • 0.4 FT 

LP • 0.65 FT 

1 	63.040.5 FT LIMESTONE 	LIGN1 GRAY 
INT), MEDIUM HARD, MODERATELY REATH- 

	

65 	FRED, WITH DARK YELLOWISH BROOM (11YR 	..V. 	2/11/86 
4/2) HIGHLY TO NDDERATELY WEATHERED, 

1.5' 1.0' 	34 	 SO 	0.1 	 ....M.12._ FT ZONES 1 TO 0.8 FT THICK, HORIZON- mco • 511 

'111111-1-1-4  g • AP • 0.5 FT i 
6..7' 6.7' 	100 	 LP • 	1.P r'- 

IF 	 1 

it 	 TALLY FRACTIOU. 	 AP • 0.3 FT 

70 -.L.J., 

MD • 723 

I. 
STS. 0 	75 -111 ''' 

Essatr wort S•trar 	lirrt 	 tal EL 
OKAININI POWDER' OWEN 	 WORTHIEST OF COAL STORAGE AREA 	 Cr3 

A - 1 0 



c. 

GEOLOGIC DRILL LOG PRIECT 
FUSRAP - VtLDON SPMC SITE 

al elk 
1601-201 

NW M. 
3 e 3 

its.0 all 
G-3 

1  

B Pt 

0 
:4VI 

i  
!' 

IP  

SATO 

P"rTES S 
LavATIla 

S79.0 75 

B 

, 

1113drIllit Mt CLASIOCATUs 

• al 
 

WU Ms 
IWO ISMA 
WU 11711111. 
DWG= OF 
MUM LIG 

E - 

573.5 

565.8 

88  
800  

80.5-88.2 FT LIMESTONE . MEDIUM LIGHT 
RUN 64 

I In1 
10.0 9.1' 91 

sow Nom Num 
mil 
mill  GRAY 046), MEDIUM HARD, SLIGHTLY 
 	LATHERED, HEALED HORIZONTAL FRACTURES 

FILLED WITH CALCITE, STYLCLITES. 111111 ROD .. SOX 
AP • 4.4 FT 
LP • 1.0 FT 

45 FT. OF 4 INCH 
PVC CASING LOST 
IN THE HOLE. 

ROD•OCK OUALITY 
DESIGNATION 
FOR EACH NW. 

AP•AVERASE LENGTH 
OF COPE PIECES. 

LPGIONOCST PIECE 
OF CORE FROM 
EACH RUM. 

ALL SOIL AND ROCK 
COLOR DESCRIP-
TIONS FROM THE 
RCCX COLOR CHART 

Eno Eno 85 

88.2 

. 
- 

- . 
. 
- 
- 
. 
. 

- . 

- 

- - 
. 

. 

U 

III um sou Imo _. son 
BOTTOM OF BORING AT 88.2. 	BORING 
GROJTED TO SURFACE ON 2/11/86. 

. 

PRINTED BY THE 
GEOLOGICAL MCI-
ETY OF AMERICA. 

114P0 VOCil 5141111.1T TIM 
101011101 P4171:11LA ban= 

rrt 
NORTNIEST OF COAL STORAGE AREA 

10.1 IIID. 
6-3 

4 

A- 1 1 



GEOLOGIC DRILL LOG mum 
FUSRAP - *LOON SPRING SITE 14

MI MIL 
50i -20i 

mai mu 
1 w 3 

imeLE 
0-  
MD. 

4 
• 	. 

NORTH OF ASH PONO 
OTWIMATIS 

N101,I40.6 	1151,295.6 
siCkt Mlis KW. 

10 - 
muum 
2/1/06 

airaum 
2/Bili,  

omuix 	TON CAL TRY 
BROTCKE ENGINEERING 

MU. Wal ale KIM 
131 -55 ATY 

Mt WIT 
1/4V3' 

DOWIIIME tn.) 

S.1.0 
arca ru 

211.0 
WM 10111 

81.0 FT 
UK IlLOMPrffl./72 

-KIM 
CM MS 

3 
LAMES 

ID 
111. TIP IT WAS MOW IL. 

644.0 
WIWILLAIIIMMII SOD 	 )11PTIL41.TW 

54J0 n/srtao 
Of Wei 

53.0 F1/53.0 
SAM WWI IEWT/ULL 

ICI LEIS/30 IN 	I GSM WI Ili Wilsaratilialm 
NONE 

WNW Mb I 	LAIINDCE YOUNG 

li 
il 

VI  
ti 

1 LI i 

W  

OW 

MU TS TUM 
billATION 

644.0 

KIWIP1W MO IIILMIRMVIDI 

WAS Cm 
11111, LAW. 
UM WM% 
arrarnot If 
MAL ITTC. 

!XII  i I a 1 

1ST IV SO s' NO 6 *  

642.0 

. 

.0 

2 

10 

15 

20 

$4 . 7  
35 

110% 

0/ 
# '4 

0/A  
/04: 

/ 

/ 

0 - 2.0 FT CLAYEY SILT. LACK OM, OR -  0-53.0 FT DRILLED 
WITH 6.41IN OD ICI.- 
LON STEN AUGERS. 

WLI I% 

CAN I G DEBRIS. 

2.0- 34.7 FT SILII:IY/4-). CtlITYF  4111 

WRY STIFF, HOIST, TRACE TO SOME 
k at AR TO SIBANCALAR Of.RT RAVEL, 
MEDIUM GRAY INS) SILT LENSES. 

SS 
2' 18' 16' 15 3 e 

SS l g  a 18' 15 4 

18 16 21 5 IC 11 

11' 19' 21 6 13 15 

18' 24' 27 1 13 14 

11' 24' 24 1 IC 14 

10.PUT IMO $1•9114 TIM, 
FOOMINSI MINNA amok 

■ i 	NORTH OF AS14 POND C - 4 

A - 1 2 



GEOLOGIC DRILL LOG mm...., 
FUSRAP 	,  

MI 

  OF 
MX/ Na  

G-4 

g 11 1  

I sA
h r

lE
FI  

AIIY
ANC-"

El
  

LE
NG

TH
 C

U
R

E  
P

t 
 

- ::, 

W:r  

.4 g 

il 
cr 

E , 

: 

VAIN 
PRESSME 

TESTS 
ELEVATIN 

.190 35 

DESORPTION MD CI.ASSFICATIOH 

MO 	06 
IIA MR LEVELS. 
MATER RE T URri. 
OIARACTER OF 
COLLINC . ETC. 

'k- G. 
,6„, ,,,, *  
acr oii, r 	- 

1ST 1ST 6' 
E 

240 6 

. 	..0 
 ti 

3RD 6' 
t  18' 15' 69 	24 40 29 

59" 

591.0 

572'9 

569.0 

- 

- 
40 - _ 

45 - 

, 

w  
' 
1 

I 
I 
1 

7 34.7-50.0 FT GRAVELLY, 	CLAYEY SILT ,  
MODERATE REDDISH BROWN (IOR 4/6), HARD, 
GRAVEL IS PRIMARILY VERY LIGHT GRAY 
(m8) ANGULAR CHERT. 

BOREHLE wAS 
RADIOL

O
OGIGALLY 

LOGGED BY EBER-
LINE ANALYTICAL 
CORPORATION PR1oR 
70 CORING. 

BURLINGTON/ 
KEOKUK FM. 

53.0 - 81.0 	FT' 
DRILLED WITH NO 
WIRE LINE DIAMOND 
CORING USING 
WATER. 	2/13/86 

SS . 2 15 6  15 6  75+ 	II 25 50/3' 

SS 18 ' 10' 31 	14 17 14 

SS 18' 11 °  48 	20 26 22 50  110 
I 
 50.0-53.'0 FT LIMESTONE, 	VERY LIGHT GRAY 

53 

55 

(N8), 	SOFT, 	EXTREMELY WEATHERED, 	MIXED 
WITH MODERATE REDDISH BROWN (IOR 4/61 

	 CLAY & VERY LIGHT GRAY (I.48) 	CHERT GRAVEL, 

I 
1 

53.0-71.1 	FT LIMESTONE, 	DARK YELLOWISH 

NO
  C

OR
E 8' 6.2' 

11111 
WA ORANGE 	(10YR 6/6) 	TO LIGHT GRAY 	(0), 

MODERATELY SOFT TO MODERATELY HARD, 
VUGS (1 TO 3 CM), HORIZONTALLY FRAC- 
TURED WITH CLAY AND SILT FILLING AND 
PLANAR-ROUGH SURFACE, 0.1 TO 0.8 FT 
THICK DARK YELLOWISH BROW (10YR 4/2). 
SOFT, EXTREMELY WEATHERED LAYERS, 
0.1 	TO 0.5 FT THICK VERY LIGHT GRAY 

- 76 

17.2 

19.4 

21.6 

5 

10 

15 

9 

10 

13 

.:F., 

RUN •1 
R 

ROD- 507. 
. AP 	0.3 FT  

LP 2  0.5 FT 

RUN •2 

60 

...1 
11111 
• (N8) CHERT LAYERS AND NODULES. 
MOEN 

2C 

10 10' 100 

in In 
—. 
MIN 

FT FRACTURE ORIENTED 70 °  RELATIVE IIII 62.9 
TO CORE AXIS, NO FILLING, PLANAR-SMOOTH 

•IIMI 	SURFACE. 
65 

70 

71.1  

III" '11(10'= 	T5X  
AF = 0.4 FT 
LP = 	1.4 FT 

ALL BREAKS IN THIS 
ZONE APPEAR NE-
CHANICAL AND 
ALONG STYLOLITES. 

NEM z nom= 

i 
I 

I 
t 

I 
i i 70.5 FT LARGE STYLOLITE 

MOO. 	71.1 -81.0 FT LIMESTONE, MEDIUM LIGHT 

III CRAY (N6), HARD, SLIGHTLY WEATHERED, 
IN 	0.1 TO 0.5 FT CHERT LAYERS AND NODULES, 

75 
STYLOLITES. 

SS.SPOT SPCON ST.SELBT TUBEs 
MONISM FnIT DER: C,-07FIER 

SITE 
NORTH OF ASH POND 

MOLE N. 
G-4 

A-13 



GEOLOGIC DRILL LOG PRUETT 
FUSRAP - 11fELDON SPRING SITE 

Jae NO. 
1450!-201 

MET NI 
3 cif 3 

HOLE NO. 	I 
G-4 

i 

31  

I I 

iii .iir  
1 

l& 

II 
V 

' 

WATER 
PRESSURE 

TESTS 
ELEVATION 

569.0 T5 

i 	1 DESCRP110?: AND cuesnunom 
NOTES ON 
WATER LEVELS. 
WATER RETURN. 
CHARACTER Dr 
DRUM. ETC. - E3 1 

t:: 

10' 10' 100 

563.0 

80 

RUN *3 
MN RQD a 707. 

AP ■ .0.4 FT 
LP = 1.2 FT 

ALL SOIL AND ROCK 
COLOR DESCRIP- 
TINS FROM THE 
ROCK COLOR CHART 

NIV 

NNE 
81 

- 

- 

..., 
- 

, 
. 
- 
_ 

. 

.. 
- 
- 

-.1 
, 

- 

. 	. 

... 

BOTTOM OF BORING AT 81.0 FT. 	BORING 
GROUTED TO SURFACE ON 2/13/86. 

PRINTED BY THE 
GEOLOGICAL SOCI- 
ETY OF AMERICA. 

. 
RQD.,ROCK QUALITY 

DESIGNATION 
FOR EACH  RUN , ' 

0=AVERAGE LENGTH-. 
OF CORE PIECES. 

LP•LONGEST PIECE 
OF CORE FROM 
EACH RUN. 

froSPLIT W00% ST.S ►ELIT TUBE' 
INCODISSCNI (*.PRIX& 0.0THER 

ATE NORTH OF ASH POND 
MI NO. 

G-4 

A-14 



GEOLOGIC DRILL LOG pmaxx, 
FUSRAP - WELDON SPRING SITE 	_ 

All IC.
501• 201 14 1 

NUT IN 
 w 2 

oeld M. 
C • 5 

WI 
ADJACENT TO ASH DISCHARGE LINE 

tOCININATES 
N100,650 	' 	1151,250 

Mil FON NOLL 

90  
SWIM 

NAN 
7/8/86 

CIMPLL-ML 
1/4/86 

WILD 	GEOTECHNOLOCY 
KURT JAEGER 

°LI  MNa ME 1°'' 
DE-55 

6421 £ 

6'/3' 
NILIIILIMEN 111.) 

40.0 
MO Vi 

310 
Tr& mum 

73.0' 
cwc wanorrfrixo 

— 30.3/32 
COLE MOM 

3 
WSW 

e 
EL. TIP Cf CAW 

- 
mut a. 

635.9 
NITIONCL Mit Witt 

31.0/516.0 	' 
oriluv...nr of swx 

40.01545.9 
INII•tt NW SINNTANI. 

140 LDS/30 Pi 
CNNIG LEFT SI DLL ALAN TM 

NOME 
WIND DTs 

A. ATY815011 

C; ;g 
i 1 

N1,1 
Ini 1 , F 

! II  

i 
V li  
ft 

srs, 
PPOURE 

TUTS 
0.1104NIN 

635.9 0 

I/ 

 1 
w I OUNNIMNI ON CLASSirteMON 

NM On 
WM UNICA 
NMI UTAK 
ammorno w 
walas. PC. i ■ lt?..zg 

mar 
i 
sec 

oaf 
nor 

Es le. = 
..0 

634.9 

628.9 

' 

638.9 

613.9 

600.9 

,02;: 0 TO 1.0 FT MILAMOL LIEWNII, GRASS, 0-38.0 FT DRILLED 
WITH 6114 OD SOL-
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT. 
BOREHOLE WS 
RADIOJIIII,CALLY 

EIERIPE 
ANAL YTIC.AL 
CORPORATION. 

. 

5 

7 

_ 
. 

v.) 

yrsiffimmiegualmAprr 
1.0 TO 7.0 FT 
MOTTLED ORANGE 

CL AY SILT/SILTY CLAY, 
AND CRAY ( 10YR 5/4), 

VERY STIFF, MOIST, BLACK FRAGMENTS. 
SS 
2' /8' 	2.5' 	26. 9 12 14 

;DI 

3T 
' 

! 24' 1 22
. 

 
.00!: 

10 110 

0, 

15 

17 	• 

v.'" 

PI 

Lm 

7.0 TO 17.0 FT SILTY LUX, YELLOWISH 
BROWN ( 1011 5.5/5) TO ORANGE (10YR 

M/D11STA,IRGAEYSIA:D.5/1), VERY STIFF, 

SS 2 . 10 . 1 	0 	27 10 14 
- 

13 
, 

NSA ' . 
SS 
2'  

 1  
10'13.5 	23 9 10 13 

to 

SS 
2' 17 6 

. 
Et  Lm x 
to 

► 

('''' 

20  

22 	r.V■r 

04  #4 IA,' 
0.4Ftg. 

25  WM 
Pri,  ■■/ 
04 w 
04 W 
0,1 
#4 p■4 
04 
'4 
OP  

35 A 

', 
,;., 

, 

4) 
a 

7  

17.0 TO 22.0 FT CLAYEY ILI, GRAYISH 
ORANGE (10YR 6/3), WITH ORANGE AMC 
BLACI MOTTLING, VERY STIFF, MIST. SS 18' 21' 	23 7 2'  13 10 

... ,.., 
ma 

70,  
22 0 TO 40.0 FT GRAVELLY  CAL  ORANGE 

' IIOYR5/4 TO 1011 SA) 70 YELLOW ( 10Y1 
6/6) VERY STIFF TO NAND. MOIST, WITH 
ANGULAR MITE ( 111) TO DARE YELLOWISH 
ORANGE (1011 6/6) CHERI. 

ss 2. 18' 18' 	50 18 23 27 

-.A. 

SS II' 16' 	29 13 IT 12 

1 
Ta 

• 

rim, 6* 11' 	50/2' 43 50/2' - 

Ilfortfi WOON ST•Ne.), !UM 
IMODNION PPM CNEN (*MIDI 

artt 
ADJACENT TO ASH DISCKAME LIME 

MI III 
G-S 

A - 1 5 



GEOLOGIC DRILL LW 
PROJECI 

FUSFLA? - VE1DGN SPRING SITE 
JOB PO. 	. 
14S01-21 

IMP ial. 
2 of 2 

Ku se& 
G-5 

FP 
pp  

i  f g 
g 

W 

an, 

I
MUM 

tin 
Canino IISCIIITWO He CLUOITATI♦N 

WYRI Ow 
SOTIM U1af. 
OM• WAIL 
010101113t Of 
SWUM CYO. 

i n  g 

595.9 

VA. 4 

$62.9 

40 

400 8.41,  

OS/ 
4..4 
$* 

31.0 FT AUGER 
REFUSAL. 

41- I/4/86 

31.0 TO 40.0 FT 
DRILLED WITH 6-IN 
TRIODE ROLLER BIT 
AND WATER. 

40.0 10 73.0 FT 
GORED WITH NX8 
WIRELINE DIMOND 
IMPREGNATED 817  USING WATER. 

1URLINGTON/GEOKLIA 
F41. 

 (n ) 	tr ) 	
1
t
20
x

1 
) 

NX
II
 CO
R
E
 BA

RR
EL

  W
I
TH

 D
IA

MO
ND
  B

I
T 

3.0 3.0 100 

45  

i_  	1 	. 	40.0 TO 61.5 FT LIMESTONE, YELLOW TO 
I  BEIGE. MODERATELY TO LOCALLY EXTREMELY 

Pm' 	WEATHERED, MODERATELY HARD, NDOERATELY min ■os 	10 EXTREMELY FRACTURED, WHITE 10 CRAY, 

5 0 5.0 100 

Imam. ism 	VERY HARD LAYERS AND PATCHES OF CHUM 
ammo 	40.0 TO 40.1 FT CLAY SEAM. 
illri 	46.6 TO 47.0 FT CLAY SEAM. 

O 

0 

20 

30 5 

lost 

111111  

50 

11111 

4.1 4.7 100 

NS 

m 
 

0.1 	0.4 
1 	0.2 	LS 	' 
3 	O. 2 	0.1 
4 	S. 2 	3.4, 

6 	0.2 	LI 	54 
1 	4.2 	0.4 	63 
8 	4.3 	4.8 	T2 

ROD•ROCK DUALITY 
DESIGNATION 
FOR EACH RUN. 

AP1AVERAGE LENGTH 
OF CORE PIECES, 

LP •LOMCEST PIECE 
OF CORE FROM 
EACH RUN. 

ALL SC 1 I. MO ROM 
COLOR DESCRIP-
TIONS FROM THE 
WI COLOR CHART 
PRINTED BY THE 
GEOLOCKAL SOCI-
ETY OF AMERICA, 
!Mt. 

MM   
1=11 

4.3 3.7 86 

MIN 
UM 
NM 

55.8 TO 58 FT OUART7 FILLING. 
5 5 5, 1 i 	, 

0 

0.02 

0.01 

20 

30 

20 

I 1  

1. 0 0. 0 0 MEI ■■••• 
UM" 	58.0 TO 67.5 FT BECOMING FRESHER WITH 

5.0 3.6 12 

now 
sow 	HIGHLY WEATHERED ZONES AND SCNE moil gam ,c, 	STYLOL I TES. 
Ns • BMW K 
mos 

11111  ats 

5.0 4.0 % 

II MIll 
moo 

- osi p• 
moo  •  
11-I K 
=In & 
nos 
mom 
gam 	  
mom 

5.0 5.0 100 

Nom 	67.5 TO T3.0 FT LIMESTONE, BLUE-GUY, 
MOM 	FRESH, HARD. CRYSTALLINE, WITH OCASSIONAl oomi 
MIIMM 	LAYERS AND PATCHES OF WHITE AND CRAY 
Ism • TO '''' limnCHERI. 
Ism 
min 
Na 
mum 

BOTTOM OF GORING AT 13.0 FT. 1110R106 
GROUTED TO SURFACE OM 

73 

Isostrr MC% 314■13.111 AM 
114016141a 'woe% veva 

WTI 
ADJACENT TO ASH DISCHARGE LINE 

OKI M. 
C-5 

A - 1 6 



GEOLOGIC DRILL LOG 
SOUTH OF ASH POND 

FUSRAP - *LOON SPRING SITE 

N100,450, 	151,150 

AN ILL 	awn on. 
14501-201 
	

I a 2 
All11.1 Mr W12. 

90 
CONalskTU 

14 

18 

SS is* 12' 
2 1  

2S , 18 	18 '  

4 	7 	7 

3 	8 	10 

6 	8 	11 

1 700 PSI. PUSHED 

19 

PUSHED 

5O 

• IOCID PSI4 

5CV3' 

ST 	2' 	2' 
3 1  

SS 2 , 	18' 111' 

ST, 
3 . 	2• 	0 

SS 	. 3  . 3  

33 

14 

100 KKB 2.0 2.0' 

00:11 
WIRE 3. 0 I 
A. NE 	• 
CORE 

MOOT 
1f1RE  9 • 0

d  1.3' LINE  
DORE 

OlYallta e-PL 

639.7 arQ C.  

PICTSLIK 
TUTS 

g: 4  
K7 I 0 

WC ST•61111 nati  
mom:ft Parr r4741 'WM" 

623.7 

616.2 

604.7 

°11113' GEOTECHN)LOGY INC. DILI Ma MO Ina 

KURT JAEGER/GEORGE MATTHEWS! 	CUE-45/CME-750 
Cal SOU 
	

tL TIP a CA1414 ammo a. 
4 
	

6 
	

6317 
CAUL , 	ELL le■AANS114 

	
MSC $T8 

NOME 

Baia 
	

CURVED 

6/17/83 
	

6/20/86 
COME IlEttnOtTfl.ra 

- 2s.orn 
SAPLE Nada WSW /roils 

140 LBS/30 UaIRENCE YOUNG 

NOLE SIZE avaimet• FT.) 

• 

ru 	TM*. ElErni 
-1/4 1 /3 1 
	

23.5 
	

415 
	

67.0' 
111,1•41. MAO SAM 
	

NOR 	TT" Of UM 

K1.72/621199 
	

23.5'/616.2 

UlallITL. NO SUd3f1r.41111N 

0 TO 16.0 FT SILTY  CLAY,  MODERATE BROW 
(5YR 4/4), NOTTLED WITH MEDIUM LIGHT 
GRAY(N6) SILT LENSES, MIST, STIFF TO 
VERY STIFF, TRACE TO SONE FINE GRAWL 
(PRIMARILY IGNEOUS AND METAmORHIC CO1POS-
ITION), PYROLUSITE STRINGERS. 

• 

16.0 TO 23.5 FT GRAVELLY CLAY, DARK 
YELLOWISH ORANGE(10YR 6/6), OCIST, NAM 
WITH LIGHT 00(071 ANW,AR CHERT GRAVEL. 

23.6 TO 40.0 FT IJAELENE. LIGHT 
BROMISM GRAY (SYR 6/1), MEDIUM SOFT 
TO MEDIUM NAND, SEVERELY LEATHERED, 
WITH MODERATE 11ROWN(511 3/4)CLAY SEAMS, 
CNERT GRAVEL, SEARS UP TO 1.6 FT IN 
THICKNESS. INTERBEDDED WITH SERI - 
COMPETENT CHERT LENSES OR LAYERS. 

SOUTH Of ASH POND 

MU as 
MAR MILS. 
Ian. UT milx. 
OIMOZTO tif 
WILIAM ETC. 

0-23.5 F7 DRILLED 
WITH 641N OD ROL-)  
LOW STEN AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT BORE-
WAS RADICILDCICALLY 
LOGGED BY 
[KRONE 
ANALYTICAL 
CORPORATION. 

4.6/20/86 

MAY BE AFFECTED 
BY INCONPIETE 
BREAADCAN OF 
CLEAR MU). 

SHELBY TIE STUCK 
IN HOLE. DROVE 
SPLIT SPOON SAMPLE1 
INTO TUBE TO 
RECOVER. 

23.5 FT AUGER 
REFUSAL 
23.5 TO 25.0 FT 
($10 TRICK ROLLER 
BIT TO START CORE 
ROLE. 

25.0 TO 67.0 FT 
CCMED 111TH NNB 
WIRELIKE DIAMOND 
IMPREGNATED BIT 
USING WATER AND 
CLEAR MUD. 

60  LP Mk 
(FT) lt) 
1.7 61 

2 	11.1 A.4 	63 

A - 1 7 



GEOLOGIC DRILL LOG Mar 
FUSRe - WELDCN SPRING SITE 

As lo. 
14 50-20 

NW MX 
2 of 2 

igti MD. 
G-6 

r; 
it 

g/ 

- 

E 15 

UM 
MUM 

TEM 
011,002m 

604.7 

ILMM►MIM MO CANIFICATIMM 

NVIIM t6 
Wm unoms. 
UM Klift, 
ammarnm or 
Mum, nc.. 4 a b  

NZB 
WIRE. 
L I IL 
CORE 

9. 0' 1.2 ' 91 

593.7 

585.7 

576.5 

572.T 

40 

4,  

• 

40.0 70 54.0 FT LIMESTONE , DARK YELLOW- 
ISH ORANGE (10YR 6/6), MBILSO NAND. 
MODERATELY IEATHERED, VUGGY, OCCASIONAL 
STYLCLMS, HORIZONTAL. FRACTIRES WITM 
ROUGH - PLANAR IRON STAINED APERATURES. 

49.0 TO 54.0 f/ SEVERELY WEATHERED ME, 
BROKEN, IRON STAINED. 

 	7 	L4 	1.1 	67 

MP 	Lr 	DM 
NV 	(FT 1 (FT) 	II ) 

-- 
Mal 
-- 3 	0.2 	0.6 	6 

4 	0.3 	6.6 	52 
6 	6.1 	6.3 	44 * 	L3 Ls 	73 

L3 CI 	54 

ADDED 4 GALLONS 
OF OLEAN TO 
OFtEAX DOW CLEAR 
ILO. MOLE CAVED 
AT 26.0 FT IND 

,, MUD MEE DO*  
IA PACKER TES1,, 
WERE PERFORNED. 

ROD• CCS QUALITY 
DESIGNATION 
FOR LAD( IILIN. 

AP•AvERAGE LENGTH 
OF CORE PIECES. 

LP•.0MGEST PIECE 
OF CORE FROM 
LAM RIJN. 

OMB 
SIMI 
1=1 mine  
moms  moms 
11••111 was 

mow 

45 
u IIMI I  mom I-I 
NE limwm 
6-I 
U 
IIIMI 
MEI 
0 NXB 

OKI 
Li11, 

NXII 
WIRE 4 

I IC 
EORfJ 

5  . 0' 

4 . 0' 

3. 0' 

3. 7' 

SO 

93 

54 
55 

INN mown sums mow ommmy mom sow 	  
54.0 TO f.3.2 FT LINESTOK 	1RCNNISH Num 

IMO GRAY( SYR 4/ 1 ) , HARD, MODERATELY 
WEATHERED, NO APPARENT FRACTLRES, 
OCCASIONAL THIN SHALE MUMS. 

aim 
INN 

 Ns= II8NNI u 
IMO 

OE 

gVIRoNtEEE.: 7.0' I. 0 ,  114 

MIMI 

• 

63.2 

1•1111 
111111111 

m 
mN 

mos mow elms maw 
um. .... 
LIN 

63.2 TO 67.0 FT LIMESTONE, MED1u4 GRAY 
C. HAM, SLIGHTLY WEATHERED, 
STYLCLYTIC. 

KA) 2.0 1.11 90 
Mill e. 

• 
.- 67 

won 
eon' wool 

BOTTOM OF BORING AT 67.0 FT. WIC 
GROUTED TO StitFACE ON 6/20/116. 

ALL SOIL AND ROCK 
COLOR DESCRIP-
TIONS FROM THE 
Bazmastic 
PRINTED IT THE 
1E01061C/1 SCCI-
ITT OF AllERICA. 
341. 

ISKIPLIT linelib MINIUM 718114 
P401110% INP1102"64T1111% SOUTH OF ASH POLE 

ou illi. 
G-6 

A-18 



GEOLOGIC DRILL LOG Mari 
FUSRAP - MELDON SPRING SITE 

JOB NI 
14501-201 

IMEET NI. 
I W2 

NM NI. 
G-7 

SfTt 

NORTH OF COAL PILE 
catreshms 

N101,200' 	V50.450 
rat rim WC- 

10 
SLANG 

WILN 
VIT/83 

amftrnm 
6/18/0E,  

Date" 	GEOTECHNOLOGY INC. 161 Waj. l'iNa  mr  ilaXil 
KLRT JAEGER/GEORGE NATTHE 	CAE -45/CNI - 750 

NMI UZI 
6-V4V31  

OVLIMLNINN F1J 
11.5 

MICOOIJ 
45.5 

TOIN. OUTI1 
64.0' 

can 16.020DeTfl./Z 
24.7/63 

UNE boas 
4 

LAIlLlS 
3 

ia.. 1 	OF' COSNO 
- .... 

 ammo a. 
633.3 

1171M00.% MOO soot 
34.207599X 

scru.44..110 Of KU 
L57614.11 

I WNW% IOW /I AU 
140 LIS/30 P 

COSMIC LET N NOW ON.A.DCD4 
NONE 

LOMB PIN 

LAIFCMCE YOUG 

III 
g i 
i 

1 

f g 

i 

Mist 
MUM 

TEM 
11VAMON 

633 . 3  

SICNPIN M MANUTI 

NWRI Om 
U11112. 

WIN IIMON. 
ONONCIU Of 
3111.00, nr. liNg 

iri r tra r 
WI/ 

se t• 

621.6 

614.8  

SM. 3 

10 

11. 

15 

0°1 

4' 
► 	40: 0_ 
°♦• 
:100: 
: 1;Ir 
04140 , amah. 

2 

..: 

0 	70 11.5 FT SILTY CLAY, MODERATE 
BROWM(SYR 414), MOIST, STIFF 10 *FIT STIFF, 
TRACE TO SOME S(I3ROUNDED TO KOKO FIRE 
GRAVEL (PRIMARILY IGNEOUS AND METAARPHIC 
ORIGIN), MOTTLED WITH LIGHT GRAY(N6) 
SILT LENSES, PYROLUSITE STRINGERS. 

0-16.5 FT DRILLED 
WITH 6 1AIN OD ROL-
LOW STEM AUGERS 
USING CENTER PLUG. 

D TO 10.0 FT BORE 
HOLE WAS RADIO-
LOGICALLY LOGGED 
BY EIERL 1NE 
ANALYTICAL 
CORPORATION. 

16.5 TO 19.0 FT 
DRILLED WITH 

'..1/11 INCH TRICOME 
ROLLER BIT AND 
FRESH MATER TO 
START COREHCLE.  
15.0 TO 21.0 FT 
CORED WITH NXB 
WIRELIPE DIAMOND 
IMPREGNATED BIT 
USING CLEAR MATER. 
21.0 TO 27.0 FT 
DRILLED WITH TRI-
CONE ROLLER BIT 
USING CLEAR MUD. 
7 ' 0  2 	TO 64.0 FT 

CORED IME 
WITHDIA 

NKB 
WIRELM)M) 

USING L
IMPREGNATED BIT 

ATER AND 
CLEAR MUD. 

If 	LP 	MB hp (FYI (n) w 

SS 
2' 16' 	13' 13 3 e 

SS 
2' 16' 	15' 20 5 8 12 

1 ; 
11.5 TO 16.5 FT GRAVELLY CLAY, DARK 

01;CBOOBLES. 

YELLOWISH ORAMGE(10YR 6/6), MOIST, HARD, 
WITH WEATHERED ANN AR CHERI GRAVEL AND 

IMIE1 504 32 50/5' 

1g ' 16.5 TO 37.0 FT  LIMESTONE, DARK 
YELLOWISH ORANGE(10YR 6/6), MODERATELY 
HARD, SEVERELY WEATHERED, WITH SEAMS OF 
MODERATE REDDISH BROVCIOR 4/6) CLAY 
AND CHEWY GRAVEL, SEMI-COMPETENT CHERI .  
LAYERS OR NIMES. 

21.0 TO 26.0 FT CLAY FILLED CAVITY VITH 
COAL DUST OR FLY-ASH MIXED WITH CLAY, 
AND IMULOA COOT GRAVEL. 

20 

ill 
WXB 2.0' 1.9 95 gm? Immo  

Fir- .-  
o + 0 
400 
004P 14, 
mu 
WNW 

ti .V1-1' 
• , . 3 

51 10.6 

12.2 

5 

10 

1! ! 

5 

4 30 

Mil 
P.' • 

"  
• 

MEI yam 1 	3.3 	LP 	• 
2 	L9 	8.7 	• 
3 	L2 	L2 	• 

1ipliall4 

ral los 11/ 
11= 

.43 	. 
ot '.31 

1.3' 19 

am I 
NM 
BM. 
MEN 
nit 11 
lin 
11=11 
NNW 35 OEM 

INAP► T MOO 31.1110JIT MAILI 
INODOCSOft P•PITCNIMI ONOTOIM 

NT1. 
NORTH OF COAL PILE 

MI IL 
G - T 

A - 1 9 



DRILL LOG PEC1 
FLGRAP - VELDON SPRIG SITE 

CU NGEOLOGIC AG Nn 
14501-20 

M ■l 
2 fir 2 G-7 

Fi b• a ig 

10 1 

1 1 . II 
k g 
i: ... 1v pi 

e . 
WU 

Pacskat 
TESTS 

gLIUTIMI 

5913 

IDE►I1111 MO E. AMMO= 

CM tee 	
'71 

11A101 MILS, 
11001 NIIMIL 

iftas."4":: t V 

596.3 

577.7 

569.3 

RUN •4 
:TIT 

37 

NXB 
WIRE 

CORE 
INE 11.0' 5.7' 71 

-- 

31.0 TO 55.6 FT LIMESTONE. DARK YELLOW ROD 8 44 
Ap • 0.3 FT 
LP - 4.5 FT 

•---"IL'• 
ROD . 21X 

AP • 0.3 FT 
LP • O./ FT 

NUN 06 

ISM ORANGE(10YR 6/6) TO MODERATE YELLOW- 
ISM OROWN(10YR 5/4), MODERATELY HARD, 
MODERATELY TO SLIGHTLY WEATHERED, INGOT, 
STYLOOTIC, THIN ( ( P TO 0.3 FT) CHEAT 
LENSES, NORIZCNTALLY FRACTURED WITH 
SMOOTH-PLANAR IRON STAINED APERATURES. 

- 

	1- .: 1--1-17 

40 
-. I 	I 

-
11 I 

1 
A 	tt 

-1 
45 - 	I 

NXB 
WIRE 
LINE 
CORE 

9.0-1-6. 84 

- \ I 
n 	I 

I 	I 
50 	t 	1 

pl i t 

NXB 
WIRE LINE 10.009.0' 
CORE 

90 

-■ 	I 
55 -0 	I 
55.6-■ 	I 

55.6 TO 64.0 FT LIMESTONE, MEDIUM GRAY NOD • 53X 
AP • 0.3 FT 
LP • 1.5 FT 

ADDED FOUR BOTTLES 
OF LEACH TO HOLE 
TO BREAK DOWN 
CLEAR MUD. 

4-1—r (N5), HARD, SLIGHTLY LEATHERED TO FRESH 
MEDIUM LICHT GRAY(N6) CHERT LENSES, 
INTERBEDS OF OAW OKAY (N3) TO DAN% 
GREENISH GRAY(SCY 4/1) SHALE, STYLO-
LITID. 

1 	: 1  

6O 

- 64 
- 

- 

- 

. 

- 

NOTION OF BORING AT 64.0 FT. BORING 
GROUTED TO SURFACE ON 6/11/$6. 

MOD.ROCK OUALITY 
RESIONATION 
FOR EACH RUM. 

AP•AVERAGE LENGTH 
OF CORE PIECES. 

LI•LONOEST PIECE 
UK Flew 

EACH RUN. 

ALL SOIL AND BMX 
COLOR OESORIP- 
TIONS FROM THE 
11M212.2e1 
PRICED BY THE 
GEOLOGICAL SOtI-
ET/ OF AMERICA, 
ISMS. 

maul Met ST4ELIIV Ma 
DLIEINECII• PaIRTEME 01111112 MOWN OF COAL PILE 

EU EL 
64 

A- 2 0 



FUSRAP - WELDON SPRING SITE 
Al 
	

WEFT EL 	NEI ND. 
14501-201 
	

I FP 3 
	

G -  B 
PNOJECT GEOLOGIC DRILL LOG 

Wit MOD NEWT au. 

140 LBS/30 
CAME LIFT of ELF, tw../1.061H 

NONE 

2 13 5 SS 18 ' 2 . 18 	13 

ED I 

12 4 

17 4 

PUS iED I 

6 7 	11 18 

/00P 1 

50/ 
5-3/2' 504 5 

700 PSI 

5 	7 

6 	11 

ST 0" . 2 	2 . 0' 
3   
SS 18' i 19' 2' 

SS 18' 21' 2'  

SI 2.0' 2.0' 3'  

55 18' 24' 2'  

12.1 5 
13.2 1 0 

LiWIRE sE 10.0 9.0 
COPE 

90 

15.5 

SPIPUT POONA ST•Sailr TUBE, 
WCEWNSWo P.tr OCR! OwDINOt 

6 
VIE 

'SS 11 -  
2' 1/2 1' 9-  

3 6 3 	3 SS 18' 5' 
2' 

654.8 

WATER 
INESsuNE 

TUTS 

1 1 $11 as FPO I.  

ILEUM 

655.3 
lag - 5 isT a• 0 

640.3 

629.3 

625.3 

SITE 
	

FOOIONATTS 
	

SALL MN MEL 

EAST OF BLDG. 407 
	

N100,450 
	

1/49,900 
	

90 
FEZuN 

6/16/86 
cartim 

6/18/86 
NWIR  GEOTECHNOLOGY INC. 
KURT JAEGER/GEORGE MATTHE 

WC. WIT all) EOM 

ChE-45/CME-750 
sirt 

6-V4V3' 
OKINUIED 

30.0 
NOCK f-..1 

45.0 
TOTAL WM 

75.0' 
ONE IECO ∎EPTO-T.rD 
	

OKWU SHILLS EL TOP OF cASoic acuo EL. 	OEPTWil. WOW laTat 
	

QM/El-TV Of ID:a 
-41.1/92 
	

5 
	

B 
	

655.3 
	

52.12"/603.6 
	

30.0./625.3 

SESCINTiON alp FuSWEATION 

0 TO 0.5 FT GRAVEL,  NEDIum ONAIIN5), 
LIMESTONE, TRACE ORGANIC DEBRIS, ROADBED, 
0.5 TO 15.0 FT SILTY CLAY, DARK GREENISH 
GRAY(5GY 4/1) 70 MODERATE YELLOWISH 
BRUAN(10YR 5/41, MOIST, MEDIUM STIFF, 
TO STIFF, MOTTLED WITH MEDILM GRAY(N5) 
SILT LENSES, OXIDIZED ZONES NEAR BOTTOM 
OF UNIT. 

15.0 TO 26.0 FT SILTY CLAY, LIGHT BROWN 
(5YR 5/61, MOIST, VERY STIFF, SOME FINE 
GRAVEL, PYROLUSITE STRINGERS. 

26.0 TO 30.0 FT GRAVELLY ;111, LIGHT 
BROWN(5YR 6/6) TO DARK YELLOWISH ORANGE 
(10YR 6/6). MOIST, HARD, VERY LIGHT GRAY 
(NB), MODERATELY WEATHERED, ANGULAR 
CHERT GRAVEL, TRACE TO SDK FINE-GRAINED 
SAND. 
30.0 TO 34.3 FT LIMESTONE,  DARK YELLOW- 
ISH DRANGE(10YR 4/6), MODERATELY SOFT, 
SEVERELY WEATHERED, WITH MODERATE BRONN 
(5YR 3/4), CLAY SEAMS WITH CHERT GRAVEL 
AND SEMI -COMPETENT CHERT LAYERS. 

EAST OF BLDG. 407 

&OMNI, 

LA 	'F YOLK 

NOTES Wu 
U RI LONCU. 
=TIN Wok 
CANUCTE11 W 

0-30.0 F7 DRILLED 
WITH 6 10,41N OD HOL-
LOW STEN AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT 
BOREHOLE WAS 
RADIOLOGICALLY 
LOGGED BY 
EBERLIPE 
ANALYTICAL 
CORPORATION. 

AD:ER REFUSAL 
AT 30.0 FT. 
30.0 TO 75.0 FT. 
DRILLED WITH NIB 
DIAMOND liFREGNATED 
CORE BIT AND 
FRESH VAMP. 

NOD = 302 
AP . 0.4 FT 
LP 00.5 FT 

Pal NI 
G-8 

A - 2 1 



GEOLOGIC DRILL LOG rNO.E.or 
FUSRAP - WELDON SPRING SITE 

JOB 
14501-201 

v ia/  lo. 
2 or 3 

mo_E Ri 
0-8 

W 

i a  

gi  

..., 

I . 
 

W 

4 

,,E_ 

g 5  

t 
,,- 	uo )E 

ZA 

g - 5. 
i 6 

V ''' r 

WATER 
rNmsuRE 

TESTS 
FIEvATION 

620.3 35 

... 

f g Or_scRPOCN MD CLASSIV.ATICP+ 

NYms oc 
WU Ulla.% 
WATER liellAN. 
exturreR a 
of•LLING. ETC. • ,Ez: 

8.! 
L' i  .' p .: 

a 
ri  

CO 

613.3 

68.3 

586.6 

580.3 

MI MI 34.3 68.7 FT LIMESTONE, BROWNISH GRAY 

RUN .2  

(5YR 4/1) TO DARK YELLOWISH ORANGE 
(IOYR 4/6), MODERATELY HARD, MODERATELY 
TO SLIGHTLY WEATHERED, STYLOLITIC, VUGGY 
CHERT LAYERS DR NODULES, HOIZONTALLY 
FRACTURED WITH IRON STAINED AND CLAY 
FILLED ROUGH-PLANAR APERATURES. 

42.0 TO 44.0 FT CLAY FILLED CAVITY. 

52.6 TO 58.0 FT BROKEN ZONE. 

I 
 

NI 

WIRE  

MINI 
40 	MI 

14B 

U 
WIRE 

NE 
CORE 

10.0' 7.7' 77 

MINI 

ROD . 52z 
AP - 	0.3 FT 
LP 	.. 	0.6 FT 

42 

44  
45 II  

MINI 
1 

I 
1 

I 	1 
i 

50 - 

NXB 
WIRE  
UNE 
CORE 

8 '0' 7.6' 95 

MIMI 

SZ.  6/16/86 
=7- 	 - SWIM 

RUN *3  
ROD • 33Z 

AP - 0.3 FT 
LP • 0.5 FT 

RUN' *4  

I I 	I  

i 	1 
5 - 1 

I 	1 
t  

I 	1 

MIS 

NXB 

LINE 
CORE 

7.0' 7.0' 100 

II ROD . 55z 
AP . 0.3 FT 
LP 	= 	0.7 FT 

RUN *5  

6° MOS 

1 	i 
I 

I 
awsw 

10(B 
WIRE 
L W4E 
CORE 

10.0' 10.0' 100 

65 1 	I i 
i 	I 

I 
ROD • 39 7. 

AP • 0.3 FT 
LP = 0.7 FT 

I 	I 

68.7 
1•111111 a  

68.7 TO 75.0 FT LIMESTONE, BROWNISH 
GRAY(5YR 4/I) TO MEDIUM GRAY(N5), HARD 
SLIGHTLY WEATHERED, CHERT NODULES WITH 
VUGS IN CHERT. 

70 gm. 
Inn MIIII 
imm01 
MIMI 
II-1 
1111=1 

1-  
1  75 i 

SS=SPUT POCK SI .SKLBY TIM 
OtDONSONI 11-4NTOIER c.crr1E9R EAST OF BLDG. 401 

KU ND. 
G-8 

A-22 



GEOLOGIC DRILL LOG PRD.ECT 
FUSRAP - WELDON SPMNG SITE 

JOB W. 

1150!-201 "1-13 kl°or 3 "CU NCO"B 

e5 

i 5  t 

gt 
i,.  g 

g rii W 

til e,s 1: ,I 
LI , g „ , 

5 i, 
.; 0  ; 
t 

II A TEA 
PRESSURE 

TESTS 

75 

I 
' 

I 
R 

DESORP TION AND CLLSSFICA TIM 

NUM MS 
VA TER 111M-S. 
WATER RETOOL 
cusiunta or 
OFSJ.M. VC. 

.,  

I.> E. t 5, 
--, it'll- 

w 	..3 .==i 
ELENA TIOIt 

580.3 
- 
- 

- . 

- — 
- 
- . 
. 

- . 
— 
- 
. 
- 
- 

.., 

: 

BOTTOM OF BORING AT 75.0 FT. 
BORING GROUTED TO SURFACE ON 6/18/86. 

ROD.ROCK QUALITY 
DESIGNATION 
FOR EACH RUN. 

AP:AVERAGE LENGTH 
OF CORE PIECES 

LP.LONGEST PIECE 
OF CORE FROM 
EACH RUN. 

ALL SOIL AND ROCK 
COLOR DESCRIP- 
TIONS FROM THE 
ROCK COLOR CHART 
PRINTED BY THE 
GEOLOGICAL SOCI- 
,ETY OF AMERICA, 
1948. 

SS•SPOT SPOON, S 7 2 Sita.ey TLEE, 
DIONNE ON : P-4'IT CHM 0.0T1IER 

AT E 
EAST OF BLDG. 	407 

HOLE NO. 
G-8 

A-23 



01101100 

656.0 

GEOLOGIC DRILL LOG 
ADJACENT 10 BLDG. 410  

POCUEL7 
FUSRAP - %ELDON SPRING SITE 

CO 0110MATIS 

N100,065 	W49,905  

.101 Ma. 
14501-201 

sou Flow mom 
90 

11W in 
I co 3 

WAN 

6/12/86 
0001.0CD 

64/86 
GEOTECHODLOGY INC. 

KURT JAEGER 
MNM NO 

CME-45 
cam racovarnn..et cat sans SOMPULS O. 101• OF CPUS 01000 EL. 

34.5/91 4 9 656.0 

0001NAMIDI 

r.s 
IST04/11. MOO WM 

49.47760633  

TOTAL OIPT0 

76..(Y 
10011141.. TOP Of WE 

37.5'/611.5 

KU NM 

6-1/4*(31  
111X1 fIJ 

383 

SMOCIONONA SONTAW. 

140 LBS/30  
CA LEFT IN lab 	DLTM 

NONE 
LOOM IT. 

LAIIREOCE YOLK 

10 

IS 
640.0 	16 

20 

25 

630.0 	26  

621.0 	35 

MTDt 
NWSSUE 

1MTS 

!14 521  

4' _AT 
1E1 

241:1 id 
XII 
Pt 

SS 
2' 18' 12' 11 3 8 9 

ST 2 2' PUSHED 
500 PSI 

- 

SS 
2' 18' 11' 15 4 1 8 

SS 
2' 18' 19' 10 2 4 6 

ST 2' 2' PUSHED  540 PSI 

SS 2 , 18' 18' 18 10 

ss I e . 11 4 10 

SS 2 ' 11 14+ 24 50/5' 

SS 2 . 18 . 3' 18 12 10 

OISCRPTION 	tLASSFIWNIO 

0 TO 0.5 FT SILTY. CLAY, GRAYISH BLACK 
(112). MIST. TRACE CHEW! GRAVEL.  
0.5 TO 26.0 F7 SILTY CLAY, MEDIUM GRAY 
(N5), MOIST, STIFF TO VERY STIFF, 
OXIDIZED ZONES. 

16.0 TO 26.0 FT SILTY CLAY, DARK YELLO-
ISH ORANGE(10YR 6/6) TO LIGHT wow 
(5YR 5/6), MOIST, VERY STIFF, SOME 518-
ROUNDED FINE GRAVEL (IGNEOUS AND META-
MORPHIC COMPOSITION), PYROLUSITE AND 
IRON OXIDE STRINGERS, MOTTLED WITH 
MEDIUM GRAY(N5) SILT LENSES. 

26.0 TO 37.5 F7 GRAVELLY CLAY, MODERATE 
REDDISH BROWM(IOR 4/6). MOIST, VERY 
STIFF TO HARD. LIGHT GRAM?) AWALAR 
CHEAT GRAVEL, TRACE FINE-GRAINED SAND. 

0-31.5 FT DRILLED 
WITH 6 1/4 IN OD 
HOLLOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT 
BOREHOLE WAS 
RADIDLOCICALLY 
LOGGED BY 
BEAUNE 
ANALYTICAL 
CORPORATION. 

31.5 fl PERFOR.,-.)  
INTERFACE 
PERMEABILITY TEST. 

NMI 110. 

G-9 
ss4Ptrr MOON SleNCLEY 0./M4  
100006.011 NOV Mb 0.0T1112 ADJACENT TO BLDG. 410 

A - 2 4 



• 

GEOLOGIC DRILL LOG 
MEV 

FL RAP - 9ELDON SPRNG SITE 
Al al 

$ 601-20 1 
Mr NO. 

2 OF 3 
MOLE NI 

C-9 

Zi a I 1 It 5  i i'd. 
5  

i 

141731 
PIMA( 

ELEVATION ESCOOPM21 YO CLAISFIGATIN 

WM 'DO 
M MILS. 

N 
W

M IrtiAL 
ODAICTEO OF 
NUM tic. g /a r yal 

AR  

61L5  

5961) 

SOLO 

4,.# v j  

• 

• 

• 

37.5 TO 38.0 FT 
DRILLED WITH H 
2-7/8 INCH ROLLER 
BIT USING WATER. 

38.0 TO 76.0 FT 
DRILLED WITH ADS 
WIRELIKE DIAMOND 
CORE BIT uSINO 
WATER AND CLEAR  
MUD. 

6/16/86 

SP 	LP 	ND 

57" 

40 

till  
MIMI 

37.5 TO 65.0 FT LIMESTONE 	DAN YELLO- 

1..I, 
55' SZ 94 

WISH DRANOE(1OYR 5/4), MODERATELY 
WEATHERED, MODERATELY HARD, FOSSIL!. 
FEROUS ZONES, %AGCY. HORIZONTALLY 
FRACTuRED, CHERI LENSES (P TO 0.3 FT 
THICK. 
11.5 10 41.9 FT CAVITY, FILLED WITH 

 	MODERATE YELLOWISH 	ROWNHOYR 5/4) CLAY II 
AND ANCUAR CHERI GRAVEL, SMOOTH-PLANAR 
APERATURE. 
45.2 TO 47.2 FT CAVITY, FILLED WITH 
OIDOERATE YELLOWISH BROWN(10YR 5/4) CLAY 
AND ANGuLAR CHERT GRAvEL, MOH-PLANAR 
APERATURE. 

51.8 FT IRON STAINEDD WC, APPROXIMATELY 
3 CM WIDE. 

. 

56.1 FT IRON STAINED vuG, APPROXIMATELY 
2 C61 WIDE. 

Nom Imo_ 
=Nu 
emml 
now 

47.2 

I 

w 
..J. 

OY 

11  
75' 5.2' 69 

mumw Ammo Irr  
I 1 	1 i 1 	1 
I 50 

55 

1 
t 

11 

65' 5.13' 

__. 

89 

( 

 

11111 

	

pui 	i
0.
n) 	cm (I) 

	

I 	5 	1 . 1 	SO  

	

2 	LI 	11.11 	34 

	

3 	0.3 	1.4 	36 

	

4 	0.2 	0.5 	44 

	

5 	L4 	74 

	

6 	O. 	1.
3 	

22 

	

5 	6 

IN= 

60 

TO 

75 

11111  
lim o

I  NM 

2.5' 2.1' 84 
IlMil fill1.- 
EMI 

ie 

11 

6.0 ' 62' 0 0 

11-11 
moon 

	•  

11111 65 	 65 0 TO 76.0 FT 	INESTONE, ORDwHISN • INN 
6RAY(57R 4/1) TO LIGHT GRAT(N?), HARD, 
SLIGHTLY WEATHERED TO FRESH, STYLCLITIC, 
MASSIVE, OIERT LENSES (LP 70 0.2 FT 
THICK). 
66.0 70 71.6 FT VUGGY ZONE, VUGS 
PRIMARILY ASSOCIATED WITH CHERT LENSES. 

min 

le 
g 
z 

Ler io.D,  mo 

0.041 

OA 

E 

SO 

20 

=mu 
=I:: 

... 

1 
1  

SIDSPUT POCK ST.SOILOT TM. 
0.1:016016 POTINFA 0•07)01 ADJACENT TO BLDG. 410 

SOU IL 
G-9 

A- 2 5 



GEOLOGIC DRILL LOG PROJECT 

_ 	FUSRAP -WELDON SPRING SITE 
JOB RI 

14501-201 - 

No _E N
SPRING 

 s.4:r ND. 
3 of 3 G-9 

E15 

I e5 

gi 

6  
5  

kir.-°, 
'i-  

" 

r 
17̀  
V 

X,_ 
.-1 55 

WATER 
PRESSOR( 

TESTS 

75 

DESCRPTION  AND CLASSCICA TIN 
-, 

g 
B 

LI 
RCM Ciste • TRATUR LEVELS. 
WATER RETURN. 
GORACTER OF 
town. ETC. 

. 
a,. i5 

w 

r,,' E tc g a 

 ELEvAncsi 

5840 
580.0 76 - 

_ 
. 
- 

- 

-.1 - 

- 
- 

- 
- 
- 
- 

..., 
_ 
- 
H 

, 

-1 

- 

BOTTOM OF BORING AT 76.0 FT. BORING 
GROUTED TO SURFACE ON 6/16/86. 

ADDED 4 BOTTLES 
OF BLEACH TO BREAK 
DOWN CLEAR MUD. 

ROO.ROCK DUALITY 
DESIGNATION 
FOR EACH RUN. 

AP•VERAGE LENGTH 
OF CORE PIECES 

LP.LONGEST PIECE 
OF CORE FROM 
EACH RUN. 

ALL SOIL AND ROCK 
COLOR GESCRIP-
TIONS FROM THE 
ROCK COLOR CHART 
PRINTED BY THE 	'' 
GEOLOGICAL SOCF;-,- 
ETY OF AMERICA, 
1948. 

• 

SSTSPLTT SPOON; ST rS+EU3T TUBE; 
In0045COO: P-4TITCPERI C=OTHER 

SITE 
ADJACENT TO BLDG. 	410 

MU NC. 
G-9 

A-26 



roar 401 p0. 
14501-201 GEOLOGIC DRILL LOG MET NI 	ICE 00. 

1 CI 2 	6-13 
FRU lele. SAM 

90  
TOT& CePTE 

42.5 

EPTiell. TIP or Itai 
28.57626.2 

FUSRAP - %ELDON SPRING SITE 
COOFCMLTES Arac 

N99,521 	W50,517 
COLL LM1E Mt OXIL 

CIE-45 
WU LK 

6,-V46/3' 
MIEM  GEOTECHNOLOGY INC. 

CRT JAEGER 
MEMUUD V1. 

26.5 
C 	races 

4 
MORES 

5 
WM:L. it SAM 

3.W/623.62 

KAM 	oarirnm 
6/10/86 	6/2/86  
COME IL CD1Drt .r0 

-30.11/72 

%EST OF BLDG. 301 

LL. TCP CF GUM amLoO EL 

654.7 
MIKE MOOED oUlioifffILL 

140 LBS/30  
Craft LITT IN 10.140.JLEKTo 

NONE 
LAVED 

LAVRDEt YOUIC 
MTV, 

POISSuRE 
TWS 

OESEXPOOr Mt CLASSTICATem 

g a 
nc  

gt 
CElvATM. 

654.7 ac C• 21)  

18' 

SS 18' 18' 14 

0 TO 17.0 FT SILTY ;.1.12, BROWNISH GRAY 
(5YR 4/1) TO MEDIuM GRAY(N5), MOIST, 
MEDIUM STIFF TO STIFF, OXIDIZED ZONES. 

0-28.5 FT DRILLED 
WITH 6 1,141M DO HOL-
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT 
BOREHOLE WAS 
RANDLOGICALLY 
LOGGED BY 
MU NE 
ANALYTICAL 
CORPORATION. 

S S 
N. 8' 2 13 

SS 

SS 18° 

3.8 

2 

18° 

10 
20 
10 

15 	20 

5 	15 
6 
6 
S 

17.0 TO 22.0 FT SILTY CLAY. MEDIUM GRAY 
(W5), MOIST, STIFF, TRACE TO SOW SUB-
ROUNDED FINE GRAVEL, TRACE VERY FINE-
GRAINED SAND, OXIDIZED ZONES, PYRO-
LUSITE STRINCtRS. 

22.0 TO 28.5 FT GRAVELLY MI, DARK 
YELLOWISH ORANGE(10YR 6/6), MOIST, HARD, 
ARUM CHERT GRAVEL, PYROLUSITE LENSES, 
TRACE VERY FINE-GRAINED SAND. 

28.5 TO 62.8 FT LIMESTONE,  DARK YELLOW-
ISH ORANGE(10YR 6/6) TO MODERATE YELLOW 
ISH BROWN(10YR 5/4), MODERATELY HARD, 
MODERATELY WEATHERED, HORIZONTAL CLAY 
AND SAND FILLED FRACTURES WITH SMOOTH-
PLANAR APERATURES. CHERT LENSES UP TO 
0.3 FT THICK, VUGGY, OCCASIONAL 
STYLOLITES. 

16 

54 
14.9 
16.5 
18.7 
16.3 

637.7 

632.7 

626.2 

619.7 

28.5 FT AUGER 
REFUSAL. 
28.5 TO 71.0 FT 
DRILLED WITH NI 
VIRELDE DIAMON3 
IMPREGNATED CORE 
BIT USING HATER 
AND CLEAR MUD. 

31.0 FT COMPLETE 
WATER LOSS. 

BURLINGTON/KEOKUK 
FM. 

47,6✓ 12/86 

MD • at 
MP • 1.3 FT 
LP • 1.7 FT 

NXB 
WIRE 
LINE 
CORE 

7.0 

10 

15 

17 

20 

22 

28. 

30 

35 
SITE MU Ma 

6-13 
SS•SPUT Poem S1.14CLUT TUC 
11.0Do6ce. P•4TMOb 0.0TOEI VEST OF BLDG. 301 

A-27 



5.0' 
NXB 

LI NE L NE 
CORE 

FRD.ECT GEOLOGIC DRILL LOG FUSRAP - VELDC04 SPRNG SITE 
401 

14501-201 
DILE NI 

G 
SMAR 

2 w 2 
RATER 

	

E 	 TESTS 

	

g; 	ia, 
. 

1 
r° 

ILEUM ICSCIPTCD M CLASFICATEN 

OM ON 
WU LEVU& 
IIATD 11111111. 
MC= OF 
MUM ETC. 

NXB 
WIRE 
LINE 
CORE 

NXB 
WI RE 
. INt  
TORE 

NXB 
WIRE 
LINE 
CORE 

NXB 
WIRE 
LINE 
CCRE 

10.0 

9.0' 

5.0' 1.8' 	36 

4.2' 

6.2' 

8.0' 

5.0' 

1. B' 

100 

93 

90 

62 

89 

591.9 

S83.7 

illeSPUT SP0001 STK)ELIFF TLI1Es 
INENNISOlo PaPIONIFA Cs PIM 

29.$ TO 31.0 FT CAVITY FILLED WITH 
MODERATE BROW(5YR 3/4) CLAY AND ANGULAR 
CHERI GRAVEL, APERATURE ORIENTED 701  
RELATIVE TO CORE AXIS. 

40.8 TO 41.3 FT HORIZONTAL FRACTURE 
FILLED WITH MODERATE BROWN(511 3/4) 
MEDIUM GRAINED SAND AND TRACE OF 
ANGULAR CHART GRAVEL. 
44.0 TO 47.0 FT CAVITY FILLED WITH 
MODERATE BRONN(5YR 3/4) MAY AND SOME .  
ANGULAR CHERT GRAVEL. 

62.8 TO 71.0 FT LIMESTONE. BROWNISH 
GRAY(SYR 4/1), MODERATELY HARD. SLIGHTLY 
WEATHERED, MASSIVE CHART LENSES UP TO 
0.2 FT THICK, SMALL VUGS (2 Mkt) IN 
ClIERI LENSES, NO APPARENT FRACTURES. 

ADDED 4 BOTTLES 
OF BLEACH TO BRE 
DOWN CLEAR 18.0. 

ROD•ROCK DUALITY 
DESIGNATION 
FOR EACH RUN. 

AP•AWERAGE LENGTH 
OF CORE PIECES. 

LP=LONGEST PIECE 
OF CORE FROM 
EACH RUN. 

ALL SOIL AND ROCK 
COLOR DESCRIP-
TIONS FROM THE 
ROCK COLOR CHART 
PRINTED BY THE 
GEOLOGICAL 
ETY OF ANERIC 

MU ND. 
G-13 

BOTTOM OF BORING AT 71.0 FT. BORING 
GROUTED TO SURFACE ON 6/12/86. 

WEST OF BLDG. 301 

LP MD 
PI (FT) (n) (/) 

2 	II. 4 0.1 
.6 3 	0.3 8 	42 

5 
4 	8.2 

11
LS 32 

8.2 .4 31 
8.5 LI 75 

1 	0.1 2.4 70 
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GEOLOGIC DRILL LOG Mart 
FUSRAP - MELON SPRING SITE 

SS 00 
14501-201 

- 

mai MI 
I w 3 

Mkt 10 
G-I4 

WI 
SOUTH OF BLDG. 417 

0:10111041113 
W99,199 	V49,935 

MeiLIMMIIMML 
90 

MOOG 	' 
- 

Kau 
6/6/86 

mann 
6/10/86 

coup 	GEDIEcioa ccr  I NC .  
KURT JAEGER 

DALL ma ble MID 
C1E-45 

10.1 SIZE 
6-V4s/3' 

01101MMIEN Pl./ 
37.5 

Ma rt.; 
38.9 

Tcast. Etna 
76.4' 

caw 11C01 0111F1../1:0 
- 35.6/92 

UK Sochi 
5 

srrus 
8 

D. 10P Or Ca5114 
- 

MOO U. 
655.8 

ODYIWELM0110 Lai, 
4L4O/614.4 

EPTIVEL TIP Of 11101 
31.5'/618.3 

sera Man MAW /184.1 
140 L8S/30 Pi 

CA 	1./77 111 WILL MOJLDIL104 
, 	NOME 

MOD 0Y. 
LAWRENCE YOUNG 

rP 
1 

St 

6 
WIC 

 g  
ill 

1 i 
4  v 1. 

It . 
El 

g y  

IMTER missisl 
11XIS 

tavolow 

655.8  0 

E 

. 

 OESCMP110111 MD MASSIPICA11001 

. 
WEL Mb 
11111111 6r' U. 
IlliTIP IIITIAIK 
CIMPALTIM Of 
0111.1.00 nc. gzg 

ILI r 
b 
no r 

a i 
sie r 

655.3 

638.8 

628.3 

620.8 

1 

6  

0 TO 0.5 FT GRAVEL, CRUSHED LIMESTONE, 0-37.5 FT DRILLED 
IL11:4 1E/1441N OD 1,s1DL- 

USING CENTER PLUG. 

0 TO 10.0 FT 
BOREHOLE WAS 
RADIOLOGICALLY 
LOGGED BY 
EBERLIHE 
ANALYTICAL 
CORPORATION. 

0.5 

10 

15 

/ 
0°.°° 

0°°°' •0°.° 
0. 

0.5 1 10 1T:g0 FT 	11..11.1°C1IY: DART( YELLOW- 
ISN ORANGE(10YR 616), 14DIST, STIFF TO 
VERY STIFF, MOTTLED WITH MEDIUM GRAY 
(N6) SILT LENSES, IRON STAINED MDDLIES. SS 

2' 18' 12' 15 7 8 

SS 
2' 18' , 17' 9 4 5 

SS 
21 

' 18' 16' ,  i 
I 

19 3 7 12 

17 

20 

25 / 

17.0 TO 27.5 FT SILTY CLAY. DARK YELLO- 
WISH ORANCE(10YR 6/6), MOIST, VERY 
STIFF, SOME GRAVEL, TRACE FINE-GRAINED 
SAND, PYROLUSITE STRINGERS. 

SS 
2' 18' 21' 26 7 12 14 

SS 
I . 18' 23' .29 14 15 14 

, , 
21. 

35 

ITT ppe. ,po, 
PAt 
4011. 
:$1 

ke . 

21.5 TO 37.5 FT GRAVELLY CLAY 	VERY 	' 
LIGHT GRAY(N81 TO DARK YELLOWISH ORANGE. 
(10YR 6/6), MOIST, HARD, WITH MODERATELY 
LEATHERED CHERT GRAVEL. 

2 i 8 ' 0' 56 40  38 18 

SS 
2 ' 18' 7' 47 22 24 23 

SS 
2' 18' 11' 32 3 14 18 

micro wan sy•sicarr 111M4 
MMUS& Purr CHM 0.011117 

PIE 
SOUTH OF BLDG. 417 ON PERIMETER ROAD 

IOU 10 
G-14 
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GEOLOGIC DRILL LOG 	
MACY 

rusae - WELDON SPRIC UTE 	
As ma. 	LW NA. 	ME Nt1 

1450-201 	2 cr 3 	6-N 

1 	Fi 	Ic 	
- 	ELSTS 

i i 	
11 P.,N14 	la 

1 ELEVATION 

g... 	',ULULATE 	 NOTUOIA  
, IESETIPTION NO tiAtifICATION 	 OATEN LIVELEL 

NATO IFILIN. 
DIANACEER OF 
MM. TEL 

ri 

NXB 0.40.1 	25 	
615.3 	51•; =1V: 

N)® 2.1 1.8' 	86 	
1V,e 

NXB 0.7'0.7' 	100 	
55 	ommme 

' 	 iiiiii 

	

0 	

MI 

	

10 	10 	 IIII 

	

9 	20 	10 	586.0 	69.8 III 

- 	

:1g 	
37.5 TO 76.4 F7 
DRILLED %ITN NXB 
KIRELINE CORE BIT 

AP 	LP 	ROD 
air 	(FT) (FT) 	(X) 

	

OP 	37.5 TO 57.2 Fl ,LIESTENE, DARK 'MUD-. 	USING FRESH INTER. 
• WISH DRANGE(10YR 6/4), SEVERELY TO 

gm' 
 

MODERATELY WEATHERED, MODERATELY HARD BURLINGTON/KEOKUK 

	

40 	Mill 	TO HARD, CHERT LENSES UP TO 0.3 FT 	FM. 

	

Nom 	THICK, VUGS UP 70 3 CU LADE, HORIZON- 	4. 6/9/86 

	

WA: 	TALLY FRACTURED WITH ROUGH PLANAR 

FILLING. 	 - 	EATER LOSS. 
38.3 TO 38.8 FT HORIZONTAL FRACTURE, 

	

45 	ROUGH PLANAR APERATLRE, FILLED WITH 

	

EDEN 	MEDIUM LIGHT GRAY(N6) CLAY. 

50 I 	 7 ai 	 0.1 
4 03 54 

NXB 5.0'4.6
' 

	 92
 

	 APERATURES AND IRON STAINING
 AND CLAY 	 37.9 FT COMPLE

TE 

NXB 9.0' 7.7
' 

	 116
 	 5 	 4.2 	 0.3 	 0 

RU
N

 •
T

 
i
m

th:
 

RU
N

 '4
  
R

L
IN

 •3
 

1 	O.) 	0.1 	0 
2 	0.2 .0.5 	27 
3 	0.3 	0.6 	SI 
4 	0.4 	 1.3 	Ili 
6 	0.i 	0.2 	0 

11. 11 	2.0 	70 m 

a 
a 

NN 
NXB 	1.7'0.7' 	41 

11111 

NXB )0.1 	10.1 	100 

598.6 	57' limmol 	57.2 TO 69.8 FT LIMESTONE, BRCINISH 

11111 
	GRAY(5YR 4/11, HARD, SLIGHTLY KEATHERED, 

INTERBEDDED WITH GRAYISH BLACK(N2) TO 
millinell 	MEDIUM DARK GRAY (N4) SHALE. 

11111 MEM 
I-II MIMI 
IIMII 

NX8 9.9'9.1' 	100 	 Aso 

ss 65 ime 

510.8 	T5 	nem 

Iowa 

0 	30 	10 	 70 	69.8 TO 76.4 FT LIMESTONE 	LIGHT GRAY 
0 	20 	5 	 Num 	(N7), HARD, SLIGHTLY KEATKERED, MASSIVE, 

III

10 S STyLOLITIC, CHERT NODULES, VUGGY ZONES. 
IN CHERI NCOLLES. 

a 

um 
MIR 

OSASPUT P00% SUSALIN 'MEI 
frODs11106 P•PRCALITs CNITNOI 	 SOUTH OF BLDG. 417 ON PERIMETER ROAD 

MU 111. 



GEOLOGIC DRILL LOG PROXC I 

FUSRAP - WELDON SPRING SITE 
JOE NO 	i girt wo. 

14 5 01- 201 	1 	3 	or 3 
Kai ND 
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1 S
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WATER 
PRESSURE 

TEST S 

75 

/jo 

Y 
i 

1 	T 

 OESCRP TIEN AND CUSSIFICA TIEN 

NOTES ONE 
WATER LEVELS. 
WATER RE TI.F91. 
CRA RACTER or 
DM l INCN Ei L i a: 

Wili 

* 

ELEVATION 

580.8 

- - - 
579.4 76.4 —7-1-T  

- 
- 
- 
" 

- 
- _ 
_ 

— 

- 
- 
.-, 

- 
- 
- 
- 

- 
- 
- 
- 
_ 
_ 

- 

J 

BOTTOM OF BORING AT 76.4 FT. BORING 
GROUTED TO SURFACE ON 6/10/86. 

SINGLE BX PACKER 
LOST IN HOLE AND 
GROUTED IN. 

ROD.ROCK QUALITY 
DESIGNATION 
FOR EACH RUN. 

AP-AVERAGE LENGTH 
Of. CORE PIECES. 

LP-LONGEST PIECE 
OF CORE FROM 
EACH RUN. 

ALL SOIL AND ROCK 
COLOR DESCR IF-
TIONS FROM THE 
ROCK COLOR CHART 
PRINTED BY THE 
GEOLOGICAL SOCI-
ETY OF AMERICA, 
1948. 

ssegtn sPooN, si.9ELB, TISEJ 
frODINSONt 'N'orf DER; Cm 0 TIER 

&II 
SOUTH OF BLOC. 417 ON PERIMETER ROAD 

MOLE No. 
C-14 	

i 
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GEOLOGIC 	DRILL 	LOG - 	Pi'lljt.t7 FUSRAP - WELDON SPRING SITE 	

AG ND. 	UNIT M. 	KU NO. 	I 
14501-201 	I Cf 3 	G-15 	,  

SIn 	 ONNOINATES 	 ANGLE FROM WAIL 	REARING 
EAST OF RAFFINATE PIT NO. 2 	 N98,924 	W50,447 	 90 	- 

RECUR 	4X.IPLEILI) 	DRILLER GEOTECHNOLOGY INC. 	DRILL NAZE NO IODEL 	KU SIZE 1 OVERILINDEN (FT. 1 ROOT I/7. ) 	TOTAL DEPTH 
6/5/86 	6/12/86 	KURT JAEGER 	 CME-45 	6-1/4s/ 1 	41.0 	34.5 	75.5' 

CONE NECOVORY(iT.Ix) 	CORE ODXIS 	SAMPLES 	E.L. TOP OT CASING GRIMM EL. 	DE►INAL. GROUND MIER 	. 	DEPIR/EL. TOP Or ROCK 
29.3/87 	. 	4 	. 	8 	' 	658.0 	18.10'/639.9 	 41.0!/617.0 

	

SAMPLE RIMIER VEIGNIAALL 	CASING LIFT IN ROLE, DIA./LENGTH 	LOGGED WY! 

	

140 1BS/30 IN 	 NONE 	 LAWRENCE YOUNG 

I  L
op
.
  u

nt
t  o

w
l  

IIITER 
r; 	E c 	PREMIX 	 g 
pl 	8 d. 5: 	TESTS

e. 	 rig wig c§ 	 ELEVATION 	i 	DESCRIPTION AND CLUEIFICATION 	
*TER LEVELS. .., 	. 	 ROTES OH, 

1 	 WW  gw ra-4. 	•.1-: 	wEl 	 5 	 ::Ita! OF 
WEN KUHN. 

a 	- 	r 	 -: 	 i 	cca n 	n 
1ST G 	RIO A 	YID G 	w+w- w 	w 

SS 	18' 	11' 	9 	2 	6 	 For.00 	ORGANIC DEBRIS, TOPSOIL. 

	

$YELLOWISH IIiF
1

181 	25' 	18 	6 	8 	10 	• 

:ill 

. 	 0 TO 8.0 FT SILTY CLAY. BROWNISH BLACK 	0-41.0 F7 DRILLED 

USING CENTER PLUG. 

INITIALLY 
BOREHOLE. WAS 
LOGGED THROUGH 

ROLE, 1-INCH PVC 
WAS INSTALLED AND 

RELOGGED. 

(5YR 2/1), MOIST, STIFF, ORGANIC 	WITH 6-1/4' 00 HOL- 
DEBRIS, SOME LIMESTONE GRAVEL. (FILL) 	LOW STEM AUGERS 

ob. o 	8 	,,,,A1 	 0 TO 10.0 FT 

SS 

0°!::
2. 	18' 	10' 	12 

649.5 	8.5 yr 	8.0 TO 8.5 FT SILTY CLAY. BLACK(N)), 	BOREHOLE WAS 

15 

0°°#° 

2' 	 RADIOLOGICALLY 

2' 	 AUGERS. AFTER 

SS 	 0°°°. 	

BOREHOLE WAS 

I 0 	8.5 TO 17.0 F7 SILTY 	AY, BROWNISH 	LOGGED BY 
GRAY(5YR 4/1) TO MODERATE YELLOWISH 	EBERLINE 

.0000 	BROWW(5YR 5/4), MOIST, MEDIUM STIFF, 	ANALYTICAL 
LENSES OF LIGHT GRAY(N7) SILT. 	CORPORATION. 

., A 	 2_6/6/86 

2' 
SS 	18' 	1 	' 	9 	3 	4 	5 

641.0 	il 	Pr 	17.0 TO 31.5 FT SILTY CLAY, MODERATE 	..7.r 

SS TO VERY STIFF, TRACE TO SOME CHERT 
2' 	 GRAVEL, AHD PYROLUSITE VEINS, TRACE 20 

SS HOLLOW STEM 

30 / 

YELLOWISH BROWN(10YR 5/4), MOIST, STIFF 

:00°0°0: 	FINE-GRAINED SAND. 

25 	#/1 	 COMPLETION OF 

18' 	18' 	13 	6 

18' 	18' 	21 	6 	9 	12 

2. 	18' 	24' 	21 	10 	11 

31.5 TO 37.0 FT. SILTY CLAY, MODERATE 626.5 	31.5 11111 
YOZS1BROWN(10TR 5/4), MOIST, 

623.0 	35 	• 	 MI MI ES•SPLIT SPOON1 Sl•SNELIT TUBE; 	SITE P.DENNISON; P.PITCNEA, O.OTNER 	 EAST OF RAFFINATE PIT NO. 2 	 G-15 

A-32 



4 

I 

GEOLOGIC DRILL LOG PMECT 
FUSRAP - WELDON SPRING SITE 14501-201 

R 	No. EE-T  
2 of 3 

KU mo. 
G-6 

1 I 

SA
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ll;
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tp
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rw

  c
o R
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RU

N
 

; 
B 6 
W .., 
.., C 

t S
A

U
K

 E
 BL

O
W

S 

'MIA 
PRESSURE 

TESTS 
ELEVATION 

623.0 35 

y 1 

. 

DESORWTICIN IMO CUSSFICATION 

MIES OW 
WATER LEVELS, 
WATER RETtotk 
CNARACTER or 
DIRLUNG, ETC. 

1 
I .., 	• ': a  Fi 

,., 
S 
F1 i''' 

..., 	.., 
F a 

621.0 

617.0 .  

597.3 

583.0 

37 11111 

  • 

	

. 	, 

41.0 TO 43.0 FT 
DRILLED WITH 
2-7/9

LE 
 INCH TRICONE 

ROLLER BIT.  L 
43.0 TO 75.5 FT 
DRILLED WITH NXB 
WIRELINE CORE BIT. 

AP 	LP 	ROD 
RUN 	(F1) 	(FT) 	( Y. ) 

‘04, 
40 

40 ;fig 
41. 	 

MINI mil  

37.0 TO 41.0 FT GRAVELLY CLAY, DARK 
YELLOWISH ORANGE(10YR 6/6), MOIST, 
VERY STIFF, GRAVEL IS MODERATELY 
WEATHERED CHERT. 

SS 2 . 
• 

18' 19' 67+ 9 17 50/5' 

41.0 TO 70.7 FT LIMESTONE, DARK YELLOW- 
ISWORANGE(10YR 6/6), HIGHLY TO 
MODERATELY. WEATHERED, MEDIUM SOFT TO 
MEDIUM HARD, HORIZONTALLY FRACTURED 
WITH IRON STAINING, VUGGY, CHERT LENSES 
UP TO 0.3 FT IN THICKNESS. 

LOME 

 

...i 

it-  
CD 

Z 

7.5 . 4.45' 57 

Mom 
i 

45 	I 	I 
I 

■-- 

MIMI 
INN 
MIMI R 
IN 

1 	0.4 	1.3 	76 
2 	0.5 	0.8 	83 
3 	0.3 	0.8 	69 
4 	NA 	NA 	NA 
5 	0.13 	1.2 	83 
6 	0.4 	C.9 	75 
7 	0.5' 	h 4 	65 
B 	1.0 	1.6 	97 

• 

. 	- . 

. 

I 50 	1. 
cr, 
''C z 1.5' 1.5' 100 1111 	rs' 

1.5 
2.0 
2.4 
2.0 1.5  

10 
20 
30 
20 10  

6 
7 
8 
5 5  

IMO cr 
WM. 

CD 
''C z 2.0' 2.35 1 ' 118 i2 1  

54.0 TO 54.4 FT SAND FILLED FRACTURE, 
HORIZONTAL FRACTURE WITH ROUGH PLANAR 

F0- lfr  NXS 1.2' 0.4 - 
55 NX2,1.5 .  1.5' 100 U.'  

MIMI APERATURE. SAND IS DARK YELLOWISH 
ORANGE(10YR 6/61, 	MEDIUM-GRAINED, WITH 
CHERT GRAVEL. 	- 
55.5 TO 61.0 FT HEALED FRACTURES 
ORIENTED 70'TO 80'RELATIVE TO CORE AXIS. 

61.0 TO 70.5 FT THIN GRAYISH BLACK 
IN2/ 	SHALE 	INTERBEDS. 

W z 
_, k...I 
irt 
© x z 

5.5' 4.7' 85 

w
-_,  

I ) 
	 Le. 

L1 z 
E2 i 

1 	I 
1 

60 
MONO 
IMMO . 

 

N
XB

  W
I

R
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N
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9.5 9.5 100 

um 

I.- 11111 

 

65 • 
z Nome 

I 
70 

70.7 	 
Llljec,„ 70.5 TO 75.5 FT LIMESTONE, MEDIUM LIGHT 

a 
co ,.. 

5.0 4.9 98 
GRAY(N6), WITH CHERT NODULES, OCCASIONAL 
VUGS, AND OCCASIONAL STYLOLITES. 	• 01.1.R 

1•11111 

75 I 	 

SS--SPUR--SPURSPOON, ST rAELBT TUBE, 
OrDENNISOk P=PITEMER CcOTWR 

SUE 
EAST OF RAFFINATE PIT NO. 	2 

 ROLE M. 
G-6 

... 
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GEOLOGIC DRILL LOG 	
....., 

FUSRAP - WELDON WRING SITE 	
INS Po. 

M501 20 	3. 
IDIEr ND. 	ICU au. 	I  

-3 	, 	G-15 
-- _ 

ill 

11 ii i 	 1 	gall iq 

IIATV: 

rri !! 	! 	w, 	.. 	717:1"K 	' 	 m 	
WU Oh 

AILSCAIMN NV CLASSFICA  liON 	- 

_, 	b  

sou.c.puitimatim .rnimuNin:kor 	-• ,,:r,, 
1 	B 	 . 	 ELIVATICSI . 

... 	. 
7.4L 	d. 

BOTTOM OF BORING AT T5.5 FT. BORING 	SINGLE KX PACKER 
GROUTED TO SURFACE ON 6/12/86. 	LOST IN HOLE AND 

GROUTED IN. 
ROD•CCX QUALITY 

DESIGNATION 
FOR EACH R. 

. 	.„ 	 AP•AVERAGE LENGTH 
OF CORE PIECES. 

LWaLONGEST PIECE 
OF CORE FRO. 
EACH RUN. 	. 

ALL SOIL AND ROCK 
COLOR DESCRIP- 
TIONS FROM THE" 
ROCK COLOR CHART 
PRINTED BY THE 
GEOLOGICAL SOCI- 
ETY OF AMERICA. 
EMIL  

_ 	.... 

. 	 , 

Wirt fr V00111 MI/OJT /Ulla 	Int 	 MU 1111 
PCICAMIK% POITOM 04T1113t 	 EAST OF RAFFINATE PIT NO. 2 	 6-5 	i 
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MIL ND. 
G-16 FIELD ADJACENT TO ARM PROPERTY 

COONDNATES ANIL' FINO NOM 

90 N98,051 	W51,01)1 
sat 

FIELD ADJACENT TO ARMY PROPERTY 

GEOLOGIC DRILL LOG 	r'rusup  - WELDON SPRING SITE 
mai NI 

I w 3 
NMI ND. 

6-/6 

BEGUN 
6/3/86 6/5/86 

GEOTECHNOLOGY INC 
KURT JAEGER 

MU WE ND Mil 
01iE-45 

COt 11COMM 1./T) CONE MS EL. Tr OF CAM maw a. 
..X1.8/77 S • 656.7 

MAL 01,11 
10.4' 

IMPTVEL. Tr 0 M 

34.07622.T 

7 is 
frV41/31  

IFT) 

34.0 
111CP114111. MUM WTI" 

30.P/626.6 

ma 'U 

46.4 

SMILE MUM 	/F 

140 LBS/30 P1 
CASON LEFT IN lallomitavoi 

NONE LAMM YOUNG 
LOCOED Ps 

1 
SAYER 

MIMIC 

ammo' 

656. 7  
gag 
OY 11' sc IV 

pai 
NC r 

656.2 

644.2 

635.7 

622.7 
621.7 

SS 2 . 18' 12' IT 5 6 11 

SS 
2' 18' 11' 17 4 7 10 

SS 
2 ' 18' 12' 20 5 8 12 

SS  
2 . 18 '  18 14' 15 6 9 

SS 
2' 16' 4' 734 22 23 50/4' 

SS  
2'  18 '  18 10' 34 14 13. 21 

1)11  1/2' 0 504 50/1/2 

0-34.0 FT DRILLED 
ram slinv o) EL-
LIN STEM AUGERS. 

0 TO 10.0 FT 
BOREHOLE WAS 
RADIOLOGICALLY 
LOGGED BY 
EBERLINE 
ANALYTICAL 
CORPORATION. 

29.0 TO 34.0 FT 
FALLING HEAD 
PERMEABILITY TEST 

776/s/e6 

34.0 FT AUGER 
REFUSAL 

BURLINPON/KEOKUK 
FM. 

NO ON. 
14501-201 

Sia MR MON SUIDCLIT TLS(, 
POMMY NPR PCPb WIND 

ant 

1131171111N1 NO ELAIST'CIMIN 

0 TO 0.5 FT SILTY AIL BLACK(NI), 
ORGANIC DEBRIS. TOPSOIL .  

0.5 TO 12.5 FT SILTY lAY, MODERATE 
YELLOWISH BROIN(10YR 5/4), MOIST, VERY 
STIFF, WITH MEDIUM LIGHT GRAY SILT 

1 LENSES, AND LENSES OF BLACK(N1) ORGANIC 
DEBRIS. 

12.5 TO 21.0 F7 SILTY gx, BROWNISH 
GRAY(5YR 4/1), MOIST, VERY STIFF, TRACE 
TO SOLE GRAVEL, TRACE FINE-GRAINED SAM), 
OXIDIZED MOUES. 

21.0 TO 34.0 FT GRAVELLY Rm. VERY 
LIGHT GRAT(N), STIFF, MOIST, WITH 
SLIGHTLY VEATNERED, CHERI GRAVEL. 

34.0 TO 71.9 fT illIESTOPE,  MODERATE YELLOWISH 



GEOLOGIC DRILL LOG 	
MIXT 

FUSRAP - WELDON SPRING SITE 	

JOB ND. 
1450i-201 	11411

2 NO. 3 

	NaLE G43-16 

`r 	* 	- 	' 
vi R g ig ad 	., 	

irsis 
wax 

620 	35 

GI... 	
..., it 	g i 	t i ';.' 	g 	PRESSURE 	 NOTES EN. 

/k it gl A 	g 	10,1i 	.2, . 	gz- 	 ...ETC. 
OESCRP71CN MD CUSSFICATICV4 	WWI LEVELS. 

sir la - 	 i, 	,:, 	. 	 OitliatTER OF 
INATEA RETIRK 

(.4 	il. 

NXB 

	

ORE 	 ,L 

	

5.5 	5.5 	100 	 1 

16.8 	20 	7 	-I 

I
 RU

N *
9 

1-
1:11

1-
-
 
R

UN
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T

RU
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U
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_

L
_
_
  R

UN
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3
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  R
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]
 RU

N •
 I 

DRE 5.0
 1.0 	 20
 	 :,
Iii

 
	 MEDIUM

SEVERELY 

SOFT TO

TO-MODERATELY
 

MEDIUM HARD, VUGGY
, 	 ROLLER 	

WITH 

	

1 ( 	BROWN(IOYR 5/4) TO MEDIUM GRAY(N5), 	34.0 - 34.5 FT 

	

1 	I 	 WEATHERED, 	D 

-ti I 	'HORIZONTALLY FRACTURED WITH IRON 	START COREHOLE. 

	

_t 	1 	STAINING ON FRACTURE SURFACES, CHERT 	34.5 - 80.4 FT 

	

- 	I 	LAYERS AND LENSES RANGING IN THICKNESS 	DRILLED WITH NXB 
40 -s.! 	FROM 0.5 TO LESS THAN 0.1 FT. 	WIRELINE BIT NXB,r 	5 	0.7 	41 	

"I 7-.1 I1 	 USING CLEAN WATER. 

	

O 	 -.1 I 	 44.5 FT COMPLETE 
 45 -di 1 	 WATER LOSS. 

	

13.4 	5 	15 	-NT 	I 	46.5 TO 56.5 FT ANGULAR CHERT FRAGMENTS 

	

15.3 	10 	13 	-0 	AND INTERBEDS OF GREENISH GRAY(5G 6/1) 

	

- 	1 	TO GRAYISH OLIVE GREEN(5GY-.3/2) 	SHALE. 

	

SO 	1 1 	 AP 	LP 	ROD 

	

-. 	 RUN 	(FT) 	(FT) 	(.0,, 

	

- 	I 	
I 	0. I 	0.3 	tl!''J'  

	

J1 	 i 	8i 	1-1 	'''-- 

	

- 	) 	
. 	1.J 	43 

''' f 	 5 	0.4 	1.0 	$6 

	

DI 	1 	, 	 6 	0.3 	0.5 	60 

	

-■ 	1 	 8 	8:4 	8:6 	70 
55 -■I 	 9 	1. 0 	1. 8 	81 

	

1 	I 	56.5 TO 60.5 FT MODERATELY WEATHERED, 

	

I 1 
	WITH SMALL 	(<0.1 	FT THICK) 	CHERT 	• 

7.0  

	

../1 	l  

 BIT TO 

-0 

I i 

-,I 
-‘ 
-■ 	I 

I 1 

NXB 	 1 
ORE 	. 	8.9 	89 	 -1 

ORE 2.0 2.0 	100 	 -0-I 

NXB 	 65 	1 i 

NX8 .r 
ORE 1'5 	1.41 	93 	 ,r 1  

NXB 

ORE 4.1 	4.0 	98 	 1 I 	NODULES. 

2 	0.3 	 .. 

-  
_r t 

NXB 
- 	I .1 1 

60-.1 	i 
-A ..t 	( 

ORE 8.0 	3.4 	43 

i 
I I i 

.., 	t 
-r -, 	I 
-,I 	. 1 
n 70 -01  

1 	'71.9 TO 80.4 FT LIMESTONE, MEDIUM LIGHT 
584.8 	71.9 	1 

	

I 	GRAYING), 	SLIGHTLY WEATHERED, 	HARD, 

	

-1 	I 	NODULES, BROWNISH'GRAY(5YR 4/1) THIN 

	

	581.7 	75 Jr1 1 	(<.01 FT ) SHALE INTERBEDS, AND STYLOLITES. 

 
ORE 8.9 	8.9 	100 	 I i I 	MASSIVE, WITH LIGHT-GRAY(NT), 	CHER?. 

SS.SPIJI SPOON; SI,)C_BT TU3EI 	sat 	 OLE NO. 
DEFAMSOk P•PTTOCk CP711.0 	 FIELD ADJACENT TO ARMY PROPERTY 	 G-16 

A-36 
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AO Oa l eo- za INIZT IR 
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NOLE NIA 
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I 1  
B 

i 

11 g 
od 

i  

W - E. 
vorn 

ItSTS 

75 
I 

DUMPY= as CLASATICATAN 

Ma OA  
1111EN LEVEL& 
AM WILMA 
CIAAACTU Or 
MUM ETC. 1  ?ja g /2 

ELEVATION 

5017 
- 

576.3 

i 	i 
- 

I 
II 

1 
-.0 
-'t  
-/l 
-0 

0 -■ 
B .4-J_r_L 

i  
t 

1 
-t 

I 

- 

- 
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_ 
- 

- 

- 

- 
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- 

. 

BOTTOM OF BORING Al 60.4 FT. BORING 
GROUTED TO SURFACE ON 6/5/06. 

APPROXIMATELY 
?OFT OF 	1-1/4 8  
PVC PIPE GROUTED 
IN ROLE. 

ROD!ROCX QUALITY 
CESIONATICW  
FOR' EACH RUN. 

AP•AVERAGE LENGTH 
OF CORE PIECES. 

LP.LONGEST PIECE 
OF COME FROM 
EACH RUN. 

ALL SOIL AM) WI 
COLOR DESCR1P- 
TIONS FROM THE 
B2WJ120ABI 
PRINTED BY THE 
GEOLOGICAL SOCI- 
ETY - OF AMERICA 
1948. 

WARN WM STWAILIIT TLIIKs 
1100ENANCIA werracii 029TNEB FIELD ADJACENT TO ARMY PROPERTY 

WE IL 
G-I6 

A - 37 



GEOLOGIC DRILL LOG FUSRAP - %ELDON SPRING SITE 
AMMO. 
14501-201 

MIT OW 
1 	or3 

MEM 
C-18 

SnE 
PATROL ROAD, N V CORNER OF SITE 

COOPMATES 
N101.350 	552,551 

MI  MI MAIL 
OD 

MOM 
- 

KAN 
6/18/86 

COMPUTED 
6/23/86 

DRUM 	acnicHtioLoGT  INC.  
KURT JAEGER/GEORGE MAITHEI5 

FEL ISKE AM MOM 

CIE 45/C1tE 750 
MU WI 
6-V4'i3' 

OMIONJOBI 	i. 
36.0 

TIOX 1 1.1 
43.0 

TOTAL OLPTI 
79.0 

COM PECOVERTITTIV 
' 38/88 

COIF OCOES 
5 

,SIMILES 

3 
EL. TOP or CAW 

- 
0IMOO EL 

633.8 
oirmiloomay stout 

4.0'592.8 
monoilL.Tir co nor 

36.0.537.8 
TAMPLE NOWA VEAMT/VALL 

140 LBS/50 P4 
CAM Un- NI IOUs OMaLEXPM 

MORE 
LOCOED II. 

LAURENCE YO1916/4=MR 

1 
i g 

g 1 

g 

i 

g  
vim 
Hamm imps 

• $ 

arum 

C R
AP

NI
C  L

OC
 

sisownw AND a.iesn:amo 
urn 66 
WM LEMEU. 
MUM WTI" 
cartscrto  or 
MUM ETC. !ng 

61 1' 
1 

De  V 
P al 
NO i . 	633 

628.8 

616.3 

591.8 

10 

15- 

17.5 

20- 

25.- 

30 

35 

- 

- 
- -. 

0 70 5.0 FT CLAYEY laii, MODERATE 
YELLOWISH BROIN(10YR 5/4), DRY, SOME 
ORGANIC DEBRIS, VERY STIFF 7D HARD. 

0-17.5 F7 DRILLED 
VITH 6V 1N 00 NOL- 
LOW STEM AUGERS 
USING CENTER PLUG. 

0 1.0 10.0 FT  

BOREHOLE VAS 
RADIOLDGICALLY 
LOGGED BY 
EBERLINE 
ANALYTICAL 
CORPORATION. 

17.5 FT AUGER 
REFUSAL. 
DRILLED FROM 
17.5 TO 36.0 
USING TRICONE 
ROLLER BIT - NO 
SAMPLE RECOVERY. 

WATER LOST AT 29' 

SS 4 18' 13'  27 13 14 

. 

../// 

////A7 

e-- 

5.0 70 17.5 F7 SILTY CLAY,  DARK 
YELLOWISH ORANGE(10YR 6/6), MOIST, 
STIFF TO VERY STIFF, SOME FINE GRAVEL, 
OXIDIZED ZONES, PYROLUSITE VEINS AND 
STRINGERS. 

SS 
2' 18' 14'  12 

SS 
2' 18' 17 . 19 10 

2-
7/
B'
 TR

IC
ON
E 

BI
T 

- 
- 

. 

. 

. 

. 

- 

. 

- 

, 

OMPLIT !POO* supar Tuos, 
PCCIMISOM POO C/Vb 04MICO 

WE 
PATROL ROAD, N V CORNER OF SITE 

MOLE XL 
G-18 

A-38 



GEOLOGIC DRILL LOG PRO..EO T 

FUSRAP - WELDON SPRING SITE 
OCM NO. 

14501-201 
1 NO. 941  2 

o- 3 
ME tal 

G-18 

C 
C 

g 

ig 8§; 
1  

W 

i V 

■••■ 	,.. 

i 

WATER 
PICSSURE 

ELEVATOR 

598.8 35 

13, 
% 

TESTS S 
OESCRIP TUN AM I XASSFIC1 TO1' 

• 

NOTES ONI 
RATER ISMS, 
WATER RETURN. 
CHARACTER OF 
OWING. E.1 C. ti 

18.1 

20.4 

17.0 

10 

20 

10 

597.8 

562.1 

558.8 

36 	1 36.0 TO 11.7 FTIMESTONE. BURLINGTONIKEOKUK 
FM. 

'c:7 	6/23/86 

7. 0. 4. 0 . 5 7 

I 
MODERATELY WEATHERED, BEIGE TO YELLOW 
LIMESTONE W/ OCCASIONAL GRAY ZONES, 
MODERATELY TO HIGHLY FRACTURED, LOCALLY 
EXTREMELY FRACTURED, LOCAL DISSOLUTION. 
LIMESTONE IS SOFT TO MODERATELY HARD, 
CHERT IS HARD TO VERY HARD. OCCASIONAL 
CALCITE FILLED VUGS. BECOMES FRESHER, 
LESS FRACTURED BELOW 64 FT, STYLOLITES 
BELOW 64 FT. 

I 	1  

1116 Ell 
I 

40 	II 
I   

1 	i I nrir 

AP 	LP 	ROD 
RUN 	(FT) 	(FT) 	(y) 

I 	I 
I  1 	1 

6. 0' 4. 7 78 

I 
NOME 

45 111  
MIMI 

III 
1 	0.2 	0.45 	31 
2 	C.2 	0.1 	45 
3 	0.2 	O. 5 	31 
4 	0.3 	0.8 	77 
5 	0.3 	0.7 	59 
6 	0.3 	1.2 	62 

50  Mi. 

4.0' 3.4' 85 . MEM 
I  

6. 0' 6. 0' 100 

1 

MOM 
55 HIM 

MIN 

Ill MIN 
1111 

10.0' 9. 9' 99 

60 

a 
65  MEM ■MIN1 MINN 

111111 WWI 
I I 

1 

10.0'10.0' 100 

70 	I 	1 
1 /71.7  TO 79.0 Fl LIMESTONE, 	GRAY, f 	I 
1  CRYSTALLINE, 	IRREGULAR OCCURENCES, OF 

GRAY CHERT, FOSSILIFEROUS, SLIGHTLY 
WEATHERED TO FRESH, HARD LIMESTONE AND 
AND VERY HARD CHERT, SLIGHTLY JO 
MODERATELY FRACTURED, MOST ARE  

71.7 	/ 	1  
I 
11  1 

75 	 , 
11E111 

BUT SPOON! ST 414ZI.J3T TUREi 
WOWS ON: P.FTTCHEFt COTrIER 

STE 
PATROL ROAD N V CORNER OF SITE 

HOLE W. 
G-18 

A- 3 9 



IT 
POONIKII 

MC% 51.911111 
POIT 	004110 PATROL ROAD N W-CORNER OF SITE 

I
mpart 
 flISRAP - SELDOM SKIING SITE 

AlII IS. 

14501-217 GEOLOGIC DRILL LOG 
MWASOM 

TtSTS 

3 w3 

75  

111 

I 	I NEARLY NORIZONT4- PRESSURE SOLUTION 
ACCUMULATES OF SOFT TO MODERATELY SOFT 
DARE GREEN TO BLACK MATERIAL AT 77.5 
TO 77.4 FT, 76.0 FT, 71.2 TO 75.3 FT, 
AND 78.5 F7. 

ItS01111111A MO GLAISICAMOPI 

BOTTOM OF BORING AT 79.0 FT. BORING 
GROUTED TO SURFACE ON 6/23/86. 

CLEVATOK 

554.5 79 

ALL SOIL AND ROCK 
COLOR DESCRIP-
TIONS FROM THE 
ROCK COLOR 
PRINTED BY THE 
GEOLOGICAL SOCI-
ETY OF AMERICA, 
1946. 

ROD*ROCK OUALITY 
DESIGNATION 
FOR EACH RUN. 

AP•AYERAGE LENGTH 
OF CORE PIECES. 

LP*LONGEST PIECE 
OF CORE FROM 
EACH RUN. 

A-40 



- GEOLOGIC DRILL LOG PROJECT 
FUSRAP - WELDON SPRING SITE 

me NC. 
1 4101 - 201 

soa-r III 
I 	or 2 

HOLE NO. 
G-19 

srrE 
NORTH PERIMETER PATROL ROAD 

COORDINATES 	 a 

NIOI,700 	' 	W51,950 
ANGLE FROM NOW- 

90 
BEARING 

- 
BEGUN 

6/19/86 
MIFLIIID  

6/29/86 
mu° 	GEOTECHNOLOGY 	ru-  "41 AND WOOED 

KURT JAEGER/GEORGE MATTHEWS t 	CME-45/CME-750 
HOLE SIZE 

6-1/4'/3' 
OVERBLRDEN cr-r..) 

4L5 
ROM-  FL) 

24.5 
TOTAL DEPTH 

66.0' 
CORE fEcoruniv 

20.5/82 
CORE BOXES 

3 
SAMPLES 

9 
a. TOP OF CASK 

- 

GROUND EL. 

619.4 

CEPTWEL. GROUND WATER  

40.57578.9 
DEPT N/a. T3P OF ROO( 

- 	4L57577.9 
SAMPLE WINER KIWI /F ALL 

140 LBS/30 IN 
GSM LEFT IN 140LL 0/A. &MTN 

NONE 
LOGGED BY, 

LAWRENCE YOUNG/LBERGLUND 

61 

go ..,._. 
52 E 
I5 x  

5 i 01_, 

i 
IE"' 
4.4 W  

-g N I'-' 

IS .r. 
e• 
A 

s 
Tik'-'cii 

P.. 
5'-' '.. 

RATER 
PRESSUX 
rum 

ELEVATION 

• 
619. 4 

Y DESORPTION AND CLASSEICATICP4 

NOTES OK 
RATER LEVELS. 
RATER RE %RN. 
CNARACTER OF 
DRLLIK.rtr.. 0 	li 

li x S1 
ST 6' 

I w R_ 
i''.2; 

2ND 6' 3RD 6' 
618.9 

600.6 

584.4 34 

 

' 	' 0 TO 0.5 FT GRAVEL,  LIGHT GRAY(N/), 0-41.5 FT DRILLED 
WITH 6-1/4' DD HOL -
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 	10.0 FT 
BOREHOLE WAS 
RADIOOGICALLY 
LOGGED BY 
EBERLINE 
ANALYTICAL 
CORPORATION. 

0°.°'  

5 

0°°°.  

# 0°.::.° 
10 

-I 

15 

1-- 

WITH BLACK(N1) FLYASH MATRIX, DRY, 
ROADBED. 
0.5 TO 18.8 FT SILTY CLAY, 	DARK YELLOW- 
ISH ORANGE(10YR 6/6), MOTTLEDIITH 
MEDIUM GRAY(N5) SILT LENSES, 	MOIST, 
MEDIUM STIFF TO HARD, TRACE TO SOME 
GRAVEL, PYROLUSITE STRINGERS AND VEINS, 
OXIDIZED ZONES. 

• 

SS 
2' 

18' 6' 7 	3 

ST 2' 2' PUSHED @ 90 PSI 

SS 
2' 18' 9' 31 	7 1/ 20 

SS 
2 18' 16' 30 	4 13 17 

\; ' 0 504 	50/3' jr 18.8 TO 41;5 FT GRAVELLY CLAYAEATHERED 18.8 

20 

e,.. 

25 	At4 

■ 4 
AOP  ■ 

30 01  

■ 
■7 

 .'r
:.  

► 
35 'A 

i 

LIMESTONE 	MODERATE REDDISH BROWN 	• 
(10R 4/6) TO MODERATE BROWN(5YR3/4) 
SILTY CLAY, CHEST GRAVEL, MOIST TO VIET, 
VERY STIFF TO HARD, OCCASIONAL SEMI.- 
COMPETENT CHERT LAYERS, WITH DECOMPOSED 
LIMESTONE.  SS \7 . . 1 0 504 	50/1' 

SS 18' 14' 22 	26 11 11 

S 
2' 18' ' .8' 46 	9 12 

Is:sPi.rT SPOON:ST=SHaBY TUBE: 
0.01:301150Pt: PWITCSER: Or.OINS 

SITE 
NORTH PERIMETER PATROL ROAD 

MOLE .N0  
G-19 

A — 4 1 



PACKER 11,51 
41.0' - 41.0' 

	

17.5 	10 	S 

	

20.0 20 	5 

	

17.4 	ID 	5 

11111T00 

584.4  

55 I 	1 

50 -1 	 
I 

• 1 	1 • 
-\I 	1 
•• 	 
.t t  I 

1 	I 

1 	I 

-+ 	!, 

1,110.ECT GEOLOGIC DRILL LOG FUSRAP WELDON SPRING SITE 
.01 10. 

14501-20 
WET 10. 

2 w2 
Mt 10. 

G-19 

NXB 
3' 

18' 

9 ' 

8 ' 

8 .5' 

4.5' 

7 .5' 

s. 

94X 

56X 

94X 

17 	I 

PAIr .r  ER 7ST 
S 

I 	o.  

lAID 
MOMA.00 

UMTS 

577.9 

553.4 

1 
-/1 	1 

45... 	I  
• 1 

1 
• 1  
▪ f 	1 

1 	1 

I 

• 

MP 06 
ORTE1 WALS. 
WU intik 
00111C101 OF 
NUM ETC. 

TO • 

IESCIPT011 MO CULISFICATCO 

39.5 TO 40.0 FT CAVITY. 

41.5 TO 49.2 FT LIMESTONE,  DUSKY YELLOW 
(5Y 6/4), M)DERATELY WEATHERED, MODER-
ATELY HARD, MODERATELY FRACTURED WITH 
HORIZONTAL FRACTURES, WITH LIGHT CRAY 
(NT), HARD, CHERT IMTERBEDS, FILLED 
VOIDS, AND NODULES UP TO 4 INCHES IN .  

DIAMETER. FRACTURES FILLED WITH MODER -

ATE YELLOWISH BROWN(1DYR 5/4) CLAY. 
FEW OPEN VOIDS 1/410 1/2INCH IN 
DIAMETER. 
49.2 10 66.D FT LIMESTONE, LIGHT GRAY 
(N6.5), SLIGHTLY "LATHERED, HARD, HIGH 
TO MODERATELY FRACTURED WITH HORIZONTAL 
FRACTURES. LIGHT GRAY(NT), HARD CHERT 
FILLED VOIDS, INTERBEDS, AND NODULES, 
FEW FOSSILS. 
49.2 TO 50.7 HIGHLY FRACTURED WITH 802 
CHERT. 

60.0 TO 61.8 FT VERTICAL FRACTURE. 

65.6 FT FRACTURE FILLED WITH BLUE CLAY. 

BOTTOM OF BORING AT 66.0 FT. BORING 
GROUTED TO SURFACE ON 6/24/86. 
ROD•00( DUALITY 

DESIGNATION 
FOR EACH RUN. 

AP•AVERAGE LENGTH 
OF CORE PIECES. 

LPI- LOWEST PIECE 
OF CORE FROM 
EACH RUN. 

NXB 
3' 

NXB 
3' 

G 
5 g 

10 
20 

6/24/86 

AUGER REFUSAL AT 
41.5' 
BURLINGTON/KEOKUK 
FM. 
41.5 TO 66.0 FT 
CORED WITH POD 
WIRELIKE DIAMOND 
IMPREGNATED BIT 
USING FRESH WATER. 

SP U" 
tf71 tfl / (X) 

1 	6.15 0.15 22 
11.25 0.$5 St 

3 	0. 25 0.8 S2 

ALL SOIL AND ROCK 
COLOR DESCRIP-
TIONS FROM THE 
ROCK COLOR CHART 
PRINTED BY THE 
liEOLOGIC.AL 50CI• 
ETY OF AMERICA. 
1048. 

SlaSPLF1 SP OA STeSNELOT TIM, 
040,0011 FILATC1E0 0.1710 NORTH PERIMETER PATROL ROAD 

NU 10. 
G-t9 



GEOLOGIC DRILI. LOG .....„  
FUSRAP - WELDON SPRING SITE 

NIL 
14501-201 

MIT 110. 
1 .2 

KOLL 1M. 
C-TO 

s'l 	PATROL ROAD - NORTH CENTRAL 
PORTION OF SITE 

"wmmlls 
N101,850 , 	V50,950 

AMU P 	NEM 
10 

WOG 
- 

Ka" 
6/19186 

C°Ptrip  
6/23/66 

gaILDI 	GEOTECHNCLOGY INC. 
KURT JAEGER 

gml  Imu II°  °ICC 
CNE-45 

Nat in 
6-V4'/3' 

0,11101101 111) 

32.5 
ICU VT.) 

33.5 
TOTAL DEPill 

66JY 
Cat KCOTEMIrlia 

'30.9/92 
CORE IP= 

4 
EMUS 

1 
EL. UP Or COSMIC 

- 
VICUID EL. 

630.3 
Illifniva. ovOIS KiTEN 

I 	44.30./5116.0 	• 
libniva. TV Or MOCK 

32.5'/59U 
SMPLL I 	ODOR ff XL 

140 LBS/30 14 
CAM LEFT 11 NOM OKILD6-Th 

NONE 
WOOD PT, 

LAWRENCE YOUNG / A.ATUIGON 

r 
I  

vp ig 
ii 

11 
i 

W I.  

i  
1 ... 

1  

weit 
PRISM 

TEM 
cum= 

630.3 

I 

0 

i 
OISCRIPTION HO cLAssrtnew 

4 

MORO CM 
MEP LOLLS. MISR NM". COMIRKIIA Or 
MAC ETC. a g 

SI c, 
i 

no r we r 

620.3 

610.3 

591.8 

595.3 

5 
6 

0 TO 6.0 FT CLAYEY.5ILT, MODERATE MOM 
BYR 3/4), DRY, MEDIUM STIFF, TRACE 
ORGANIC DEBRIS. 

0-32.5 FT DRILLED 
WITH 61/411 00 HOL - 
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT 
BOREHOLE WAS 
RADIOLOGICALLY 
LOGGED BY 
EBERLINE 
ANALYTICAL 
CORPORATION. 

32.5 FT AUGER 
REFUSAL. 
32.5 TO 66.0 FT 
CORED WITH NXB 
WIRELINE DIAMOND 
IMPREGNATED BIT 
USING WATER. 

OURLINGTOM/XEOKU4 
FN. 

SS 
2' 18' 16' 10 3 4 6 

10 

15 11111 

S 

6.0 TO 16.5 FT SILTY CLAY, DARK YELLOW- 
ST 2' 1.9' PUSHES S 910 PS] 1SN ORANGE410YR 6/6), MOIST, VERY STIFF, 

SOW GRAVEL, MOTTLED WITH LIGHT GRAY 
(Ni) SILT LENSES, PYROLUSITE VEINS AND 
STRINGERS. 

SS 
2' 18' 15' 18 4 1 11 

SS 21 18' 18' 20 6 9 11 

. 

6.5 

20 

. 	ip% ,, , 
■ v 4  
' ■-r Or4

4  
:

$00 

Ai 
# 

Ill' 4 
°. ► 11
Ai 
# ■ 4 
► 

44: 

lira__ 

16.5 TO 32.5 FT GRAVELLY 	AT, DARK 

► # 
► 4 

YELLOWISH ORANCE(10YR 6/5) TO MCOER-
ATE REDDISH BROWN(IOR 4/6), HARD, MOIST 
WITH MEDIUM. GRAY(N5) TO VERY LICHT GRAY 
IN81 CHERT GRAVEL AND SEMI-COMPETENT 
CHERT LAYERS, WITH DECOMPOSED LIMESTONE. 

. 

SS )12 1 ,5.5' 3' 504 54V5.5' 
r 

SS ' l' 504' 50/1' f" 

S S 18' 10' 39 2' 
 

12 21 18 

0.5'2.4' 69 

32 ' 5  mill  32.5 TO 59.T FT 	, TAN TO BEIGE, 
MODERATELY KA 	, 	T TO VERY HARD , 
CRYSTALLINE, HIGH PERCENTAGE OF WHITISH- 
GRAYISH CHERI. OCCASIONAL LARGE CRYSTAL. 

wommill 
35 	 

garin MO% SURCIJIT MC 
IIKIDOSIOR Parfait% CoirTIEK 

i1L 	 PATROL ROAD - NORTH CENTRAL 
PORTION OF SITE 
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G-20 
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714DJECI GEOLOGIC DRILL LOG FUSRAP - %ELDON SPRPC SITE 
AB Ism 

1450-2C1 
ear ra. 

2 or 2 
MUM 

G-20 

V 

mem 
POIMAJC 

MITS 
ELEVATIMI 

5.0 4.2 84 

40 

5.0 4.6 92 
13.5 10 

45 
11.2 20 

4.0 10 
5.0 5.0 100 

SO 

5.0 4.7 94 

55 

5.0 5.0 100 
570.5 59. 

5.0 5.0 100 
G5 

564.3 66 

Smarr WM* STKIELBY Tugs, 
DDLOISOM PER M% 0411£11 

ICISIPT011 Alt CUSWICATtil 

OF CALCITE, OCCASIONAL STYLOLITES,' SOmE 
MUGGY, OPEN ZONES. 

59.7 TO 59.8 FT BANDS Cf DARK GRAY 
CLAYEY MATERIAL - POSSIBLY PRESSURE 
SOLUTION ACCLOULATE. 

TO BLUE GRAY, HARD TO VERY HARD, 
SLIGHTLY WEATHERED CRYSTALLINE, FINE TO 
NEDILA4-GRAINED, LIGHT BILE CHERT 
OCCURING IN IRREGULAR PATCHES, SLIGHTLY 
FRACTURED WITH BROWN DR BLACK COATING 
OR STAINING ON FRACTURES, OCCASIONAL 
EVIDENCE OF DISSOLUTION, FDSSILIFfROuS 

BOTTOM OF BORING AT 66.0 FT. BORING 
GROUTED TO SLAFACE ON 6/21/116. 

ROD-ROCI QUALITY 
DESIGNATION 
FOR EACH RUN. 

AP-AVERAGE LENGTH 
OF CORE PIECES. 

LP-LONGEST PIE 
OF CORE FROM 
EACH RUN.  

PATRCt ROAD - NORTH CENTRAL PORTION OF SITE 

lattem 

MTa 
van LORM 

InUML 
OMMICID DT 
R1 ETC. 

NO WATER RETLRN 
DURING CORING. 

AP LP 11110 
JIM (FT) (FT) (I) 

I 0.3 0.5 75 
I 	0. 35 0.1 113 
3 	0.2 0.1 X 
4 	0.3 0. 9 SO 
5 	0.4 0.7 113 

5 
CI (1.5 52 

 7 	0. 	3.0  

ALL SOIL AND ROCS 
COLOR DESCRIP- 
TIONS FROM THE 
ROCK COLOR CHART 
MINTED BY THE 
GEOLOGICAL SOCI-
ETY OF AMERICA, 
I948. 

C-t0 

A- 4 4 



GEOLOGIC DRILL LOG. PRO&C'T 
FUSRAP - WELDON SPRING SITE 

JOB mc. 
14501-201 

SNEET NO. 
1 	OF 2 

HOLE NO. 

G-21 
SITE 

300 FT N W OF ASH POND 
COM:MATES 

N101,336 	W52,116 
AXLE FAN NORCL 

90 
&mac 

- 
mai 
7/9/86 

Cs2"11711)  
8/1/86 

WILLEI1 	GEOTECHNOLOGY 
INC. 

ORI. MAKE MC NOM 

CME-55 
mu Sin 

. 	6'/3' 
OvErautocN (FT.) 

54.0 
Ku 0-1.1 

40.5 
TOTAL DEPTH 

74.5' 
CCFE fECIVERTFT.IIJ 

24.4760 
LORE BOXES 

3 
SAMPLES 

k 
EL. TOP Or CASINO 

- 
MOUND EL. 

638.7' 
01:Pia/EL. MILK RATER • 

52.0'587.0 
DERMAL TOP OF NCO( 

54.0'/584.7 
SAAPLE HAMER 11EIGRT/FAu. 

140 LBS/30 IN 
GSM LEFT IN NOLL Du./LDNCTM 

NONE 
LOGGED BT, 

A. ATKINSON 

il 

14 1 

i ' 
15 
g g _, 

k r. 

li 
 w - 

g sA
mF

tE
  aL

ow
s  

I  

DATER 
P153S05 

TESTS 
ELEVATION 

' 	638 . 7  

;i  DESORPTION AND CLASSF1CATKM 

sams a. 
PATER LEVELS, 
EATER RC7LPN. 
CHARACTER Or 
MUM. ETC. g z -, 

..J 	5 
5T 6' 

4 
- .,-;; le  

ND 6' 

w a i •- 
3RD 6' 

1 
ZO 

638.2 

• 631.7 

626.7 

614. 9 	123.8 

611.7 

604.5 
603.7 

0.5 . 

: 

- _ _ 
5 - 

7 

10 

12   

15 

20 

25 

' 	' 

L',1 ul 

, 
‘n  
V' 

v) 

11 

u+

- 

0 TO 0.5 FT GRAVEL, LIGHT GRAY(N1), 0-34.2 FT DRILLED 
WITH 6IN OD HOL-
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT 
BOREHOLE WAS 
RADIOLOGICALLY 
LOGGED BY 
EBERLINE 
ANALYTICAL 
CORPORATION. 

34.2 TO 74.5 FT 
CORED WITH NXB 
WIRELINE DIAMOND 
IMPREGNATED BIT 
USING WATER. 

34.2 FT AUGER 
REFUSAL. 

BURLINGTON/KEOKUK 
FM. 

LIMESTONE, 	IN BLACK SILTY ASH MATRIX, 
0.5 TO 7.0 	T SILT, ORANGE(10YR 4/5) 
AND. GREENISH GRAY(5GY 5/1), 	SOME CLAY. 
BLACK NODULES, VERY STIFF. 

SS 
2' 18' 12' 25 6 12 13 

4S 
VI 

Zo 

el  
01 

0/' el 

7.0 TO 	12.0 FT SILTY CLAY, 	MOTTLED  

ORANGE?(IDYR 4/5) 	AND GRAY(5GY 5/1), 
VERY STIFF. SS 

2' 18' 10.5 26 7 12 14 

■ .r  vn = 
lo 12.0 TO 23.8 FT SILTY Illy, 	YELLOWISH 

ORANGE(10YR 6/6 TO 10YR 5/4), ORANGE ' 
(5YR 4/4 TO 	10YR 4/6), 	AND GRAY(5Y 5/1) 
MOTTLED, 	VERY STIFF TO HARD, 	BLACK(N1) 
MANGANESE OXIDE STAINING COMMON. 

SS 
2' 18' 14' 30 6 11 19 

.c '..ck,  

ST 
3 24' 25' 

SS 
2' 18' 18' 41 13 16 25 

to 

SS2 1  9' 1.3.5 50/3' 42 50/3' - 23.8 TO 27.0 FT CLAYEY SILT, PALE YELL- 

vn :c 
.c 

Zo 

OWISH BROWN(10YR 6.5/2), HARD, DRY, 
ORANGE AND BLACK STAINING. 

27.0 TO 34.2 FT GRAVELLY CLAY, WHITE 27 

30  

34.2 
35 

40, 
:1' 
'I - ► 4 
,op 

ip 

■ Ai 'ill°.  
4P  

(N9) TO OLIVE GRAY(5Y 5/1) ANGULAR 
CHERT IN ORANGEilOYR 4/6) CLAY MATRIX, 
VERY STIFF. 

SS 
2 . 18' 10' 29 10 14 15 

m.,  

SS2' 	1' 5' 50/1' 50 50/1' - 
34.2 TO 54.0 FT LIMESTONE, 	DARK 

SS ,SPLIT SPOON; SUSHELST REE.1 
DoDEMISDNI PrICHER: 0-OTHER 

SITE 
300 FT N W OF ASH POND 

ROLE NO. 

, 	G-21 

A-45 
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i; 
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tt 

' !a W 
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g 

'Am 
PRESSIPE 

TESTS 
ammo 

6037 35 
g 

DESORPTION AND aissruncto 

. 

NOTES Olt 
WATER LEVELS. 
WATER RETURN. . 
OtARACTCP. OF  
OCILLBC. ETC. 

I 
Ea; 

In 

.==" 

NX
BW

IR
EO

N
E

 CO
RE

 B
AR

RE
L

 W
I T

H 
DI

AM
O

ND
 B

IT
 

5.0 0.9 18 

584.7 

 570.2 

564.2 

40 

pill  YELLOWISH ORANGE ( IOYR 6/6), EXTREMELY 
WEATHERED TO DECOMPOSED, CHERT AND 
LIMESTONE FRAGMENTS IN CLAY MATRIX. 
CHERT FRAGMENTS OCCASIONAL EXHIBIT 
DENDRITES AND ARE ANGULAR AND VUGGY. 

54.0 TO 68.5 FT LIMESTONE, 	TAN TO BEIGE, 

AP 	LP 	ROD 

	

'ON 	(FT) 	(FT) 	(Z) 
I 	0. 1 	0.2 	0 

400" W2 IMO:- 
Eip 
NMI ' um.4.  

5.0 0. 4 8 

NM. •• :a 
11%111 

2 	0.0 	0.0 	0 
3 	0.15 0.45 	38 
4 	0.0 	0.15 	0 
5 	0.0 	0.1 	0 
6 	0.3 	I . C 	58 
7 	C.5 	1.2 	91 
8 	0.9 	2.4 	98 
9 	0.5 	1 . 2 	90 
10 	0.6 	1.4 	85 

SZ- 7/31/86 -r.mr 

ROD=DESI
ROCK QUALITY 

GNATION FOR 
EA F 	CH RUN. 

AP.AVERAGE LENGTH 
OF CORE PIECES. 

LP.LONGEST PIECE 
OF CORE FROM 
EACH RUN. 

ALL SOIL AND ROCK 
COLOR DESCRIP-
TIONS FROM THE 
ROCK COLOR CHART 

aim 
NMI 12/,'T 
CAI 

45 

50 

54 
55 

M
CA

 

5.0 1.2 24 

rain 

12 'WA! Agd r 
FPI ,A 
■MR rm.: , 
IIII/PR mr 
20111 

2.0 0.6 30 411 ram E 
¢ ::11. 

3.0 2.4 80 
MODERATELY WEATHERED, MODERATELY HARD; 
YELLOW-G RAY CHERT IN IRREGULAR BANDS 
AND PATCHES. 

63.7 TO 65.2 FT QUARTZ FILLED VUGGY 
ZONE. 

1 

RU
N 

 

I 
I ( 
1 

RU
N  
•1

  
I  

RU
N  
•
7

 I  

5.0 5.0 100 

I 
I 

I 

0.3 

0.1 

0 

20 

30 

20 

5 

1 
I 

60 	1 - 	I 	1 

DI 	I  1 
- 	i 

4.0 4.0 100 

-.N I 	I 
n t 	

I 
-1 	( 

PRINTED BY THE 
GEOLOGICAL SOCI-
ETY OF AMERICA,1948. 

i 
i l 	1  

65 	I 
	I 

1 

4.5 4.5 100 

_J 1 1 
' 	t 

i 	1 - 	i 

i 68.5 I  
68.5 TO 74.5 FT LIMESTONE,  WHITE TO cc 

	

1 	1 

	

J 	1  
LIGHT GRAY, FRESH, HARD, CRYSTALLINE, 

7j 

VERY. HARD, "GRAY CHERT IN LENSES AND 
PATCHES, OCCASIONAL PRESSURE SOLUTION 

7° 	STYLOLITES. 
E 

BOTTOM OF BORING AT 74.5 FT. BORING 

0 70- 	I 
I 

. j 	j  

4.0 3.9 98 

-.. 	1  , 	(o  
I 

t 	1 
I 

5_1111 74 
GROUTED TO SURFACE ON 8/1/86. 

SSTSPLIT SRO* ST.SREL8T TUBES 
0•0101ASON; PaPITC14DRI 0..0Tlin 

STYE 
300 FT N W OF ASH POND 

NOLE NO. 
C-2I 

A-46 



GEOLOGIC DRILL LOG 	IRM.I.L7 
FUSRAP - WELDON SPRING SITE 

JIM Np. 

14501-201 
S 	NI 

I 	of 2 
NOLE ND. 

GMW-1 
SITE 

SOD FT. WEST OF ASH POND 
COSIER 	GE oT E DiNa. 0; y  

COORDINATES 

N100,858 	1152,554 _ 	 , 

PALE FEN WALL 
90 

IlEALIDIC 
• 

KAM 

7/10/86 
COWL ETED 	- 

7/14/86  INC. 
COLL WA AND mama: 

CME-55 
P0.1 SIZE 

6'/31 
LNUILIONDI 0-1.I 

26.5 
KU Fr .1 

33.5 
TOTAL KM 

WAY 	. 
MK NECOOENTIF1 JD 

40.95/92 
Anvil wawlet 100.1T /I ALL 

CORE IODEES 

4 
SANFt13 

4 
EL. TOP' OF CASA& 

• 
IONDIND EL. 

612J 
IIETTIVEL. owe rATEN 

23..Y/588.8 
EPINAL. TOP OF Ka 

26..5'/505.6 

140 LBS/30 N 
CASK WI Il NO.E. DAJLEOSTN 

?Air 
w,YEA 

LOOM Po 

A:AMASON / Eine. UM 

Ft 61 
i; 

il 

i 

E 
at 
i 

!I 
1 1:  

mum 
TES111 

OANITKIN 

612.1 O 
	 4 

anairrol ma LW:Sr= TKIN 

0.0 10 0.5 FT ORGANIC DEBRIS • LEAVES 

menu On 
111111R wens. 
OMR 1017111K 
CONOtri:O.  Of 
WWI'S. ETC. 

U•14.1 FT DRILLED 

.' a 
lc i' 

1  igi.  
Ai O. 

$ 3 

LS j 

SS 

6 1 1.6 	0  5  CI' 
RCOTS,ETC. 
0.5 10 6.0 FT SILT (14L); BROWN TO LIGHT 

8170 6•1MCH 00 HOL• 
LOW STEM AUGER 
USING CENTER PILE. 

0 70 10.0 FT BORE 
HOLE WAS RADIO.. 
LOGICALLY      LOGGED 
BYEIERLINE 

 ANALYTICAL CORP-
ORATION. 

14.5 FT AUGER NEF •' 
USAL. 	14.5 TO 26.5 
FT DRILLED TiHRCLAY 
AND FRACTURED CHERI 
WITH TRICONE BIT 
TO TOP OF SOLND 

RESIDUUM 

.111il•- 	7/14/86 

BULINGTON/KEOKUN 
FN. 26.5 TO 60.0 
FT CORED USING 
102 WIRELINE 
DIAMOND IMPREG-
HATED CORE BIT AND 
FRESH KIATER. 

NUN  
NOD . 0 I 

5 

ke  

..,.. Ln  

BROWN CLAYEY SILT WITH BLACK AND RUST 
STAINED NODULES. 

6.0 TO 14.7 FT GRAVELLY CLAY (GC): 

2' 18' 13' 61 19 33 28 

SS 

6 

10 

597 . 4 	1 4 7 
1 

20 

25 

585.6 	26.5 

571.1 	35 

■ 4 00°' ., 
'Aill  
Mr* 
17iA  
i'V•4 
01: 
dig:  55:

_g_
s T

-f
f  
Is

s
-2I
 I 

WITEISH TO YELLOW - GRAY (10YR 8/2) 
CHERT IN ORANGE (10YR 4/4 TO 10YR 6/6) 
CLAY MATRIX. 

2'  It' 15' 45 11 20 75 

ST 
3'  

SS 

3T 17' 

2 , 14' 	13 63' 11 13 50/2' 
.._. 
■ 	AP 
,4P

♦  
A#4;  

■ 4; 

it :le 
A . 
►1;lt 
;lig 

le BEDROCK. 

14.7 TO 26.5 FT GRAVELLY IIAL, ORANGE 
(10YR 4/4 TO 10YR 6/6) CLAY WITH CHERT 
GRAVEL AND SEMICOMPETEHT CHEAT LAYERS. 

2-
7/

0.
  T

RI
CO

NE
  

• 

03'0.51 1 002 
Ili 11.1111 
 	26.5 TO 40.5 FT LIMESTONE, YELLOWISH 

BROW (10YR 5/4), MODERATELY WEATHERED 
NXB 
3' 5' 	4.65' 93X TO DECOMPOSED, MODERATELY TO SLIGHTLY 

FRACTURED, MODERATELY    HARD, WITH MEDIUM    
GRAY (N6), HARD CHERT FILLED VOIDS. 

34.5 TO 39.5 FT CLAY SEAMS. 

Nom NMI 

O 

0 

10 

20 

5 

5 

HMI MEI 

AP 0 40.1 FT 
. LP 	0.1 FT 

NUN *2 
NOD • 111 

11111  
2111  

NXB 
3' 5' 	4.3' 86X 

Mill 1111= IP • 0.3 FT 
LP 

•
z AFT    

SS A PUT VOA S1•114DST 11.114 
OACON SON POIT OCR; ONOTIER 

irTE 
500 FT WE ST OF ASH POND 

NOLL 11:0.  
. 	LINI- 1 

A - 4 7 



GEOLOGIC DRILL LOG icifLECT 
FUSRAP - FfEICON SPRING SITE 

At NIX 

	

- 	1 

	

145,01 	20 
MEET M. 

2 Of 2 
ICU NO. 

Git11-1 

f P 
al 

is. 
1 1 

E 
II 

15 

W 

IIATEN 
MUM 

ELEVATION 

571.1 35 

INEICIPTION AND EIL ►WWICATION 

IMES OM 
VIM LEVELS. 
11111311 MIA% 

IN Of IIIMPACT 
IIILLiNt. nc. at a i 

, 5' 4.8' 96X 

511.6 

558.6 

552.1 

1 	t 

39.5 TO 40.5 FT DECOMPOSED. 

11191 03 

... 

4 . 

i 
ROD • 3SX 

AP ■ 0.25 FT 
LP • 0.45 FT 

RLN 04 

i 	i 
1 

-'t i 

ROD • 48X 
AP • 0.3 FT 
LP • 0.1 FT 

RUN 05 

.. t 	t i 

in .1, 

40.5 TO 53.S F7 LIMESTONE,  LIGHT GRAY 
(NT), SLIGHTLY WEATHERED, MODERATELY 
HARD, SLIGHTLY HORIZONTALLY FRACTLMED, 
WITH HARD, VERY LIGHT GRAY (N8) CHART 
FILLED VOIDS. 

53.0 TO 53.5 FT YELLOWISH BROWN 
(10YR 5/4)DECONP0SED ZONE. 

MXB 
3' 

 5 ' 	4 .0' 80% 

i 	I 

45 
../ 
.. 
-■ 

1  
: 1  1  40D = 4IX 

AP • 0.25 FT 
LP • 0.8 FT 

RUM 06 

i 
 i 	i  
74 j_  71; 

1 
t 	i 

I 
ROD • 20X 

AP • 0.1 FT 
LP • 0.9 FT 

OLIN 07 

K2 
3 2'2. 0' IDOX 

,8 

MXE1 3' 	2.9' 97X 

-4141-  

. ROD • 47X 
AP • 0.2 FT 
LP -• 0.55 Fr: 

NA  , e  

- 

' 5 	4.8' 96X 

i 53 5  

55 -NI S 

- 
v. • 

53.5 TO 60.0 FT l IMESTOMIE 	MEDIUM GRAY :',": 

1  (N6), FRESH, SLIGHTLY HORIZONTALLY FRA- 
CTuREO, MODERATELY HARD, WITH LIGHT BLLE 
GRAY (58 5/1), HARD CHERT FILLED VOIDS, 
OCCASIONAL. STYLOLITES. 

ROD • 73X 
Ap . 0.3 FT  

Lp • 0.9 FT 

RUN 09 . 3' 	•3.0' 10101 

1  t 	1 
i 

'1 I 
1 

ROD = t2X 
AP • 0.3 FT 
LP • 0.7 FT 

ALL SOIL AND ROCK 
COLOR DESCRIPT3• - 
Fla THE yta COLOR 
CHART, PRINTED BY 

-1- i cc  60 - 

- 

- 

- 
' . 
- . 

... 
. 

BOTTOM OF BORING AT 60.0 FT. REARED 
HOLE TO 8-1/2 INCH AND INSTALLED 2-INCH 
316L STAINLESS STEEL MONITORING WILL 
SCREENED FROM 48.0 TO 58.0 FT. 

AP•AVERAGE LENGTH Of CORE PIECES FROM 
EACH RUN. 	. 
L•ONGEST PIECE OF CORE FROM EACH RUN. 
ROD=ROCK QUALITY DESIGNATION FOR EACH 
RLN. 

THE GEOLOGICAL 
SOCIETY OF 
AMERICA, 	1948. 

wart WON SleS011/Y AillE4 
114101111414 P.M MIN 0.0711:1 

fin 
SOO FT WEST OF ASH POND 

NEU EEL 
6WMF-1 

A-4 8 



GEOLOGIC DRILL LOG 
Mir 

FUSRAP - WELDON SPRING SITE 
AB 1(1. 
14501-201 

EMT mo. 
1 	is 2 

r■IM=1■1■1111•■■ 
mu K., 

GMw- 2/2A 
srtt 

*ST SIDE OF ASH POND 
MC111.14TI5 	001-2 N100,650 	V52,250 

G1IVI-2A N100,658 	V52,253 
At irnos EMI. 

90 
*Mg 

IIEGLa 

7/1186 
Cokri.ITED 

7/22/% 
MIDI 	GE  DTEDINix  DC y 

INC. 
OWL iiika AM ME 

MOBLE 8-51 
NU ICEE 

6'/3' 
ovalLEININ sl.) 

24.5 
it= C.) 

55.5 
Mt OEM 

60.0 
W1E INECIMOrtIrlerD 

-26.4/74 -2 
ESIE bOrES 3ISNOLES 

() 	6 

WIC( 	LEFT 11 10.600./1.Dfilm 

EL Ter a CAS/4 EMOLN) EL 

624.0 
wrenva..Mea WM 

10/593.0 
110,11.41.. SOP OF E 

29.0'/595.0 
SAKE adisrat IlEsairiT Au.  

140 LBS/30 14 2V6L0' 
WS= P. 

AATD6011 

F 1 

IV 

W 
5`' 
i; 

II  1 5  
P 

g 

- 

WM 
PICSilt 

Tins 
ELM MN 

624.0 0 

IOW TiON Me CLASSMAIO■ 
WTI Ca 
11116% LEvELS. 
11110 orTiiet. 
akillarTDt Or 
SUM ETC. ! a g 

1S7 I' 
. 

> 	V 

6.  

NA I" 

..1 
= Ln  

tO 
• 

620.5 

617.0 

611.5 

599.5 

595.0 

589.0 

/ 

0 TO 3.5 FT SILTY CLAY, TAM-BROWN, WITH 0-24.5 FT DRILLED 
WITH 61N OD HOL-
LOW STEM AUGER 
USING CENTER PLUG. 

0 TO 10.0 FT 
BOREHOLE GI4V - 2 
WAS IWIIOLOGICALLY 
LOGGED BY 
EBERLINE ANALYTICAL 
CORPORATION. 

HOLEGNII-2 WAS AB-
MOONED WHEN A 
DIA1040 DRILL BIT 
AN) REAAIING SHELL 
WERE MEN OFF 
IN THE HOLE AT A 
DEPTH OF 45.5 FT. 
HOLE GMu-2A WAS 
DRILLED TO REPLACE 
GMW-2. 

24.5 FT AUGER REF-
USAL. BURLINGTON/ 
ItECNUK FM. 
24.5 TO 60.0 FT 
CORED WITH 1003 
WIRELIKE DIAMOND 
IMPREGNATED CORE 
BIT USING WATER. 

.2_1/12/86 
.91- 

EMD GM11 - 2. 
BEGIN GM-2A 

LIMESTONE GRAVEL. 

3.5 

5 
7 

-7 
4,-, 

in  3.5 TO 7.0 FT CLAY,  OLIVE BROWN (SY 4/6) 
WITH VXD CHIPS AN) BROWN (10Th 6/4) 
ANGULAR DiERT FRAGNENTS. 

SS , 18' 11 4  25 IS 10 

10 

ti 

...- 

SS 

 7.0 TO 12.5 FT CLAYEY SILT 	DARK OLIVE 

v., LI,  
GRAY 	(5Y 4/2- 	10YR 4/2), 	SOFT, 	MOIST. 

2' 	18' 14' 7 

1 

7‘31-.' 
!. 	1 	12' 	13' 

12. 

is  

20 

2i 
4  

19 

7 „.. 

_#. 
P 4: 
A 	: y4  

4: 
Or 
,* 

Ar P 
•-- 4 ..0_- 
,A 
 
'r 

r ilfr" 

id- 

AO 

5 

 12.5 TO 24.5 FT GRAVELLY CLAY, ANOLLAR .15 2 4 18' )3' 26 15 17 
CHERT FRAGNENTS IN A CLAY/SILTY CLAY 
MATRIX. 
12.5 TO 13.0 FT BROWN (5YR 3/6) SILTY 
CLAY WITH CHERT GRAVEL. 
13.0 TO 14.0 FT MOTTLED GRAY (115) AND 
RED (10Th 3/6) CLAY WITH WHITISH (119 TO 
1 on 7/4) CHERT GRAVEL. 
18.5 TO 19.2 FT MANGE 	(10Th 5.5/6) 

CLAY WITH WHITE (N9) CHERT GRAVEL. 

23.5 11) 23.9 FT ORANGE (10YR 6/6)SILTY 
CLAY WITH MUTE (N9) CHERT GRAVEL. 

L/, = 
Is, 

2' 	9' 	5' ,.5 50/3' ) 0 5CL/3' 

.4 Le, = 
444:, 

'SS 2 	4' 6' 50/4'150/4' - 
NSA 

VIng,  
!el - 

24.5 TO 29.0 F7111E51014E,  EXTREMELY 
If AT1CRED TO DEC014)05ED, SOFT TO MODER- 
ATELY HARD. 

m 
4. 0 

ea 

0.2 5 
inv. 
'dm. 
MI MI 
1/1411 
PAI.4 
III 

'il 	1.2 1.0 83 
29.0 TO 51.1 FT 1.11IESTONE,  TAN TO 
YELLOW (5Y 7/3 TO 5Y8 8/2), MODERATELY 
HARD, 1COERATELY WEATHERED, MODERATELY 
FRACTURED, OCCASIONAL HIGHLY WEATHERED 

 ZONES WITH CLAY SEARS, *UTE (119) TO 
GRAY (N4), HARD, CHERT LENSES AND 
PATCHES 	OCCASIONAL CRYSTAL FILLED YUGS. 

1 
t 	2.6 
az 	 

2.0 71 

GWIF 

30  

35 

own 

,  

E 

mem; 
ewe: 

Mg SWMIN 
gas 1.0 0.8 80 I  2A 

ft3 
z 	5.0 4.3 86 

mm 

Et•SPLIT VOA si.spEain Rai,
11NOCCOSORNII1Crek 0.0TEER 

ertt  
WEST SIDE OF ASH POND 

E NEL 1ML 	
6161L2/2A 

A-4 9 



r 
1i b 
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•RELJEC1 GEOLOGIC DRILL LOG FUSRAP - WELDON SPRNG SITE 
LI Ka 

1450f-2C4 
IRE IG 
GiN1-2/2A 

EMT 
2 s 2 

OATEN 
PRESLAIE 

713/ S 
SEE 
WTI LEVELS, 
SAM Intik. 
INPAACTEN OF 
MLLES. ETC. 

OESCIIPTION AIO CLASSIFICATION 

35 

ri 

a 
O  z 

ELEVATION 

5810  

	

0.9 	15 

3.2 30 

	

1.9 	15 

rcr 

• 
41.2 FT HORIZONTAL FRACTURE FILLED WITH 
GRAYISH GREEN (10G 4/2) CLAY. 

4.6 5. . 0 92 

I 	I 
•■•■ 

	

I 	I  

	

- I 	I 

40 

45 
5.0 2.8 56 • 

I 	1 
I 

50 
5.0 

5.0 

2.0 

4.8 

5.0 

0.9 

100 

96 

45 

$44S1UT P00% 	 ROE, 
000DO6IAN P•PITClik CNOTICA 

50.7 FT HORIZONTAL FRACTURE FILLED WITH 
GRAYISH GREEN (JOG 4/2) CLAY. 

51.1 TO 60.0 FT LIMESTONE,  MEDIUM LIGHT 
GRAY (N6), SLIGHTLY WEATHERED TO FRESH, 
HARD, WITH OCCASIONAL VERY HARD CHERT 
NODULES AND BANDS, OCCASIONAL WEATHERED 
ZONES (52.0 F7,53.7 TO 54.1 F7,56.6 TO 
57.1 F7), STYLOLITES, OCCASIONAL FOSSILS, 
SLIGHTLY FRACTLRED WITH OCCASIONAL 
ZONES OF HIGH MECHANICAL FRACTURING. 

BOTTOM OF BORING AT 60.0 FT REAMED HOLE 
70 8-1/2 INCH AND INSTALLED 2-INCH 
316L STAINLESS STEEL MONITORING WELL 
SCREENED FROM 48.0 TO 58.0 F7. 

BORING GWV-2 WAS GROUTED TO. SURFACE ON 
7/8/86. 

AP• AVERAGE LENGTH OF CORE PIECES 
FROM EACH RUN. 

LP• LONGEST PIECE OF CORE FROM EACH 
RUN. 

ROD. ROCK QUALITY DESIGNATION FOR EACH 
RUN. 

NELE ND. 
WEST SIDE OF ASH POND 

15 

30 

572.9 

564.0 

ON-2/2A I 

NOD • 0 X 
AP • 0.1 FT 
LP • 0.1 F7 

MCO • 0 X 
AP • 0.2 FT 
LP • 0.3 FT 

ROD • 35X 
AP • 0.2 F7 
LP • 0.4 FT 

ILO •4  
ROD • I X 

AP = 0.2 FT 
LP • 0.4 FT 

NUN 05  
ROD • 35X 

AP = 0.2 FT 
LP • 0.5 FT 

RUN *6 
ROD • 131 

AP ■ 0.2 FT 
LP • 0.55 FT 

RUM •7  
ROD • 66X 

AP • 0.3 FT 
LP • 0.8 FT 

1,34 •8  
ROD • 43X 
AP • 0.2 FT 
LP • 0.5 F7 

SOIL AND ROCK COL 
OR DESCRIPTIONS 
FROM THE EIDa 
=UAW, PRINT 
ED BY THE C.OLOGI CA  
SOCIETY OF 
AMERICA, 1948. 

RUN '9  
NOD • 0 X 
AP • 0.1 F7 
LP • 0.3 FT 
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GEOLOGIC DRILL LOG Pwar 
FUSRAP - WELDON SPRING SITE 

Am MI 
14501-201 

Ster IW. 
I w 2 

MOLE NO. 

GMW-3 
SRI 

SOUTHWEST OF ASH POND 
COOKOLATES 

NI00,347 	. 	1152,2,9 
NNE[ RON ice. 

90 
KAM 

- 
OECLIN 

6/30/86 
CCNOWTED 	' ' 

7/2V86 
MIDI 	GE0TEceimi ocy  

INC 
DOLL WI kW WIWI 

NOBLE 11-57/CNE 750 
/C1.1 SWE 

6'/3' 
ONES. INNEN Fla 

21.0' 
NU fl./ 

3L0 
TOTAL OEM 

59.0' 
EWE IECOIERTIF-LiD 

10.8/67 
TAW ICMS 

3 
SWUM 

6 
EL. TOP OF calm 

• 
GNAW EL. 

6362 
WY WEL. WOAD EATEN 

38.r/5913.1 
QUA. TOP OF NOCE 

 31.1'/598.0 
SAKE MOM NEWT il ALL 

MO LBS/30 IN 
CAUL LEFT IN NOL Es DIAJLENETH 

r/6r 
MOD IT, 

LATKPISON/LBERGLIM) 	 . 

3 1  

w 
b. 

1 

. 

y i  

r, V 
g .T 
a  
" r 	.. 

WW1 
WIESSISE 

UM 
ELEVATION 

636.8 0 

1-i 
I LESCRPTION MO CLASSIFICATO4 

Mu ow 
UM LEVELS. 
UMW MINK 
OWNINCTED W 
u M. 

, 
gE , 5  
iv i• 

; , 
ND  li. 

14  

y  z 
ED s . 

A 
== 
to 

635.8 

' 628.8 

623.8 

614.8 

608.8 

601.8 

- 
- 
- 

5 - 
- 
- 

-1': rx 
1 	. -----. 

-- ...... 
'2 
.:, 
‘-, 

7 
. 
tg 

,1-, 
, 
L,., 

in 

"^ 

/0"--  

0 TO 1.0 FT GRAVEL, LIGHT GRAY (N71, 0-28.0 FT DRILLED 
91TH 6-111H a) HO.- 
LOW STEM AUGER 
WITH CENTER PLUG. 

3.0 FT umsuccaga 
ATTEMPT TO TAKE 
SHELBY TUBE SAMPLE. 

0 TO 10.0 FT BORE-
HOLE WAS RADIO-
LOGICALLY LOGGED 
BY EIERLINE 
ANALYTICAL CORP-
ORATION. 

. 

. 

' 

28.011 MIERREFL61/. 
28.810 81.011CM 
WITH NXB WIRE LINE 
DIAMOND lOPREG- 
NATED CORE BIT 
USING WATER. 

LIMESTONE IN BLAU (NI) FLYASH MATRIX. 
1.0 TO 8.0 FT CLAYEY SILT. TAN TO LIGHT 
BROWN (5Y 5/4 TO 10YR 5/4), SOME BLAU( 
MANGANESE OXIDE STAINING. 

ss 1 18 '17' 12 4 5 7 

6' 
HSA 8 _ 

10 

_.// 

7 

8.0 TO 13.0 FT CLAY, MOTTLED DRANGE- SS 
2' 18' 	18' 12 3 5 7 _BROWN-GRAY (10YR 5/4), STIFF, MINOR 

MANGANESE OXIDE STAINING. 6' . 
NSA 

. 

ST 3 , 

, 

24' 	26' 
13 

- 

15 y 

20 

22 

13.0 TO 22.0 FT SILTY CLAY 	MOTTLED SS 
2 

18.113. 
I 19 4 8 11 

ORANGE, YELLOWISH BROWN, AND GRAY 
(10YR 5/6 TO 10YR 5/5), WITH FINE- 
GRAINED SAND AND LATHERED ANGULAR CHERI 
GRAVEL,BLACX MANGANESE OXIDE STAINING 
AND FILLINGS COMMON. to 

" 

SS 1 18 1 1 	15' 14 5 6 8 

v. 

Ido 22.0 TO 28.0 FT GRAVELLY RAI, ORANGE 
AN) GRAY (10YR5/5),HARD, WITH 
WHITISH (10YR8/2) AND BROWN (10YR6/4) 	, 
ANGULAR CHERI GRAVEL. 25 

28 

SS 
2, 18' 	13' 55 43 26 29 

A = 
to 

,• 

NXB 6' 	1.4 23X 

30 

28.0 TO 38.8 FT GRAVELLY CLAY, ORANGE 

RESIDUUM  

AND GRAY (10YR 5/5) SILTY CLAY, WITH 
HARD, GRAY (146) CHERT GRAVEL AND SEMI- 
COMPETENT CHERT LAYERS OR NDOU-ES. 

• 

3.1 10 5 

WWI fT WOO* SMALLEY IS& 
POONISOIN PetIT QOM WM" 

WTE 
SOUTHWEST OF ASH POND 

10.1 NIL 
GMW-3 

A - 5 1 



GEOLOGIC DRILL LOG MUM 
FUSRAP - WELDON SPRHG SITE 

Al OS 
14501-20 

MET et. 
2 .0. 2 

Ku uo. 
GLMI-3 

1 1 

. 

E  
id 
..4  

ii._ 
6  a E t 
r 

SAM 
MUM 

TESTS 
ELEUTION 

1 

OiSCIIPTIM APO CLOSSACATIOR 

• - • ,., 
-.- 

NMI Os 
um 11111% 
MAWR OMSK 
bOAALID OF 
VOWS. ETC.  4  , 1L  t  la r:  

NAG 

3' 5' 0.7' 14X 

, 4 

598.0 

588.3 

577.8 

88.8 

40 

4.#4 NigN 
41: 
t4C: 

E 

. 

7/10/66 
FL 

RUN 41 
iiING106/1101111 Immo , 

38.8 TO 48.5 FT LIMESTONE, YELLOWISH 

NXB 
3 5' 4.8' 96X 

Ism 
BROWN (10YR 5/4) TO LIGHT YELLOWISH GRAY' 
(51.  7/1), MODERATELY MEATHERED,MCCERATELY 
HARD , MODERATELY FRACTURED,FRACTURES 
ARE HORIZONTAL WITH SOME FILLED WITH 
CLAY, VERY HARD, GRAY (N6) CHERT FILLED 
VOIDS, 40X OF CORE IS CHERT. 

45.6 TO 48.5 FT EXTREMELY WEATHERED AN) 
FRACTURED ZONE WITH CLAY SEAMS. 

AOD • 0 X 
Al' • 0.1 FT 
LP • 0.2 FT 

ALM *2 

lommtl yowl -  

ROD • 0 X 
AP • 40.1 FT 
LP • 0.1 FT 
RUN 43 5' 4.6' 92X 10 

20 5 

45  Nom 11111, 
ROD • 69X 

AP • 0.35 FT 
LP • 0.8 FT 
RUN *4 

mmisE 

11111 
48.5 

50 

sal 
48.5 TO 59.0 FT.LI ►ESTONE. YELLOWISH 

NM 

14X8 
5' 5' 4.6' 921 

summe 
ROD • 33X 

AP • 0.25 FT 
LP i 	1.1 FT  

RUN 45 

as BROW (10YR 5/4). SLIGHTLY WEATHERED. 
MODERATELY HARD, SLIGHTLY FRACTURED, 
WITH LIGHT GRAY (147), HARD. CHERT 
FILLED VOIDS, 20-30X OF CORE IS CHERT. 

emi slim 
Illr 
aim 
11_1 ACC • 72X 

AP • 0.3 FT 
LP a 0.8 FT 

NUN •6 

Elm 

NXB 

• 
5' 4.7' 94X 

up 55 111 

59 

111Mow 
ROD • 60Z 

AP • 0.3 FT 
LP • 0.8 FT 

SOIL AND ROCK 
COLOR DESCRIP7l• 
FROM THE Eq. 
COLOR CHART ,  

111111 woos 
BOTTOM OF BORING AT 59.0 FT. REAMED HOLE 
TO 8-1/2 INCH AND INSTALLED 2-INCH 3161 
STAINLESS STEEL MONITORING HELL SCREENED 
FROM 48.0 TO 58.0 FT. 

AP• AVERAGE LENGTH OF CORE PIECES FROM 
EACH RUN. 

' 
LP• LONGEST PIECE OF CORE FROM EACH 
RUN. 

ROO• ROCK QUALITY DESIGNATION FOR EACH 
RUN. 

PRINTED BY IKE 
GEOLOGICAL SOCIET 
OF AMERICA, 	1948. 

OSTSPUT VMS ST•SNELOT NAIL 
10 013OISOM PaffrCIEJI 0. MO SOJTH*ST OF ASH POND. 

IOU Ks 
MIN -3 

A - 5 2 
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GEOLOGIC DRILL LOG 	' 
COONCIPIATES 

PittLECT 
FUSRAP • WELDON SPRING SITE 

JOB PG 
14501•201 

WEI la I Of 2 
MALL TIM NOM 

NOLL AM. 
GMW-4 

MAUI. SITE 

500FT NORTH OF ASH POND 
KILN COMMITED 	: 

N101,450 	1,5050 
Mu mat AWD Me MU S'a ORATIOUIEM CI.) 

90 
IDOL ru 

. 

TOTAL WIN 
6/28/86 

COK II COVER'T El ./ X) 

7/24/86 
MID 	GE oT E cHNDL 0 G y  

INC. 
UK IOU SAIRES EL TM Of CASMC 

MOBILE EST/CWE SS 
OOJII) D. 

6•/3* 
11121/1111. 	at SATES 

SLO imumr-v 72.0' 

.22.758 3 7 • 6422 
LODGED UT. 

51X/59L4 
icrrua. nip or accca 

 WY/59U6 
SWAM mown EMT if aiLL 

140 LBS/30 P 
CA 	urr I isoa, Dbl./LOGIN 

21/76.5' A.A .TICINSON/J.LAISEVENAGLUND  

Fi 
ig 

6 

i 
It 

g;  
;E 
E l?' 

SLATER 
PPIESSLIME 

ELEVATION 

adl A .A-IL . ,., 0 

r  

1 
OESOMPTION Me CLASSATICATIONI 

OTOS 0)1 
BITER LEVELS. 
SITUP OM B% 
01AOLLID OF _ 	IIIILLME. TIC. 

'ag 167 6 • 
It BID 6' 

C 

° 5 i am g • 

g 
It4 

642.3 

635.8 

630.8  

615.8 

609.8  

607.8  

OTT 

.... 
Ul 
l''' 

`' 

"7 

77)  
:".2 

1 

6 

. 

0 TO 0.5 FT SILTY CLAY, BLACK (NI), DRY 0-33.0 FT DRILLED 
WITH 6-INCH OD 
HOLLOW STEN AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT BORE-  
HOLE WAS RADIO-
LOGICALLY LOGGED 
BY EBERLINE 
ANALYTICAL 
CORPORATION. 

33.0 FT ANGER 
REFUSAL. INTERFACE 
PERMEABILITY TEST 
PERFORMED AT 31.0 

RESIDUUM 

MOE IL 

0.5 

5 

TO MOIST, LOW PLASTICITY, SOME ORGANICS, 
SOME FLYASH, 
0.5 TO 7.0 FT CLAYEY SILT, MOTTLED 
YELLOW-ORANGE 	(10YR 6/6) AND PALE OLIVE 
( 10Y 6/2), 	VERY STIFF, 	LOW PLASTICITY, 
M0151. 

SS 
2' 

18' 14' 25 6 II 14 

.1c ../, S 

to 7 

10 

Or 

AO! 

7.0 TO 12.0 FT SILTY CLAY, MOTTLED 
YELLOWISH-BRO#), 	STIFF, HIGHLY PLASTIC, 
SAND-SIZE LIMESTONE FRAGMENTS, BLACK 

 MANGANESE OXIDE STAINING. 
SS 
2'  2, 1 	' 13 5 4 9 

< 
...04.6 = 

ST 
3'  24' 

I 
 

12 '' 

15 

20 

21  

30 

33 

35  

11;0,  
,o000‘^ 
0 
/ 

/ 

All  :;4,  
i
gr,0-, 
* 4 
,fr,•,4 

,110' . 	AL 
)0: 
7 4 

24' 
 

1 2.0 TO 27.0 FT SILTY CLAY, YELLOWISH 
BROWN ( /0YR 5.5/6), VERY STIFF, FEW 
ROUNDED PEBBLES AND SOME ANGULAR WEATH• 
FRED CHERI GRAVEL, BLACK NANGAI•ESZ OXIDE  
STAINING       COMMON. 

. 	• 

, 

SS 
2' 18' 16' 29 14 15 

LA = 

SS 
2 1  

18' 19' 26 12 14 

g 

SS  2' is. m s . 	31 1 0 13 18 

< 
= vl 

to 27.0 TO 33.0 FT GRAVELLY CLAY, YELLOW•- 

FT.  

ORANGE BRC111% (TOMB 4/5) CLAY WITH 
ANGULAR WEATHERED CHER1 GRAVEL. SS2' 6' ' 50/3' 50/3' • .. 

g  
I. 

gi 
II 

33.0 TO 51.0 FT GRAVELLY 1111; REDDISH 
BROWN. WITH WEATHERED CHERT GRAVEL AND 
LAYERS OR LENSES OF CHERI. 

SZA SNt ft SIPCOM ST. War( TM.; 
D •CORTSONI WIT CAR 0•01110 500 FT WORTH OF ASH POND 6MW-4 

A - 5 3 



GEOLOGIC DRILL LOG FRIXECI 
FUSRAP - WELDON SW SITE 

AI *I 
14501-201 

SW Kt 
2 or 2 "°" Kt 

Gin-4 

i 

1  

i f 
4 

: 

g 

5 
1 
.. 

i 

t  

t  

A 

le , 
86 

WATER puma. 
1ESTS 

ELLIATIO 

607.8 35 

sucarriem AND CLASSFCATICH 

MU OM 
RATER LEWIS, 
IIATI2 Inflo. 
GOIRACTCO OF 
GRUM tic. 

TRIUNE
6 8  d. 

33' 37' 

591.8 

572 . 8 

570.8 

40 

45 

51 

-04 
V4 $4 
r#4 V4 
&.r-#-1 e  A *Ap.4 
r#'6,  1 

Or 
VI 
r-v+ V4 r#4 V 4 P;04 * 

-4 •■4 rt. a  

40.5 10 41.5 FT DECOMPOSED LIIESTONE 

33.0 TO 37.0 FT 
WITH 6-111211 TRICOIE 
ROLLER BIT USING 
WATER. 
37.0 TD 72.0 FT 
CPO WITH COB WITH 
LINE DIAMOND 
IMPREGNATED COPE 
BIT USING MATER. 
41.0 FT WATER LOSS .  

BURL !KIN/KEOKUK 
Ft.,... 
...,L7/24/06 

AP 	LP 

	

) 
C  

Am 	(F 	(F7/ In 

	

1 	4.15 	3 	PR 

	

2 	4.1 	8.2 	IN 

	

3 	4.
2  
1 	4. 	Ca 

	

4 	4. 	0.35
3 	

211 

	

: 	0 3s  :::5  ruz 

	

T 	4.3 	4.9 	di 

	

S 	LH 0.05 	4151 

AP•AILIHE LOW% OF CUE 
Picas MN EMI GIL 
LNLASIST ONE PIECE 

=many tisjim. 
"rim ' 1111-°' 1111x. 

- 

561( alibrisri  lienviglifi  

NXIB 
3" 

5' 1.6' 32X 

B
3' 5' 0.7' I n 

PO(B 5' 1.0' 20% 

 	51.0 TO 70.0 FT LIMESTONE 	YELLOWISH 

55 

mcia 
3' 3' 2.1' 902 

on BROWN (107R 5/4), ICOERATELY WEATHERED, 
MODERATELY HARD. FEW HORIZONTAL FRACTURES 
(CLAY FILLED), WITH HARD, IEDIUN GRAY 
(NT) CHERI FILLED VOIDS, CORE IS 202 
CHERT. 
55.0 TO 57.0 FT DECOMPOSED LIIESTONE 
WITH CLAY SEAMS, CORE IS 40 TO 502 CHERI. 

59.0 TO 10.0 FT LIMESTONE BECOMES CUM, 
]N SOW CASES FRIABLE. 
61.0 TO 62.0 FT VERTICAL FRACTURE. 

65.0 TO 69.0 FT IRREGULAR CHERT FILLED 
VOIDS IN DECOMPOSED LIMESTONE, DIERT IS 
14-IITE 019) TO CRAY (N6). 

69.0 TO 70.0 FT SWIRLED PATTERN OF 
CHERI. 	  

0 

ID 

20 

5 
ism e 

3' 2' 2.0' 100X 
min 

W S 
3' 5' 5.0' 1 00% 

=NI 

10 

65 

I 	I 
I 	I 

I  
Emom 

N103 
3' 5' 5.0' 100X 

moo mom a■ 11 vim 

1111 Num 
IMI1 
MOM Ime 

. 5' 4.7' 942 

mow Imo/ 
NI moo 
LI"! C1AYEY  
INNIII 	70. 0 10 1-42W1  PST Ott , GRAY (HII ) . HAIir 

En SLIGHTLY SEATHERE ,STYLOL ITIC,NERT. 
70.1 TO TO. 1 VERTICAL L Y rRACTLMIED CoUT 

.. TO 

 II/TERBCD, IRON STADED. 72 	 LITTON Cf BORING AT T2.0 FT. !FAMED 
HOLE TO 8-1/2 INCH NC INSTALLED 2-INCH 
316L STAINLESS STEEL MONITORING WELL 
SCREEPED FROM 65.5 TO 75.5 FT. 

alImarcitnsra 
mom, mi. 

WW1 PUPA STASIRLDT Wiry  
IHODOISONI PaPITCREk ym,®

, 

WE 
500 FT NORTH OF ASH POND 

MU ND.  AA-4  

A - 5 4 
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GEOLOGIC DRILL LOG "Ear 
FUSRAP - WELDON SPRING SITE 

AB NI 
14501-201 

won wa. 
1 w 3 

Nou lics. 
OMM-5 

WORTH END OF ASH POND DAM 	I TES 	N101,131 	651.950 
rill nes WOOL 

90 
SLUNG 

- 
SLOW 
7A/66 

I CONFUTED 
I 	7/22/86 

OINID 	GE oTE Die.  oc  y 1 Nc  . 
KLRT JAEGER 

I MAILL Ikea Me maX). 	IMIT-E sac 
I 	CME-45 	 6'/3' 

ram' FT.) 

44.8 
KU FT.) 

31.2 
TO1N WU 

76.0 FT 
CM IIECDOWNI./72 

30.45/703 
ME DOM 

4 
SMPLES 

7 
IFA- to. OT cAsec 
I 	' 

I watt() EL. 
I 	6353 

I gamin. wale SATOt 
I 	NOT DETECTED 	. 

EMMY TOP OF NOM 
44.811/590.9 

SAMPLE IWO VOW/TAU 
MO LBS/30 64 

CASK LEFT IN MOLE, CAAJLENG1N 
2in85' 

LOWED IT, 
l 	 GLEJASER 

V  
ii 
5 
5 

I 
x 
i 

r - 
..4.-g 

IF sk 
r 

sop 
PRESUME 

TESTS 
ELEVATION 

635.7 0 

OESCIIPTEM Me CLASSFICATION 

IMES On 
11111R LINIS. 
(MIEN INETIJIM. 
011APACTIN OF 
mum nc. v 4 

l' 1 5 
1st e 

1. 
at r 

id 
Oil 
se i• 

ag in = 
im. 

635.2 

629.7 

616.2 

600.7 

0.5 • 0 - 0.5 F7 SILTY CLAY (Cl):  BLACK(N1) 0-32.7 17 DRILLED 
WITH 61N OD HOL-
LOW STEM AUGER 
USING CENTER PLUG. 

0 TO 10.11FT BORE - 
HOLE WAS LOGGED 
BY EBERLINE 
ANALYTICAL 
CORPORATION 

11.5FT SHELBY TUBE 

32.7 FT: AUGER 
REFUSAL 
RESIDUUM 
32.7 TO 76.0FT CONE 
WITH NXB WIRE 
LINE DIAMOND 
IMPREGNATED CORE 
BIT USING WATER. 

LOW PLASTICITY. MOIST. ORGANICS. 
GRAVELS LOCALLY. 
0.5 - 6 FT SILT (ML-NH):  GRAYISH 
ORANGE(10YR 7/4). LOW PLASTICITY. 
MOIST. MOTTLED WITH LIGHT BLUISH GRAY 
158 7/1) SILT 6 CLAY. 

I 18' 12' 24 6 12 12 

..g 1.^ 
in 
.c. 

10  

15 

19.5 
20 

25 

35 

0111 

r "000  

0.... 

6 - 19.5 FT SILTY CLAY (CL): MOO. 
YELLOW BROWN(10YR 5/4) TO YELLOW ORANGE 
(10YR 6/6). MED. TO HIGH PLASTICITY. 
STIFF. MOIST. MOTTLED . TRACE FINE 
GRAVEL TO SAND SIZE PARTICLES Of 
LIMESTONE AND CHERT. 

13.5 FT BLACK OXIDE STAINING NOTED. 

19.5 FT GRAVELLY.  

SS 
2' 1 8' 16' 12 3 

6'0 
HSA .  

ST 
3. ' 	24' 24 '  10DX 

2 ' 2 18' 	18' 14 

IR 
wa 

SS . 18' 18 ' 16 5 6 10 
19.5 TO 44.8 FT GRAVE'.  AND C1 AY  (al: 

► Ap ► 10:  
:1;00 "+ 

A. 
i4p 
► + 
ko4a 

(ft  
■ 4 
# 0 	11: 
V 
!1;10 
■ 	,11' 

< 
‘n = 
ea 

YELLOW DRANGE(10YR 6/6) TO MD. REDDISH 
BRDNIN(1OR 4/6). STIFF. MEDIUM TO HIGH 
PLASTICITY. MOTTLED. BLACK OXIDE STAIN-
IMG. GRAVELS Of LIGHT GRAY(M8) TO 
BLUISH BLUISH WHITE (58 9/1) LIMESTONE AND 
CHERT. LOCALLY INTERBEDS OF SILT AT 
26 - 30 FT. 

FROM 32.7 FT FRAGMENTS OF MUGGY LIME- 
STONE AND CHERT MIXED WITH REDDISH 
BROWN CLAY. 

2' 18' 1 8' 15 

1 

SS 16' 18' 14 

41( 

= 
la 
QD 

e at 3.3'.85' 262 

Lusrur wall si•socurr TLINi 
rpoweace4 testae OIL 
NSAANCL.LEM STEP AMER 

WI 
NORTH END OF ASH POND DAM 

10.1 110. 
GM V-5 

A - 5 5 



GEOLOGIC DRILL LOG PROAci S b
i 
 

1450 
ff a 
2 or  

MII  
011-5 

F 

1 

6 g 
. ii . 

1 
5 
,,, 

..  

g w r 

LAID 
PIEFAME 
ltiti 

MUM. 

7 3 
i 

IESCOMM UV CUSAFCATIM 

) 
1011:1 bo 
SOD awls. 
MID Orrino. 
ClioMVO OF 
NUM CM 

_ ea,  5 , 

g 

ei 

590.9 

be15.5 
40 

4.8 
45 

50 

• 6■4 
r-#4 fr■4 
0-4 
r#-I 
fr.4 

r !IP' 
A 

N'A 
/0 ■-■4 
0.1 „,,„„,°•- 

S 

k. 

E 

41 FT FRAGMENTS OF BROWN GRAYMYR 4/1) 
LIMESTONE AND CHERI. YUGGY. 

32.7 TO 41 Fit 
DRILLING FAST 
NO N.. ow . 
CIRC. LOSS • 42 F 
PERFORMED PACKER 
TEST 38.8-44.7 FT 
UNABLE TO TALE 
TESTS LEPER IN 
MOLE EVEN AFTER 
REAMING. 
BLOCKAGE AT ••45FT 
BAAL I NGTON/XECKUK 
FM. 

	

LP 	m 
$ 	111

AP 
 ) (FT) 	( I 

e 

.0' 0' OX 

13.8 

13.1 

10 

20 

10 

10 

5 

5.0' 1.6' 32:4 

FEIN1 
44.8 TO 66.9 FT LIMESTONE, LIGHT ens 

1.7' 1.2' 71X 
BROINISH GRAMYR 4/11. MODERATELY 70 
SEVERELY LATHERED. CLOSELY TO MODER-
ATELY FRACTURED. FRACTLRES GENERALLY 
IV TO 30•, IRON STAIN ON FRACTURE 
SURFACES. CHERT LAYERS AND LENSES 
PRESENT. SLIGHTLY LATHERED AND VERY 
HARD. VUGS, LOCALLY. 
47.7 - 48.2 FT YUGS 
61.0 - 62.0 FT VUGS 

63.6 FT A 3/21' THICK GREEN (5GY 3/2) 
SILTY CLAY SEAN (8 - 5• ) 
63.6 - 64.6 FT LIMESTONE, VIIITISH GRAY 
(Ni), SLIGHTLY LATHERED. 

3.3' 2.65' 80X 

mom 
	 S 
mg 
mil 

I 	40 . 1 	. O  	0 2 	DI 
0 3 	(.1 	

.

. 2
6 	At 4 	L2 

S 	0. I .5 	..'4. 
6 	0.4 	1. 1 
7 	L 3  s 	0.3 	.1 	is 
9 	L3 	.7 	T1 
10 	0.2 	.1 	53 

MS 

55 

I ME  
5.0'4.85 97x NM sow 

1 	i 

i 	I 

5.0' 4.9' 98X 

I 	I 
I 	1 

I 

60  
1 	r 

I  / 	i  

1 	I 

5.0' 4.8' 96X 

I 	I I  

Nom 
Am 

65 IIIE 
II-I 

5.0' 4.7' 94X 

568.8 	66.9 1111 

70 

mos  
MOM 

- 

66.9 TO 76.0 FT LIMESTONE  AM)  CHERI 
IIIITISH GRAY017). SLIGHTLY LATHERED. 
HARD. LOCAL LENSES AND IKTERBEDS OF 
LIGHT GRAY(N7) CHERI 0.2 TO 0.4' THICK. 
STYLOLITES CAN BE OBSERVED. 	MODERATELY 
FRACTLRED. INN  

1.1.11  nrwr 
limn Emma 6mw1 
rail  

5.0' 4.9' 98X 
minim 

11 560.7 	75 immu 
OSESPUI WA% ST•SoEUIT TOL 
ORODOSOFt 11•MICiffb OROTTO 

UTE 
NORTH END OF ASH POND DAM 

MI Itt 
69111-5 

A-56 



GEOLOGIC DRILL LOG HAW 

FL RAP - WELDON SW SITE 
JOI RD. 

11501- 201 
OW 110. 

3 or 3 
101 W. 

GIII - 5 

r  p 1 
lilt 

lli 
iK  I g 
..1 = 

_ 

i : 
to gr 

i 
12,1g 
r a 

N. 1  
,.., 

rz 

...„:: 

75 

! 
 , 	kialITON UlD IMASSIFICATIN 

NM tab 
SOD USA 
INTER WM 
ONIMICTER a 
NUB& nc. 

- i If 1 

imam 

560.7 
MX13 

• 

, 

559.7 7-1-  

Ap•AVERAGE LENGTH 
OF CORE FOR EACH 
RUN. 
LP•LONGEST PIECE 
OF CORE FOR EACH 
RUN. 
ROD•ROCK CLAUTY 
DESIGNATION. 

COLOR CODES FROM 
ROCK COLOR CHART, 

. 
, 

76 -r 

- 
- . 
" 

- . 

- 

- 
..1 

- 

- 
- 
- - 
- 
" 
- 

- 

- 
, 	- 

- 

- . 

... 

- 

- 

-. BOTTOM OF BORING AT 76.0 FT. WAND TO 
B- 1/2 INCH AND INSTALLED 2 - INCH 31k 
STAINLESS STEEL MONITORING YELL 
SCREENED FROM 0.5 TO T5.5 FT. 

. 

' 

. 

. 

. 	, 

GEOLOGICAL SOCIETY 
OF ANERICA,194111. 

JUNG SPKIN STAELBT Taltu 
Pfdaliall Ift Magi 01 C MO 

SITE 
NORTH DID OF ASH POO DAM 

OLE ND. 
GAN1- 5 

A- 5 7 



GEOLOGIC DRILL LOG PROJECT 
FUSRAP - WELDON SPRING SITE 

AI la 
14501-201 

SKr OL. 
1 w 2 

OW la 
Gmw-6 

sat 
VEST OF FROG POND 

COO6COUTIS 

$101,223 	V49452 
MBLE. Clad *NIL 	'If, 

90 - 
Kar• 
6/26/86 

CeleaTED : 
 7/2V86 

MILD 	GE 07EcHtix  oc y  
KURT JAEGER 

COLL SC 	SOO MOM 
CIE -45 

NMI SCIV 
- 6'/3' 

01,11111URILV VI) 
224 

INCE c-  
42.9 

nail Kn. -1  
6&5F1 

cat ILCOVORTIFT.P10 
463196.3 

UK ac 
5 5 

El- 1W' as CAM 
052 

OPICIIIID L. 
631.8 

IfiY1Wil.. MUD VATER 
30.1/603.7 

IIPTIAL. TW ar bX/ 
224F1/W12 

SAI►it WOOER IMICia/tdvi 
140 LBS/30 14 

CASK LEFT 1/1 KOLL MIJUDIVH 
21/60.5' 

COM Po 
J. E. USER 

CC 
i 

wl 
! I  

i ig  I( i  
VOTER 

WSW( 
 mrs 

zuvaioN 

6318 
Yai 

 

0 

! 
OLICIIPT1011 MD 11,1133FICATIO1 

VMS Coe 
VIM LEVELS. 
UM i< 
NMI= 
N 	

OF 
UM M. a l 

I' 
il 

IC I' 

C 

AC I' 

or 
IA  = 

kl)  

633.3 

619.8 

Si"  

598.8 

0.5 

I°  

14 in 

15 

20 

22 . 

0.0-0.5 FT GRAVEL AND CLAY(CCI, - LIGHT 
BROWN (5YR 6/4) TO YELLOW BROwN (10YR 
5/4). SILTY CLAY WITH ANGULAR FRAGMENTS 
OF LIMESTONE AND CHERT. LOW PLASTICITY. 

1' TO MOIST. 

0-22.6 FT DRILLED 
WITH 6-IN OD NOL 
LOW STEM AUGERS 
USING CENTER PLUG 

0-10.0 FT BORE-
HOLE WAS RADIO-
LOGICALLY LOGGED 
BY EBERLINE 
ANALYTICAL 
CORPORATION 
11.5 FT TOOK 
SHELBY TLEZ 
SAMPLE 
22.6 FT AMER :  
REFUSAL 
22.6 FT PERFORWIL'O 
INTERFACE 
PERMEABILITY TEST 
BURLINGTON/ 
KEOKUK FM 

RUN el 

:°°°°:°°: 
0000, •••00 

0°... 
,;"-- 
dal loos , 02184 poko 
1,04 
P-914 
4P  
s,.'" 

4 
r-r4 V4 r#4 
A. 

SS 
2' 18' 2' 17 .5 FT SILTYCLAY(CLJ.  YELLOWISH 

BROWN.(10111 5/4) TO YELLOWISH ORANGE 
(10YR 6/6). STIFF. MEDIUM PLASTICITY. 
MOIST. MOTTLED. TRACE LMST. GRAVEL 
AND NODULES. TRACE FINE SAND.. 

.= 
,^ = 
171b. 
ZD 

SS  2' 18' 13' 26 11 15 

1 

ST  3' 24' 23' 96X 

SS 
2' 

184 5 $ 27  )) 6  21  
14.0-22.6 FT GRAVELLY CLAY(GC): 

..r ,1 = 
tn 
ID 

iv,4  

YELLOWISH ORANGE (IOYR 6/6). STIFF. 
MEDIUM PLASTICITY. MOIST. ANGULAR 
FRAGMENTS OF LINESTOW AND CHERT. 
LIMESTONE FRAGMENTS OCCASIONALLY 
HIGHLY WEATHERED. 	POWDERY CONSISTENCY. 

ROD = 28X 
AP • 0.2 FT 
LP • 0.4 FT P 18' 	11' 17 8 5 12 

..c 
,..., . 
.T4  

ROD • TEX 
AP • 0.4 FT 
LP= 1.0 FT 
RUN '3 '  22.6-58.1 FT LIMESTONE. LIGHT BROWNISH 

5  
il 

. 35'2 . 1151  115X 

o  
ROD • 0 X 
AP • 0.1 FT 
LP • 0.2 FT 

RUN '4 

CRAY (5YR 4/1) TO YELLOWISH BRDIN 
(IOYR 5/4). MODERATELY TO SEVERELY 
WEATHERED MEDIUM HARD TO HARD. 	CLOSELY 
FRACTURED. SOME FRACTLEES WITH OXIDE 
STAINING ALONG FRACTURES. CHERI LAYERS 
AHD LENSES. VUGGY. VUGS AT: 32.6'; 
33.1'; 33.6' 

RUN•3 

MIMI 
NMI Immo'  
nom am 

4.5 4:5 1  /00X 

ROD • 54X 
AP • 0.2 F7 
LP = 0.7 FT 

nV-  6/27/86 
22.6-65.5FT CORED 
WITH NXB WIRE- 
LIME DIAMOND 1m- 
 PREGNAMD Bl' 
USING WATER 	. 
LOST CIRC. 25.0FT 

rli O 
Nliii 
ill 
toms wwww moo 

5.0 	4.9 98X 

35 

Ili ow= 
IMINI 
III= 
INNS 
IBM 

WP t1 swab SUSKIJIT UK/ 
OICIDIMICat P•PITNEV:i 0.0TM 

IITT. 
WEST OF FROG POND 

ICU M. 
GNO-6 

A - 5 8 



GEOLOGIC DRILL LOG MEV 
FUSRAP - ifELOON SPRING SITE 

Al 01. 
14501-20 

DW
2  
I ID 

or 2 
NU IIII 

G111-6 

I 

if 

4 g 

i 

1 

It !  

t'  W 

i 

i 
lt: 

Ig ..  

;" r 

WM 
nicssua 

XVI 
U.EVATION 

59LB 35 

KralPTIN Al0 CL ASSFICATON 

MU Ibb 
SOD MILS, 
110n11 MAL 
DODOCTER OF 
ROL V C. g a*  5 1 F. 

g L., 

I 

0.05 

0.04 

0.02 

10 

20 

10 

5 

10 

10 

515.7 

568.3 

,z, 

• 

7 
~ 
r 

9 

cc 

1   

37.2 - 38.7 FT BRECCIATED ZONE. 
ANOPIAR CHERT AND LIMESTONE FRAGMENT IN 
A MEDIUM GRAY(MS) CLAY 20$E. 

-' 

47.3 - 47.8 FT HIGHLY FRACTURED AND 
WEATHERED ZONE 47.3 TO 47.0 FT. NOTE 
SOME FOSSILS ON LIMESTONE FRAGMENTS. 

i 

AP 	LP 	NOD 
INN 	tFT) 1F11 	(II 

5.044.75 95X 

40 - 
.. 

✓ i I 1  
.1 1  1 

I . 1  ii  
- 

I 	i 
1 

5.0'5.0' 100X 
0 

0.9 

0 

10 

20 

10 

10 

10 

5 

I 	0.1 	0.4 	14 
7 	8. 	Li 	8 
1 	0.3 	LI 	U 
I 	$.3 	0.1 	55 
11 	0.4 	0.1 	7$ 
1 1 	1.5 	1.3 	71 
12 	1.4 	0.0 	Si 

AP ■.AVERAGE LENGTH 
OF CORE FOR EACH 
RLN. 
LP•LONGEST PIECE 
OF CORE FOR EACH 
RUN. 
ROD•ROCK DUALITY 
DESIGNATION. 

COLOR WOES FRON 
ROCK CtILOP CHART, 

45 - 
.- 
- 
-1 
' 
- 

- 
1 

1 	1 
1 

.5' .5' 100M i 	1 
1  

4.0' 4.0' 1D0X 

1 	i 
I 1  	i 
I 

I  50 1 	I 

1 • 0 '  1 . 0 '  1 DM 

55 - - 
- 

1 

5.0' 4.4 58X 
-NI 1 

I  1 	1  
1 	i 

1  
1 	1 

4.5' 4.5' 100X 

I 
i58.1 

I
 RU

N
 • 1

2
 I
 RUN

 1,1
1  

1
 
 

58.1 70 65.5 FT LIOESTONE, IMITISH - i  
GRAY01181. SLIGHTLY WEATHERED. HAM. 
100ERATELY FRACTURED. LOCAL LENSES OR 
FRAGMENTS CF EROWHISH GRAY(5YR 4/1) 
CHART. PRESSISE SOLUTION CREPOIATIONS 
(STYLCLITES). 

1 1  0 .,1  

- 
- 

- 
- 

1 
-1 

4.5' 4.5' 1 00X 

I 
1 

 
GEOLOGICAL SOCIETY 
OF ANERICA,1948. 

..u_ri 

F.: 11-17" 
6t5.5----1--• 

BOTTOM OF BORING AT 65.5 FT. REAMED 
HOLE TO 8-1/2 IICH Aid INSTALLED 
2-INCH 316L STAINLESS STEEL MIONITORIK 
WELL SCREEPED FROM 55.5 TO 65.5 FT. 

VIASPJ1 SPCDPA ST•SIELOT TIDES 
0.006600t NFITLIIDII 0.0110 WEST Of FROG POND 

OM ID. 

A- 5 9 



I 	GEOLOGIC DRILL LOG 
SITE 

cloutCY 
FUSRAP - %ELDON SPRING SITE 

JOS a0.
501-201 14 1 or 

WEE/ pill 

3 
WILE ND. 

Doti-1 

PATROL ROAD WEST OF COAL STORAGE 
1110. 

COaRiniotTES 	 lye= MI leSiz. 
NI00,928 	1150,933 	90 

et aRJEG 

- 

6/27/86 
CCDIPLETED 

7/8/86 
DRILLER 	GurrEckiNDLDGT  

INC. 
Simi pan AsiD 1001.1. 

OE T5D/M)131LE 8-57 
sou SITE 1 00EsSustem frt.) 

6'13' 	59.0 
iliXs 01.) 

35.0 
lora WPM 

94.0' 
ass wscomem-r.tx, 

32.4/93 
CORE oons 

4 
r.sieLls 

13 
r . liaP or mast 

- 
COMM EL. 

649. D 
DEPO4/LL. Moo siKiLA 

48.8' /600.2 
D1711/EL. UP or it= 

59.0' /590. 0 
SAMPLE MISER 111041/FALL 

140 LBS/10 IN 
CASING LEST IN Bolts DIA./1.0'1TH 

2'/94.0' 
LOCCED PI 

A.ATKINSCW/E.BERCLUND 

r P 
:g ea 
li 

It5 

6 1 5. tip _, 

w 

5i a- 

g 

tis:i 1.1'. 
1 - 

L 

ma 
..w - 

lisTrR 
misuse 

TESTS 
, ELEVATION 

ik IQ A  ..., ... •,,, 

1 	
IW

IO
 

 

8 
•mi 

Iti 

i 
S 

WI 

DESCRIPTION AA0 CLASSIF I CAT ION 

ions as 
MVO LEVELS. 
NATER irnift4. 
CsuirACTER OF 
ON tLtila. En. E: - -- a r  __A-T  

5... 
 

•"*.: 
'.: act c  

wgi 
""W lib I . 

648.5 

638.0 

632.0 

627.0 

614.0 

0.5 - . 

1 
- 
- 

] 

10 - 

">. 
- 	'

1  

.. 
' ,2 

.Y.4 . 

7;7  

4  

- 
7" 
1.71 
75' 

. y, 
11) 

7 
12g 

...■•■ 

To  i y, 
im 

r- 
j-, 
V> 

0 10 0.5 FT GRAVEL 	LIGHT GRAY(M7) 0-59.0 FT DRILLED 
W1TH 6IN 00 H0,- 
LOW STEN AUGERS 
USING CENTER PLUG. 

0 TO 10.0 Fl BORE ,  
HOLE WAS RADIO-
LOGICALLY LOGGED:::  
BY EBER11NE 
ANALYTICAL 
CORPORATION. 

HOLE so. 

LIMESTONE IN BROWNISH BLACII(5YR 2/1) 70 
BLACK(NI) FLYASH MATRIX. 
0.5 70 11.0 FT CLAYEY SILT. MOTTLED 
BROWN AND CRAY(10YR 5/4 TO 10YR 4.5/5), 
STIFF, OXIDIZED NODULES. 1 18' 17' 15 5 

. . . 

SS 18' 2' 10 

vl  = 
11.0 TO 11.0 FT CLAYEY SILT. MOTTLED 

11 	
- 
.-, 

..i 

15- 
. 
. 

IT i 

ST 
3 2

4 ' 26' TAN, BROWN, AND GRAYC1OYR 5.5/61, VERY 
STIFF, WITH SOME FINE GRAINED SAND AND 
FEW ROUNDED PEBBLES, BLACK(N11 MANGANESE 
OXIDE FILLINGS AND STAINING. 

2 , 18' 18' 18 SS  
12 

Lil = 
to 17.0 TO 22.0 F1 SILTY CLAY, 	CRAY AND 

22 

awl 

- 

15 - 

20 ://41a 

/./' 

TAN(1DIR 5/4), SONE FINE-GRAINED SAND, 
MANGANESE OXIDE STAINING. SS 

2' 8' 19' 14 

22.0 TO 46.0 FT CLAYEY SILT 	VERY STIFF 
SOW FINE GRAINED SAND, OCCASIONAL 
ROUNDED PEBBLES, BLACK(NI) MANGANESE 
OXIDE STAINING AND HEALING OF FRACTURES  
IS COMMON. 
23.5 TO 25.0 FT DARK YELLOWISH ORANGE 
(10YR 5.5/61. 

28.5 TO 30.0 Fl YELLOWISH ORANGE
10YR 5.51. 

SS 2  ' 
18' 22' 29 12 12 IT 

S S 
2 ' 

18' 23' 29 10 12 17 

SS 
2 . 18' 26' 27 14 12 15 

SS•SPLIT SPo011i SI •SNELITT TUBE 1 
S.DEssinas, NPITCPElli 0•011fIR 

"II PATROL ROAD WEST OF COAL STORAGE AREA CWW-7 

A - 6 0 



GEOLOGIC DRILL LOG 
,,,,, 

PRO..ECT 
FUSRAP - WELDON SPRING SITE 

JO B 
5
W. 

14D- 201 

Si4X1 K. 
or 

	NCLE MO. 
3 	1 2 	GLII-7 

- in 

as  

v 
: 1g  

.., vjgg 
8 

 
 ra iii 

... 

' 	t..' 
g ; 

wic 

i 6. 	"' 

if 
8 

V 

PRESSURE 
 ' 	TESTS 

ELEVATION 

614.0 35 

EIESCRIPTION AND CLASSFICATICH 

NOTES ON: 
NATO LEVELS. 
WATER ECTIFOI,. 
CHARACTER or 
DRUM ETC. g? ..J 

1ST E. 

5 
ink7+  5, 

nn 6' 3M s' 

... ..., 

603.0 

590.0 

580.0 

574.0 

, 

40- 

45 

_ 

-0- 

Cr , 

v)  

38.5 TO 40.0 FT YELLOWISH BROWN 
(10YR 5/), HIGHER PERCENTAGE OF CLAY. 

43.5 TO 45.0 FT MODERATE YELLOWISH 
BROwN(10YR 5/4), OCCASIONAL ROCK 
FRAGMENTS, VERY MOIST, DARKER BROWN 
(10YR 	3/3) 	FROM 44.7 TD 45.0 FT. 

777/9/86 

55 
2 18' 24' 2? 10 11 16 

or 
4.n 

lo 

SS 
2' 18' 20' 12 

46 	Ok'a  

--- , 
_ic.:, 

46.0 TO 59.0 FT GRAVELLY CLAY, ORANGE 

50 

55 

AOr 

 -r 

,/,,LA 
.e 

J 
r" 

lr 

• 

a 

BROWN(10YR 5/6), 	AND ANCULAR,YELLOWISH 
WHITE(10YR 7/3)CHERT. 

. 58.5 TO 58.7 FT ROCK FRAGMENTS IN WET 
BROVN(10YR 4/4)MUD. 

. 
59.0 FT AUGER 
REFL'SAL. 	INTERFACE 
PERMEA8I; :TY TEST 
PERFORMED AT 59.0 
FT. 
BIALINGTDN/KECAuK 
FM. 	55.0-10 S4.0 
FT CORED WITH 
NX8 wIREL:NE 
DIAMCN: IMPRE-
NATED CORE BIT 
USING WATER. 

. 

SS 
2' 18' 2 	' 57 21 29 28 

.• 
IA = 
Z0 

SS 
2' 18' 1 	' 	30 	16 16 14 

.. L., = 
io 

EINVIIIIII ICINI IMINSIM MIIIIMM 
- NSA. 55 

6 

59.0 TO 69.0 FT LIMESTONE, 	YELLOWISH 

NX9 
3 . ' 4.4' HZ 

1 6C i l 
BROWN(10YR 5/4) 	MODERAT ELY WEATHERED 

. 	• 	' 	. 	' 	• SLIGHTLY HORIZONTALLY FRACTURED, WITH 
CRAY(N6), 	HARD CHERT FILLED VOIDS UP 
TO 4 INCHES THICK, CORE 	IS 30 TO 407.. 
CHERT, SOME FRACTURES ARE CLAY FILLED. 

4-71-7-1.7  
-rte 
,1-- I  , Cr- 

- 

c ,., 

-1 	1 
1:I  : 1  

NK B 
3 5' 4.5' 

. 

907. 

0.016 

0.002 

10 

20  

5 

5 

- 	1 
65 - 1 	I 1 

± ...±7, 

I ...i 
rc 1  

"! 	i , 
. 

69 	H _i 	, 

1,  
69.0 TO 94.0 FT LIMESTONE,  MEDIUM GRAY 
(N6) SLIGHTLY WEATHERED TO FRESH, 

NM 5' 4.6 927. 
3 

1  70 	, 	1  
- 	i ..t, 	, 	- 
, 	1`"z MODERATELY HARD; SLIGHTLY FRACTURED, 

I 	I 	cr WITH HARD, L10IT BLUE GRAY(5B 5/1) 
1  

- I 	1 CHERT FILLED VOIDSFRACTURES ARE ,  i   1 - HORIZONTAL WITH FEW CLAY FILLED, 
75 1 	1  STYLOLITES. 1  

SSeSPVT SPOCk ST .54.LBT TLE3E4 
ENOEMS011 P-41TCHER CrtYrIf.P. 

srTE 
PATROL ROAD WEST OF COAL STORAGE AREA 

NCLE NC. 
GMW-T 

A-61 



GEOLOGIC DRILL LOG PMJECT 

FUSRAP - WELDON SPR11G SITE 
al an. 

14501-201 
pal au 

3 sr 3 
lima ict. 
I 	ON -7 

i 

i I 

GI 

it 
a  

it 
id E = if 
V 1!3 

i 
II ,,, 	,It  
i 	OW 

PICILSE 
MIS 

SISSATIM 

574.0 75 

SESCIPTIN AM CLASSROOM 

OM IIPA 
110111 Mat. 	- 
SOD IrMOL 
MMICIES Cr 
SULLINS. Tic. gall 

• SI 4.5' 90x t 

555.0 

i 	1 

Ig 

i m, 

• 

78.4 FT STNILM. 
78 - 79.9 FT LIMESTONE WITH NO PERT. 
80.0 STYLOLITE. 

82 - D4 FT LIICSTONE BECOMES CLAYEY, 
SOFTER. 
$4 - 89 FT THIN ZONES Of CLAYEY. 
SOFTER LIMESTONE. 
89 - 94 FT FEW FRACTURES FILLED WITH 
ORGNIIC CLAY IF TO 1/4' THICK. 

93.5 - 94 FT COLOR BECOMES DARK BROWN 
(SYR 4/6). 

m LP • 
NI 	(FT) 1F1) 	(j) NMtB 

3° 5' 4.9' 98x 

eCI"'"_tiT  
1 	1 

	

1 	11.15 	L3 	11 

	

2 	Lt 	6.5 	36 

	

3 	L3 0.56 	43 

	

4 	0.36 

	

6 	L imy 	
0 0..I 	

44  V 

	

6 	1. 	L4 	61 

	

2s 
7 	0.3 	LS 	71 

COLOR CODES FROM 
ROCK COLOR CHART. 

...L.r.LE 

.1  

5 -4  
''"-r-`--  

NXB 
3 9  5' 4.7' 9.4X 

1 
1 

'4 1 1  

,1 i l  
 1  .1 

E . S I  4.8' 96X 

90 I  v i 	1  

'' 

- J 

1 
I 	I 

' , 

1 I 	I 
-l.,,._L,„ 

94 
- 

- 

- _ 

.: 

- 

-1 
 

BOTION Of WRING AT 94.0 FT. REAMED 
HOLE TO 8-1/2 INCH Ate INSTALLED 
2-INCH 3161. STAINLESS STEEL MONITORING 
DELL SCREENED FROM 83.0 TO 93.0 FT. 

V•AVERAGE LENGTH OF CORE PIECES FROM 
EACH RUN. 
LPPLONGEST PIECE OF CORE FROM EACH Nit. 
ROO•ROCK QUALITY DESIGNATION FOR EACH 
RUti. 

GEOLOGICAL SOCIETY 
OF AC R1CA,14411. 

WSW! 1! OM  STGES, TM• 
POMMOIP41=1E140•0710 	1 PATEL ROAD *ST OF COAL STORAGE AREA 

MtA 
1118-1 

A- 6 2 



• 
GEOLOGIC DRILL LOG 

p.t.c, 
- 	FUSRAP - WELDON SPRING SITE 

AB MO. 

14501-201 AEIT  ; 2 "ciG14/".  -8 
sat 

700 FT. NORTH OF COAL STORAGE 
COOKISKATES 

N101,720 	' 	W50,659 
ANGLE FROM NOM 

90 
SEKRMC 

- 
moo 
6/23/86 

caftEnD  
7/25/86 

WILI" 	GEOTECHNOLOGY 
INC 

MU MAKE MID MODE1 

CUE-45 
HOLE VIE 

6'/3' 

OVERSADD■ (F•Ta 

" 	3L5 

ROCK 6TH 

253 
TOTAL DEPTH 

. 57.0' 
UNE RECOITRTT-LnD 

23.0/90 
CORE BOXES 

3 

SAMPLES 

7 

EL TOP OF CASK 

- 

GROUND EL 

619.9 

OPIATE:L. GROUND RATER 

34.2'/585.7 
OEF'T RAI. TOP OF ROCK 

3L5'/588.4 
SAMPLE RAMMER 'ECM /FALL 

140 LBS/30 D 

CASK LEFT M NOLL DIA/LEWIN 

2 /58.5' 
LOGGED ST: 

A.ATIONSON 

FP 
.- W 

O 

t 

►

i l 15. 

fi 

rif 
03  L.,er 

gti 
v. 

1  	& ).. 

kt';‘'.)::5 
- 

m , 

Ic
a  

MATER 
PRESSURE 

TESTS 
ELEvAnow 

619.9 0 

M
O

W
 L

O
G

 I 

otscarnot4 AND CLASSFICATICM 

010713 Oft 
wAngl LEVELS. 
MATER RETURN. 
CHARACTER OF 
OIRLUK. ETC.  = 5  

iv  

i r 
4..,  

4 

.o 
‘, 
= 

)
619.7 

612.9 

602.9 

588.4 

584.9 

PM, 

0 2  Or 

	
1S

S
-6

] 	
 
I
S
S

-J1
51

 
1
 

D I0 0_2 FT ASPHALT 0-31.5 FT DRILLED 
WITH 6IN OD HOL ,  
LOW STEM AUGERS. 
WITH CENTER PLUG. 

0 TO 10.0 FT BORE-
HOLE WAS RADIO -  
LOGICALLY LOGGED 
BY EBERLINE 
ANALYTICAL 
CORPORATION. 

. 

31.5 FT PERFORMED 
PERMEABILITY TEST 
THROUGH AUGERS. 
PUMPED 5 GPM INTO 
HOLE FOR 20 MINUTES 
WITHOUT FILLING 
HOLE. 
31.5 FT AUGER 
REFUSAL. 
BURLINGTON/KEOKUK 

6/25/86 

0.2 TO 7.0 FT SILTY CLAY, MOTTLED 
BROWN-TAN-YELLOW-GRAY(5Y 4/41, .STIFF. 

I SS  2' 18' 4' ' 	12 

VSH 

10 

15 

17 

20 

25 

30 

I 

7.0 TO 	17.0 FT CLAYEY SILT, 	MOTTLED 
ORANGE(10YR 4/6) AND GRAY(5Y 7/1), 	SOME 
FINE - GRAINED. SAND AND GRAVEL, 	BLACK(N11 
MANGANESEOXIDE NODULES AND STAINING. 

• 
12.5 FT BECOING LIGHT BROWN(5YR 4/4) 
TO ORANGEMOYR 5/6) WITH ANGULAR. CHEST 
GRAVEL. 

SS 
2' 1

8 ' 	13' 29 12 17 

..: ,,, = 
S 3 , 	'; 	12' 100% 

S; 2 15' 	1.5 91/9' 21 41 50/3' 

vl = 

11.0 TO 31.5 FT GRAVELLY CLAY 	MODERATE . JP 
• 

100°1  
...e4  0 

104  10 el 

NI e  i 

REDDISH BROWN:10R 4/6). TO MODERATE 
BROWN(SYR 3/4), 	WITH YELLOwlSri ORANGE 
(10YR 7/6) 	TO WHITE(N91 	ANGULAR CHEST 
GRAVEL. 

* ' 	' 50/5' 50/5' 

a In 

m 

SS 
2' 

18' 	15' 20 11 	. 9 11 

VSH 

SS 
2 18' 	14 •  33 5 20 13 

.4 
.43 g 

31. 5 
__ 

2t E2 

31.5 TO 51.3 FT LIMESTONE, 	BEIGE(IOYR 

NXB 

• 

4.0'2.9' 73%. 

1  
6/4), MODERATELY WEATHERED, MODERATELY 
HARD TO HARD,WITH WHITISH GRAY(N8) 
CHEST NODULES AND PATCHES. 
39.0 F1 niscnillTinN APPARFNT ' 

1 	1 
I 

1 	1 
I 

35 	 , 

SS-SPUR SPOON ST=SKLBT TUBE; 
OVEAM5014; P4'11 DER: 0-.OTHER 

STE 
700 FT NORTH OF COAL STORAGE AREA 

MOLE NO. 
GMW-6 

A-63 



GEOLOGIC DRILL LOG PROJECT 
FUSRAP - WELDON SPRING SITE 

JOS IC. 
14501-20I 

 NO. P EET 

2 or 2 
ROLE pio. 

GMW-8 

P 

a 1 

1 '' 

W 

g 

T; 

* 

W 
Ell 

g 

WATER 
PRESSURE 

. • 	TUTS 
ELEVATION 

584.9 35 

w 
* 
5 

DESCRPTION AND 0-ASSIFICA 111,4 

NINES Cat 
WATER LEVELS. 
WATER RETIAH, 
CHARACTER OF 
DRUM ETC. a: 

d 

W 
;71 

• - 

VI1
RE

L I
N

E
 CO

RE
  B

AR
RE

L  
V/

 D
IA

M
ON

D  
BI

T 

0.03 

0.66 

0.20 

20 

28 

20 5 

568.6 

562.9 

40 

45 

1 36.0 TO 41.9 FT INCREASE IN CHERT CON- 
TENT. 

( 

45.4 TO 50.3 FT OCCASIONAL CALCITE 
FILLED VUGS. 

: :!:: 

31.5 TO 57.0 FT 
CORED WITH AN 
NXB WIRELIKE 
DIAMOND IMPRE-
GNATED CORE BIT 
USING WATER. 

AP 	LP 	ROD 
RLP 	(FT) 	(FT) 	(Z)  

2.0' 1.9' 95% III mom 
1110 

1 . 0 '0. 7 5' 75X IIMII NMI 
12.0' 1.1' 5

5
% 

III 
MIMI 

1.0'0.85' 85% 

0.9 

O.3 

28 

20 5 

4.0'4.0' 100X 
I- 8 
11111 

5. 0' 4.8'  96Y. 
1 	0.2 	0.5 	48 
2 	0.2 	0.5 	42 
3 	0.15 0.75 	100 
4 	0.3 	0.3 	55 
5 	0.85 0.85 	100 
6 	0. 4 	0.8 	71 
7 	.0.3 	0.4 	52 
 8 
9 	0.2 .2 	

0  
0.5

5 	57 
47 

ALL SOIL AND ROCK 
COLOR DESCRIPTION. 
FROM THE ROCK  COLOR 

OM 

11 50 

51.3 

55 

57 

-- 

5.0'5.0' 1007.. 

51.3 TO 57.0 FT LIMESTONE, 	GRAY(NB), me 
=In FRESH,CHERTY, CRYSTALLINE, DARK 

COATINGS ON FRACTURES AT 51.3 FT,51.5 
FT, 	AND 51.6 FT. 

I 
II 

1 
1 	t 

1.5' 1.5' 100Z MI 
BOTTOM OF BORING AT 57.0 FT. REAMED 
HOLE TO 8-1/2 INCHES AND INSTALLED 
2-INCH 316L STAINLESS STEEL MONITORING 
WELL SCREENED FROM 45.5 TO 55.5 FT. 

AP=AVERAGE LENGTH OF CORE PIECES FROM 
EACH RUN. 
LP=LONGEST PIECE OF CORE FROM EACH RUN. 
ROD.ROCX DUALITY DESIGNATION FOR EACH 
RUN. 

CHART, PRINTED BY 
THE GEOLOGICAL 
SOCIETY OF 
AMERICA, 	1948. 

SSTSPUT SPOON; ST =SPELBT TUBE, 
D.00•00% P-43ITOER: CPETTIEN 

SITE 
700 FT NORTH OF COAL STORAGE AREA 

IRLE.NO. 
0MW-8 

A-64 



GEOLOGIC DRILL LOG PROJECT 
FUSRAP - WELDON SPRING SITE 

CM 00. 
14501 -201 

SET IC. 
I et 2 

ICU IC. 
DMW-9 

SITE 
300 FT NORTH OF COAL STORAGE AREA 

CONIOSIATES 
N104350 	V50,700 

AISLE FICIN 00NR. 
90 ' 

BERM 
6/25/86 

CCIWIIITID   
7/16/86 

DIalD/  GEOTECANDLOGY INC. 
KURT JAEGER 

Eli' will Am ial4 
CIE 45/CUE 750 

Nou sar 
Pirf . 

OVLICAOLai FL) 
20.5 

I= f7.1 	' 
33.5 

TO1 M. OEPTII 
54J0' 

CM IIECOVER ►NIA) 
A2/33 

CCFE DOM 
2 

IsommEs 
I, 	5 

fl. 1 OP or casaba 
- 

woo D.. 
636.7 

telWEL. IMOD SAM 
33.07591.7 

ICPTIVEL. TOP Of NAM 
20.5 F1/61662 

SAKE lImin Iluantrau. 
140 LeS/30 14 

usu. IETT IN VOL EttikILDSTN 
r/6r 

LOGGED Pt 
..LE KAISER/E. BERGLUND 

r rt 
2i 
32 

V I  It K:  
5: 
Et 

1 f as 
eg 
! 

1 

um 
KEssrE4 

ELEVATION 

636.7 

11. . 
stscammum AID ELM/CATION 

NOM ma 
11091 LEVU, 
smot ;mum. 

11111CTEN OF 
10161.1101. ETC, ? 1  

I ST I' 
1, 

at t• 
$.1 
no c• 

u4 = 
..1 

 
1m I 

636.2 

625.2 

616.2 

610.2 . 

607.7 

601.7 

0.5 

5 

10 

/ 

/ 
••00' 
••••0 

0 TO OA FT SILTY CLAY (CL). BLACK 0-20.5 FT DRILLED 
WITH 6 IN 00 Hal-
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT BORE-
HOLE WAS RADIO ,  
LOGICALLY LOGGED 
BY EBERLINE 
ANALYTICAL 
CORPORATION. 

11.5FT: SHELBY TUBE 

20.5 FT AUGER 
REFUSAL. 	. 
20.5 FT PERFORMED 
INTERFACE 
PERMEABILITY TEST 
AT 5 GPM. 

OURLINGTOM/KEOLLIK FM. 
1 	: 	' 	' 
20.5 TO 54.0 FT 
CORED WITH NC
WIRELIKE DIAMOND 
IMPREGNATED CORE 
BIT USING WATER. 

(NI) LOW PLASTICITY. MOIST. ORGANICS. 

0.5 TO 11.5 FT SILTY CLAY: LIGHT BROWN 
(5YR 5/6) TO RED BROWN (JOR 4/6) LOW 
PLASTICITY. SOFT. MOIST. MOTTLED. LCP-
CAILY LIGHT GRAY (Ni) SILTY CLAY LENSES 
OCCASIONAL LIMESTONE FRAGMENTS. SOME 
BLACK OXIDE (N1) STAINING. 

10.0 FT BECOMING MORE BROWN 

SS 
2' 8'  ) 11' 10 3 4 6 

YSH
 0.9 I  

SS 
2' 18' 	16' 23 10 13 	. 

..4 

16t2, 
1 1.5 

IS 

2i.5 

26 . 

29 

30 

► 4 
AV 
!_,:t 
M 4 le 
# ► 4 
...$00 ,/,' 
1 4 
4td, 
411 
:lb 

11.5 TO 20.5 FT GRAVELLY CLAY ( GC): ST 
3' 24' 

. 
20' 83 

LIGHT REDDISH BROWNHOR 4/6) REDDISH 
BROWN(IOR 3/4). MEDIUM TO HIGH PLAS- 
TICITY. STIFF. LOCALLY, LIMESTONE. AND 
CHERT FRAGMENTS (ANGULAR, GENERALLY 
1/2' AVG.) MOTTLED. MOIST. 
15 FT BECOMING REDDISH BROWN. 

SS 
2' 18' 18' 39 6 17 1 	22 

= 
a 
1, 

SS 
2'  5' 5' 504 50/5' - - 

MX8 
3'  9'  - 3.3 • . 	37X 

20.5 TO 26.5 FT LIMESTONE, YELLOWISH I'm-  OW ORANGE(10YR 6/6), DECOMPOSED, SOFT TO 
&MODERATELY HARD, WIYH LIGHT GRAY(N7) 
HARD CHERT INTERBEDS AND NODLLES, 
YELLOWISH ORANGE(10YR 6 1/6) CLAY SEAMS 
WITH ANGULAR CHERT GRAVEL. 

II MI 

15.4 

18.6 

.15.1 

10 

20 

ID 

5 

5 

5 

°MIMI  SEW 
47,4 
ail 

26.5 -TO 29.0 CI LIMESTONE, LICHT GRAY 
-_ iNW: (N5)4 MODERATELY %LATHERED, HORIZON- 

TALLY FRACTURED, WITH FEW INTERBEDS OF 
LIGHT GRAY(N7), HARD CHERT, UP TO 
3 INCHES THICK, SOME SOLUTION PITS 
<1/8 INCH DIAMETER. 
28.4 	 0 29,0 F 	9 X CHERT IN CORE. 

it 

. 	. wool 

MX8 10'  2.0' 20X 

wool wow 
29. 	to 54.0 FTT L IMESTONE , ruicmnsm wool• ism BROWN(10YR 6/4), WEATHERED TO LOCALLY 
DECOMPOSED, HORIZONTALLY FRACTURED, 
WITH LIGHT CRAY(N7 -), HARD CHERT INTER-
BEDS, FILLED VOIDS, AND NODULES. 
29.0 TO 33.0 FT CORE IS 80X CHERT. 

-- 
EMI 
mom 
lomml Noon 

WWI POLON ilISNEL if TIRE, 
• POE111160Io P.FFT DC% 0.07 YEA 

stsAiocuoi rrEmi ALM 

RTE 
300 FT NORTH OF COAL STORAGE AREA 

IS.L 10. 
' 	GMW-9 

A - 6 5 



GEOLOGIC DRILL LOG PROJECT 

FUSRAP - WELDON SPRNIG saE 
XX 

14501
HI  

- 201 
L411 MO. 

2 OF 2 
101 ml 

G MV -9 

r ir  
VI 

ii 

W 
li, ... 6 vr, r 

g0 

i 
a „,,E 

. 

le 

!ATER 
MUM 

 TESTS 
ELEVATION 

7 35 I  

4 . 
OESCRPTION AND Ct. ASSFICATEN 

YATES OM 
YAM LEVELS. 
((ATER RE1U111 
CHARACTER OF 
ORELNL. ETC. [iZq . yiN Z$ 

 

NXB 
3' 10' 5.3' 53X 

582.7 

-. 
-f 

RU
N

 4 3
  

1 

33.0 TO 43.7 FT DECOMPOSED LIMESTONE 
WITH CLAY SEAMS. 

43.7 TO 44.7 FT HIGHLY WEATHERED 
LIMESTONE, CORE IS 70X CHERT 
44.7 10 46.5 FT LIGHT GRAY(N6), FRESH 
LIMESTONE. 
45.7 TO 46,0 FT CORE IS 60X CHERT. 
46.5 TO 49,D FT MODERATELY WEATHERED, 
CORE IS 50X CHERT. 

48.5 FT OPEN FRACTURE, ORIENTED 60 ° 
FROM HORIZONTAL, 	IRON STAINED. 

49.0 TO 54.0 FT RECOvEFED ONLY PIECES 
OF CHERT. 

6/26/86 

AI' 	ROD 
RUN 	(TT ) 	 (FT

LP 
 ) 	(%) 

i 

40 3  

-4 

45 Ai  

r 
1 

1 1  

1 	0.15 	0.55 	39 
2 	0.25 0.45 	68 
3 	0.15 	0.45 	16 

 <01 	0.2 	0 

ALL SOIL AND ROCK 
COLOR DESCRIPTI 
FROM THE 	(fig 

1 

1  1  

I 
_i 

50 

:4  
:i 

 ► 
1 
1  

NXB 
3' 6' 0.6' 1DX 

i 	I 

.4" 

s 
I 
I 1  

I 	I 1  

- 

.-1 

. 
- 

- 
- 
- 

- 

54 4.---1-  
BOTTOM OF BORING AT 54.0 FT. REAMED 
HOLE TO 8-1/2' AND INSTALLED 2 INCH 316L 
STAINLESS STEEL MONITORING WELL 
SCREENED FROM 47.6 TO 57.6 FT. 

AP ■ AVERAGE LENGTH OF CORE PIECES FROM 
EACH RUN. 
LP ■IONGEST PIECE OF CORE FROM EACH RUN. 
ROO•ROCK QUALITY DESIGNATION FOR EACH 
RUN. 

CHART., PRINTED BY 
THE GEOLOGICAL 
SOCIETY OF 
AMERICA, 	1948. 

ES•SPLIT SPOONSUSALLBT TUBE, 
1i0E141:06 P.P11C11% CP ODER 

5 
300 FT. NORTH OF COAL STORAGE AREA 

IDLE HI 
GWW-9 



GEOLOGIC DRILL LOG tozaCr 
FUSRAP - *LOON SPRING SITE 

All ml 
14501 - 201 

Dal 15. 	'Mist 
I w 2 GMW- 10 

SITE 
400 FT NORTH OF TRUCK DOCK 

COONDuATES 
N101,150 	V50,100 

n111.1 F(ON Nola. 
90 

WOG 
- 

ilica 
6/25/86 

Cad/Wra. 
7/21.166 

mallA 	CEOTECHNOLOGY INC. 
KURT JAEGER 

Dal * 	AND mtlAI 
CIE -45/CWE750 

mal Lai 
6'1.9' 

OWAIUMEN VT.) 

3225 
Boa VI.) 

PLIS 
TOTAL ODIN 
SW 

COW NEcovanIFIXD 
23.35/72 

COPE MALI 
3 

MOMS 
7 

EL. 10P OF cam 
'7 

moo Ti.. 
642J 

Errova.wous feu 
40.0'/6024 

Ernina...nr OF trOcc 
32J8'/6093 

swim warn, olatalT/F ALL 
140 LBS/30 114 

CARL IUT m NOLLAN.ILD6TH 
2./6r 

Wan Nu 
J.E.KAGER/EADIGLUND 

r 
P I 
2 
I V 

V gqt 
a 
[I 

1 I M 0  

i 
!; g 

ig 

um 
Tarn 

..rata 

64 2 . 1  

11  

0 

LI 
i =WM' ww CLASSSicATad 

oirrtl 01111 
STEN alas. 
WIN AMOK maw= w Numart. is; 

isr i. 
1 

IMO r 

e 
oil 
w r 

... 601 x 
4. 
lo 

. 

623.3 

612.6 

609.3 

607.1 

6411.60.5-0 

10 

15  

18.8 

20 

2165 

Pr •00.#  

0°'  

°... 
1/ 

..- 

6 

- 0.5 FT GRAVEL AND CLAY LIGHT BROWN 
4 

0-32.8 FT DRILLED 
WITH 6IN CO Mi- 
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT BORE 
HOLE WAS RADIO- 
LOGICALLY LOGGED 
BY EBERLINE 
ANALYTICAL 
CORPORATION 

RESIDUUM 
32.8 FT AUGER REF - 
USAL. PULED BACK 
AUGER TO 32.5 FT 
AND PERFORMED 
INTERFACE PERM -
(ABILITY TEST 
AT.5 GPM. 

32.8 TO 59.0 FT 
CORED USING PUB 
VIRELIME DIAMOND 
IMPREGNATED CORE 
BIT NC FRESH 
WATER. 

11-14-41611:111MECKLI  rt.. 

I5YR 5/6) SITTRIAY WITH FINE TO COARSE 
LIMESTONE GRAVEL. CLAY IS MOD. STIFF, 
LOW PLASTICITY AND MOIST. GRAVEL MOD. 
WA., HARD AND ANGU.AR. 

SS 
2' 18' 16' 17 3 7 10 0.5 TO 18.8 FT SILTY CLAY LT. REDDISH 

BROWN(lOR 4/6). STIFF, MEDIUM PLASTICITY 
MOIST. MOTTLED(L1 GRAY AND RED) LOCALLY 
WITH SAND SIZE LIMESTONE FRAGMENTS. 
LOCAL BLACK OXIDE STAIN. ALSO ONERT. 
5 FT BECOMING MORE REDDISH. 

18.5 TO 18.75 FT LT. GRAY CLAY INTERBED. 

.4 1.^ x 

to 

SS 
2' 18 18 20 4 9 11 

)1  ■.". 
40 X 

1 ' 

ST 3. 24' 20' 83 

SS 
2' 18 1  18' 26 7 11 15 

VSH
 0.9  

SS 
2' 18 ' 18' 19 13 8 11 18.8 TO 32.5 FT SILTY CLAY DARK REDDISH 

/ 

/°/ 

BROIN(ICR 3/4), MEDIUM PLASTICITY, STIFF 
MOIST, MOTTLED. 

23.5 TO 25.0 FT MLWIERCUS FRAGMENTS OF 
LIME STOPS AND CHERI. 

541 

 

111 
ID 

SS 
21 18' 

- 	- 
10' 

- 
54 14 35 19 

J■  m) 

. , 18' 12 '  26 
8  11,  15  29.5 TO 32.8 ri-ra7acilitLotisH  

BROW14(10YR 5/4), HIGHLY LATHERED TO 
DECOMPOSED, HIGHLY FRACTURED, WITH 
FRA;TIIRt 	EILLED WITH DARK REDDISH BROWN 
(1cm 3/47)CLAY. 

32.• 

35 

1 
IA 
... 

11111 
mum III 

32.B TO 59.0 FT LIMESTONE, MODERATE 
YELLOWISH BROWN(10YR 5/4), MODERATELY 
BEATRERED. MODERATELY HARDAOR120MTALIT 

IMIMM 

OPSPLIT SPOON, St4makr 11.104 
100Dsecor P.M Cork 04Mo 

In 
400 FT NORTH OF TRUCK DOCK 

NU NO. 
, 	GMW - 10 

I 

I 

4 

A - 6 7 



50 1  1 
I 	1 
1 

35 

H 

I  

 

 

55 	 

	

-■ 	 

	

-t 	 

I)  

ALL SOIL AND ROCK 
COLOR DESCRIPTI OIC  
FROM M MU= 
CHART, PRINTED BY 
THE GEOLOGICAL 
SOCIETY OF 
AMERICA, 1948. 

ow:act GEOLOGIC DRILL LOG FUSRAP - ■ELDON SPIMMG SITE 
MO No. 

14501-201 
sort la 

2 a2 
mkt la 

GiRt-10 
lATE? 

HAMM 
'Ws 

ICSOIPTION AAO CiaSIFICATICo 

NXB 

3' 

10' 

7' 4 .8' 

7. 2' 

692 

722 

	

13.1 	10 

	

15.2 	20 

	

12.2 	10 45 - 

-0 

I 
I 

• 

M113 
*TM 

m113 WOW 
00MCTER OF 
elf. ETC. 

—17-0/27/05 

(g ) 1 1,1) 1) 
I L25 4.1 ss 
%n ay II 

3 0.5 0.15 X 

LavalCot 

6071 

"I I 

FRACTURED, WITH LIGHT Mom?) TO 
MEDIUM GRAY(M5), HARD CNERT INTERBEDS 
FILLED VOIDS, NODULES. FEW OPEN 
SOLUTION FEATURES, FRACTURES FILLED 
WITH DARK YELLOWISH ORANGEMYR Ent 
CLAY WITH LITTLE SAND. 
32.8 TO 39.0 FT 802 OF CORE IS CHERI. 
39.0 TO 49.0 FT 40X OF CORE IS CHERI, 
FEW FRACTURES ARE IRON STAINED. 

49.0 TO 59.0 FT SLIGHTLY MORE FRACTURES, 
SOME FILLED WITH LAD TO I-INCH LAY 
SEAMS, CORE IS 40X CHERT, FEW FOSSILS 
NOTED IN CORE. 

10' 7.35' 742 

583.1 

13.SPUT 343:14 STKUILLIty TIOLI 
MCOMOut P•PITCoillo ante 

BOTTOM OF BORING AT 59.0 FT. REANED 
HOLE TO 8-1/2 INCH AND INSTALLED 
2-INCH 316L STAINLESS STEEL MONITORING 
HELL SCREENED FROM 48.0 TO 58.0 FT. 

AP ■AVERAGE LENGTH OF CORE PIECES FROM 
EACH RUN. 
LP-LONGEST PIECE Cf CORE FROM EACH RUN. 
R00-ROCK QUALITY DESIGNATION FOR EACH 
RUN. 

400 FT NORTH'Ef TRUCK DOCK 

A- 6 8 



GEOLOGIC DRILL LOG MEM 
FUSRAP - WE LDCN SPRING SITE 11450 -201 

WI  O  
2 

MOLE 	

- 11 GNI -  11 
SRL 

SO F7 NORTH OF TRUCK DOCK 
COCADNATIS 

N100,916 	8150,030 
Aoki F 	I/COSL 

90 
/DOC 

. 
MON 
6/26/86 

I COWLETED 

I 	7/18/86 
WW1 	7, GEOTEctimoLocy 	IONIA 

INC. 
leaf AND MEL 	 HOLE LOT 

I 	WEIL B-51/CME 750 	i 	6'/3' 
I OVINCLOCCH fl.) 

32.0 
ma 0-7.) 

42.0 
TOTAL Milt 

74.0' 
WI OLCOVERTF117) 

-37.7/90 
UK moms 

5 
I 	

I 
"mous 

I 	7 
a- TOT Of WPC MOM) EL. 

I 	653.0 
NTPTVSL. mum OATS 

I 	52.0760L0 
p1 VELA TOP OT EIX/ 

32.07621.0 
SA PLE IttaiMix MExigui*LL 

$40 LBS/30 P4 
GUM LEFT III NOLL CAJLDC11; 

2'116' 
LOUD ItTi 

&ATKINSON/LEI:RUM 

Q 

pc 

kg 
5 2 

i 

I 

1 
1 

1 
ig 

g, 
WV 

PMT 
Tun 

cavermil 

653.0 

ht 

g 

 _ 	OESCAPTICM NC CLASS/CATCH 

sena CIS 
WO LLNELS. 
TITER WTI" 
COMOZTOi OF 
MILL= ETC. Es 4  5 

in r 
- 
i. at r 

641. 0 

626. 0 

621. 0 

618.0 

LA 
 0 TO 6.0 FT CLAYEY SILT. MOTTLED 0-32.0 F7 DRILLED 

WITH 6IN 00 ROL • 
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT KRE-
HOME VAS RADIO-
LOGICALLY LOGGED 
BY EBEFUNE 
ANALYTICAL 
CORPORATION 

32.0 FT AUGER REF-
USX.. PE.Rf ORbED 
INTERF AC1 PEF84 -  
LABILITY TEST. 

32.0 TO 74.0 FT 
CORED USING NXB 
VIRELItt DIMOND 
IMPREGNATED  B /7 
A10 FRESH WATER. 

&Fi x T opt /K E ok ui  
fm.  

BROW AND GRAY (10YR 4.5/3) CM BLACK 
STAINING. 

SS . 8' 15' 12 6 6 6 

...r 
 

10 

15 

20 

27 

35 

6.0 TO 27.0 F7 SILTY CLAY, MOTTLED 
 CRAY, BROMN . AIC ORANGE, STIFF TO 

VERY STIFF, MOIST, BLACK MANGANESE 
S7 A I N I NG C0184:04, OCCAS! ONAL ROUtCE 0 
PEBBLES AND SAND GRAINS, tows OF 
IRON OXIDE OWN BELOW 23.0 FT. 

# 	8.5 TO 10.0 F7 (10YR 5/4) 

7  ,-- 
v" 15.5 TO 16.0 fT(10YR 5/6) 

. 
16. 0 TO 	17.0 FT(5Y 	5/I) 

.ir 	18.5 TO 20.0 FT( 10YR 5/6) 
LA LA 

23.5 TO 25.0 FT ( 10YR 5.5/5) 

' 

/1 

55 2' W 17 14 6 

•e( 
m  
6.0 

ST 
31 4' 26' 

SS 18' 	1' 19 8 11 

. 	•'r 

SS 
2 '  18' 	19 ' 20 12 

LA m 
D 

SS 2' Ir .  24 '  22 10 12 

.4( N = 
.4. ry 	27.0 TO 32.0 FT GRAVELLY CLAY, IMITIS11 

0 	4; V. 
4,'''r ;V* 

(10YR 8/2), ANGULAR CHERT GRAVEL IN 
MATRIX OF ORANGE -BROW 10YR 5/5) 
SILTY CL AY WITH BL ACX ( N1) MACAW SE 
OXIDE STAINING C0080(. 

21 4' ' 50/4' 50/4' • 

u:. • 
32 	 
I 
 	3.2.0 TO 42.6 FT LIMESTONE. LIGN1 GRAY(Wr 

TO (MODERATE YELLOWISH BROIN ( 10YR 5/4) 
MODERATELY MODERATELY WEATHERED, HARD, MINN HORIZONTALLY FRACTURED, WEATHERING 

"sorts snob si.srcurY TLITE4 
O•OOISac P•Pflan, ca.riet 

Vft 
BO FT NORTH OF TRUCK DOCX 

MOLE OIL 
CON - 11 

A - 69 



alt  
*/ 	LP 
ITT) 	(TT) 

KID 
(Y)  

I 0.115 0.35 S2 
2 1.7 0.35 51 
3 11.7 CH 411 
4 I.S 0.25 23 
5 0.45 0.2 33 

• /30/86 

• 

• 
z 

I 	I 

I 

1-  

I 	I 

I 	I 

1 	I 
I 	i 

I 

I 

I 	I 

1 	I 

GEOLOGIC DRILL LOG  FUSRAP - WELDON SPRING SITE 
.01 

14501-201 
SKr ID. 

2 a 2 
tem IA 
gal 

SAM 
PIESLIE 

flS? S 
NEU la 
OAMI 
NATO ETWL 
INDIACTED OF 
MUM ETC. 

113COPTce Dati tiaSSIFT.ATIVI ELEPATION 

I 	_1 

7' 6.6' 94X 

10' 9. ' 91X 

INCREASES WITH DEPTH, WITH 
LIGHT GRATIN?), HARD CHERT INTERBEDS 
AND FILLED VOIDS UP TO 3-INCHES IN 
DIAMETER. FRACTURES ARE FILLED WITH 
TELLOwISN ORA/MX(10YR 7/6) CLAY. 
34.0 TO 35.0 F7 CLAY SEAM. 
35.0 3-INCH LAYER OF DECOMPOSED LIME-
STONE. 
36.0 3-INCH LAYER OF DECOMPOSED LIME-
STONE. 
39.0 TO 42.6 FT 80x OF CORE IS CHERT 
FILLED VOIDS. 
42.6 TO 69.3 FT LIMESTONE YELLOWISH 
BROWN(3OTR 5/4), SLIGHTLY WEATHERED, 
HARD, HORIZONTALLY FRACTURED, WITH 
OCCASIONAL LAYERS OF LIGHT GRAY(N7) 
CHERT MOWS MAKE-UP 20x OF CORE, 
OCCASIONAL VUGS (UP 70/41NCH), FEW 
FOSSILS. 
46.3 1058.0 FT 50 TO Tax OF CORE IS 
CHERT. 

9' 1.5' 83X 

19.2 

21.2 

18.4 

10 

20 

ID 

5 

9 ' 7.5' 83x 
ANDIEWIt LENIN OF COE 
101111111101 E•tx Ma. 
1141DIES1 ONE PIECE 
Ellt tia. 
Is•azi oMl m OWN-
CIO FIR E•Cat Oft 

40 

630.4 42. 

45 

SO 

S5 

60 

5 

7' 7.0' 10Dx 
69.3 

74 

70 

13410LI1 SPOON ST•Sollato TUL 
1100Enes001 P•PCILVEIS Os OMR 

69.3 TO 74.0 FT LINESTOHE OLIVE GRAY 
(5Y 6/1) SLIGHTLY WEATHERED, HARD, 
HORIZONTALLY FRACTURED, WITH MEDIUM 
BLUE GRATIN 6/14 HARD CHERT FILLED 
VOIDS, 60x OF CORE IS CHERT. 
70.7 FT HORIZONTAL FRACTURE SURFACE 
COATED WITH BLACK(NI) ORGANIC MATERIAL. 
BOTTOM Of BORING AT 74.0 FT. REAMED 
HOLE TO 8-1/2 INCH AND INSTALLED 2-INCH 
316L STAINLESS STEEL NIMITORING WELL 
SCREENED FROM 62.8 TO 72.8 FT. 

50 FT NORTH OF TRUCK DOCK 

583.7 

579.0 

LIM NO PM CNA P1'- 
VT106 Mr tit 

ilkageDr  MIL • 
 AMU:A  Mt  
NM ND. 

DA-1 

A- 7 0 



I 

GEOLOGIC DRILL LOG ORD.ECT 
FUSRAP - WELDON SPRING SITE 

J 	NI 
14501-201 

facET NO. 
I 	OF 2 

HOLE ND. 
GMW-12 

SITE 

SOUTH OF FROG POND 
COORDINATES 	 , o 

N101,050 	W49,643 
APCLE FROM WAIL 

90 
&ARM 

- 

B  

6/26/86 
031irlD  

1/11/86 
DMLIB 	GEOTECHNOLOGY 

INC. 
DRLL SAXE AN) MOM 

MOBIL B-51/CME 750 
HOLE SIZE 

6'/3' 
MERMEN (FT.) 

25.5 
ROCX VW 

34.5 
TOTAL DUN 

60.0' 
COME NECOVERTPT✓D 

3215/93 
CORE BOXES 

4 
MAPLES 

6 
EL. TOP OF CASING 

- 
GROUND EL. 

636.2 
DEPTH/EL GFIXIUND WATER 

26.09/610.11 
OEPTIVEL. TOP CF ROCX 

25.5'/610.7 
SAAPLE NAMES VEIGHT/FALL 

140 LBS/30 i1 
CASING LEFT IN MOLES DU./LENGTH 

21/6L0' 
LOGGED BY1 

A.ATKINSON/LBERGLUND 

r 
i g 
" 

li 
: 
1  

' 
! 
8  

_W  
.E 
Oi  

g , 

8 IS 

PRESSURE 
 

RATER 

TESTS 
ELEVATION 

cic 1 v..,.. L. 

. 
. 

8 ... 

i 
g DESORPTION AND CILASSFIGATION 

OtARACTER OF  

NOTES Ook 
LATER LEVELS. 
WATER RETIOIN. 

(SWUNG. ETC. 
, 

'!'' m21  1S1 6' " DV 6' g i 3RD 6' 

cn 
m 

to 

 630.2 

616.2 

610.1 

601.2 

- 

-  v, __ 

0 TO 6.0 FT CLAYEY SILT, BROWN 0-25.5 FT DRILLED 
WITH 6IN OD HOL-
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT BORE 
HOLE WAS RADIO-
LOGICALLY LOGGED 
BY EBERLINE 
ANALYTICAL 
CORPORATION. 

25.5 FT AUGER 
REFUSAL, PERFORMED 
INTERFACE PERM-
EABILITY TEST. 

BURLINGTON/KEOKUK _ 	Fm. 
1L7/18/86 

(10YR 4/2), MEDIUM STIFF, MOIST. 

SS . 18' 15' 10 3 5 5 

.,c  
Ln = 
IP  

6 	../, 

10 

15 

.") 

/ 

1111 
v, 

6.0 TO 20.0 FT SILTY CLAY, MOTTLED 
BROWN-ORANGE-GRAY(10YR 5/6), MEDIUM 
STIFF. TO HARD, MOIST, OCCASIONAL BLACK 
(NI) MANGANESE OXIDE FILLINGS, SAND 
SIZE ROCK FRAGMENTS, 	IRON OXIDE NODULES. 

, 	, 

13.5 TO 	14.7 FT(10YR 4.5/3). 

14.7 TO 15.0 FT WHITE(N9) ANGULAR CHERT 
FRAGMENT. 

18.5 TO 20.0 FT()0YR 5/5) 	OCCASIONAL 
DECOMPOSED CHERT FRAGMENTS. 

SS 
2' 18' 16' 12 

ST 18' 16 •  

LD

3'  

i 	.% v) " 

SS 
2' 18' 17' 37 4 	1 6 31 

.: U, 

SS . 18' 16' 8 6 4 4 
20 

2555 

30 

0 11  '', ■ *  
► i 
■4°A.* 
illi 

20.0 TO 25.5 FT GRAVELLY CLAY, BROWN ..1 
" s (10YR 4/3), HARD, WITH WHITE(N9) 

ANGULAR CHERT FRAGMENTS. 

SS2" 4'  ' 50/4'-50/4' - - 
.c 

u:0", 
" 25.5 TO 50.5 FT LIMESTONE 	DUSKY YELLOW 

NXB  3 3.5'3.2' 91X 

wows 
immil 
MIMI 

(5Y 6/4) TO MEDIUM LIGHT GRAY(N6), 
MODERATELY WEATHERED, MEDIUM HARD, 
HORIZONTALLY FRACTURED, WITH HARD,
MEDIUM LIGHT GRAY(N6) CHERT INTERBEDS 
AND FILLED VOIDS. FEW SOLUTION CAVITIES 
AND VUGS, SOME CONTAINING CLAY FILLING 
FRACTURE FREQUENCY DECREASES WITH DEPTH 
WITH SOME FRACTURE .  SURFACES COATED WITH 
CLAY. 
25.9 TO 29.0 FT CORE IS 40X CHERT. 
33.0 TO 33.5 FT 6-INCH DIAMETER VOID. 
34.0 TO 35.0 FT OPEN CAVITY,COATED WITH CLAY. 

-.-=-  

25.5 TO 60.0 FT 
CORED USING NXB 
WIRELINE DIAMOND 
IMPREGNATED CORE 
BIT AND FRESH 
WATER. 

NXB 
3 5'  3.6' 72X 

- ■  6
-.

.  

as  
ill 

35 
3StSPLfT SPOON STrSIELEIT TLIEEs 
0.0000SON: P4TICKRICL-OTNER 

SITE 
SOUTH OF FROG POND 

HOLE NG. 
GMW-12 

I 
I 

A- 7 1 



GEOLOGIC DRILL LOG PROJET 

FUSRAP - WELDON SPRING SITE 
am ml 

14501-201 
sma7 m% 

2 of 2 
MEW). 

GIAW-12 

04  w  

" I 

V : 
t 

i 

 ii r 
6  
lig' uilk 

[5) § 

W a )- 
u 
-g 

WATER 
PRESSURE 

TESTS 
ELEVATION 

6012 35 
5 

DESCRPTION MD CLASSIFICATION 

NOTES COI: 
WATER LEMS. 
WATER RETIAN. 
CKARACTER OF 
DRILLING ETC.  g E  

W 
 '71 

1  35  ' 5.0' 100X 

585.7 

576.2 

40 

45 

I 	I 3 5 .7 TO 37.5 FT 2-1/2 INCH DIAMETER 
CHERT NODULES. 
37.5 TO 39.4 FT CORE IS TOY CHERT. 

39.4 TO 45.0 FT CORE IS 207: CHERT. 

47.6 TO 50.5 FT EXTREMELY WEATHERED 
ZONE. 

AP 	LP 	ROO 

	

RUN 	(FT) 	(FT) 	(X) 

	

i 	0.2 	0.5 	34 

	

2 	0.3 	0.7 	47 

	

3 	0.25 0.5 	18 

	

4 	0.250.45 	24 

	

5 	0.200.35 	12 

	

6 	0.15 0.3 	0 

	

7 	0.i5 0.4 	22 

	

1 	0.3 	0.6 	37 

	

S 	0.25 0.5 	65 

1 

1  
I 	I 
1 	I 

1 [I 1  

um 

B 
3' 2'  1.9' NI 

NXB 
3' 3'  3.0' 11111 -- 

ow' 1' 0.65' 65X 1111 	' 
MIMI 

N XB 
3' 5' 4.9' 98X 

= _  _  
I 

I 	1 
I 

1 	1 
1 

[ 	1 
1 	• 

1 
1  

NXB 
3 

5' 4.9' 98X 

50.
50 

 5 

55 

I 
1 

50.5 TO 60.0 FT LIMESTONE, MEDIUM I 	I 
I 
 LIGHT GRAYtN61, SLIGHTLY WEATHERED, 

MODERATELY HARD, SLIGHTLY FRACTURED, 
WITH MEDIUM BLUISH GRAY(58 5/1) CHERT 
FILLED VOIDS. 
53.8 TO 59.0 FT BROWNISH GRAY(5YR 5/I) 
EXTREMELY WEATHERED, SOFT, WITH MEDIUM 
BLUISH GRAY(5B 5/I) CHERT FILLED. VOIDS 

7. MAKING UP 40 TO 50 	OF CORE. S 

22 20 

c' 
MOMMO = 

ALL SOIL AND ROCK 
COLOR DESCRIPTION. 
FROM THE ROCK COLOR 

NXB 
3' 

5' 5.0' 100X 

MIN 

i 
1 	cr. 1 

t 

cc 
I 	1 

I 
I 

60 
BOTTOM OF BORING AT 60.0 FT. REAMED 
HOLE TO 8-1/2 INCH DIAMETER AND 
INSTALLED 2-INCH 3161 STAINLESS STEEL 
MONITORING WELL SCREENED FROM 48.0 TO 
58.0 FT. 

AP•AVERAGE LENGTH OF CORE PIECES FROM 
EACH RUN. 
LP:LONGEST PIECE OF CORE FROM EACH RUN. 
ROD-ROCK OUALITY DESIGNATION FOR EACH 
RUN. 

CHART, PRINTED BY 
THE GEOLOGICAL 
SOCIETY OF 
AMERICA, 	1948. 

SS4PLIT SPOON, STrS ►la.BT TLBE: 
D.DONSOTt P-43TTOfh IMFTHER 

SrTE 
SOUTH OF FROG POND 

KU AO. 
GMW-12 

A - 7 2 



GEOLOGIC DRILL LOG PIIerEcT 
FUSRAP - %ELDON SPRING SITE 

JOB Mi. 
14501-201 

IllErT el 
$ .2 

KU ma 
GIN 13 

SITE 

OUTSIDE OF FENCE NE OF BLDG. 404 
CCIDIMATES 

N100,819 	W49,539 
MLLE fb kerft2. 

90 
IlEADDC 

- 
MLR 

6/26/86 
°PIPIT°  
7/16/116 

WSJ" 	GEOTECHNOLOGY 
INC. 

MILL WA! API  °Ca 
WOK B-57 

WU SIZE 

6'/3' 
OKIIIMOI Fl) 

V.5 
KU IFIJ 

42.5 
rm. DEPT■ 

. 	70.0' 
MK IECDVERTFIJX) 

40.3/95 
CtilliE SOTS 

5 
SA/Ma 

6 
EL. Ttf,  Of CASaM 

- 
Mat EL 

645.5 
113011441. NUM NATO 

39.6'/605.9 
EPINAL Tte Cf PI= 

27.5'/618.0 
WmPsi 'torn it Nott/TAu. 

MO LBS/30 IN 
Wee LET of NCLE,DBA...EICTN 

2V69.01  
LOAD DTI 

LATKNSON/EUPARNSH 

; 
w 1 

i  

I 

E 
It 

$f 

SOP 
PIIESSkfiE 

litlaTew 

cAc c 
.,....... 

DESCAPTEs MO CLASSIFICATION 

MOTU OPt 
WV LINCS. 
van" ROOK 
alANACTUt Of 
iscias. rrc. 

IT I . ic i. 

.1 	1 
so le 

../ up pc 
up 

636.9 

628.5 

624.5 

618.0 

610.5 

8 . 6  

10 

15 

77 
y,y,  

0 	TO 8.6 FT CLAYEY SILT. MOTTLED IAN 0-27.5 FT DRILLED 
WITH 6IN OD HOL-
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT BORE 
HOLE WAS RADIO-
LOGICALLY L 
BY EBERLIAE

OGGED 
 

ANALYTICAL 
CORPORATION. 

27.5 FT AUGER 
REFUSAL. 
BUIt1NGTMEOKUK F 

27.5 TO 70.0 FT 
CORED USING NXB 
WIRELINE DIAMOND 
IMPREGNATED CORE 
BIT AND FRESH 
WATER. 

AND GRAY(1DYR 4/4), VERY SOFT. 

SS 
2' 18' 	5' 3 3 1 2 

uK y, = 
ID 

SS 
2' 18' 	14' 13 6 

__ 
•- , 
yl 

' '''' 
up 

8.6 TO 11.0 FT CLAYEY SILT, MOTTLED 
STIFF, COMMON DARK REDDISH BROWN 
(OR 	I 	NODULES. 
8.I6 

TO3/4)  
10.D FT

RON 
 DARKGREENISH CRAY 

(5GY 3/1) TO OLIVE BROWN(5Y 3.5/6) 

13.5 TO 15.0 FT YELLOWISH GRAY(5Y 8/1) 

Ili 
ST 
3' 24' 	19' 

SS 
2' 18' 14 5 7 

17  

20 

IFOOF 
.000. 

/- 
. 	:!. 

7 
1.2 

17.0 TO 21.0 FT SILTY CLAY.  MOTTLED. 
VERY STIFF. WITH WINITE(N9) SAND SIZED 
CHERI FRAGMENTS, OCCASIONAL BLACK(141) 
MANGANESE OXIDE STAINING AND FILLINGS. 
18.5 10 20.0 FT NDTTLED ORANGE(10YR 5/6) 
AND LIGHT OLIVE ORAY(5Y 6/I). 

SS 
2 1  18' 	20' 16 4 9 

..: 
un pc 
1p 

21 
• 	ir 
41: 
h4td, 
k,04.n 
P.,1;00v) 
° 	lfr ul  k.44 
44 
:lig 

21.0 TO 27.5 FT GRAVELLY CLAY, MOTTLED 
YELLOWISH GRAY(5Y 1/1) AND DARK YELL - 
WISH ORANGE(10YR 6/6), VERY STIFF, 
ANGULAR WHITE(N9) AHD MODERATE YELLOW-
ISH BROWN(10YR 5/4) CHEAT FRAGMENTS, 
TRACE TO SOME SAND. 

SS 
2'  18' 	11' 27 12 9 18 

up 

NXB  

NXB 
3 1  2.5'2.2' BBX 

' 7. 

aim 

21.5 TO 60.0 FT LIMESTONE, PALE YELL- 

35 

mom Imi OWISH BROWN(10YR 6/2) TO LIGHT OLIVE 
GRAY(5Y 6/2), MODERATELY WEATHERED, 
MODERATELY HARD, MICRITIC, VARIABLY 
FOSS1LIFEROUS, STYLOLIIIC, ABUNDANT 
CHERI AS NOOLLES AND REPLACEMENT BEDS, 
RANGING IN COLOR FRON VERY LIGHT GRAY 

TO WHITE(N9), HARD. 

Imo 
ommul 
immilm  

3'  5.0'4.6' 92X 
mime 

in= 
11111 

StaSPUT SPOCaST.SHELNY TISEI 
INOENNECINI POTT NEN( CoOTNESt 

tfTE 
OUTSIDE OF FENCE, PC OF SLOG.404 

NOLL NO. 
GMAT-13 

A- 7 3 



GEOLOGIC DRILL LOG PROJECT 

FUSRAP - WELDON SPRING SITE 
JOB NO. 

14501 - 201 
SMEET NO. 

2 or 2 
MOLE NO. 

GAIN-13 

u 
4.7  

E &- 
g  „E 
i.. 	18 
w  ..., 	..g 

In  

.in 

i 
i i 
g v 

WAT) 

. 	TESTS 
 PRESSURE  

ELEVATION 

610.5 35 

. ..4 CESCRPTION AND CLASSIFICATION 

NOTES ON1 
VAT ER LE VI:LS. 
WATER RETURN 

ER or CHARACT  
CRILLING. ETC. , n _  

NXB 
5.0' 4.8' 96Y. 

585.5 

575.5 

46  

I 	I 

* 40.0 TO 48.5 FT CORE IS 50% CHER7. 

49.0 TO 55.0 FT YELLOWISH ORANGE 
(10YR 7/6), 30 TO 40 7 OF CORE IS CHERT. 

55.0 TO 60.0 FT CORE IS 50 TO 607 CHERT. 

3'  

a  7/3/86 
:Fr 

Al' 	LP 	ROD 

	

RUN 	1FT) 	(F7) 	(X) 

	

1 	0.1 	0.5 	29 

	

2 	0. 2 	1.1 	47 

	

3 	0.3 	1.1 	55 

	

4 	0.4 	0.8 	50 

	

6 
5 	0.2 	0.8 	30 

0.3 	0.5 	12 

	

7 	0 . 2 	0 . 7
13  

	

8 	0.3 	0.5 	60 

	

9 	0.5 	1.9 	84 

	

10 	0.3 	0.6 	T2 

AP•AVERAGE LEKTM OF ONE 
PIECES ERN EACH RUN. 
t.P.4.taar CORE KM n1CN 

mmolt..:mikrrylxsx- 
ATM FOR EACH Rt1. 

SOIL NO ROM COLOR DESCR 
IPTIONS Pahl DIE ROCS 
couot Oar, PRIM BY 
THEMLOCICAL SOCIETY OF 
AACRICA, 190. 

1 
1 

MI mow 
1111 

NXB 
3' 

NXB 

5.0' 

5. 0' 

4.4' 

4. 8' 

. 
88% 

96% 

0.07 

0.10 

20 

30 

:III  

11111 
45  

11.111 

11111 
MIMI 

I 
I 

1 
1 

i 

NXB3 ' 1.1'  1.1' 100% 
50 

I 
I  

N XB 
4.0'3.6' 90% 

...i 

55 

1 	I 
1 -r 1 1  

3' 
.J1 I 

Im■ 
U 
MOM 

NXB 
3' 

5.0'4.8' 96% 

1 1-d 1N 

Rill .... 
60 

65  

60.0 TO 70.0 FT . LIMESTONE, LIGHT OLIVE 
BROWNISY 5/6), 	SLIGHTLY WEATHERED, 
MEDIUM HARD, FOSSILIFEROUS ZONES. 
ABUNDANT SMALL VUGS (2 TO 5MM), OREN .  
1/2INCH VUG LINED WITH CALCITE, 
STYLOLITIC, INTERBEDDED WITH MEDIUM 
BLUISH GRAY(56 5/1), HARD, CHERT. 	, 

NMI 
C3 

NXB 
3. 5.0' 5.0.' 100X 

I I I 
 

migg 

0.07 

0.08 

20 

30 

7 

N ___
  NEM 11111  

HMOS 

MIN  

5.0'5.0' 1002 

NM • 

1 
1 	i 

i 
1 	I 

r 
I  70 

BOTTOM OF BORING AT 70;0 FT. REAMED 
HOLE TO 8 - 1/2 INCH AND INSTALLED 
2- INCH TYPE 316L STAINLESS STEEL 
MONITORING WELL SCREENED FROM 58.0 TO 
68.0 FT. 

SSASPLIT SPOON; ST.SHELBY 71.13E4 
0.01)040011 P-41TCOER, InTNER OUTSIDE OF FENCE, NE OF BLDG. 404 

KU NO. 
GMw-13 



GEOLOGIC DRILL LOG PRO.ECT 
FUSRAP - tELDON SPRING SITE 

at 141. 
14501-201 

T WE OA 
1 a 2 

ICU NA 
GMW- 14 

SITE 
NE CORNER OF N PARKING LOT 

'COOFDOIATES 
N 100,735 	V 49,186 

MU FM NM. 
90 

WAS 
- 

°E°" 
6/27/86 

COWLETED 
7/7/86 

MID 	GE0TEaisoiDGy 
INC. 

tau ma AOC MODEL 
MOBIL B-57/CME750 

MI SOK 
WY 

OIFUKIMEN VT. 
33,0 

On 0-1.1 

21.0 
TOTAL MTV 

59.0 
Cat ECOatrandi) 

19.7/76 
Cat MOOS 

3 
S 	LFS EL- TOP OF CAWS - 

	

WOW EL. 	'ovum. 

	

647.3 	I 
yaw UM 
41076043 

IliPTIVEL TIP CIF MOM 
33.0/6143 

SAKE MANED VEIDIT/f &I. 
140 LBS/30 14 

CAM LEFT 111 NOM DIOJIDGTH 
r/59.0' 

LOOSED DTI 
L ATKINSON/ E. KRUM 

i 

i I 

6,1 

5  I i 
1 

at i, u; 
i P 

NEssiocuinvt  
TENTS 

CLEVATKOI 

647.3 0 

2 Kicarna• NO CLASSIFICATION 

wms, crol 
1111111% LEVELS. 
WIN MUM. 
MOLTER or 
MAL ETC. g 	2( 

zb 
111 fr 

1; 
r tic r 

gal 
so r 

646.1) 

636. 8 

626.3 

614.3 

612 . 3  

0.5 I II U 0 TO 0 FT CLAYEY SILT. ELACI(NI), WITH 0-33.0 FT DRILLED 
WITH 61N OD NOL•• 
LOW STEM AUGERS 
USING CENTER PLUG. 

0 TO 10.0 FT BORE -  
HOLE WAS RADIO -
LOGICALLY LOGGED 
BY EBERLDE 
ANALYTICAL 
CORPORATION. 

RESIDUUM 

33,0   FT AUGER 
REFUSAL , PERFORMED 
INTERFACE PERM-
LABILITY TEST. 

But iNcrowKEom 
FM. 

10 

2 

cv 
tA 

ROOTS AND OTHER ORGANIC MATERIAL. 
0.5 TO 10.5 FT CLAYEY SILT, MOTTLED 
CRAY AND BROWN(10YR 4.5/3), MEDIUM 
STIFF, SMALL IRON OXIDE NODULES,OCCAS 
SIONAL ANGULAR ROCK FRAGMENTS. SS 18' 11' 25 4 15 10 

P 18 '  14' T 3 

1° 6:2 10.5 TO 21.0 FT SILTY CLAY, MOTTLED 
/u 

Is  

20 
, 

2. 

33  

35 

1111L 

0"..  

0 10! 
o'r 4i, ;; ! 

‘1;00 1 
11,4015,  
:p 
W 1...* 
:111 
:1g 
ted. 

- 
" 

i" 

w. 

GREENISH GRAY(5CY 6/1) AND DARK YELLOW -  
ISM ORANGE(10YR 5/6), SOME SAND SIZED 
PARTICLES, AND BtACKINI/ I MANGANESE 
OXIDE STRINGERS AND FILL INGS. 

56.0 TO 59.0 FT FEW THIN ZONES.OF 
DECOMPOSED LIMESTONE. 

AI 12 13 

SS 2. 18 '  13' 26 15 9 17 

.1 tn 
lc  
%ID 

SS2 9' 9.5' 50/3' 10 50/3' •-• 

ID 
21.0 TO 33.0 FT GRAVELLY CLAY, DARK 
YELLOWISH ORANGE(10YR 5/6), VERY STIFF 
EXTREMELY WEATHERED, ANGULAR, VERY PALE 
ORANGE(10YR 8/6) CHERT FRAGMENTS 
RANGING FROM PEBBLE TO SAND SIZE. 

SS2 4' 50/4' 50/4 

SS 
2 18' 13 '  22 16 10 12 

M
• 

MOB 2 '  0.8 '  40X 
R..010 35. 0 U61.110 (ie. 	I - opipyisn 
Hawgi laitsi it,r, .Ai 448 ),..65, 1NTERBEDS 

EWA/ 
ilkis 
'di w 

Sf•SKIT WOO* ST•SICLIPT MEI 
loCIFJOIS016 Purr OM OsOTIO1 

IOU I 	NORTHEAST CORNER OF NORTH PARKING LOT 
IOU M. 

Olt! - 14 

A- 7 5 



GEOLOGIC DRILL LOG 1910.EC1 
FL1SRAP - WELDON SPRNG SITE amWA 

WI 
F201 

NW Oa 	IIIME 
2 	2 a 

101 
IDIV-14 

F 
I 

11  
11  

1  k = it 
1 
i 

f 
4  ". w 
A  

1 g w 
' 

VATDI 
MUM 

Inn 
ELEVATION MOWN Ale CiASSFIC ►TCII 

10TEI ON 
NM MIL% 
MATER 11E71011. 
COMM OF 
OILLIO1. DC. gag 

• ... 

5' 3.V fold 

588.3 

_  717 
if R 
U 

2 
* 

R 
U 
N 
. 

3  

R 
1.1  
N 

4 

35.0 TO FT LIMESTONE. 	 ODERATE ..--J---___ 33.0 TO 59.0 FT. 
CORED USING NTh 
WIRELIKE DIAJOID 
IMPREGNATED CORE 
BIT WITH FRESH 
WATER. 

-2- 	7/7/86 -- 

N 	LP 	NO 
jp( 	(FT) (n) 	a) 

t 	0.1 	0.15 	10 
2 	4.3 	o.o 	50 
3 	0.2 0.33 	37 
4 	0 

o..22 
 0.35 	31 

6 	0.3S 	• 
1 	0.2 	0.4 	40 

I i 	i  YELLOWISH BROW (10YR5/44110DEFLVELY 
TO SLIGHTLY %LATHERED, MEDIUM HARD. 
SLIGHTLY FRACTURED, WITH HARD , LIGHT 
MAY OM CHERI FILLED VOIDS, 
HORIZONTAL FRACTURES CONTAIN CLAY 
FILLING. 
36.0 TO 30.0 FT CLAY SEAM. 

40.0 TO 45.0 FT CORE IS 60X CHERI. 

44.0 FT VL1GS WITH QUARTZ AND 
CALCITE CRYSTALS. 

45.0 TO 49.0 FT FEW THIN MILS WITH 
DECOMPOSED LIMESTONE AND ANGULAR 
DERT FRADENTS. 

49.0 TO 50.0 FT 	ILDIUM LIGHT GRAY 
46) DECOMPOSED LIMESTONE WITH 

FRACTURED CART. 

50.0 TO 55.0 FT 	MODERATELY FRACTURED 
WITH, CLAY FILLING, CORE IS 50X CHEM. 

56.0 TO 59.0 FT FEW THIN IDES OF 
DECOMPOSED LIMESTONE. 

-... 

40 

_.:._` 12, 
' 	I R  

e 
3 ' 3.5' 70X 

-, 

50 

5-4,-1--L-i--  
I 

3.5 
3 ' 75 
2.7 

10 
20 

10 
5 

S 

NXB 
3' ' 3.5' TOX 

.,...rh 

-4-T-L1 

1 
I1 

-N-1-1-1 
► 

R 
U 
N 

5   

R  
N  

4  

\-- 

NXB ' 4.6' 92X 

i 
1 

) 

., 

1  
''''-1-1 

i 	1 
- ...r...Lt  

55 :\■....1_11  

NX . 4' 4.0' 100X 

1  1 	I6 
1  59 J  

.,
- 
_ 
- 

- 

- 
_ 
- 

- 

..J 

- 

BOTTOM OF BORING AT 59.0 FT. 	REAMED 
HOLE TO 8-1/2 INCH AND INSTALLED 2-INCH 
316L STAINLESS STEEL MONITORING HELL 
SCREENED FROM 48.0 TO 58.0 FT. 

AP•AVERADE LENGTH OF CORE PIECES FROM 
EACH RUN. 

LP.LONGEST PIECE OF CORE FROM EACH RUN 

ROD• ROCK QUALITY DESIGNATION FOR EACH 
RUN. 

SOIL AND ROCK 
COLOR DESCRIPTION 
FROM THE ECIL 

PRINTED BY THE 
GEOLOGICAL 
SOCIETY OF 
AIERICA, 	1948. 

SSASIMT IIPOCI4 17411LOY lUll. 
wawa wasta Conn NORTHEAST CORNER OF NORTH PARKING LOT 

ISLE IA 
GOWN 

A- 7 6 



GEOLOGIC DRILL LOG PROSE? 
FUSRAP .• WELDON SPRING SITE 

WW ow. 
14501 - 201 

Wm Im. 
I 	of 3 

NW/ wi. 
GMW- 15 

Silt 
ACROSS INTERSECTION FROM BLDG. 412 

COOKINATES 

N100.100 	W50.550 
*ALE FROW OOPS. 

90 
OEMING 

- 

MVO 
6/27/86  

COMPLETED 

6/30/86  
CALLER 	acriEcioaDcy INC. 

• KURT JAEGER 
DOLL Ma 1.10 ISCEID. 

CME -45 
MOLE sar 

6'/3' 
ovamunom frr.) 

45.5 
Ma V1J  

40.0 
TOTAL DEPTH 

80.5' 
CM INECOMORTO-1173 

33J/75.2 
UK OOXES 

4 
SAMs 

8 
El. TOP OF CAW 

- 

COCOLK 11. 

657.4 
CEPTIVEL. Wain VATER 

53.4r/603.99 
sErnon.ur OF Id= 

45.5761.9 
Sara MAIER SETSKT/TM.L 

MO LBS/30 IN 
CAM WI 011 NOLE. ON./LDISTV 

2'/78.5' 
LOWED Ws 

.L.E.IIAISER 

rP 1 
I a 

vi - 6 i 
E  

&& 11 w 65  
 

i 

1 - b 
1 1  

PICTURE 
TESTS 

slum 

657.4 

warm me 0.Assrege, 
MOM COO 

' 	IITER LEVELS. 
 Wilt MAK 

elliftACTER OF 
MM. ETC. § a 4  ..a 	ti  

ET it' 
..rSi 

210 r MO 4' 
.., LA 
at 

is. 

656.9 

623.5 
622.4 

0.5 

10 

15 

20 

25 

53.9 
35 

upwr  pr  1101 

/ 

4
. . V 

.-- 

0.0 TO 0.5 FT GRAVEL AND - CLAYIGC). BLACK 0-36.5 FT DRILLED 
WITH 6IN OD HOL •• 
LIWINSGTELITI:E:LSAJG.  

0 TO 10.0 FT 
BOREHOLE WAS 
RADIOLOGICALLY 
LOGGED BY 
EBERLINE 
ANALYTICAL 
CORPORATION. 

• 

(NI) TO BROWNISH BLACAI5YR 2/1). SILTY 
CLAY IIITR7 . 1tl.:4CFSRAGNENTS OF LIMESTONE 

0.5 TO 33.9 F7 	SILTY CLAY(CL). 
P 18' 2' 6 4 

, 
YELLOWISH CeANGE(10YR 6/6) MEDIUM 
PLASTICITY. STIFF. MOTILED(WITH MEDIUM 
GRAY CLAY(N7) CONTRIBUTING TD MOTTLING. 
TRACE LINESTONE/CHERI FRAGMENTS AND 
LIMESTONE NODULES(SAND SITE). LOCALLY 
BLACK OXIDE STAINS OR DEPOSITS. 

20.0 FT CLAY BECOMING STIFFER. 

28.0 TO 30.0 FT SILT INTERBEDED, MOTTLED 
LOW PLASTICITY. 

.t ol 
:c 

UP 

. ' 

w 

P 18' 14' 12 
' 

lb Et 
ll) 

Al) S 

ST 24' 23' 96 

SS 2. 18' 16' 14 4 6 8 

Et LA 
= 
a 
to 

SS 
2' 18' N.R. 

I 
13 8 

IS 18 . 18 . 5 - 71 310 5  7 10 

a ..c 6n Ao = 

SS  18 8  18' 24 5 10 14 

0 
s 
IA 

P 18' 18 '  31 10 17 14 

wx 6n = 

33.9 TO 45.5 FT GRAVEL AND CLAY(GC): 
YELLOWISH ORANCE(10YR 6/6). SCFT, LOW TO 
MEDIUM PLASTICITY. WET. CONTAINS SS 

2' 5' 5' 504 50/5' 

SSESPUT Wen SleStELOT TUOE4 
PIODOOSCOO P.PIT ME* 0.0TM 

RTE 
ACROSS INTERSECTION FROM BLDG. 412 

NM OD. 
GMW- 15 

■ 

A - 7 



6 
; 5 
r 8  

•CL DEM 

2 a3 

75 

36.5 FT AUGER 
REFUSAL, PULLED  
AUGER BACK TO 
35.5 FT AND RAN 
INTERFACE 
PERMEABILITY TEST 

36.5 TO 110.5 FT 
CORED USING NXB 
MELD( DIAMOND 
IMPREGNATED CORE 
BIT WITH FRESH 
WATER. 
44.5 FT CIRCULATION 
FLUCTUATING. 
IURLINGTOIVKIOU1K 
46.0 FT TOTAL 
LOSS OF 
CIRCULATION. 

. 11Z8/1/86 

AP LP in) Bur (IT) (IT) (X) 

	

4.$ 0.
0

1 	0 
0 2 S  

3 4.1 0.2 30 
4 	0.2 0.6 67 
5 	0.3 1.0 53 
6 	0.3 1.4 53 
7 0.3 0.S 66 
1 4111 0.3 
9 	0.2 0. 	56 
10 	0.3 0.6 	60 

1 

1 

• 

GEOLOGIC DRILL LOG 
mum 

MOMUJE 
nsTs 

EMOTION 

622.4  

110.ECT WOLF NI 

GNW-15 

-0 	I 
IIESCAPTOM Alt CL ASSIF1CATCO 

FUSRAP - WELDON SPRING SITE 

I 

14501-201 

HOTEL ON 
IIATTO LCYCLS. 

ETUFIN 
CallOACTD OF 
ONL116. ETC. 

5 
A 

 

1 

NXB 

5.0' 4.5' 	9014 

5.0' 3.4' 67X 

5,0' 5.0' 100X 

4.0' NR 	tit 

4.0'1.8' 	45x 

2.0' 2.0' 100X 

0 	10 

0.96 20 

0.42 	10 

5.0 4.8 96X 

1.5'0.5' 30X 

5.0 5.0 100X 

	

17.9 	10 

	

19.8 	20 

	

17.9 	10 

5 

ANGULAR FRAGMENTS OF LIGHT CRAY(N) 
LIMESTONE AND CHERI. 

45.5 TO 70.4 FT LIMESTONE  LIGHT BROWN-
ISH GRAY(5YR 4/1) TD YELLOWISH ORANGE 
(10YR 5/41. NOD. TO SEVERELY WEATHERED 
MED. HARD TO HARD. CLOSELY TO MOD. 
FRACTURED WITH FRACTURES 104 T0 306  
FROM HORIZONTAL. BOTH BLACK AND RUST 
COLORED STAINING ALONG SOME FRACTURES. 
CHERT LAYERS AND LENSES. 
51.0 TO 51.9 FT CHERT WITH PUGS. 
54.2 TO 54.3 CHERT WITH VUCS. 
DISTINCTIVE CHERT INTERBEDS: 
54.0 TO 54.3 FT. 
54.7 TO 54.9 FT. 
68.2 TO 70.5 FT. 

70,4 TO 80.5 FT  LIMESTONE.  WHITISH 
GRAY(N8). SLIGHTLY WEATHERED. HARD. 
MODERATELY FRACTURED. WITH LENSES AND 
IKTERBEDS OF BROWNISH GRAMYR 4/1) 

611.9 

587.0 

582.4 
SS4PLIT SPOON ST■SIELOT TIME' 
ON:DDISON NOMAD% OWNER ACROSS INTERSECTION FROM BLOC. 412 

1114.7 ID. 
C1119-15 

A- 7 8 



i
GEOLOGIC DRILL LOG a 

"KIR 	FUSRAP - WELDON SPRING SITE 
as PC. 

14501 - 201 
SHEET 	. 

3 or 3 
NMI NO. 

GMW- I5 

r ; 

bi a. 

is 
5  

gi 
611e 

 g r & 

, 	.., w 

11.1 
C .4E:0 

,_ 
. 

P 

WATER 
PRESSURE 

TESTS 
ELEvAT 3 ON 

582.4 

iL 
It 

75 

8 ..I 
u •- 

am e * 
v• 

DESCRIPTION A/CD CLASSIFICATION 

tons OM 1 
lielltR LEVELS, 
ANTER RETURN, 
CHARACTER OF 
DRILL INC. ETC. 

z 
PE° 

^.. 

i  c- 'i E" ' R  

I 
ta 1 — 

;7  

a 

CHERI PRESSURE SaUTION CRENULATICNS 
(STYLOLITES). 
VUG O T3.3 FT. 

80 TO BO .3 FT SILT INTERBED .  

AP 	LP 	ROD 
RUN 	(FT) 	(FT) 	(X ) 

11 	0.4 	1.1 	70 
..., 
..\ 
••■ 

..1 

.:1 

5.0 '  4.13' 96 

1  
-.1 I 

ALL SOIL AND ROCK 
COLOR DESCRIPTIONS 
FROM THE 132CLCUR 

i 
1 	1 

i 
I 

80.67M 

... . 
-I 
" -1 
•1 

,..., 

... 

•, 

.7. 

... 

. 

... 

'..' 

•., 

'..' 

..
" 
•• 

. •.. 

' 

BOTTOM OF BORING AT 80.5 FT. REAMED 
HOLE TO 8 - 1/2 INCH AND INSTALLED 2 - INC 
316L STAINLESS STEEL MONITORING WELL 
SCREENED FROM 67.5 TO 77.5 FT. 

APBAVERAGE LENGTH OF CORE PIECES FROM 
EACH RUN. 
LP=LONGEST PIECE OF CORE FROM EACH RUN. 
RODBROCK QUALITY DESIGNATION FOR EACH 
RUN. 

. 

CHART,  PRINTED BY 
THE GEOLOGICAL 
SOCIETY OF 
AMERICA, 	1948. 

SS•SPL IT SPOON; SI •SNELBT TUBE i 
0•11ENNISON, P•P I TCHER; 0•0TIER 

SITE 
ACROSS INTERSECTION FROM BLDG. 410 

ME NO. 
GMW-15 



GEOLOGIC DRILL LOG FROJECT 
FUSRAP - *LOON SPRING SITE 

JON M. 
14501-201 

mart lux 
I 	Mr 2 

lect le. 
G- 10/GNVI'l 

srtE 

MAIN ENTRANCE GATE 
7  13 

N100,200 	V49,050 
Mill Pei Ma 

90 
MOM 

- 

Wail' 
6/17/96 

C°1111111  
7/5/86 

DMWM 	GEOTECHNOLOGY INC. 
K.JAEDER/G.MATTNEWS 

ORLI Ma AM5 NOM 	IOW SOE 
CIE-45/NE-T50 	6-v4y3' 

OMONURNIDI 01) 
23.5 

ROOL fIJ 
405 

ma sem 
64.0' 

cam ratowariff.r0 
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O TO 15.5 FT SILTY cLAY, MODERATE 0-23.5 FT DRILLED 
WITH 6 1/4IN OD HOL-
LOAM STEM AUGERS 
WITH CENTER PLUG. 

0 To IcrT ecREHorg'7  
WAS RADIoLosicALL,  
Local) By EKRLINE' 
ANALTTIcAL COIF. 

23.5 FT AUGER RE 
FUSAL, ATTEMPTED 
INTERFACE PERm- 
NEABILITY TEST, 
WATER LEAKED 
AROUND ()MICE OF 
AUGERS. 
BLPLINGICN/KEOKLIK 
FM. 
23.0 TO 64.0 FT 
CORED USING MXD 
WIRELIKE DIAMOND 
IMPREGNATED CORE 
BIT WITH FRESH 
WATER. 
23.5 FT GEOLOGIC 
BOREHOLE G-10 m 
CONVERTED TO 	- 
MONITORING WELL 
001-17. 

YELLOWISH B. 	(10yR5/4) TO BROWNISH 
CRAY (5YR4/1), MOTTLED WITH MEDIUM 
LIGHT GRAY (11(6) SILT LENSES , MOIST, 
VERY STIFF, OXIDIZED ZONES. 
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15.5 TO 23.5 FT SILTY CLAY, MODERATE 
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BROWN (5YR4/4), MOIST. VERY STIFF, SOME 
SLEROUNDED FINE GRAVEL, PYROLUSITE 
STRINGERS. 
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Na® . l' 0.35 1  35x 23  .5 TO 44.1 FT LIMESTONE.  MEDIUM 
LIGHT GRAY (N6). SLIGHTLY TO MODERATELY 
WEATHERED, MODERATELY FRACTURED 
(APPROXIMATELY HORIZONTAL), AND CLAY 
FILLED WITH LIGHT GRAY (NT), NARD,GHERT 
INTERBEDS, FILLED VOIDS, AND NODULES, 
SOLE ZONES OF DUSKY YELLOW (5Y6/4). 
EXTREMELY WEATHERED TO DECOMPOSED 
LIMESTONE, FEW STYLOLITES , FEW vuCS LP 
TO .5 INCH IN DIAMETER. 
28.5 TO 30.5 FT. 	CLAY SEAM. 
31.0 TO 34.0 FT. 	EXTREMELY WEATHERED 
DUSKY YELLOW (5y6/4) LIMESTONE WITH 
SOME DOT NODULES. 

35.0 FT. 	6-1N01 VERTICAL FRACTURE. 
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GEOLOGIC DRILL LOG PRIM 
FUSRAP - WELDON SPRING SETE 
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 33.0 TO 31.0 FT FEW SMALL VLGS, 	1/11 TO 

1/4-INCH IN DIAMETER, FILLED WITH SOFT 
CALCITE. 
58.0TO 44.0 FT FEW CAVITIES UP TO 
1-1/2 INCH DIAMETER FILLED WITH CHART. 
41.5 TO 42.3 FT THREE,2-INC1( TWICE BEDS 
OF EXTREMELY LATHERED LIMESTONE, WITH
NUMEROUS CHART FILLED VOIDS. 
42.3 TO 42.8 FT DECOMPOSED, DUSKY 
YELLOW(5Y 6/4) LIMESTONE. 
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44.1 TO 61.5 FT LIMESTONE 	DUSKY 

NXB 
3' S' 6.3' 79X 

YELLOV(5Y 6/4), MODERATELY WEATHERED, 
MEDILW HARD, MODERATELY HORIZONTALLY 
FRACTURED, NUMEROLS OIDIUM LIGHT GRAY 
(N6), HARD CHART FILLED VOIDS, INTER-
BEDS, AND NOOLLES. 

52.3 TD 54.9 FT 90X OF CORE IS GRAYISH 
BLUE(5PB 6/2) CRERT FILLED VOIDS AND 
IlOOLLES. 
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SOIL ANC ROC)( 
COLOR DESCRIPTION 
FROM THE Ng 
;me CHART. 
PRINTED BY THE 
GEOLOGICAL 
SOCIETY OF 
AMERICA, 	1948. 
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111111 61.5 TO 64.0 FT .IMESTONE.  MEDIUM LIGHT 
GRAY(N6), WITH GRAYISH BLUE(5PB 5/2) 
CHERI NODULES UP TO 3 INCHES IN DIAMETER, 
 SLIGHTLY WEATHERED TO FRESH, SOME KIRI- 
7ONTAL FRACTURING, SOX OF CORE IS CMERT - 

muiS 
wwww 
!!!!! 
"1'1 
mil".  64 

BOTTOM OF BORING AT 64.0 FT. REAMED 
HOLE TO 8-1/2 INCH AND INSTALLED 2-INC 
316L STAINLESS STEEL MONITORING WELL 
SCREENED FROM 53.0 TO 63.0 FT. 

AP•AVERAGE LENGTH OF CORE PIECES FROM 
EACH RUN. 

LP•LONGEST PIECE OF CORE FROM EACH Rt14 

ROD. ROCK DUALITY DESIGNATION FOR EACH 
RUN. 
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GEOLOGIC DRILL LOG PROJECT 
FUSRAP - WELDON SPRING SITE 
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WITH 6 IN OD Hal' 
LOW STEM AUGERS 
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RADIOLOGICALLY 
LOGGED BY 
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ANALYTICAL 	, 
CORPORATION. 

32.5 FT AUGER 
REFUSAL,PERFORMED 
PERMEABILITY TEST 

BURLINGTON/KEOKUK 
FM. 
32.0 TO 65.0 FT 
CORED WITH NXB 
WIRELINE DIAMOND 
IMPREGNATED CC 
BIT, USING F. 
WATER. 

CRUSHED LIMESTONE, IN MODERATE BROWN 
(5YR 3/4) SILTY MATRIX. 
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MODERATE YELLOWISH BROWN(10YR 5.5/6), 
WITH ANGULAR CHERT GRAVEL. CHERT IS 
DARK YELLOWISH BRDWM(10YR4.5/2) IN THE 
CENTER GRADING TO DARK YELLOWISH ORANGE 
(10YR 5.5/6) STAINED, EXTREMELY 
WEATHERED WITH *ITEM) RINDS ON GRAVEL. 
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ANGULAR CHERI FRAGMENTS, MANGANESE 
OXIDE DEPOSITS ON FRACTURE SURFACES. 
35.0 TO 37.3 FT LIGHT GRAYIN7) CLAY, 
EXTREMELY LATHERED LIMESTONE, AN) 18 7:--4-- 
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  BROMII0YR 5/4), EXTREMELY LATHERED 

TO DECOMPOSED, MEDILN HARD WITH CLAY 
SEAMS AND HORIZONTAL FRACTURES, CHERT 
INTERBEDS AND FILLED VOIDS. 
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57.5 
57.5 TO 65.0 F1 LIMESTONE MODERATE 1  1 YELLOWISH BROwN(10YR 5/4), EXTREMELY 
mEATHERED, MODERATELY HORIZCNTKAY 
FRACTURED,. WITH HARD, LICHT GRAY(N7) 
CHERT FILLED VOIDS, SOME OF WHICH ARE 
INCOMPLETELY FILLED. 
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BOTTOM OF BORING AT 65.0 FT. REAMED 
HOLE TO 8.1/2 INCH AND INSTALLED 2-INCH 
316L STAINLESS STEEL MONITORING WELL 
SCREENED FROM 53.0 TO 63.0 FT. 

AP■AVERAGE LENGTH OF CORE PIECES FROM 
EACH RUN. 

LP ■ LONCEST PIECE OF CORE FROM EACH RUN 

ROD' ROCK QUALITY DESIGNATION FOR EACH 
RUN. 

PRINTED BY THE 
GEOLOGICAL 
SOCIETY OF 
AMERICA, 	1948. 
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--'4ffilimossu rdowillwarry  
EXCAVATION LIMITS 
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SHORING (TYP.) 

11 

12 

13 

14 

15 

16 

IT 

ZONE OF HEAVY 
MANGANESE .  

DEPOSITION 

BECHTEL TRENCH LOG EXCAVATION NO 	7-1  

PROJECT 	%ELDON SPRING 
	
JOB NO 	14501-201 	GROUND EL 	624 	LOCATION N100,546.5 W52,437.5  

DATE EXCAVATED 	5-2-86 	METHOD OF EXCAVATION 	BACKHOE 	DATE BACKFILLED 	5-2-86  

0 	1 	2 	3 	4 	5 	6 	T 	8 	9 	10 	11 	12 	13 	14 	15 	16 	17 	18 	19 	20 

	

MATERIAL DESCRIPTIONS: 
	 HORIZONTAL DISTANCE IN FEET 

(T) TOPSOIL/FILL - BROWN, SANDY, CLAYEY SILT AND GRAVEL. 

CITY INCREASES FROM LOW TO MODERATE WITH DEPTH. DAMP. SOME VERY WEATHERED IRON NODULES UP TO 1/4'0. 
SILT (LOESS) - MOTTLED YELLOWBROWN AND GRAY, CLAYEY SILT/SILTY CLAY, SILT DECREASES WITH DEPTH, PLASTI-

FEW SCATTERED SUBROUNDED, QUARTZ AND CHERT, FINE TO MEDIUM SAND GRAINS. 
(3) CLAY, CHERT BEDS, AND VERY WEATHERED BLOCKS Of LIMESTONE (BURLINGTON/KEOKUK FM. RESIDUUM) - MOTTLED BRICK 

RED (DOMINANT COLOR), YELLOWBRDMN, BROWN AND GRAY (5.0' - 9.7') AND MOTTLED YELLOWBROMN AND GRAY (9.7' - 
15.0')SILTY CLAY. DAMP. LOW PLASTICITY. BLOCKY FRACTURE. LIGHT GRAY, WEATHERED WHITE ON SURFACE, 
HARD CHERT BEDS (-30/. OF EXPOSED UNIT), 1 TO 9 INCHES THICK (2 THICKEST BEDS SHOWN), FLAT LYING. ONLY 
A FEW BLOCKS OF ORIGINAL LIMESTONE REMAIN. THESE ARE WHITE, SOFT, INTENSELY WEATHERED AND SHOW NO STRUC-
TURE, (LARGEST BLOCK WAS -12' X 9'). CONTACT BETWEEN UNITS 2 AND 3 IS MARKED BY AN -2' THICK ZONE OF 
BLOCK CLAY WITH A VERY HEAVY CONCENTRATION OF MANGANESE DEPOSITION. 

WEST END CONSTRUCTION 
SIDE  WEST 	BEARING 	NI°E 	EXCAVATOR 	CO, INC. 	GEOLOGIST  E. BERGLUND  

I 
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B " 1 
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SHORING 
(TYP.) 
EXCAVATION 

15 	
LIMITS 

0 	1 	2 	3 	4 	5 	6 	T 	B 	9 	10 	11 	12 	13 

	

MATERIAL DESCRIPTIONS: 	HORIZONTAL DISTANCE IN FEET 

(I) TOPSOIL - BROWN CLAYEY SILT WITH SOME GRAVEL. 
(:) FILL - GRAY SILTY SANDY GRAVEL. 

O 
SILT (LOESS) - MOTTLED GRAY AND YELLOW ORANGE, SLIGHTLY CLAYEY SILT. SLIGHTLY DAMP. FRIABLE. SOME MAN-
GANESE STAINING. NUMEROUS WEATHERED RUST BROWN IRON NODULES. 

(2) CLAY (FERRELV]EW FM.) - MOTTLED GRAY AND YELLOW ORANGE (LESS MOTTLED BELOW 5.7') SILTY CLAY. DAMP. CON-
COIDAL FRACTURE. MODERATELY PLASTIC. FEW SCATTERED, FINE -  TO MEDIUM -GRAINED, SUBROUNDED SAND GRAINS 
(QUARTZ AND CHERT). FEW VERY WEATHERED RUST BROWN IRON NODULES. 

(:) CLAY TILL - MOTTLED GRAY AND YELLOW BROWN SILTY CLAY, DAMP, MODERATELY PLASTIC, WITH SCATTERED FINE- TO 
MEDIUM-GRAINED, SUBROUNDED DUARTZ AND CHERT, SAND GRAINS, SUBROUNDED TO SUBANGULAR FINE TO COARSE, CHERT 
AND LIMESTONE GRAVEL AND SUBROUNDED COBBLES UP TO 2"X3 1  (CHERT AND LIMESTONE), BLOCKY FRACTURE WITH MANY 
FRACTURE SURFACES COATED WITH MANGANESE. NUMEROUS VERY WEATHERED, RUST BROwN, IRON NODULES UP TO 1/8'0. 

NOTE: 13.5-15.0' INTENSE MOTTLING 9.7-14.2' GRAVEL AND COBBLES 2-4Z 
14.2-15.0' GRAVEL AND COBBLE CONTENT INCREASES TO 20-257. 

DATE EXCAVATED 	4-30-86  

1 0 
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WTHOD OF EXCAVATION 	BACKHOE 	DATE BACKFILLED 
	0 
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5-1-86 

BECHTEL TRENCH LOG 	EXCAVATION NO, 	7-2  

PROJECT 	WELDON SPRING 

 

JOB NO. 	 14501-201 	GROUND El. 	657.  

 

LOCATION NI00,555.5 M50,662. 0  

  

WEST END CONSTRUCTION 
SIDE  NORTH 	BEARING_ 	N8O°W 	EXCAVATOR 	CO., INC. 	GEOLOGIST  E. BERGLUND 

OSS72.DON 
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DATE EXCAVATED 
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BECHTEL TRENCH LOG 
GROUND EL. 	665 . 8  

METHOD OF EXCAVATION 	BACKHOE  

EXCAVATION NO 
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LOCATION 	N98,621 	160,844  

DATE BACKFILLED 	5-1-86  

WELDON SPRING 	Joe NO. 	14501-201 

0 	2 
	

3 
	

4 
	

6 	7 	8 
	

9 	10 	11 	12 	13 	14 	15 16 	17 	18 	19 	20 

MATERIAL DESCRIPTIONS: HORIZONTAL DISTANCE IN FEET 

   

cs 

FILL.  - BROWN, CLAYEY SILT, .DRY, SOME SCATTERED GRAVEL. 
SILT (LOESS) - MOTTLED GRAY AND YELLOW BROWN, SLIGHTLY' CLAYEY (CLAY CONTENT INCREASES WITH DEPTH), 
SLIGHTLY DAMP, FRIABLE, MANGANESE STAINING, MANY VERY WEATHERED IRON NODULES. 	. 
CLAY IFERRELVIEW FORMATIONI - MOTTLED MEDIUM GRAY WITH YELLOW BROWN, SLIGHTLY SILTY, DAMP, MODERATELY. 
PLASTIC INCREASING WITH DEPTH, SCATTERED PIECES OF FINE TO MEDIUM SAND AND ANGULAR TO SLIBROUNDED CHERT 
GRAVEL (1/2' - 2'0). BREAKS CONCOIDALLY. FEW VERY WEATHERED IRON NODULES. MANGANESE STAINING ALONG 
SOME BREAKS. 

WEST END CONSTRUCTION 
SIDE  EAST 	BEARING 	N20°W 	EXCAVATOR 	CO., INC.  

VSSI3.DON 

GEOLOGIST  E. BERGLUND 

B-3 
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BECHTEL TRENCH LOG 	EXCAVATION NO 	T-4  
PROJECT 	WELDON SPRING 	JOB NO 	14501-201 	GROUND El. 	657 . 1 

	
LOCATION  N98,886.5 W50,427  

DATE EXCAVATED 	4-24-86 	WTHOD OF EXCAVATION 	BACKHOE 	
DATE BACKF I LLED 	4-30-86  

0 	1 	2 	3 	4 	5 	6 	T 	8' 	9 	10 	II 	12 	13 	14 	15 	16 	17 	18 	19 	20 

	

MATERIAL DESCRIPTIONS: 	HORIZONTAL DISTANCE IN FEET 
(:) FILL - MIXED GRAY AND YELLOWBROWN SILTY CLAY/CLAYEY SILT WITH DEBRIS (ROCK, GRAVEL, BRICK, WIRE, 

ASPHALT, CONCRETE, RAILROAD TIE). 
CLAY - MEDIUM GRAY MOTTLED WITH ORANGE BROWN, SILTY. MODERATELY PLASTIC, DAMP. FEW SCATTERED PIECES 
OF ANGULAR GRAVEL (3/B' - 3/4'0). FEW VERY WEATHERED IRON NODULES (RED BROWN). 
SILT - DARK GRAY, SLIGHTLY CLAYEY, SLIGHTLY DAMP - CRUMBLY. 
CLAY - MEDIUM TO DARK GRAY. SILTY. MOIST. MANY VERY WEATHERED ORANGE-YELLOW IRON NODULES (1/8' - 
1/4"0). LITTLE ANGULAR MEDIUM SIZED GRAVEL (ONE 4' X 6' CHERT COBBLE OBSERVED). MODERATELY PLASTIC. 
FEW PIECES OF SCATTERED FINE TO MEDIUM SAND. 

it® SILT - MEDIUM GRAY, CLAYEY, SLIGHTLY DAMP, CRUMBLY, FEW SCATTERED PIECES OF FINE TO MEDIUM SAND. 

CC 

CLAY - MEDIUM GRAY MOTTLED WITH YELLOW-BROWN. SLIGHTLY SILTY (MODERATELY PLASTIC) NORTH END OF TRENCH 
GRADING SILTIER TO SOUTH END OF TRENCH (BECOMES LESS PLASTIC). DAMP. FEW PIECEOF FINE TO MEDIUM 
GRAINED, ANGULAR SAND. FEW SCATTERED PIECES OF ANGULAR CHERT & GRAVEL ( UP TO 3/4 1 0). 
VERY WEATHERED, IRON-RED TO YELLOWP-ORANGE IRON NODULES (1/16' - 1/4'0). 
SILT - LIGHT BLUISH GRAY TO MEDIUM GRAY. SLIGHTLY CLAYEY. MET AT NORTH END OF TRENCH 
AT SOUTH END. (SLIGHT SEEPAGE INTO TRENCH FROM THIS UNIT IN NORTHERN PART OF TRENCH). 
BROWN IRON STAINING ALONG A BLOCKY FRACTURE FEATURE. MANY VERY WEATHERED, IRON-RED TO 
IRON NODULES 11/16' - 1/2'0). 

vss,..00, SIDE  EAST 	BEARING  N24°E  	EXCAVATOR  WEST END CONSTRUCTION CO., INC.  GEOLOGIST  E. BERGLUND 

LA-5  C) 

SAME AS 5 EXCEPT. GRADES INTO CLAY WITH DEPTH. (THE 5 - 6 CONTACT IS WELL DEFINED WHEREAS THE 5A - 6 
CONTACT IS GRADATIONAL). 

MANY SMALL, 

TO VERY MOIST 
INTENSE RED-

YELLOW-BROWN 
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PROJECT 	WELDON SPRING 	JOB NO. 	14501-201  	GROUND EL. 	638  	LOCATION .  N101,206.5 W50,411.0  

DATE EXCAVATED 	5-1-86  

 

METHOD OF EXCAVATION 	BACKHOE  

 

DATE BACKFILLED 	5-2-86  
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MATERIAL DESCRIPTIONS:' HORIZONTAL DISTANCE IN FEET 

   

TOPSOIL - BROWN, CLAYEY SILT, SLIGHTLY SANDY, SOME FINE 10 MEDIUM GRAVEL. DRY. 
FILL - MOTTLED GRAY AND YELLOW-BROWN, SLIGHTLY SILTY TO SILTY CLAY, WITH SCATTERED FINE TO MEDIUM 
GRAVEL AND A FEW COBBLES, SLIGHTLY DAMP. 

(J) CLAY (FERRELVIEW FORMATION) - MOTTLED GRAY AND YELLOW -BROWN, SILTY CLAY, FEW IRON NODULES AND RARE 
SAND GRAINS (QUARTZ AND CHERT). DAMP. MODERATELY PLASTIC. 

40 CLAY TILL - MOTTLED YELLOW-BROWN AND GRAY, VERY SILTY CLAY, SAND CONTENT UP TO 5X, SAND SUBROUND, 
MEDIUM GRAINED CHERT AND OUARTZ. DAMP TO SLIGHTLY DAMP, VERY LOW PLASTICITY. BLOCKY FRACTURE WITH 
FRACTURE SURFACES COATED WITH MANGANESE. GRAVEL, COBBLES, AND BOULDERS MAKE UP 10 - 15X. GRAVEL 
IS SUBANGULAR TO SUBROUNDED, FINE TO COARSE GRAINED. COBBLES AND BOULDERS ARE SUBROUNDED AND UP TO 
1 1/2'0. GRAVEL IS CHERT AND LIMESTONE. COBBLES AND BOULDERS ARE VERY WEATHERED WHITE LIMESTONE 
AND GRAY CHERT WITH WHITE WEATHERED RIMS. 

WEST END CONSTRUCTION 
SIDE  SOUTH  	BEARING 	N34W 	EXCAVATOR 	CO., INC. 	GEOLOGIST  E. BERGLUND 

VSS16. 
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I SUMMARY 

A seismic refraction survey was conducted at the Weldon Spring Chemical 

Plant, Weldon Spring, Missouri during the period February 27 through March 

3, 1986. The purpose of the survey is to provide subsurface information 

that will aid in determining overburden thickness, the depth to and 

variability of the bedrock, and any anomalous conditions that are pertinent 

to the site characterization investigation. 

The site is underlain by a sequence of unconsolidated materials 

overlying the Burlington/Keokuk cherty limestone formation. The overburden 

sequence is comprised of six stratigraphic units. The limestone is highly 

variable due to solutioning and other weathering and therefore has a highly 

irregular surface that has been referred to as pinnacled. 

The results of the seismic refraction survey indicate that the 

subsurface can be defined by four seismic layers or units that are variable 

in thickness and velocity in the upper 100 to 125 feet. Generally Layers 1 

and 2, with average velocities of about 1100 feet per second (fps) and 3000 

fps, respectively, predominately represent the overburden but may also 

include weathered bedrock'in the deeper sections of Layer 2. The top of 

Layer 3 is approximately 15 to 45 feet deep and has an average velocity of 

6000 fps. Layer 3 generally represents weathered and solutioned bedrock but 

the shallower or upper portions of the unit could also include more 

compacted or saturated overburden. Layer 4 averages 12,000 fps along 

Profile A and 17,000 along Profile B. The depth to the top is 43 to 110 

feet and represents the harder more competent and less weathered rock. The 
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interfaces representing the tops of Layers 3 and 4 are probably an average 

of the actual conditions which are believed to be highly irregular and 

erratic. Therefore correllations of the seismic data with borehole data 

describing overburden thicknesses and depth to hard rock may vary locally by 

10 to 20 feet in the very irregular areas. 
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II INTROCUCTION 

This report presents the results of ,a seismic refraction survey 

conducted by Detection Sciences, Inc. at the Weldon Spring Chemical Plant 

Site, Weldor. Spring, Missouri. This survey was authorized under Bechtel 

National, Inc. Subcontract Agreement No. 14501-201-SCJ i 176. The field work 

was performed during the period February 27 through March 3, 1986 by Kenneth 

Blom, Principal Geophysicist and.Marty Clasen, - GeophySical Technician, 

Detection Sciences, Inc. with logistical support and field assistance from 

Larry Young and Robert Oreweiler, Bechtel Representatives. 

A. Purpose  

The purpose cf this survey is to provide subsurf lace.information in . 

regards to seismic layers, velocities, and anomalous Conditions that may 

pertain to overburden thickness, depth and variability of bedrock and,' 

groundwater levels. This information will be used with subsequent studies 

for overall site characterization. 
	1 

B. Scope of Work  

The Scope of work includes providing all the necessary personnel and 

seismic equipment to perform the survey, acquiring and reducing the data, 

and preparing the final report. The field work torsil,sted of obtaining 

seismic refraction data along two (2) profiles of 200C and 2400 lineal feet, 

respectively, as designated by Bechtel. This report includes descriptions 

of our methodology and procedures, results, and a discussion of our 
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interpretation of the seismic profiles as it pertains to the geologic 

information provided by Bechtel. 

C.'Site Description  

The site is on gently rolling terrain where surface elevations 

generally range between about 600 and 675 feet above sea level. Previous 

investigations by BeChtel National, Inc. and others have described the 

geologic conditions . in some detail. The lithology includes six 

unconsolidated overburden units that overly the Burlington/Keokuk formation. 

Generally, the overburden is listed (from the ground surface) as consisting 

of topsoil, modified loess, clay (Fetrelview formation), clay till, basal 

till, and cherty clay. Not all of these units are believed to exist 

everywhere under the site, therefore the overburden lithology varies. The 

bedrock is described as a cherty limestone that is gradationally weathered 

and highly variable within the upper 40 feet or so and therefore has a 

highly irregular surface. Competent Burington/Keokuk formation, fine- to 

coarse-grained limestone that is locally fractured and solutioned with 

voids, underlies the gradationally weathered zone. 
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III 	METHODOLOGY 

A. Data Acquisition  

Seismic refraction data was obtained from two profiles referred to as 

Profiles A and B on the Location Map, Plate 1. As initially planned, the 

profiles were to be comprised of 200 ft. long geophone spreads using a 

hammer and plate seismic source. This was based on the assumption that 

higher velocity material (bedrock) is less than 50 feet deep as generally 

defined by previous investigations in nearby areas. However, the 

preliminary in-field analysis of the seismic data following the first day of 

data acquisition, indicated that the higher velocity material was deeper 

than anticipated. This necessitated modifying the approach and using the 

field procedures described below. 

Seismic refraction Profiles A and B are comprised of a total of 8 and 7 

geophone spreads each, repectively. Each spread is a colinear array of 12 

geophones distributed at 25 foot intervals. Shot points were located at 

both ends of each spread 10 feet from the first geophone, making the total 

length of each spread 295 feet. 

Seismic energy was provided by small explosive charges buried in the 

ground at depths of 2 to 3 feet. The explosives consisted of approximately 

one-quarter pound charges of 55% seismic gel detonated by instantaneous 

electric blasting caps attached to a seismograph high voltage blaster. Mark 

Products, Inc. digital grade geophones and a Geometrics ES-1210F 12-channel 

signal enhancement engineering seismograph were used to record the seismic 

data. 
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B. Data Analysis  

The amount of time it takes for a seismic compressional wave to travel 

from a shot point to each geophone in a spread is givenon the seismic 

records for each shot. We plotted these data versus the shot 

point-to-geophone distances in the form of time versus distance (T-D) 

graphs. By fitting straight line segments to the arrival times, we 

identified the various•seismic layers and determined their apparent 

velocities. These parameters and the arrival times served as input to 

computer programs which use both the time-intercept and time-delay methods 

to invert the seismic refraction data. The output consists of tables 

listing the true velocity of each seismic layer and the depth to the top of 

each layer beneath every shot point and geophone. From these tables, 

seismic velocity cross-sections were then constructed. 

In addition, a velocity analysis of the deepest layer in each spread 

was performed. The analysis consists of determining the interval velocity 

of the layer between geophones. This defines lateral variations in velocity 

and aides in correlation between spreads. 

C. Limitations  

Several assumptions and limiting factors should be considered when 

interpreting and/or applying seismic refraction information. These 

assumptions and limitations are inherent to the technique and are common to 

most interpretation routines. They are as follows: 
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1) The seismic velocity increases with depth, that is, the velocity of 
each layer is greater than that of the layers overlying it. If this is 
not the case, then the low velocity layer will not be detected and the 
computed depth to all the layers underlying it will be erroneous. 

2) Lithologic layers will not be individually resolved unless their 
velocity contrasts with that of adjacent layers. Conversely, 
variations in the elastic properties of a given lithologic unit may 
result in two or more seismic layers corresponding to a single 
lithologic layer. 

3) Unless otherwise designated, seismic layers are assumed to have a 
constant velocity along the entire length of the respective geophone 
spread. 

4) Steeply dipping velocity layers may cause inaccurate depth 
estimates. 

5) The depths to each seismic layer may not be straight down if the 
interface is not as deep off to the side of the profile as it is 
directly beneath it. This can be especially true where seismic 
interfaces are extremely irregular. 

6) The velocity of a seismic layer can vary with direction depending 
upon the orientation of bedding planes, joints„ fractures, etc. 
relative to the seismic profile. This can result in a slight' 
discrepancy in the computed velocity and depth of seismic layers 
between crossing profiles. 
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IV RESULTS 

The results of our seismic refraction survey are presented in the form 

of seismic velocity cross-sections as shown on Plate 2. Each profile 

(cross-section) shoWs the position of the ground. surface and the underlying 

seismic interfaces, the velocities of the seismic layers, and the locations 

of the shot points. Also shown are the results of the velocity analysis of 

the deepest layer. This is indiCated along the lower portion of the profile 

as lateral extent and differences in .velocity . below the deepest velocity 

interface. 

The seismic data resolves the subsurface into 4 layers for both 

Profiles A and B. The velocity, thickness or depth, and geologic 

interpretation of each layer are summarized below: 

Layer 1  - 950 to 1200 feet per second (fps); up to 15 feet thick; 
represents topsoil and possibly other loose overburden such as the 
modified loess unit. 

Layer 2  - Velocity ranges between 1800 and 5000 fps with an average of 
about 3000 fps; anomalously high and low velocities are located along 
Profile B; thickness of this layer ranges between about 10 and 43 feet; 
believed to represent predominately overburden material but probably 
includes weathered bedrock along the deeper portions of this unit. 

Layer 3  - Velocity is 4000 to 7650 fps and averages about 6000 fps; 
depth to the top of this layer ranges between about 15 and 45 feet; 
probably represents predominately weathered bedrock, however the upper 
portion may also include more compacted and/or saturated overburden 
material. 

Layer 4  - 8000 to 25,500 fps but averages about 12,000 fps along 
Profile A and , about 17,000 along Profile B; depth to the top of this 
unit is 43 to 110 feet, averages about 55 to 60 feet along Profile A 
and about 70 to 75 feet along Profile B; represents harder more 
competent and less weathered bedrock. 

-8- 
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Reference to the profiles (Plate 2) should be made for specific 

elevations of the various velocity layers and lateral variations along a 

particular profile. Several areas along Profiles A and B should be noted as 

possible anomalous zones due either to noticeable differences in velocities 

or change in depths of the various seismic interfaces. 

Along Profile A there is a significant increase in the thickness of 

Layer 2 and decrease in the thickness of Layer 3 below Shot Point 7. Below 

Shot Point 8 and approximately 50 to 75 feet south of Borings G-2 and G-2A, 

the depth to Layer '4 increases and the velocity decreases to approximately 

8000 fps. Local anomalous areas may be beneath Shot Points 5 and 6 where 

the depth to Layer 3 is minimal. 

Along Profile B, the most noticeable anomalous areas are the 

depressions of the Layer 4 interface east of Shot Point 4 and beheath Shot 

Point 8. A more subtle anomaly is the increase in velocity of Layer 2 to 

5000 fps beneath Shot Point 3. 
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V DISCUSSION 

Our interpretation of the seismic profiles indicates that the 

subsurface conditions are irregular and in many places probably erratic. 

This interpretation is based on high quality data and therefore has been 

little influenced by random error and "data scatter" during the data 

reduction and interpretation process. During this process, however, many of 

the assumptions and limiting factors inherent in the seismic refraction 

technique, as noted in Section IIIC, Limitations, have been strongly 

considered in order to derive a geologically reasonable interpretation. The 

most important of these limitations that may be applicable to the site 

conditions are: 1) it is assumed that the seismic velocity increases with 

depth and that each seismic layer has a higher velocity than the material 

above it; 2) seismic layers are assumed to have a constant velocity along 

the entire length of a particular geophone spread; and 3) lithologic layers 

may not be individually resolved unless they have a velocity contrast with 

adjacent layers. 

A comparison of borehole data (2 boreholes along each profile) with the 

seismic profiles indicates that the contact between the overburden material 

and the upper bedrock surface is probably not clear and distinct along the 

entire length of each profile. Since the velocity in the weathered and 

solutioned bedrock is probably similiar to that in the lower portion of the 

overburden, the seismic interface representing that boundary is probably 

only an approximation. This means that the depth to weathered bedrock (as 

defined geologically) may vary somewhat from what is indicated by the 

-10- 
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seismic profiles. It is conceiveable that locally this variance could be as 

much as 10 or 20 feet. 

The depth to harder, more competent and higher velocity rock, is also 

irregular and probably affected by lateral differences in the weathering and 

solutioning of the shallower rock. Areas along the profiles where the high 

velocity rock is relatively deep indicate zones where the weathering and 

solutioning have affected the bedrock to a greater depth. This seismic 

interface between the lower and higher , velocity rock is also believed to 

represent a gradational zone rather than a distinct change. Therefore, the 

depth to this boundary at a specific locality may vary from what is depicted 

by the seismic profiles. However, the variance is probably less than the 10 

or 20 feet mentioned above for the overburden/weathered bedrock interface. 

Further evidence of the variability in the competent rock is provided by the 

results of the velocity analysis which indicates variations ranging up to 

approximately 8000 fps. 

The difference in the average velocity of the more competent rock 

between Profiles A and B may be related to the profile orientation, since 

the velocity of a seismic layer can vary with direction depending upon the 

orientation of bedding planes, joints, fractures, etc. This is consistent 

with the reported orientation of fracture sets which trend N30 to 72E and 

N30 to 65W. Typically, seismic velocities are slightly higher parallel to 

the structure and lower perpendicular to it. 

C-13 



DETECTION SCIENCES. INC. 

VI ILLUSTRATIONS 
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le 	 FIGURE C-1 LOCATION MAP (PLATE 1) 
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Appendix A 

SEISMIC REFRACTION METHOD 

The seismic refraction method consists of measuring the travel times of 

compressional waves through the subsurface. Seismic wave energy transmitted 

into the ground is refracted along velocity interfaces and back to the 

surface. By measuring the travel time of seismic waves from a source 

(shotpoint) to detectors at known distances along the ground surface, the 

seismic velocities and thicknesses of the respective seismic layers can be 

determined: 

The effective depth of investigation can vary depending upon subsurface 

conditions. Typically, the depth of investigation for a given seismic 

profile is approximately one-third to one-fourth the maximum shot point to 

geophone distance, depending on the velocity contrast between the various 

seismic layers. Large contrasts in velocity can be detected at a greater 

depth than small velocity contrasts. Therefore, the depth of penetration 

can vary from one seismic profileto another. 

Several energy.sources can be used to generate seismic compressional 

waves. The two most common are small explosive charges detonated with 

electric blasting caps or a sledge hammer striking a steel plate. The 

latter is typically used for shallow investigations to depths of about 50 

feet, whereas, explosives can be used for both shallow and deep surveys. 

A-1 
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Shot points are typically located at both ends of a geophone line (spread) 

in order to detect and account for dipping seismic layers. Occasionally, 

interior shot points are located within a spread to more accurately define 

significant lateral velocity contrasts, to account for large topographic 

changes, or to increase the definition of shallow layers. Offset shot 

points located some distance away from the geophone spread can be used to 

attain a greater depth of penetration and to increase the definition of 

deeper layers. However, these do not provide data from the shallower layers 

along the particular spread. 

Seismic refraction data is normally reduced by computer. Prior to 

computer data reduction, the seismic travel times to each of the geophones 

from the shot points are plotted on time versus distance.graphs to determine 

the number of seismic layers and apparent velocities. This information 

along with ground surface elevations is then entered into two computer 

programs which compute the true velocities, the depths to, and/or 

thicknesses of the seismic layers. One program determines the depths and 

thicknesses under the shot points by a time-intercept method (Ewing and 

Press, Encyclopedia of Geophysics, 1961). The second program, referred to 

as the plus-minus method computes the layers under geophone locations for a 

particular spread (Hagedoorn, 1959, Geophysical Prospecting , v. 7, p. 

158-182.). 

The seismic velocity of earth materials is dependent on physical 

Properties such as density, compaction, hardness,.induration, and 

Saturation. Other factors such as bedding fracturing, weathering and 

alteration, also affect velocity. Generally saturated and/or poorly to 

A-2 
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semi-consolidated sediments will have a higher seismic velocity than 

unsaturated and/or unconsolidated material. In regards to bedrock, bedded 

and/or fractured or weathered rock will have a lower velocity than massive 

unfractured rock. Alteration of rock such as solutioning in limestone will 

tend to reduce the seismic velocity. 

Because of the assumptions and limitations inherent to the seismic 

refraction method, seismic models should not be taken as an exact depiction 

of subsurface lithologic conditions. Since seismic velocities are typically 

measured over a large area and are dependant on the in-situ physical 

properties of subsurface materials, they may provide a better indication of 

certain characteristics than borehole data. However, it is best to consider 

seismic refraction models as an approximation of the subsurface geology. 

This is especially true in the absence of correlating subsurface data, or 

"ground truth." Seismic refraction data can best be utilized when it is 

correlated with borings or other subsurface information. This aids in 

eliminating some of the variables and reducing the assumptions that must be 

employed in its interpretation. 
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DISTRIBUTION 

2 copies: Bechtel National, Inc. 
Jackson Plaza Tower 
800 Oak Ridge Turnpike 
Oak Ridge, Tennessee 37831-0350 

Attention: Mr. Mark Jones 
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SOIL TESTING DATA 



 

SOILS ANALYSIS 
PHYSICAL TEST 

  

   

Sample Number: 86-09-309-2IA 	Client I.D.: G-5 SS-3 

 

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	1mm 
Specific gravity if High 	  or Low 	  
Hardness 	Soft, coheswe when wet 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
	 0 

Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
	 0 

Description: 	  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
	 14 

Description: 	Mostly quartz, some limestone 
fragments subrounded and limonite "balls". 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
	

17 
Description: 	 Same as above 
subangular 

Total Sand: 	 31  

Hydrometer Analysis  
Soil was dispersed in . apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-4.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method DS54 

UNIT WEIGHT: Volumetric Method 	  pcf-wet 
pc!-•Iry 

ATTERBERG TESTS: ASTM Method D4313 -34 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-30 

CENTRIFUGE MOISTURE EQV: AST`.1 ■ Iethod D '42 

10/86 

27  
8  

34 
69 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Numbe : 	86 09 310 044 	Client I.D.: 	_G-5-ST- 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	 rn 
Specific gravity if High 	— 	or Low 	—  
Hardness 	 sail aad ciahr...  

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	cuhrouncied limestone grain. 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	Suhrnunded lirnonitic grains.  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: suLanguiartoslibmwasitd cmazilad.  
eithrnitnelPti limActanP_  

Percentages  

<1 

1 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 	 17% 
Description: 	 Same a_s ahnve 

Total Sand: 	 20 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 31  
Clay-(.005mm to .001mm) 	 3  
Colloids-(Less than .001mm) 	 41  
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: .ASTM Method D854 	2.43  

UNIT WEIGHT: Volumetric Method 

  

129.5  
105.4 

pcf-•.%et 
pcf-try 

   

      

ATTERBERG TESTS: ASTM Method D4313-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-30 	 22.9% 

CENTRIFUGE MOISTURE EQV: .\ST‘.1 Method D 425-79 	34%  

10/86 . 

53 
17 
36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sarhple Number: 86-09 - 309 -22A 	Client I.D.: 	G-6- 1 

   

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	  
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages  

Gravel- (Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand- (Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	  

Total Sand: 

Hydrometer Analysis 
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D354 2.67 g/crn 3  

 

     

UNIT WEIGHT: Volumetric Method 

  

pcf-et 

   

pcf-dry 

     

ATTERBERG TESTS: ASTM Method D4313-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-30 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 - 79 	  

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	S6-09-310-02A 	Client 1.0.: 	G-6-3 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 7.0mm  
Specific gravity if High 	

 
or Low 

Hardness 	Soft and cohesive when wet. 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

- Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	Subrounded, granite and  
gneissie grains.  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	Subrounded limonitic and  
limestone grains.  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description:  Subangular quartz subrounded  
_limestone with crinoid fragments (silicified)  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	Subangular quartz, subrounded  
limestone and limonitic.  

Total Sand & Gravel: 	 23 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 12 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 	 ,/ 
Total Silt/Clay/Colloids: 	 —77—  

SPECIFIC GRAVITY: ASTM Method D354. 2.65 ;L'cm 3  

1 

16 

UNIT WEIGHT: Volumetric Method 	136.6  
11C.6 

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

46 
17 
29 

pcf- -.vet 
pcf-dry 

PERCENT MOISTURE: ASTM \'ethod D 2216-80 	 18.0'70 

CENTRIFUGE MOISTURE EQV: ASTM Method D 4 25-79 	36%  	 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	36-09-309-23A 	Client I.D.: 	G-8-1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	5mm 
Specific gravity if High 	  or Low 	2.36  
Hardness 	Soft and cohesive when wet 

Sieve Analysis 
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 	 5 
Description: 	Limestone fragments angular .  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description:  Quartz, rounded, limestone  
fragments angular 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Some quartz, with limestone  
fragments. 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description:  Quartz-considerable organic  
trash. 

Total Sand: 	 14 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt- (.074mm to .005mm) 	 47  
Clay-(.005mm to .001mm) 	 12  
Colloids-(Less than .001mm) 	 27  
Total Silt/Clay/Colloids: 	 86  

SPECIFIC GRAVITY: ASTM Method D354 

UNIT WEIGHT: Volumetric Method 

 

pcf-wet 
pcf-dry 

    

ATTERBERG TESTS: ASTM Method D4318 -84 

Liquid Limit 	 
Plastic Limit 	 
Plastic Index 

 

PERCENT MOISTURE: ASTM Method D 2216-30 

 

CENTRIFUGE MOISTURE EQV: .ASTM Method D 425 -79 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	84-44-4-14-Cak 	 Client 1.13.: 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	1 5.narn 	  
Specific gravity if High 	  or Low 	  
Hardness 	Crlft Anri rnhesive when wet.  

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

 

Percentages  

     

     

     

 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

     

      

           

           

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 	 1  
Description: 	cithanuilar guar. 	suhrhunded  
1;mpctiano anti limnnitir grains  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 	 3 
Description: 	 camp AS ahnve  

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
	

47 
Clay-(.005mm to .001 mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 2.53 g 'cm 3  

S 

96 

UNIT WEIGHT: Volumetric Method 127.3 pcf-wet 
pcf--lry 

 

115.1 

ATTERBERG TESTS: ASTM thod D4313-34 

Liquid Limit 
Plastic Limit 
Plastic Index 

 

49 
16 

  

   

    

PERCENT MOISTURE: ASTM Vethod D 2216-30 	 24.5% 

CENTRIFUGE MOISTURE EQV: 	‘.1ethod D .25-79 
	

41010 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: U-19-111-04 A Client I.D.: 	G-8 6 

   

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 4 5rn  
Specific gravity if High 	_ _ 	or Low 	  
Hardness 	Snft And rnhesive when we t.  

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages  

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	stibnnutar limettnne and quarto_  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	cul,mr,gittAr erart7, and stihrntinded  
liracual.te-adact-lizaesumar—grA  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	Same As Ahnvp  

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 32 
Clay-(.005mm to .001mm) 	 tr)  
Colloids-(Less than .001mm) 

	
36  

Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D354 2.61 g, cm 3  

	

121.1 	pcf-wet 

	

103.9 	pcf-dry 
UNIT WEIGHT: Volumetric Vethod 

 

  

ATTERBERG TESTS: ASTM ',!ethod D4313 - 34 

.LiqUid Limit 	'47  
Plastic Limit 	 
Plastic Index 

PERCENT MOISTURE: AST ‘,1 	D 2216 - 80 

CENTRIFUGE MOISTURE EQV: ‘STN.I \!ethod D +25 - 79 	33(lb 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 

 

34 0.9 310 144.A. 

 

Client I.D.: 	G-9-2  

  

    

PARTICLE SIZE ANALYSIS; ASTN1 Method D422 

Maximum Particle Size 	I 5mm  
Specific gravity if High 	  
Hardness 	Celft_amirnhecive when wet. 

or Low 

 

   

   

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; •4.75mm) 
Description: 

 

Percentages 

 

    

    

       

       

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 	 <1 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 	 1 
Description:  kAmtuy  c>>hanvslar rhert anti quartz,  

gubreu.nd ■-d licapnitir efainc_  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	 sarng. at a hrIvP  

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in. apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D354  2.A3 g/cm 3  

Or angular rhert fragment. 

56  
S  
33  
97 

UNIT WEIGHT: Volumetric Method 

 

t7ti_r) 
tni_s 

 

pcf-..vet 
pcf-:!ry 

   

ATTERBERG TESTS: ASTM Method D4313-34 

Liquid Limit 	 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method 7 2216-S0 

t7  
71 

24.6% 

CENTRIFUGE MOISTURE EQV: . \ST`.' Method D 4 25 - 79 	3545  

10/36 
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Percentages  

0 

Sieve Analysis  
Grain size percentages and descriptions 

Gravel- (Retained on No. 4 Sieve; 4.75rnm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description:  Basalt chips, subangular  
subrounded quartz and limonitic grains.  

2.60 oicm 3  SPECIFIC GRAVITY: ASTM Method D354 

127.6 	pcf-wet 
107.3 	pcf-dry 

UNIT WEIGHT: Volumetric Vethod 

450,0 CENTRIFUGE MOISTURE EQV: ASTM ‘.Method ID 425-79 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Ouartz limonitic grains,  

limestone _ subrounded.  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 	 17  
Description: 	 Same as above  

Total Sand: 	 21 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 30  
Clay-(.005mm to .001mm) 	 10  
Colloids-(Less than .001mm) 	 39  
Total Silt/Clay/Colloids: 	 79  

ATTERBERG TESTS: ASTM Method D4313 -34 

Liquid Limit 	50  
Plastic Limit 	16 
Plastic Index 	34 

PERCENT MOISTURE: ASTM Vethod D 2216-30 	 18.7% 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	sc r19-1m. r t A 	Client LD.: 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	3.5mm  

C-9-5 

 

Specific gravity if High 	 •■•••• 	 or Low 	  
Hardness 	Soft & cohesive when wet 



SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 86-09-309-17A Client 1.D.: 	G-10- SS-2 

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 126.5 	pcf-wet 

 

107.9 	pcf-dry 

   

ATTERBERG TESTS: ASTM Method D4318-34 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-80 

CENTRIFUGE MOISTURE EQV: .N.ST'.1 Method D 425 - 79 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 

 

86-09-309-18A 	Client I.D.: 	G-10- S5-4 

 

   

PARTICLE SIZE.ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	  
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	  

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005rnm to .00Imm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 2.62 g/cm 3  

Percentages 

UNIT WEIGHT: Volumetric Method 

  

• 	pcf-wet 
pcf-dry 

   

     

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 	 
Plastic Limit 	 
Plastic Index 

Mb •■• ••• 

 

 

PERCENT MOISTURE: ASTM Method D 2216-80 	  

CENTRIFUGE MOISTURE EQV: ASTM Method D 425-79 	  

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: .36_- 09 -309 -24A Client I.D.: 	G - 14 - 1 

   

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 
Hardness 

     

Sieve Analysis  

Grain size percentages and descriptions 

Gravel- (Retained on No. 4 Sieve; 4.75mm) 
Description: 

 

Percentages 

  

     

     

           

  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

     

       

           

  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 

     

       

           

 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

     

      

           

 

Total Sand: 

       

           

Hydrometer Analysis  

Soil was dispersed in. apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .00Imm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D354 2.45 g/cm 3  

UNIT WEIGHT: Volumetric Method 

 

pcf-wet 
pcf-dry 

    

ATTERBERG TESTS: ASTM Method D4313-34 

 

Liquid Limit 
Plastic Limit 
Plastic Index 

    

    

    

PERCENT MOISTURE: ASTM Method D 2216-30 

 

CENTRIFUGE MOISTURE EQV: .\ STM Method D 425 -79 

10/S6 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	36-09-305-25A 	Client I.D.: 	G-15-7  

4 	PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	1.8mm 
Specific gravity if High 	  or Low 	2.44  
Hardness 	Soft, cohesive when wet 

Sieve Analysis 
Grain size percentages and descriptions 

Gravel- (Retained on No. .4 Sieve; 4.75mm) 
Description: 	  

 

Percentages 

 

  

0 

 

    

    

 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

    

     

     

 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Quartz, subrounded  

  

4 

 

     

    

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 	 4 
Description: 	Same as medium sand  

 

  

     

     

Total Sand: 8 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

 

Silt-(.074mm to .005mm) 	 56  
Clay-(.005mm to .001mm) 	 2  
Colloids-(Less than .001mm) 	 34  
Total Silt/Clay/Colloids: 	 92.  

SPECIFIC GRAVITY: ASTM Method D354 

UNIT WEIGHT: Volumetric Method 

 

126.5 	pcf-wet 

  

104.3 	pcf-dry 

    

ATTERBERG TESTS: ASTM Method D4313-34 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-30 

CENTRIFUGE MOISTURE EQV: \ST Method D 425 - 79 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 16-09 -109 - 26A  Client I.D.: G-16- 1 

   

PARTICLE SIZE ANALYSIS; ASTM Method D422 

        

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	 
Hardness 	  

      

      

Sieve Analysis  
Grain size percentages and descriptions 

Gravel- (Retained on No. 4 Sieve; 4.75mm) 
Description: 

   

Percentages 

  

        

        

           

  

Coarse sand- (Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

        

          

          

           

  

Medium sand- (Retained on No. 40 Sieve; 0.425mm) 
Description: 	  

       

         

 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

       

        

           

 

Total Sand: 

        

           

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt4.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids--(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 2.62 g/crn 3 .  

UNIT WEIGHT: Volumetric Method 

 

pcf-wet 
pcf-dry 

    

ATTERBERG TESTS: ASTM Method D4313-34 

 

Liquid Limit 	 
Plastic Limit 	 
Plastic Index 

  

PERCENT MOISTURE: ASTM Method D 2216-80 

 

CENTRIFUGE MOISTURE EQV: ;SIM "ethod ID 425-79 

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Maximum Particle Size 	0.5mm  
Specific gravity if High 	  
Hardness 	Soft, cohesive when wet. 

36 -09- 309 - 27A 

PARTICLE SIZE ANALYSIS; ASTNI Method D422 

Client I.D.: 	 G - 18 - 1 Sample Number: 

or Low 

Sieve Analysis  

Grain size percentages and descriptions 	 Percentages  

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Quartz, limonitic rock modular- 
rounded-subrounded 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	Same as above  

Total Sand: 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

  

65 

21  
9L 

   

    

UNIT WEIGHT: Volumetric Method 

 

pcf-wet 
pcf-dry 

    

ATTERBERG TESTS: ASTM Method D4318 - 84 

 

Liquid Limit 
Plastic Limit 
Plastic Index 

    

    

    

PERCENT MOISTURE: ASTM Method D 2216-80 

 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 -79 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 

 

4A - n9 - 110 - 17A 

 

Client LD.: 	G-19-2  

     

     

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	5 0mm  
Specific gravity if High 	  or Low 
Hardness 	Soft and cohesive when wet. 

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	Angular chert grain  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: .  Cheri and limestone grains  

subrounded. 

Percentages 

<1 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 	 5 
Description: 	Quartz and chert, subrounded  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
	

21 
Description: 	Ouartz-subangular, subrounded,  

trace of limestone and limonite  

Total Sand: 	 27 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 29 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 	 38  
Total Silt/Clay/Colloids: 	 73 

SPECIFIC GRAVITY: ASTM Method D354 2.68 gicrn 3  

UNIT WEIGHT: Volumetric \'ethod 	125.9 	pcf-wet 

	

107.9 	pcf-r!ry 

ATTERBERG TESTS: ASTM Method D4313-34 

Liquid Limit 	41  
Plastic Limit 	14  
Plastic Index 	27 

PERCENT MOISTURE: ASTM Method D 2216-S0 	 16.9%0 

CENTRIFUGE MOISTURE EQV: ;SIM Method D 425-79 	37% 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	,u_c19-21 0-13A 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	3.0mm  

Client I.D.: 	 G-20-2 

 

   

   

   

Specific gravity if High 	  or Low 	  
Hardness 	Soft and cohesive when wet. .  

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

  

Percentages 

 

   

0 

 

     

     

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description:  Chert and Quartz-subangular  
some limestone grains.  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description:  Mostly ouartz•subangular  
subrounded. some chert and limonitic grains.  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description:  Ouartz-subangular with  
limonitic grains subrounded.  

Total Sand: 	 14 

Hydrometer Analysis 

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 36  
Clay-(.005mm to .001mm) 	 5  
Colloids-(Less than .001mm) 	 45  
Total Silt/Clay/Colloids: 	 S6  

SPECIFIC GRAVITY: ASTM Method D354 2.67 gicm 3  

UNIT WEIGHT: Volumetric Method 	121.4 	pcf-wet 

	

96.7 	pcf-_try 

ATTERBERG TESTS: ASTM Method D431S-34 

Liquid Limit 	62 
Plastic Limit 	19 
Plastic Index 	43 

PERCENT MOISTURE: ASTM Method D 2216-30 	 23.5,9'o 

CENTRIFUGE MOISTURE EQV: AST Method D 125-79 	46% 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	86 09 30$ 28A 
	Client I.D.: 	G-21 SS-1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if . High 	  or Low 
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in. apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

SiIt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) .  

Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D354 2.58 g/cm 3  

UNIT WEIGHT: Volumetric Method 

  

pcf-wet 
pcf-dry 

   

   

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-80 

CENTRIFUGE MOISTURE EQV: \ST `.1 Method D 425-79 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 86 -09 - 309 -29A Client I.D.: 	G - 21 SS- 2 

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	  
Hardness 	  

Sieve Analysis  

Grain size percentages and descriptions 	 Percentages  

Gravel- (Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	  

Total Sand: 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) .  
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 	 

    

  

pcf-wet 
pcf-dry 

  

    

ATTERBERG TESTS: ASTM Method D4313-84 

Liquid Limit 63 
.Plastic Limit 1Q 
Plastic Index 43 

PERCENT MOISTURE: ASTM Method D 2216-80 
I. 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425-79 

12/36 
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SOILS ANALYSIS, 
PHYSICAL TEST 

Sample Number: 	24 09 3.0.9 	Client I.D.: 	  

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	.5mna  
Specific gravity if High 	  or Low 	  
Hardness 	Sniff anti rrihocive when wet_  

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	cithrritincipti limnratir and lirnestnne  
grai ns ,  sukangillAr quart,  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	 camp ac AhriVP  

Total Sand: 

Percentages 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 63  
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 	 20  
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 114. 1  pcf-wet 
pcf-dry 

 

99_4 

ATTERBERG TESTS: ASTM Method D4318 -84 

Liquid Limit 	35  
Plastic Limit 	 
Plastic Index 	19 

PERCENT MOISTURE: ASTM Nlethod D 2216-80 ■••■•■ ••• 

CENTRIFUGE MOISTURE EQV: .AST`.1 %.lethod D 425-79 

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	Sh 09 310 .0.9A 	Client I.D.: 	C -21 ST- 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	smrri  
Specific gravity if High 	  or Low 	  
Hardness 	Stitt Anfl rnhecive when wet.  

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 	 1 
Description: 	ctthanvitar rhert and quartz  

witiPty eratttsrpri linnranite  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 	 5 
Description: 	kinclrly clihanulAr quartz  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
	

21 
Description: 	SuhAnvilar quartz  

rairts 

Total Sand: 	 27 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 31  
Clay-(.005mm to .00Imm) 	 7  
Colloids-(Less than .001mm) 	 35  
Total Silt/Clay/Colloids: 	 73 

SPECIFIC GRAVITY: ASTM Method D354 2.64 g fcm 3  

UNIT WEIGHT:-  Volumetric Method 

  

pcf-wet 
0cl-dry 

   

    

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method 0 2216- 80 

42 

29 

14.2°,S 

CENTRIFUGE MOISTURE EQV: NST`.1 Method D 425-79 	  

10136 
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SOILS ANALYSIS 
CHEMICAL TEST 

Sample Number: 	R4n43 t n_nq A, 	 Client I.D.: c_21 ST-1 

CATION EXCHANGE CAPACITY; Hoddinott Method 

Exchange Acidity, meq/100g o.d. soil = 	79.R4 

Exchange Cation. Content, meq/100g o.d. soil 	(Ca) = 27.40 

(Mg)= 7_13 
(K) = 0_49 
(Na) = 0.9R 

ECEC = effective cation exchange capacity, meq/100g o.d. soil. 
ECEC = 	An  2, 

DISTRIBUTION RATIOS; Method D-4320-84 - See separate report. 
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SOILS ANALYSIS 
CHEMICAL TEST 

Sample Number: 	 &6O91a_a9A_PzzLzup___ Client I.D.: 

CATION EXCHANGE CAPACITY; Hoddinott Method 

Exchange Acidity, meq/100g o.d. soil 
	

7R Al 

-r; 	S-T--I 

	

Exchange Cation Content, meq/100g o.d. soil (Ca)= 	77 74  

	

(Mg); 	7 r)5  

	

(K) = 	n_44  

	

(Na); 	i_nn 

ECEC = effective cation exchange capacity, meq/100g o.d. soil. 

ECEC = 	fqk9  

DISTRIBUTION RATIOS; Method D-4320-84 - See separate report. 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 

 

g4 - 09 - 10Q- 01 A 

 

Client I.D.: 	GAI\V-1 SS-1 

    

     

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	  
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages  

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	  

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 	 

 

pcf-Wet 

   

	  pcf-dry 

ATTERBERG TESTS: ASTM Method D4318-34 

Liquid Limit 30 
Plastic Limit 17 
Plastic Index 13 

PERCENT MOISTURE: ASTM Method D 2216-80 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425-79 

1 	10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 

 

86-09-309-42A 	Client I.D.: 	GM W-1-ST- I 

 

   

PARTICLE SIZE ANALYSIS; ASTM Method D422 

    

Maximum Particle Size 	24mm  
Specific gravity if High 	  or Low 	 
Hardness 	When dry. very friable  

   

   

Sieve. Analysis  
Grain size percentages and descriptions 

  

Percentages 

      

Gravel-(Retained on No. 4 Sieve; 4.75'mm) 	 39 
Description: 	3/4" - 2196. No. 4 - 18%  
angular rhort nndulec,  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 	 11 
Description: 	Angular _theft grains 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 	 10  
Description: 	Angular thert grains  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: Anvitar chert. with trace amounts of  

sithrounded limonitic grains.  

Total Sand & Gravel: 	 65 

Hydrometer Analysis 
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 10 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 	 23 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 2.45 ,/ ,-. 71 3  

  

UNIT WEIGHT: Volumetric Method 107.9 	pcf,wet .  

 

36.5 	pcf-dry 

   

ATTERBERG TESTS: ASTM Method D4313-83 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 221640 

AA 
73 
41 

23.0% 

CENTRIFUGE MOISTURE EQV: AST'.! Method D 425-79 	40%  

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	86 - 09 - 310 - 05A 	Client I.D.: 	GMW - 2 ST - 1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	1.5"  
Specific gravity if High 	  or Low 	  
Hardness 	Soft & cohesive when wet  

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	1" 7% 1 _314-5%/ No. 4-13%  
etert nodules And fragaltati.  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	Cheri grains. Agular and irregular  
chApe.  

Percentages 

 

 

25% 

 

 

32%  

 

Medium sand-(Retained on No. 40 Sieve; 0.425mrn) 	 6%  
Description:  Mosilv_liMonitic grains-subrounded  
and claeikp htehs with minor quartz.  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 	 3% 
Description:  _Mostly limonitic grains with minor  
atrinturas of limestone and quartz.  

Total Sand & Gravel: 	 66% 

Hydrometer Analysis 
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 16  
Clay-(.005mm to .001mm) 	 3  
Colloids-(Less than .001mm) 	 15  
Total Silt/Clay/Colloids: 	 3!=  

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 

 

	 pcf-wet 
pcf -dry 

  

    

ATTERBERG TESTS: ASTM Method D4313-34 

Liquid Limit 
Plastic Limit 
Plastic index 

PERCENT MOISTURE: ASTM Method 13 2216-30 

15  
19  
IA 

23.1 1"; 

CENTRIFUGE MOISTURE EQV: .ASTM Method D 425-79 

10/36 
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SOILS ANALYSIS 
CHEMICAL TEST 

Sample Number: 	86L9314 nsA 	 Client I.D.: 

CATION EXCHANGE CAPACITY; Hoddinott Method 

Exchange Acidity, meg/100g o.d. soil = 	9..02 

Exchange Cation Content, meq/100g o.d. soil 	(Ca) = 13.58 

(Mg)-= 5.49 

(K) = 0.4A 

(Na)= 0.45 

ki X1'- 2 ST-1 

ECEC = effective cation exchange capacity, meq/100g o.d. soil. 

ECEC = 	 , 9  

DISTRIBUTION RATIOS; Method D-4320-84 - See separate report. 

j 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: SA-09-309-07A  Client I.D.: 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	0.7rnm Specific gravity if High. 	 or Low 
Hardness 	cat At cethosi VP uthar.n tvet  

Sieve Analysis  
Grain size percentages and descriptions 

4 	 Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	 cta.yszcu_aacLsaadszaae__ 

sukrou,,dt-d grins  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	 mast1i,4ivar_ta7.4ut,r4..:jgzt_ 

Total Sand: 

Hydrometer Analysis 
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTN1 Method D354 

Percentages 

65  

9 5  

UNIT WEIGHT: Volumetric Method 

 

110_6 

 

pcf-wet 
pcf-dry 

   

   

92.3 

  

      

ATTERBERG TESTS: ASTM Method D4313-34 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTNI Method D 2216-30 

CENTRIFUGE MOISTURE EQV: ASTM Method. D 4 25 - 79 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: Client 1.D.: 84 Q9 309 03A  

PARTICLE SIZE ANALYSIS; ASTM Method D422 

 
CMW 3 SS 2 

 

  

Maximum Particle Size 	3,341m  
Specific gravity if High 	  
Hardness 	enft Ar t-nheiLe U451.11 

    

  

or Low 

 

we  

  

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel- (Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	i imftetnnP fraunPntc  
?insular to suhrnunf._r1  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	 (it tart 7 ,  ct thrnt inr1PrI  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	 444414.4444aztz,_subr.owaded 

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005Mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

 

  

SPECIFIC GRAVITY: ASTM Method D854 7 SA gicm 3  

UNIT WEIGHT: Volumetric Method 

  

pcf-wet 
pcf-dry 

   

    

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTN1 Vethod D 2216-30 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 -79 

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 86-09-309-04A 	Client I.D.: 	GMW-3 S5-4 

   

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	 --- 

Specific gravity if High 	 --- 	or Low 	  
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

     

 

Percentages 

  

     

  

Owe. •••• 

  

     

          

          

  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

  

en. ••■•■ 

  

       

          

  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	  

     

       

 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	  

     

      

          

 

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-4.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001 mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

pcf-wet 
pcf-dry 

UNIT WEIGHT: Volumetric Method 

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 81 
Plastic Limit 25 
Plastic Index 56 

PERCENT MOISTURE: ASTN1 Method D 2216 - SO 	 

   

   

CENTRIFUGE MOISTURE EQV: ASTM Method D 425-79 

  

  

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	 Client LD.: 	G M W - 3 ST - 1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	1.5mm  
Specific gravity if High 	  or Low 
Hardness 	Soft and cohesive when wet. 

Sieve Analysis  

Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

 

Percentages 

 

     

          

  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

     

       

          

 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Mostly quartz, with limonitic  
and limestone grains, subanRular to subrounded.  

Fine Sand- (Retained on No. 200 Sieve; 0.075mm) 
Description: 	Mostly quartz to subrounded  

ains. 

  

3 

 

   

11 

 

     

          

Total Sand: 	 14 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt- (.074mm to .005mm) 	 41 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 	 39  
Total Silt/Clay/Colloids: 	 36 

SPECIFIC GRAVITY: S^T. ,,1 Method D354 	2.62 R/cm 3  

UNIT WEIGHT: Volumetric \'ethod 	126.8 	pcf-••et 
101.7 	pcf-dry 

ATTERBERG TESTS: ASTM Vethod D 14313-34 

Liquid Limit 	55  
Plastic Limit 	14  
Plastic index 	41 -  

PERCENT MOISTURE: ASTM '.Method D 2216-SO 	 24.77: 

CENTRIFUGE MOISTURE EQV: \ST`.1 `.!ethod D 425-79 	4700 

10/ 36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 86-09-309-05A 	Client I.D.: 	GMW-4 SS-1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	  
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 

• 

 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 	101.7 	pcf-wet 

	

85.5 	pcf-dry 

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 	 
Plastic Limit 	 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-80 

CENTRIFUGE MOISTURE EQV: ASTN1 Method D 425-79 

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	86-09 - 309 - 06A 

 

Client 1.0.: 	GMW - 4 SS - 4 

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	2.5mm  
Specific gravity if High 	2.72 	or Low 	••• • 

Hardness 	Soft and cohesive when wet 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages  

Gravel- (Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
	

1 
Description: 	Angular limestone fragments, 
some quartz grains. 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
	

4 
Description: 	Mostly quartz grains angular  
angular to subrounded. 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 	 23.  
Description: 	Same as medium sand.  

Total Sand: 	 28. 

Hydrometer Analysis 
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 31  
Clay-(.005mm to .001mm) 	 1 l  
Colloids-(Less than .001mm) 	 30  
Total Silt/Clay/Colloids: 	 72  

SPECIFIC GRAVITY: ASTM Method D354 

UNIT WEIGHT: Volumetric Method 	  pcf-wet 
	  pcf-dry 

ATTERBERG TESTS: ASTM Method D4313-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-80 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 - 79 

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: ___s4za ra..3L_k 	Client I.D.: 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	3 5mm  
Specific gravity if High 	  or Low 	 
Hardness 	Soft and cohesive when wet.  

Sieve Analysis 
Grain size percentages and descriptions 	 Percentages 

	

Gravel-(Retained on No. 4 Sieve; 4.75mm) 	 0 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	Subangular to subrounded quartz  

with cr.attorprf lirmanit1c e,rains  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Silhangular to subrounded  

ep tar t7 efrainA  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	NArict ty ctihAnzillar to cularounded  

q i sarS7 Epinc_  

 

4 

17 

 

Total Sand: 	 22 

Hydrometer Analysis 

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 314  
Clay-(.005mm to .001mm) 	 6  
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 	 73  

SPECIFIC GRAVITY: ASTM Method D354  2.46 gIcm 3  

Cc. 1 W-4 ST-1 

UNIT WEIGHT: Volumetric Vethod 122.7 pcf-wet 
pcf-':fry 

 

102.9 

ATTERBERG TESTS: ASTM k.'ethod D4313-34 

Liquid Limit 
Plastic Limit 
Plastic Index 

 

43  
15 
33 

  

   

   

PERCENT MOISTURE: ASTM Vethod D 2216-80 	 19.7% 

CENTRIFUGE MOISTURE EQV: NST'. 1  \lethod D 425-79 	41%  

10/36 
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15 v 
9 	 

SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	36 -09 - 309 - 07A 	Client I.D.: 	GMW -5 55 - 1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	1.9mm  
Specific gravity if High 	  
Hardness 	Soft,'cohesive when wet. 

or Low 

 

  

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Quartz grains, subrounded 
with limonitic "ironstone" fragments. 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	Same as above, but with 
more quartz. 

1 

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 106.9 	pcf-wet 

  

95.1 	pcf-dry 

    

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-30 

CENTRIFUGE MOISTURE EQV: \ST' I Method D 425-79 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 

 

34-n9 - 1n9- tIR A 

 

Client I.D.: 	GMW - 5 S5 - 5 

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	  
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages  

Gravel-(Retained on No. 4 Sieve; 4.75mm)' 
. Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 

ATTERBERG TESTS: ASTM Method D4318 - 84 

• Liquid Limit 3 
Plastic Limit 17 
Plastic Index • 14 

pcf-wet 
pcf-dry 

PERCENT MOISTURE: ASTM Method D 2216-SO 0. ■••••• 

CENTRIFUGE MOISTURE EQV: stST'.1 `.1ethod D 425-79 	  

lr:// 3 6 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	36-09-309-37 A  

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Client I.D.: 	GMW-5 ST-1 

  

Maximum Particle Size 	7.7mm  

Specific gravity if High 	  
Hardness 	Soft and cohesive when wet. 

or Low 

 

  

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	Subrounded limestones grains  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Mostly subrounded quartz with  

scattered limestone andlimonitic grains.  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 	 21 
Description: 	Same as above  

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in 'apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

31  
9  

3!; 

SPECIFIC GRAVITY: ASTM Method D354 2.62 gicm  

132.6 	pcf-wet UNIT WEIGHT: Volumetric Vethod 

 

    

113.L 	pcf-dry 

ATTERBERG TESTS: ASTM Method 04313 - 34 

Liquid Limit 	44  
Plastic Limit 	15  
Plastic Index 	29  

PERCENT MOISTURE: ASTM `.!ethod D 2216-30 13.7% 

 

CENTRIFUGE MOISTURE EQV: ASTM Method D 125 - 79 	34% 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: Client I.D.: 	GMW-6 ST-I 

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	0.8mm  
Specific gravity if High 	  or Low 
Hardness 	Soft and cohesive when wet. 

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: Crinoid fragments, chert fragments,  
some quartz-all angular to subangular. 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description:  Mostly subangular quartz and chert  
some limonitic grains present 

Total Sand: 

Hydrometer Analysis 
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

SiIt-(.074mm to .005mm) 
Clay4.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854  2.66 g/cm 3  

UNIT WEIGHT: Volumetric 	Method 	121.7 	pcf-wet- 

	

104.7 	pcf-dry 

ATTERBERG TESTS: ASTM Vethod 04313-S4 

Liquid Limit 	42 
Plastic Limit 	 
Plastic Index 	28 

PERCENT MOISTURE: ASTM "ett:od D 2216-30 	 IS.6a, 

Percentages 

0 	• 

5 

13 

23 

CENTRIFUGE MOISTURE EQV: \ST'.1 siethod D !, 25-79 	344, 

1S /86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: RA- r)9 - 3f19 -09A  Client I.D.: CAIIV-7 SS-.1 

  

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	  
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

Total Sand: 

Hydrometer Analysis 
Soil was dispersed it apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D354 

UNIT WEIGHT: Volumetric Method 	122.7 	pcf-%%et 

	

101.6 	pcf-dry 

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

 

- - - 

 

PERCENT MOISTURE: ASTM Method D 2216-80 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425-79 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	86 -09-309- 10A 	Client 1.D.: 	GMW -7 SS -6  

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	4.7mm  
Specific gravity if High 	2.69 	or Low 	  
Hardness 	Soft and cohesive when wet.  

Sieve Analysis  

Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description:  Limestone fragments.  
angular  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description:  Most Quartz grains  
angular to rounded.  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	same as medium sand  

Total Sand: 	 25  

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 34  
Clay-(.005mm to .001mm) 	 9  
Colloids-(Less than .001mm) 	 32  
Total Silt/Clay/Colloids: 	 75 

SPECIFIC GRAVITY: ASTM Method D354 

UNIT WEIGHT: Volumetric Method 

 

pc I-wet 
pcf -dry 

    

ATTERBERG TESTS: ASTM Method D4313-34 

 

Liquid Limit 
Plastic Limit 
Plastic Index 

    

    

    

PERCENT MOISTURE: ASTM Method D 2216-80 

 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425-79 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Client I.D.: 	GM W -7 SS-9 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	4.7mm  
Specific gravity if High 	  or Low 	  
Hardness 	Soft and cohesive when wet.  

Sample Number: RA -09 - 309 - 11A 

  

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel- (Retained on No. 4 Sieve; 4.75mm) 
Description: 

Coarse sand- (Retained on No. 10 Sieve; 2.0mm) 
Description: 	Mostly chert, angular  

Medium sand- (Retained on No. 40 Sieve; 0.425mm) 
Description: 	Mostly quartz-subrounded  

1 	
Fine Sand- (Retained on No. 200 Sieve; 0.075mm) 
Description: 	Mostly quartz-subrounded  

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 .59 • 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 

	
27 

Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 

   

126.8 	pcf-wet 

 

103.6 	pcf -dry 

ATTERBERG TESTS: ASTM Method D4313-34 

Liquid Limit 	 
Plastic Limit 	 
Plastic Index 

PERCENT MOISTURE: ASTM Method ID 2216-80 

CENTRIFUGE MOISTURE EQV: ;ST‘.I Method D 425 - 79 

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	 16,L2,102 	 Client I.D.: 	GMW-7 ST-1  

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	3.0mm  
Specific gravity if High 	  
Hardness 	Soft, cohesive when wet. 

or Low 

 

  

Sieve Analysis 
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	Angular chert fragments  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	L.S. atz., brown limonitic rock  
fragments, subangular.  

Fine Sand-(Retained on No. 200 Sieve: 0.075mm) 
Description: 	Mostly quartz subangular.  

Total Sand: 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: .ASTM Method D854 2.64 g/cm 3  

Percentages  

0 

2 

12 

42 

7 
33 

UNIT WEIGHT: Volumetric Method 129 	ocf- ..vet 

 

108 	pcf-dry 

   

ATTERBERG TESTS: ASTM '.!ethod D4313 -84 

Liquid Limit 	55 
Plastic Limit 	13 
Plastic Index 	37 

PERCENT MOISTURE: ASTM ,.lethod D 2216 -SO 	 24.6 

CENTRIFUGE MOISTURE EQV: .NST`.! \lethod D 4 25-79 	46%  
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	86-09-309-12A 	Client I.D.: 	G W-8- SS-1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	10mm  
Specific gravity if High 	
Hardness 	Soft & cohesive when wet 

or Low 

 

  

Sieve Analysis  

Grain size percentages and descriptions 	 Percentages  

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
	

20 
Description: 	Limestone and slag  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 	 20  
Description: 	Limestone. white chert  
guar L7 -s uhan  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 	 17  
Description: 	Mostly quartz 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 	 11 
Description: 

Total Sand ex Gravel: 	 68 

Hydrometer Analysis  

Soil was dispersed iv apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 19  
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 	 5 
Total Silt/Clay/Colloids: 	 32 

SPECIFIC GRAVITY: ASTM Method D854  2.54 g/cr,-. 3  

UNIT WEIGHT: Volumetric Method 	  pcf-wet 
	  pcf -dry 

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-80 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425-79 

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	36 -09 -309 - 32A 	Client I.D.: 	GMW - 8 - ST- 1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	7.3mm 
Specific gravity if High 	  or Low 	2.37  
Hardness 	Soft .6c cohesive when wet 

Sieve Analysis  

Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	Limestone fragments with 
asphalt film., angular. 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description:  Same as above with some  
Quartz. 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Quartz, chest, angular, some  
asphalt film.  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

Percentages  

4 

6 

13 

Total Sand & Gravel: 	 26 

Hydrometer Analysis 

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
	

35 
Clay-(.005mm to .001mm) 

	
8 

Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 2.37 g/cm 3  

UNIT WEIGHT: Volumetric Method 113.3 	pcf - wet 

 

  

pcf -dry 

   

ATTERBERG TESTS: ASTM Method D4318 - 84 

31 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-30 	 15.7 

CENTRIFUGE MOISTURE EQV: ASTM Method D 4 25-79 	Sl% 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: Client I.D.: 
8.6 -C9 309 3345.  

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	3 2;r1m. 
Specific gravity if High 	  
Hardness 	Snft rnhecive when wet_ 

Sieve Analysis  

Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: Li castone  jragmeatsanzuwaazz....  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	 Quart' Sithangitlar_  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	Qitmrt z  angular  

Total Sand: 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

ST-1  

Percentages  

20 

25 

35  
II 
29  
7'5 

orLow 

UNIT WEIGHT: Volumetric Method 	117_9 
1^,4Q 

ATTERBERG TESTS: ASTM Method D4313-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-30 

pcf-•et 
pcf-dry 

16.500 

26  

CENTRIFUGE MOISTURE EQV: \SIM Method 1') =25-79 379'0 

  

10; 26 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	RK...r14- 1,19_14A 	Client I.D.: 

PARTICLE SIZE ANALYSIS; ASTN1 Method D422 

   

G 11W-10 ST-1 

  

   

   

Maximum Particle Size 	1mm  
Specific gravity if High, 	  or Low 
Hardness 	Soft. cohesive when wet  

Sieve Analysis  

Grain size percentages and descriptions 	 Percentages 

	

Gravel-(Retained on No. 4 Sieve; 4.75mm) 	 0 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 	 0 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Quartz. rounded grains  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
	

20 
Description: 	Quartz. some limonitic sand and  

black slag grains.  

Total Sand: 	 25 

Hydrometer Analysis 

Soil was dispersed in apparatus 	for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 35 
Clay-(.005mm to .001mm) 	 11  
Colloids-(Less than .001mm) 	 29 
Total Silt/Clay/Colloids: 	 75 

SPECIFIC GRAVITY: 1,STM Method D854 

UNIT WEIGHT: Volumetric \'ethod 117.7 	pcf-‘.vet 

 

104.6 	pcf-:lry 

   

ATTERBERG TESTS: ASTV1 Vethod D4313-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Vethod D 2216-80 

CENTRIFUGE MOISTURE EQV: \ST`.1 ‘.'ethod D =25-79 
	

40% 

10186 

39  
:6. 
23 
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Sample Number: 

SOILS ANALYSIS 
PHYSICAL TEST 

36 -09 - 309 - 13A 	 Client I.D.: GMW - 1 1 SS - 1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

       

Maximum Particle Size 	2.8mm  
Specific gravity if High 	  or Low 
Hardness 	Soft and cohesive when wet 

      

      

Sieve Analysis  
Grain size percentages and descriptions 

Gravel- (Retained on No. 4 Sieve; 4.75mm) 
Description: 

  

Percentages 

 

      

      

           

           

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 	 1 
Description: 	M&stly subrounded limestone  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Mostly subrounded limestone, and  
limonitic grains, some quartz 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	 Same as above 

Total Sand: 	 3 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 64  
Clay-(.005mm to .001mm) 	 10  
Colloids-(Less than .001mm) 	 23 
Total Silt/Clay/Colloids: 	 97  

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 	125.1 	pcf-wet 
101.9' 	pcf-dry 

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 	  
Plastic Limit 	  
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-80 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 - 79 

10/36 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	 Var115=3ramlicl----- Client I.D.: 	GMW-11 5T-1  

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	2.8mm  
Specific gravity if High 	  or Low 
Hardness 	Soft and cohesive when wet.  

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

  

Percentages  

     

     

     

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	There was only 0.2% coarse  
sanch,one subangular limestone grain.  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
	

3 
Description: 	Mostly subangular to subrounded  
quartz with trace limestone and limonite grains.  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
	

15 
Description: 	Same as above  

Total Sand: 	 18 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 31 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 	 11 
Total Silt/Clay/Colloids: 	 3 2  

SPECIFIC GRAVITY: .A5T%1 Method D354 2.55 c/cm 3  

UNIT WEIGHT: Volumetric Method 	129.7  
105.5 

 

pcf-wet 

  

ATTERBERG TESTS: ASTM Method D4313 -34 

  

Liquid Limit 	53  
Plastic Limit 	14  
Plastic Index 	144  

     

     

     

     

PERCENT MOISTURE: AST`l Method D 2216-30 	 23.3%r 

CENTRIFUGE MOISTURE EQV: \ST` Method D L25 -79  . 4 1 !)10 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	86-09-310-06A 	Client LD.: 	GMW-12-ST-1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	25mm  
Specific gravity if High 	  
Hardness 	Soft and cohesive when wet. 

or Low 

 

  

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	3/4" Claystone. No. 4 
claystone and chert, angular.  

  

Percentages 

 

   

10 

 

     

     

        

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 	 2 
Description: 	Chert, angular  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 	Quartz and chert  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description:  Quartz with some chert  
subrounded limonitic grains.  

Total Sand & Gravel: 	 24 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-4.074mm to .005mm) 	 63 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 	 —11  

Total Silt/Clay/Colloids: 	 76 

SPECIFIC GRAVITY: ASTM Method D854 2.59 g/cm 3  

50 
18 
32 

UNIT WEIGHT: Volumetric Method 	99.9 	pcf-wet 

	

73.3 	pcf-dry 

ATTERBERG TESTS:. ASTM Method D4313-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216 - 30 	 25.7% 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 - 79 

10/36 
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SOILS ANALYSIS 
CHEMICAL TEST 

8609310-06A 	 GMW - 12 ST - 1 Sample Number: 	  Client I.D.: 	  

CATION EXCHANGE CAPACITY; Hoddinott Method 

Exchange Acidity, meq/100g o.d. soil = 	27.63  

Exchange Cation Content, meq/100g o.d. soil (Ca) = 
(Mg)= 

(K) 
(Na) = 

ECEC = effective cation exchange capacity, meq/100g o.d. soil. 

ECEC = 	60.2 

24.09 

7.54 

0.42 

0.52 

DISTRIBUTION RATIOS; Method D-4320-84 - See separate report. 



 

SOILS ANALYSIS 
PHYSICAL TEST 

86-09 - 309- 14A 	Client I.D.: 

 

Sample Number: GMW - 13 SS - 4 

   

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	  
Hardness 

Sieve Analysis 
Grain size percentages and descriptions 	 Percentages 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on. No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC .  GRAVITY: ASTM Method D854 2.68 g/cm 3  

UNIT WEIGHT: Volumetric Method 	  pcf-wet 
	  pcf-dry 

ATTERBERG TESTS: ASTM Method D4318 - 84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-80 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 - 79 

10/86 
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Sample Number: 

 

86-09-310-07A 	Client I.D.: 	GMW-13 ST-1 

  

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	0 crnrn  
Specific gravity if High 	  
Hardness 	Cat anrIrrthPcive when wet. 

Sieve Analysis  
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	  

Percentages 

or Low 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: zubanguizz_aarLalbisluadacuimuttlat  
cluartz , and timnnitir &rains_  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: &inert )/ nvi tar quari7, come subrounded 
limectone and limclpirir gains_  

Total Sand: 	 7 

SOILS ANALYSIS 
PHYSICAL TEST 

Hydrometer Analysis  

Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 48  
Clay-(.005mm to .001mm) 	 3  
Colloids-(Less than .001mm) 	 37  
Total Silt/Clay/Colloids: 	 93  

SPECIFIC GRAVITY: ASTM Method 0854 2.A8 gfrnn 3  

UNIT WEIGHT: Volumetric Method • 171_4 pcf-wet 
pcf-dry 

 

In 1_9 

ATTERBERG TESTS: ASTM Method 04318-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM N.Iethod D 2216-80 
	

23.8 

CENTRIFUGE MOISTURE EQV: \ST \I Method D 4 25-79 

10/86 

DS 
17 
?12 

D-52 



SOILS ANALYSIS 
CHEMICAL TEST 

Sample Number: 	8609310 -07A  

 

Client I.D.: 	GMW - 13 ST - 1 

   

CATION EXCHANGE CAPACITY; Hoddinott Method 

Exchange Acidity, meq/100g o.d. soil = 32.42 

 

	

Exchange Cation Content, meq/100g o.d. soil (Ca)= 	17.84 

	

(Mg)= 	8.92  

	

(K) = 	0.25  

	

(Na)= 	1.01 

ECEC = effective cation exchange capacity, meq/100g o.d. soil. 
ECEC = 	60.4  

DISTRIBUTION RATIOS; Method D-4320-84 - See separate report. 



SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	 16aLau:4s0A_ Client I.D.: 	GMW-14-ST-1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	4.0mm  
Specific gravity if High 	  or Low 	  
Hardness 	Soft and cohesive when wet. 

Sieve Analysis 
Grain size percentages and descriptions 

Gravel-(Retained on . No. 4 Sieve; 4.75mm) 
Description: 

 

Percentages 

 

    

    

    

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	Mostly subangular chert, quartz  
grains. some limestone possibly dolomite.  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
	

3 
Description: 	Same as above, also some  

subrounded limonitic grains scattered.  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 	 12 
Description: 	 Same as above  

Total Sand: 	 16 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 	 32 
Clay-(.005mm to .001mm) 	 . 

Colloids-(Less than .001mm) 	 1.2 
Total Silt/Clay/Colloids:  

SPECIFIC GRAVITY: ASTM Method D354 2.63 g/cm 3  

UNIT WEIGHT: Volumetric Method 	121.5 	pcf-•Aet 

	

93.2 	pcf-r.fry 

• ATTERBERG TESTS: ASTM Method D431 ,8,84 

Liquid Limit 	53 
Plastic Limit 	14 
Plastic Index 	39 

PERCENT MOISTURE: ASTM Method D 2216-SO 	 23.3%  

CENTRIFUGE MOISTURE EQV: . \ST`.! Method D =25-79 	45 010 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	44-n9-109-15A 	Client I.D.: 	GMW - 15 SS- 1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	3.0mm  
Specific gravity if High 	  or Low 	  
Hardness 	Soft. cohesive when wet. 

 

 

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages 

Gravel- (Retained on No. 4 Sieve; 4.75mm) 	 0 
Description: 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description:  Mostly argillite fragments  
some quartz. subrounded.  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 	 1 
Description: 	Same as above  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	 Same as above  

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Trace 

1) Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

SPECIFIC GRAVITY: ASTM Method D854 

59 

31  
97 

UNIT WEIGHT: Volumetric Method 
	

92.8 
86.6 

ATTERBERG TESTS: ASTM Method D4313-84 

Liquid Limit 	  
Plastic Limit 	  
Plastic Index 	  

PERCENT MOISTURE: ASTM Method D 2216-80 

pcf-wet 	sample arrived partly dried 
pcf-dry 	and in small volume so results 

may differ from those obtained 
from wetter, larger sample 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 - 79 
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SOILS ANALYSIS 
PHYSICAL TEST 

Sample Number: 	 36_22 7 222=196 	Client I.D.: 	G MW-18 SS-1 

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	12mm  
Specific gravity if High 	2.72 	or Low 	  
Hardness 	Soft & rnhecive when wet  

Sieve Analysis  
Grain size percentages and descriptions 	 Percentages  

Gravel- (Retained on No. 4 Sieve; 4.75mm) 	 9% 
Description: 	1 imestone pebbles  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	Arrswn lirnonitic spheres,  

S and inart,_  

Medium sand4Retained on No. 40 Sieve; 0.425mm) 
Description:. 	Same as above  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

Total Sand & Gravel: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

 

49 
7  

27  
33 

  

   

   

   

    

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 	  pcf-wet 
	  pcf-dry 

ATTERBERG TESTS: ASTM Method D4318-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Method D 2216-30 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 - 79 
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Sample Number: 

 

SOILS ANALYSIS 
PHYSICAL TEST 

q4_ng_ing 7n& 	Client I.D.: LAIW-18 SS -2  

 

    

PARTICLE SIZE ANALYSIS; ASTM Method D422 	• 

Maximum Particle Size 	  
Specific gravity if High 	  or Low 	  
Hardness 

Sieve Analysis  
Grain size percentages and descriptions 

Gravel- (Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description: 

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

Percentages  

SPECIFIC GRAVITY: ASTM Method D854 2.67 g /cm 3  

UNIT WEIGHT: Volumetric Method 

  

pcf-wet 

   

pcf-dry 

    

'ATTERBERG TESTS: ASTM Method D4313 -84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTN1 Method D 2216-80 

CENTRIFUGE MOISTURE EQV: ASTM Method D 425 -79 	 

10/86 
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SOILS ANALYSIS 
PHYSICAL TEST 

ST-1  Sample Number: 	 rzs.ucizsji____ Client LD.: 	ki_i1/.1.4  

PARTICLE SIZE ANALYSIS; ASTM Method D422 

Maximum Particle Size 	4 f) rn m  
Specific gravity if High 	  
Hardness 	Soft and cohesive when wet. 

or Low 

 

   

   

Sieve Analysis 
Grain size percentages and descriptions 

Gravel-(Retained on No. 4 Sieve; 4.75mm) 
Description: 	  

   

Percentages 

  

       

       

       

 

Coarse sand-(Retained on No. 10 Sieve; 2.0mm) 
Description: 	Anvilar to subansular chert  

      

       

       

 

rinart7  

Medium sand-(Retained on No. 40 Sieve; 0.425mm) 
Description:  Sithanvilar to caihrottnried rhert  

a nd eimArt7_  

Fine Sand-(Retained on No. 200 Sieve; 0.075mm) 
Description: 	Mostly stihanvilar ritiart7  

  

4 

  

      

Total Sand: 

Hydrometer Analysis  
Soil was dispersed in apparatus A for one minute after 
soaking 16 hours in sodium hexametaphosphate solution. 

Silt-(.074mm to .005mm) 
Clay-(.005mm to .001mm) 
Colloids-(Less than .001mm) 
Total Silt/Clay/Colloids: 

 

20 

  

 

32  

  

 

9 

  

 

39 

  

    

    

SPECIFIC GRAVITY: ASTM Method D854 

UNIT WEIGHT: Volumetric Method 	 

2.55 g/cm 3  

	

1;2.2 	pcf-wet 

	

105.2 	pcf-dry 

ATTERBERG TESTS: ASTM Method D4313-84 

Liquid Limit 
Plastic Limit 
Plastic Index 

PERCENT MOISTURE: ASTM Vethod D 221640 

55 
16 
39 

21.7% 

CENTRIFUGE MOISTURE EQV: AST 1.1 ■lethod 1) 425-79 
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SOILS ANALYSIS 
CHEMICAL TEST 

Sample Number.: 

 

86091.10 - r1A 

 

Client I.D.: 	LX XT 	4T_1 

  

     

CATION EXCHANGE CAPACITY; Hoddinott Method 

Exchange Acidity, meq/100g o.d. soil = 47_17 

 

	

Exchange Cation Content, meq/100g o.d. soil (Ca) = 	71 RA 

	

(Mg)  = 	11 as 

	

(K) = 	 

	

(Na) = 	1 

• ECEC = effective cation exchange capacity, meq/100g o.d. soil. 
ECEC = 	77 3  

DISTRIBUTION RATIOS; Method D-4320-84 - See separate report. 



DISTRIBUTION RATIOS BY THE 
SHORT-TERM BATCH METHOD 

CEP obtained five soil core samples from Bechtel. Corporation for testing of 

distribution ratios by the short-term batch method. This is ASTM Standard Test 

Method D4319-83. This is a measurement technique for determining the 

distribution ratio or degree of partitioning between the soil and a water solution 

containing the species of interest.. The species of interest for this case was 

uranium. Several repetitions of this test were performed before one optimium 

uranium concentration was established. The results presented are for that 

concentration of uranium (10 mg/I). In addition, the chemical constituents leached 

from the soils on the first day of the test are also included. 

Method  

ASTM Method D4319-83 briefly consists of setting up a series of batch reactions 

between the soil to be tested and a contacting liquid containing the species of 

interest. The soil samples are pre-washed and treated if necessary and then mixed 

with the contact solution in a ratio of 4 parts solution to I part soil. Over a time 

period of 14 days or longer, the batch samples are analyzed for the concentration 

of the species of interest, the initial chemical constituents of the leach solution 

and a series of chemical parameters for, determining the equilibrium conditions of 

the test.. In this case, the samples were analyzed repeatedly for pH, Eh, and 

specific conductivity. 



These are the results for the prepared batch samples. The sample identifications are as 

follows: 
CEP / Bechtel Identification 

8609310 - 5A GMV -2 ST-1 11.5-12.5 
8609310 - 6A GMW-12 ST-1 10.0-11.5 

8609310 - 7A GMW-13 ST-1 11.5-13.5 
8609310 - 8A GMW-18 ST-1 11.5-13.5 

8609310 - 9A G-21 ST-1 16.5-18.5 

Free Uranium 

Sample I Dates: 	11/27 12/4 12/9 12/16 
8609310 - 5A 0.423 mg/1 0.169 0.174 0.200 
8609310 - 6A 0.872 1.518 0.288 0.809 
8609310 - 7A 0.2209 1.391 0.654 0.636 
8609310 - 8A 1.585 1.508 1.256 1.237 
8609310 - 9A 0.881 1.147 0.348 0.981 
Leach Sln. 10.440 10.540 

Sample I Dates: 	11/25 12/2 12/8 12/1-5 
8609310 - 5A +228 my 277 389 424 

8609310- 6A 162 253 366 413 

8609310 - 7A 178 260 383 419 

8609310 - 8A 158 . 232 341 403 

8609310 - 9A 127 204 321 385 

Leach Sln. 110 287 336 391 

L 
Sample I Dates: 	11/25 12/2 12/8 12/15 

8609310 - 5A 7.79 7.00 7.02 7.20 

8609310 - 6A 8.73 7.59 7.67 7.86 

8609310 - 7A 8.58 7.08 7.20 7.30 

8609310 - 8A 9.13 7.75 7.77 8.20 

8609310 - 9A 272 306 335 341 

Leach Sln. 7.65 7.35 7.31 7.10 
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Specific Conductivity 

Sample # Dates: 	11/26 12/2 12/8 12/15 

8609310 - 5A 332 umhos!cm 388 409 445 

8609310 - 6A 287 341 363 393 

8609310 - 7A 307 407 437 455 

8609310 - 8A 282 331 372 383 

8609310 - 9A 272 306 335 341 

Leach Sin. 262 256 251 270 

Test Conditions 

Contact liquid (Leach Sin.): Deionized water containing 10 mg/I 

uranium 

Initial pH: 7.65. 	Final pH: 7.10 

Solid to liquid ratio: 200 grams soil/800 mis sln. 

Contact time: 21 days 

Equilibrating atmosphere: air 

Contact solution filtered after centrifugation?: no 

Soil sampe disaggregated?: yes 

Particle size: approximately 5mm 

H2O2treatment to remove organics?: no 

Samples were mixed for six hours by rotation between analyses. 

Additional data on the leached solution chemical parameters is shown 

under a separate report for CEP 1/8612233. 

Distribution Ratio 

pd- (Fm) (Vs) 
(F s ) (W m ) 

where: 

Rd= distribution ratio, mL/g 

Fs= fraction of total activity in solution. 

F s  is found by dividing the the concentrations of the ion after 

the solution has come to equilibrium with the soil/rock fraction 

by the concentration of the ion before the solution was allowed 

to come to equilibrium with the soil fraction. 
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F m = fraction of activity sorbed into the solid residue. 
F m = 1 - Fs  

V s = • volume of solution equilibrated with W m , ml 
W m=  weight of solid , residue, g 

Sample Values 

8609310 - SA 
Rd= ( (F m ) (VO_ 

D-f7rj 

	

Fs= 0.200 mg/1= 	0.0192 
10.440 mg/1 

	

F= 1-0:0192= 	0.98 

V s= 800 mis leach solution 
‘I' m = 200 grams solid 

Rd= (0.98) (''00m1)= 207 ml/g 
(0.019) (200g) 

8609310 - 6A 

8609310 - 7A 

8609310 - 8A 

8609310 - 9A 

Rd= (0.939) (800 m1): 47.7 mug 
(0.077) (200g) 

Rd:  (0.939) 800 ml): 61.6 ml/g 
(1.061) (200g) 

Rd= (0.906) (800 ml):  29.9 ml/g 
(0.118) (200g) 

Re. (0.906) (800 ml).:  38.6 ml/g 
(0.094) (200g) 



Analytical Methods  

Calcium 	 EPA 	 200.7 

Chloride 	 EPA 	 325.2 

Iron 	 EPA 	 200.7 

Potassium 	 EPA 	 258.1 

Magnesium 	 EPA 	 200.7 

Manganese 	 EPA 	 200.7 

Sodium 	 EPA 	 273.1 

Sulfate 	 EPA 	 375.4 

Solids, Total Dissolved 	 EPA 	 160.1 

Total alkalivity (as CaCo3) 	 EPA 	 310.1 

ph 	 EPA 	 150.1 

Eh 	 ASTM D1498-76 

Specific Conductance 	 EPA 	 120.1 

Uranium 	 ASTM D2907-75 
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RAGE! 
RECEIVED: 12/15/86 	01/06/87 09:46:19 

REPORT Bechtel    PREPARtn Controls for EnvironnTtal 
TO P.O. Box 350 	• 	BY 	Pollution,  Inc. 

Oak Ridge, TN  37831-0350 	1925 Rosins Street 
Santa Fe, NM 87507  

v 	m 	a 11 . 	 n, 

som✓ 	- 	t 	 pu• c-or rATE ROO/545-21 REI 

CEP, Inc. 	- 	REPORT 	 LAB t 86-12-233 

ATTEN Mark Tardiff ATTFN 	  
PHO!:E (505) 902-9841 	CONTACT GAIL  

 

   

    

	

CLIENT BECHTEL. 	SAMPLES 6 

	

COMPANY Bechtel 	These sanples will be  dispos ,..,4  -s in three Weeks fron the 

FACILITY 800 Oak Ridge Turnpike  	da'-e 11 ,7  final,  report unless -;'!her arrangements are ma.!a 

WORK TT) Water  Oualitti .  
TAKEN   
TRANS Relog  
TYPE Water  

INV. # 419612 

SAMPLE IDENTIFICATION • . CEP, 	Inc. 	, 	TEST CODES.and NAMES 	Isq on this report 
VA — A . 7 ST- 1 11.5- 12.5 Calciun 
02 GMW- 1 ?T-i 10.0-11.5 	. CL i Chloride 

..,4•W-13 	ST-1 11.5-13.5 FE 1 Iron 
04  CMW - 18 ST - 1 11.5- 13.5. K 1 Potaiu ,7..  
05 G-21 St-I 16.5-18.5 	- MG 1 MagDesiun 
06 Blank MN 1 tiencianes2 

MA 1 Scidiul! 
SO4 W Sulfate 
TDS 1 Tctal 	Dissolved 	Solids 
T MAI  Total 	Alkalinitoeas CaCO3). 

' 	: 	• 	•• 	 nvinghlt 	1.11 It tl 1111•v,. .0 t.,1,111 Ili bet 1 . 1•111•1001 1'rl rnrlrr1111!rrr rn Il:rr ' 1 Irrl err l eer•r1 •.rr1rl. 111 1 	r•r r.11rr •. r 	 r rr. 	r.rr.rnr0%0,   I 	I ,,, 	 , 	• ./.„ 	t 	• 	 



  

MIND 

	

!.I dhows. . 	"-"••• 
' 11.1? 	 . 	. 1 • • 	 OW ,.q,  FyrATC 800/545-21E18 

REPOR1 .... ANALYSIS 	LA6 	86-12-2'2. PAGE 2 
c.41t111111d 	• 

Calcium 
.Chloride .  

Iron 
PotassiOrt 
Magnesiun 
Manganese 
Sodium 
Sulfate 
Solids, Total Dissolved 
Total Alkalinity lass CaCCI'll. 

SAMPLE IDENTIFICATION 	DATE COLLECTED 	TYPE OF ANALYSIS 
GMW-2 ST --1 11.5-12.5 	not specified 

Wliter  

15. 9 
2 

.6. 50 
5. 3 
3.0 

0. 77 
7. 8 
17 
208 
19 

01414712 ST-1 10.0-11.5 	not specified 

rn 
CO 

GMW-13 ST-1 11.5-13.5 	not specified 

OMW-18 ST-1 11.5-13.5 	not specified  

Calcium 	 22,9 
Chloride 
Iron 	 2.35 
Potassium 	 2.9 
Magnesium 	 2.4 
Manganese. 	 0.08 
Sodium. 	 6.6 
Sulfate 	 3 : 
Solids, Total Dissolved 	160 
Total. Alkalinity (as CaCOP 	25 

Calcium 	 10.6. 
Chloride 	 1 
Iron 	 2.52 
Potassium 	 1.8 
Magnesium 	 '1.6 .  
Manganese 	 0.04 
Sodium 	 10.6 
Sulfate 	 3 
Solids, Total Dissolved 	173 
Total Alkalinity (as CaC071 1 	27 

Calcium 
	

12. 2 
Chloride 
	

<1 
Iron 
	

2. 27 
-Potassium 
	

2. 2 
Magnesium 
	 2.3 

Manganese 
	

0.02 	. 



 

• 11 11.J v. 	 v 	 • _IIU 
• 

.1111001111•21114 

x r.  buT IMF fITATt 800/545-21 BB 

 

PAGE 3 

SAMPLE IDENTIFICATION 
GMW-18 5T-1 11.5-13.5 

DATE COLLECTED  
(Con't) 

REPORT c ANALYSIS 

TYPE OF ANALYSIS 	nq/liter 

LAB q. 66-12-;'3T 

Sodium 	 13.4 
Sulfate 	 <1 
Solids, Total Dissolved 	148 
Total Alkalinity (as CaCO3' 	29 

  

0-21 St-1 16.5-18.5 	not specified  Calcium 	 11.8 
Chloride 	 1 
Iron 	 5.73 
Potassium 	 3.3 
Magnesium 	 1.8 
Manganese 	 0.04 
Sodium 	 13.5 
Sulfate 	 <1 
Solids, Total Dissolved 	148 
Total Alkalinity (as CaCO3) 	44 

Blank 

cr■ 

not specified Calcium: 	 <0. 1 
Chloride 	 1 
Iron 	 <0. 01 
Totassium 	 <1.0 
Magnesium 	 <1.0 
Manganese 	 <0.01 
Sodium 	 <1.0 
Sulfate 	 <1 
Solids, Total Dissolved 	16 
Total Alkalinity (as CaCO3 '  



APPENDIX E 

ELECTROMAGNETIC TERRAIN CONDUCTIVITY SURVEY .  

OF THE WELDON SPRING CHEMICAL PLANT GROUNDS 



APPENDIX E. 

ELECTROMAGNETIC TERRAIN CONDUCTIVITY SURVEY 

.'OF THE WELDON SPRING CHEMICAL PLANT GROUNDS 

1.0 INTRODUCTION AND PURPOSE 

An Electromagnetic (EM) Terrain Conductivity Survey was performed at 

the Weldon Spring Site in February 1986 to identify the presence of 

conductive contaminant plumes in the site groundwater system and 

thereby provide information on which to base the selection of 

locations for groundwater monitoring wells. 

2.0 LOCATION AND SURVEY CONTROL 

Figure E-1 is a terrain conductivity contour map showing the areal 

limits of the survey. Initial horizontal control for the survey was 

established by the compass and line-of-sight methods. The survey 

lipee were marked at each end (and at turning points where 

appropriate) by stakes which were subsequently surveyed relative to 

site coordinates. 

3.0 METHOD OF INVESTIGATION 

The survey was performed using the Model EM 34-3 electromagnetic 

terrain conductivity meter manufactured by Geonics Limited of 

Ontario, Canada. 

Conductivity data were obtained at a series of traverses 

concentrated in three areas at the site: the Ash Pond, the area to 

the north of the Weldon Spring Chemical Plant (WSCP), and the area 

to the east of the WSCP. Surveying of the WSCP property was 

prevented , by electrical interference generated by power lines, 

overhead and underground metallic pipes, and metallic structures. 



The instrumentation was placed in the horizontal dipole mode 

(vertical coil configuration) with an intercoil spacing of 20 m. 

The optimum intercoil spacing was determined on the basis of depth 

to groundwater as measured in geologic boreholes in the WSCP area. 

The 20-m intercoil was used to provide an exploration depth of 15 to 

18 m. 

4.0 RESULTS AND INTERPRETATION 

The results of the conductivity survey are presented in Figure E-1.' 

Results of the survey are discussed separately for each of the three 

distinct areas referenced above (the Ash Pond and the areas to the 

north and to the east of the WSCP). 

4.1 ASH POND AREA 

Contours in - the Ash Pond area show generally low to moderate 

conductivity values, with the exception of four localized areas of 

high conductivity. The two areas of high conductivity in the 

central and southern central portions of the Ash Pond appear . to be 

related to completely or partially buried metallic debris, including 

drums and scrap metal. The.third area, located to the west of the 

Ash Pond, is an expression of the buried discharge line that 

conducts water from the Ash Pond to a surface drainage channel. The 

fourth area of high conductivity, located north of the Ash Pond, is 

an expression of a buried culvert. In general, terrain 

conductivities increase from southwest to northeast: the approximate 

direction of groundwater flow in the,area. 

4.2 NORTH OF WSCP 

Conductivities in the area to the north of the WSCP tend to decrease 

from south to north. While conductivities in the extreme northern 

portion of this area are among the lowest recorded at the site, the 

area immediately adjacent to the chemical plant exhibits the highest 

conductivity values. The 50-mmhos/m contour, which appears to 



characterize the area occupied by the chemical plant, may indicate 

an area of degraded groundwater quality '. The installation and 

sampling of groundwater monitoring wells.in this area will provide 

the information necessary to evaluate this hypothesis. 

4.3 EAST OF WSCP 

The area. to the 'east of ' the WSCP exhibited the highest average 

conductivity of the three areas surveyed. The southern portion of 

this area exhibited conductivity values in excess of 60 mmhos/m. 

The distribution of the high conductivity zone along line EM-10 .  

indicates two narrow areas of high conductivity, while the 

distribution along line EM-11 indicates a broader area of high 

conductivity. Based upon the geology of the area, it is possible 

that the high readings may be an expression of a solution feature. 

5.0 RECOMMENDATIONS 

It is recommended that two monitoring wells be relocated to provide 

additional data from the area of high conductivity to the east of 

the WSCP. The existing design locations of monitoring wells to the 

north of the WSCP are adequate to evaluate the potential for 

contamination of the groundwater in this area. A review of the site 

configuration, interferences, and directions of groundwater flow 

leads to the recommendation that additional electromagnetic terrain 

conductivity surveys are not needed at this time.• 
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MONITORING WELL rsoscT 
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MONITORING WELL PROJECT 
FLISRAP - WELDON SPRING CHEMICAL PLANT 
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MONITORING WELL PROJECT 
FUSRAP - WELDON SPRING CHEMICAL PLANT 
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MONITORING WELL PRO.ECT 
FUSRAP - PIFIDON SPRING CHEMICAL PLANT 
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n.o - 22.0 FT CLAY 

- 

 	1 
22.0 - 46.0 FT SILT I 

3 	3 
1 

11 
1 

I 1 
1 

11 
1 

z a 
t 

i l l 

a 	a 
I 

s z 
I 

11 
1 

11 
1 

a a 

:2: 

• ::: 
•::: 

RISEN CASNE 

01k2 -IN CH 

TYPE; TYPE 3J6L SOCCUS 40 STAINLESS 51ILL 
'MTH FLUSHJ3/4 15  

46.0 - 59.0 Fl GRAVELLY CLAY 

TOP OF SEAL 

55.0 - 65.0 FT LIMESTONE . 1. 
 

a  iii SEAL 

	 TYPE, BEATENITE PE:LUIS WA NCH OAZETDO 
♦ 

MODERATELYMODERATELYIFEATFERED 
IBURLNGTEN / ILEOKIK RJ 

'::: 
.... 
•:• 

. 

TOP OF FL TER PAM 

MIR PACA 

TYPE, CEPEIRAL MVIERIC.S CORP. sPEcinc4TioN 

116 -40 SAND. 
69.0 - 95.0 FT LIMESTONE. 
MODERATELY TO SLIGHTLY WEATN4ERLD 

TOP OF SCREEN -.404 

NIA 2 - 0104 	 TYPE! TYPE SIGL STAPLESS STEEL 
OMSK& WDTN, 0.010 NCH 

TYPEA COMPLIOUSLY SLOTTED TIRE ROUND 

BOTTOM OF SCREEN --ANNA 

WTI OM Or SLAP .4 a. - 

BOTTOM CF HOLE 	 -481. 

HOLE 0141 11-4 /2 ?NM ••■•■•110. 

F- 



MONITORING WELL PROZCT 
FUSRAP - WELDON SPRING CHEMICAL PLANT 

stu. NO. 
GMW-8 

J08 No. 

14501 
STYE 

NORTH OF COAL STORAGE AREA 
030ROINATES 

P101,720 	N50.659 
BEAM 

6/23/86 
COMPLETED 

7/25/86 
PREPARED BY 

A.ATKINSON 
REFERENCE POW FOR ILASUREIENTS 

GROUND SURFACE 

j
-- ELEV.- TOP OF SUFFACE CA5240. 622.0 

DEPTH 
OT) 

ALI 

•2.0 

0 

2.9 

£J.EY. 

it5.9. 

427.0 

5117.3 

555.9 

574.4 

564.4 

5631 

556.5 

ODIERALIZED =Lc= 1.00 

, 

I s  

X
i 

• • 

Ill 

i 
I
t 

i 1  

i 
x 

I I 
I 

I 1 
z 

• 
x 

x s 

V..EY.- TOP OF FOSER GSM: 62L9 

jr—ORCIAD SERFAGE 

0 - 02 n'Airsialf Z/W/W/Y-, - 	•
I 

• 

. , 	- Y/-s/ 2 ..‘/'-‘//W/ , 
. • • 

1 
/ i l l 

0.2 - 5.0 FT CLAY 	 / lz 
• 4 

■ 
x x 

• ri 1 
1 

AI 
I 

1 
I i i 

/ 
,.. • 
'— 

- 

SURFACE CASING 

WU 6 INCH SIRARE 

 TYPE. y, NCI; STEEL on iiRCELI CAP 

A BOTTOM OF SURFACE CASNG or— 

BACKFIL N.ATERIAL 

TYPE, CEMENT/BENTOPFTE GROUT 

5.0 - L3.7 FT SLT 	 i 
s x 
I 
s 

s 
1 I 
I 

I 
x 
I 

• 

i • 
I 

4 i 
4 

i s 

I • 
• 

• • 
■ ■ 
I
x 

• 
I 

:: 
::: 
— :• 
- 

• 
• 

a 
;I' 

I 
I 1  

I 

I  
I 

0
I 

4 4 
i 

i 1 

13.7 - 3...5 FT CRAvELLT Mir ISAR CASK 

Om 2 - Nal 

TYPE, TYPE 3164. smouLE Ao STAN...F.35 STEEL. 
1 /TTH F111514 201-4T5 

• . 
• I 

y 
• • 

s 
s I 

I 
s 

y 
1 • 

TOP OF SEAL 

Aft4iLAR SEAL 

	 TYPE. BENTINTE Klan 0/4 NO, CALLUM 

\......, 

34.0 

315 - 51.3 FT 	NE STONE MODERATELY 
WEATICFED 
5LIRLPLGTON / MOLLS( FIA.) 

. 	 ' 

r. 
TOP OF FLIER PACK 

01—, 

FITER PACK 

TYPE. GENERAL 'LATERALS CORP. SPECFICATION 

ile-40 SAND. 

" 	 45.5 TOP OF SCREEN 	 00.. 

SOREDI 

Cm 2 - NCH 	 TYPE, TYPE 3aL STARLESS STEM. 

OPENINGS, IrDTNI 0.00 010■4 
TYPE, Co4nm.031.60 SLOTYED ME ROLM 54.5 - 574 PT WESTONE MESH 

• 555 sorToo OF SCREEN 

BOTTOM or 5144, 	 .11. 	56.5 . 

- 	 .... 	63.0 BOTTOM OF FOX 

HOLE D41 01/2 INCH 

F-8 



OBSERVATION WELL PROJECT 

FUSRAP-NELDON SPRING CIELOCAL PLANT 
WELL No. 

Gi4V-9 
J38 NO. 

14501 
SITE 

NORTH OF COAL STORAGE AREA 
COCROINATES 

1E050 	V50,700 
sEca 
6/25/86 

COMPLETED 

7/16/86 
PREPARED BY 

A.ATKINSON 
REFERENCE PONT FOR MEASUREMENTS 

GROUND SURFACE 

CE1CR&LETD GEOLOGE LOG 	 / 

j
i-- ELEV.- TOP OF SURFACE MI6: 639.3 

'.7 

rEPTH 
ern 

*2.6 

*24 

2.4 

252 

21.2 

47.6 

57.6 

58.6 

58.6 

. 

636.T 

6343 

1,13 

609.5 

589.1 

579.1 

6T6i 

ST8. 1  

s 
I I 

i  1 I 
s ir 
1 

s i x 

A s s 

it 
I 

I I 
t 

I 
t 

{ 
1 

I t 
1 

s 
1 

s 
1 

I 
V 

I 
I 

I I 
I 

I I 
I 

1 
111 

I s s 
I 

1 
i 

1 
s 

I I 

/111 
I  
s 

1 
I 

i  l 

si  
,
s 

: 

I I 
1 

/ I 
I 

11 I 
t 

I I 
I 

TR 
t 

1 1 

s 
1 

s I 
I 

I I 
I 

I i 
I 

I I 
I 

I I 
I 
i  

LILY. - TOP or RISER comm. 639.1 

WOOED SUlFACE 

0 - LS FT siTya.A i '`7.>W`/, 

• % t 

1 • 

• /./. 	/. //. 	/. //. 

li. • 	' 
. '4.  - 
% 	

• / 

SURFACE CLANG 

ak 6 NOV SOuARE 

TYPE, ye NCH STEEL istrm Waco CAP 
4. 

BOTTC11 OF SURFACE CASING sp. 

BACKFILL MAMMAL 

TYPE: CEMENT/BENTONITE GROUT 1.5 - MS FT iR4YELLY CLAY 

RISER CASNG 

Ilk 2 - NCR 

TYPE, TYPE 316L SCHEIXIJ 40 STARLESS STEE. 
WITH rurri JOINTS 

• 

.— 

s t 
I i g 
s 

s s 
s 

s s 
s 

I I 

••: 

. 

20.5 - 26.5 FT LIMESTONE.  DECOMPOSED 
BILRAGTON / KEOKUK Fm.) 

TOP OF SEAL 

APNULAR SEA. 

TYPE: BENTOATTE PELLETS 0/4 RCN LTAKTER) r. 
26.5 - 29.0 FT piESTONE  EXTREMELY 

- 

• 

. 

. 
 - 

. 

IFEATWRED 

-  

29.0 - 54.0 FT LNESTONE  MOODIATELY 
'me Or FLIER PACA 

110--- 

FILTER PACs 

TYPE. GENERAL MATERIALS CORP. SPECIICATION 

110-40 SAND. 

VEATICRED TO LOCALLY CECOIPOSED 

TOP OF SCREEN am 

DIA: 2 - NCH 	 TYPE. TYPE 361. STARLESS STEEL 

--, 

. 

COMM SOT* 0.30 - INCH 

TYPE. CONTINUOUSLY SLOTTED WE NOM 

BOTTOM OF SCREEN Dm 

BOTTOM OF SUMP OW - 
- 

BOTTOM OF IDLE im. 

HOLE VW S-1/2 RCN 

• 

F — 9 



MONITORING WELL PROJECT 

FUSRAP - WELDON SPRING CHEMICAL PLANT LM 
 

GMW-10 
.138 MI 

14501 

SITE 

' 	 NORTH OF BUILDING 110 
COOROUUTES 

N101J50 	N50,100 
BEGUN 	COMPLETED 

7/21/86 	17/21/86 
PFIFYARED BT 

LBERGLUND 
REF ERDra POINT FOR YEASURDENTS 

GROUND SURFACE 

GDIERALIZED GEOLOGIC LOG 

■ 

.."-- ELEY. - TOP OF SUFFACE CASK& 644.2 

. 

DEPTH 
FT) 

• 74 

.2.0 

OM 

2-9 

312 

59.0 

59.0 

64.0 

ELEV. 

SW 

639.2 

607.1 

6019 

594.1 

584J 

583.1 

578.1 

/ 3 1  
3 

x 1 

/1 a 

/1  I 1 

3 x 

3 3  

A 1 

1 a 
s r 

x 3 

ELEV.- TOP OF RISER WPC: 6441 

MOM SURFACE 

‘7 W/W/W/W/ i:,  , ' 
AMD 	 LAY 	 ":•.00x A 4  

. 	/. //. 	. 	/. //. 

0.5 - 32.8 FT SILTY 
DAY 
	 :'• . __ 

5IN 
• / • 

•  
;■• Ft 

SURFACE CASK  

OA: 6 INDi SOU 

TYPE, y, 	NCH STEEL IITT14 141/0Ett CAP 

/ 

R T I 7  
I 1 

3 3 

X A 

lir  
ir' 

. 

4 
/ 

1 

i 

I 

3 

• 1 
3 

3 

• 1 
I 

I '  
I 

I 

a 
I 

• 1 
1 

x 	I 

.... 

:•• 

..41111--•----• 	BOTTOM OF SURFACE GASNG 1N•• 

SACKFUL MATERIAL 

TYPEs CEMENTIBENTOWE GROUT 

z , 
A 

x z 
3 

a 1 

3 	it 

3 x 

ra 

RISER CASK 

Pk 2 • RICH 

TYPE. TYPE NU SCHEDULE 40 STARLESS STEEL 
TH PLUSH JOINTS MTh 

• a 
I I 

I A 

x I 

x x 

x I 
OF SEAL TOP 32.1 - 59.0 FT LIMESTONE 

MODERATELY WEATHERED 
SURLINGTON / KEOKLK FM.) 

• 

• .• 
 AMUR SEAL 

TYPE, BENTOVE PELLETS 0/4 NM 01.4AETER) 

- 

TEE El f ITER PACK 

FLIER PACK 

TYPE: GENERAL MATERIALS CO.. SPF-DFCATION 

111-40 SAW. 

..... 

• — 

•• 

TOP OF SCREEN 

KNEEN: 

Mk 2 - 1101 	 TYPE, TYPE 316L STARLESS STEEL 

- — 

■11 

- 

OPENNGS:11110Til: 0.010 NCH 
TYPT.a commuousor SLOTTED 11111E 903(1 

BOTTOM OF SCREEN 

BOTTOM OF SURF 

BOTTOM OF HOLE 

HOLE OA: 84/2 INCH 

F-10 



MONITORING WELL FUSRAP - VILDON SPRING 
WELL ho. 

CIAN-11 
Jos no. 

14 501 

9 CI 

EAST OF BULDNC CO 
COCKIHAI ES 

1400,6 	N50.030 
BEGUN 

7/18/86 
COMPLETED 

7/18/86 
PREPARED BY 

E.BERCLUND 
REF 	C£ KW FOR br_Astimmans 

GROUND SURFACE 

CETIERALIZED GEOLOGIC LOG 

...- 
—/ 
j

-- ELEV. - TOP or suRrux word 6553 

7 

MPTs4 
0 Tr 

•2.3 

• 

2-7 

3113 

62A 

TM 

T3.8 

. 

6530  

650.3 

682' 

664 

550.2 

S19.2 

S74.0 

1 

/ i 
/ 1 s  

I
N 

r  r  
r 1 

r
I

s 
 

It 

II 

52/I 

t 

, 

40-  

I 

i l  
II / 
a.  

` I' 
1 1 

II 

II 

i it 
■ 

IS 
r 

r z 

r 
r r 

7 
II 

I 
II 

r 
I t 

I 
I 
r

I 
 

1  

ELEv . - IC, OF RISER CASRG. 655.2 

/ 	WOLK) SURFACE 

0 - 04 FT '56  ' W/ \/ ‘/A// tt ' 
1t7 

.9 
■ . 

/ - ' • 	NY >////‘.-/ /Y / • / 0 - 
- - • 

/ 	. 

7
7

7  

,,,,,,,; 	ci • 

- 

SURFACE GSM 

01A: 6 NCH SQUARE 

TYPE  y, NI4 STE 	 rrrw 1016(31  UP 

BOT T Cad OF SURFACE CASK ea. 
I 

I 
6.0 - 97.0 FT CLA V II 

3I 
I 	it 

■ 
i r 

I 
II 

I 
II 
t 

I I 
I 

I 
I

I 

II 

1 E 
: 

I 
I 

II 

I I 

.::' 

-

• 

11 
 

eAcraL le TEIUL 

TYPE: PE: COEN,' /51ENTEPITE GROW 

RYSER CASK 

Mk 2 - INCH 

TYPE: TYPE .E.L SCNED.K.E 40 STAMM'S SIM. 

MTH FLU94 JOINTS 

21.0 - 32.0 FT GRA Val. Y 	.._1 

WI 
a 

x i 
a 

II 
I 

I I 

,
i 

1 
r 

TOP Or SEAL  	I 
32.0 42.6 r-1 1,,,cront  
AMER *TEL T IFEA1 SERED 
0,1.1110T ON / KEOKUK FL.) 

AOPIUL AR SE AL 

TEM EIEWTOMETE PC-LETS 41/ • MCP DANE TEM 

~a 

TOP OF FL TER PAM 

FILTER PAL], 

TYPE, GENERAL NI TEF6ALS CORP. SPECVICATION 

119-40 SAM. 

42.6 - 69.3 FT LIIESTOK SUERTLY 
EA TNERLD 

— 

R 
TOP or SCREEN 	 SIIP 

MA: 2 - RCN 	 TYPEa TYPE 316E STAINLESS STEEL 

OPEPRICS: WM: 0.010 INCH 

TYPE, CCRIIILIOUSLY SLOTTED ME NOM 

69.3 - T4.0 FT Uhl:STOW 
SUCHTLY WEATHERM TO FRF_SN 

• NM MI  SCREEN DUTTON Or 	 110. 

BOTTOM CC WA" es. 

BOTTOM 	►4CLE 	 19.0 CF 	 am 

'Ilm."1 - ROLE OW el/ 2 WS 

F -11 



I 

MONITORING WELL FUSRAP - WELDON SPRING DUCAL PLANT 
WELL NILL 

DATI- 1.2 
.1211 NO, 

14501 
SITE 

SOUTH OF FROG POND 
COORDINATES 

1101,050 	V49,643 
BEGUN 

7/17/86 
CONPLETF.D 

7/17/86 
PREPARED BY 

E.BERGLUND 
REFERENCE P0217 FOR NEASURLIENTS 

GROUT SURFACE 

GENERALIZED GEOLOGIC LOC 

/ j
--•-- ELEV. - TOP OF SURFACE CASIO 6311.3 	 , 

TIEPIN 
fT1 

•2.1 

.2.0 

o 

2.9 

 21.5 

22.3 

46.0 

MO 

59.0 

69.5 

ELEV. 

506.7 

601.9 

57 2 

ST/2 

566:7 

/ 
a 

1  i' 1 
x 1 
I r x / r a t 
s 

/I 1 
I 

1 I 
1 

1 1 
1 

.., X 

'52/. 

1 

I 

1 
1 	II 

Is 
1 I 

I x t 

I I 
1 

t at  

I I 
a 

z 1 
z 

3 a 
I 

1 E 

AI 
r 

f I 

I X 
X 

1 I 
I 

I X 
T 

X X 

f
x 

T 

ELEV. - TCP OF AMER CASING: 130.2 

I.— GROUND SURFACE 

0 - 1.0 Frsliii.'// /̀/W/W/ i):* • 

9 

1,.., 
:v 

• 

• 

.41: ." -N/////W/NY/ . 

1 

/ . 	• 
.0; 

• 

' 

SURF ACE CASING 

Olk 6 INDi SQUARE 	- 

TYPE, 	VII MI STEEL WM 4WCED CAP 

it ..16---.-.• 	BOTTOM OF . SURFACE CASING 
a 
I 

1 
a a 

a 
t 3 

1 
z z 

z 
1 

X X 
I 
I 

1 
1
i ' 

x 

ac 
I  

a a 
1 

1 
z 
z 

1 
I 

I
a 

1 

::: 

• • • 

• 

OP. 

LO - 20.0 FT CLAY 
BAC:011 114► TF-RAL 

TYPE. CENEN T /BENTONITE GROUT 

RISER CASING 

DRI 2 - INCH 

TYPE, TYPE 3161. SCHEDULE 40 STAINLESS STEEL 
WM4 FU ESN !MIS 

20.0 - 25.5 FT GRAVELLY CLAY 

z 1 
E 

I I 
z 

I 1 
X 

I X 

I X 
I 

• " ... 
...-. 
:::: 

TO' Or SEAL 
25.5 - 50.5 Fl  LACT.TOIE  MOOERATEI., 
WEA TIONZD 
CBURLICTON / REOKUE FM.) 

01/4111.11.0 SEAL 

TT PE. BENTOPETE PELLETS 014 NO1 CIANETER) 

kv.. 

r._ 
TOP 	FLIER PAM OF 

FLYER PACE 

TYPE, GENERAL NATERALS CLEW'. W.E.CFICATIOH 

VB-40 SAND. 

• TOP OF SCREEN 	 EIN. 

S0.5 - SSA FT ,RESTORE 

DIA: 2 - ICR 	 TIFEA TYPE 351. STARLESS STEEL 

suomy WEATHER:0 

OPENINGS: ROTH: moo 604 
ME, C9NTHJOUSLY SLOTTED WIRE WOUND SU - 5%O Fr 24:0. 

EX1WEIELY VEATHINED 

' 

BOTTOM OF SCREEN 	 IP. 

. 

59.0 - 10.0 Fr UMESTOW SLIGHTLY WEATHERED 
 	DOTT014 OF sue 	 Or 

Bonus 	 RAN OF KIX 

Mr DIA,  B -1/ 2 INCH 

F — 1 2 



OBSERVATION WELL rauscr 
FUSRAP-WELDON SPRING CHEMICAL PLANT 

WELL MEL 

GLOW-13 

JOB MI 

14501 OUTSIDE OF FENCE NE OF. BUID1NG 404 

COMMUTES 

N100,819 	W49,539 
Kam ' 
6/26/86 

COMPLETED 

7/16/86 

PREPARED BY 

kATKINSON 

REFERENCE PONT FOR MEASUREMENTS 

GROUND SURFACE 

ODIERALIZED GEOLOGIC LOG 

j-- ELEV. - TOP OF SOW ACE caw. ma 

ELEV.- TOP OF MD =NG: 447.4 

OEPTk 
wn 

*2.1 

42.9 

0.0 

2.9 

3L3 

SIX 

, 

660 

69.0 

75-0 

WY. 

MSS 

642.6 

• 

7 

6542 

SETS 

577.5 

576.5 

570.5 

2. 

7 r 

x 

I li

a 

 

1 
. 

1 
I 

1 
A 
I 

A 
r 

z 
r 

s 
2 
I 

1 2 
v 

I 
a I 

i 1 
I 

a 

a 
1 

X 
7 2 
... 
"• • • • - • • ... 

• 

• 

. 

'11 

zr"il  

I  

11 
 I 

2 

1 I 
22 

s 

132  
1 

. . 
1 

12  

2 1 
s 

1 s 
1 

2 2 

a 
I 

I 2 
I 

I 2 
s 

I I 
it 

I 	II 
I 

i s 

r- CRUM SURFACE 

0-17•OFTiLl'. //. //. "/. // .0 :: 
:Xit 

5) 
. 

.52 
• /, 21  

• 
/ 
/. 
4,  

- , -\ Y/Y/W/W/W/ . 

asp  

  

. 

SURFACE CASING 

OW i INCH SQUARE 

TIPEs A NCH ME. L Orrm temp CAP 

/ 

BOTTOM OF SURFACE CASING Or •••■ • 

BACAFIL MATERIAL 

TYPE CF-SENT/BENTOMTE GROUT 

MO - 2L0 TT CLAY 

RtSER CASK, 

OA, 2 - PIN 

TYPE.: TYPE 3t6L SCHEDULE 40 STAN-M . 5TM 
1RTN FLUSH JOINTS. 

22.0 - 273 FT GRAVELLY CLAY 
• 

I I 
t 

I 1 
s 

1 I 
1 

s 2 
II 

2 A 
TOP OF SEAL 

275 - 60.0 FT 1,14ESIONE MINX AR SEAL 

	 TYPE GENTOICTE PELLETS G/4 MI [METER) 
MODERATELY WATERED 
MILRUNCTON 1 KEOKUK 22(.1 

_ 
PACK TOP OF FLTER 

- 

IP,— 

FLIER PACK 

TYPE, MIERAL MATERIALS CORP. SPECFCATION 
118-40 SAND. 

OM. TOP OF SCSED4 

DA: 2 ... PICK 	 MEI TYPE 116. STAPLESS STEEL 
OA - 70.0 FT LIWESTOW FRESH 

OPENPICSi VDT* COO - DEN 
TYPE, CONTINUOUSLY SLOTTED ORE WOUND 

RIMY OF SCREEN 	 p... 

0077014 OF SLIP W. 

.. 	' 	 0017011 OF HOLE 	 imil. i 

HOLE OA: R-I/2 INCH 

F-13 



1 

3 

A 

OBSERVATION WELL PROJECT 
FUSRAP-WELDON SPRING CHEMICAL PLANT 

WELL NO. 
61.011-14 

JOS NO. 
14501 

SITE 

NE OF N PARKING LOT 
COORDINATES 

N103.735 	11'49.186 
SEWN 

6/26/86 
COMPLETED 

7/14/B6 
PREPARED BY 

E.BERGLUND 
REFERENCE PONT FOR MEASUREIENTS 

GROUND SURFACE 

... j--
ELEV. - TOP OF SURFACE CAVA led 649.5 

7 

DEPTH 
WTI 

*22 

.2.1 

DO 

LB 

3SJ 

no 

48.0 

511.0 

59.0 

64.0 

. 

4473 

644.5 

6122 

610.3 

51193 

595.3 

5113 

— 

• 

— 

" 
1 s 

s I 
I I 

t i 

111 

I I I 

1 I 
II 

I
I 

 It 

I I 

s 
1r 
z 	r 
s 

I1 
t 

I 3 
1 
s 

s 
II 

GENERALIZED ccouxac Lot % 
ELEV.- TOP OF RISER WPCs 649.4 

F. COLND SURFACE 

o - as WT T3PilY/Y/W/W/ t;" . e t a  '  - 	///?///. 
 

e :■:7 	z 1 
0.5 - ELS n SILT 	 S .  

..... 

."9V /
..i 1 

 / 
s , 	s I 
;'0 	, s 
, 	1 1 1 

1 1 1 
4 11 

- 
. 

. 	- 

• 

SLMF ACE CASING 

01A: 6 NCH SQUARE 

TYPE) yd, 	INN STEEL 1I1I4 3045E13 CAP 

/. 
si 

a 
I 

a 
I 

I 
1 

I 
s 

1 
I 1 

11 
t 

I 3 
3 

a 
s 

rs s  

I 
1 

I 
a 

1 / 
s 

1 
1 

3 
i 

. 

BOTTOM OF SURFACE CASND Ns.- 

BAWL/ MATERIAL 

TYPE,CEMENT/BENI-Own DR0uT 	 / 
104 - 210 FT .Q 

FUSER CASNL  

DA: 	901 2 - 
- 

TYPE) TYPE 3361 SCHEDULE 40 STAINLESS STEEL 
WITH FLUSH JONTS. 

21.0 - 33.0 FT GRAVELLY CLAY 

	 - 

I I 

1 
a 

I t 
s 

1 11 
3 

I 1 

33.0 - 35.0 F-7 LACSICNE DECCA1POSED 	-' 

TOP OF SEAL (BURLINGTON / caw,. FAIR 

ANNULAR SEAL 

TIME/4703(TE PELLETS 0/4 NCH ()METER) 
36.0 - 59.0 FT LINESTONF 
CURDS:LT TO SLIGHTLY WEATHERED 

TOP 	PAD OF FLIER 

FLIER PACL 

TYPE, GENERAL MATERIELS CORP. SPECFICATION 

18-40 SAND. 

Tee OF SCREEN 	 No 

6CREF. ►42 	 . 	.  

DIA: 2 - INCH 	 TYPE, TYPE 361. STARLESS STEEL 
OPEMICS: WDTH: 0.010 - RICH 
TYPE, COTSTINXTUSLY SLOTTED NNE NM 

. - 
 	" 

. 

BOTTOM OF SCREEN Or 

BOTTOM OF SLAtr 	 owl 

BOTTOM OF HOLE 	 pm 

HOLE DIN 9-1/2 INCH 

F - 1 4 



MONITORING WELL FUSRAP - WELDON SPRING CHEMICAL PLANT 
WELL NO. 

GMW-I5 
.as lc. 

14501 ACROSS INTERSECTION FROM BLDG. 412 
COMB INATES 

N00,100 	W50,550 
BEGUN 

7/28/86 
CORPLITED 

7/30/86 
PREPARED BT 

ESERGLUND 
REFERENCE POKT FOR LEASUREIENTS 

GROUND SURFACE 

ELEY. - TOP OF SURFACE CASWIC: 660.0 

DEPT si 
rn 

•24 

42.5 

0.0 

2.4 

45-3 

ELEV. 

657.4 

655.0 

60-1 

599.9 

579.9 

578.9 

57t, 4  

„z ...7 
K''' 

BENERALIZED CEOLOCZ LOC 

„ 

r 

fa
t 

1 1 

1 I 
1 

siz 

z 1 

;It 

a t 
t 

1 1 
1 

s 	z 
z 

1 1 

ELEV. - TOP OF RtSER CASINCe 659.9 

/,., 	 r16411111) SURFACE 
Osiv o - os rr VAvil T,i5Yui-W7W/ o - - • / / / b. 	7/W/WY/ , 

.„, 	• 0 5) 	s 1 

0.5 - 33.9 FT SILTY CLAY 	 -vri,1  
,. /il i  

5:1  / ' 

• 

s 	s 

/1 1 I 

a 
x 

x 1 
1 

1 
1 

1 
s 

1 

I 

1 

rlii /I's! 
■ 	 -. 

SURFACE CASINO 

GM 6 INCH SOUARE 

TYPE, VA 	RCN STEEL VTR 14 HOED CAP 

BOTTOM OF SURFACE CASING ► 

BACKFLL MATERIAL 

TfPE, CEACHT/SENTONFTE GROUT 
1 

1 
1 1 

1 
1 1 

1 
1 1 

z 
z t 

1 
1 t 
i 

z 	s 

333 - 45.5 FT GRAVEL AND CLAY 	 r 
1 

I 

1 

• : 
1 

1 
s 

a 
z z 
z 
t 

1 

RISER CASING 

Oh 2 - INCH 

TYPE, TYPE 3161 SCHEDULE 40 SUNLESS STEEL 
IITTH FLUSH .10447 5 

I z 
v 

x z 
a w t 
z z x 
s 

1 1 
TOP OF 	AL 

AMMAR S€.AL 

TYPE, BENTCKTE PELLETS 0/4 INCH CCA ► ETER) 

41.3 

45.5 - 10.4 FT LAW-STONE 	 T .  
MODERATELY TO SEVERELY WEATHERED ::: 
/(131,FLINCTON / REOLUA FA4.I 

TOP OF FLTER PACK 

FLTER PACs 

TYPE, GENERAL NATERALS CORP. SPF_CFICATION 

1111-40 SAND. 

67.5 TOP OF SCREEN 	 flos 

01A: 2 - INCH 	 TYPE, TYPE 3461 STAN-ESS 51W. 

70.4 - 80.5 F7 j.INESTOtt 

_ 

OF'ENINCS: MTH: 0.010 NCH 

TYPE, CONTINUOLGLY /LOTTED BRE BOJO SUOMI.? FEATHERED 

- 	  BITTTai OF SCREEN 	 77.5 Blim 

BOTTOM OF soup 	 783 ..., 

♦111. 	060 Borrow OF HOLE 

HOLE Du: 8-1/2 INCH 

F —1 5 



1 
OBSERVATION WELL Pft0.ECT 

FUSRAP-WELDON SPRING CHEMICAL PLANT 
No. 

GMIV-17 
RQ6 No. 

14501 
SITE 

MAIN ENTRANCE GATE 
COORDINATES 

NI00,200 	V149.050 
BEAM 

6/17/86 
COMPLETED - 

7/15/86 
PREPARED BY 

A.ATKINSON 
REFERENCE PONT FOR IKASLIFIEMENTS 

GROUND SURFACE 

ELEV. - TOP OF SURFACE CAWS: 660.0 

gem rn 

• 

42,/ 

OA 

2.8 

21.8 

30.0 

53.0 

63.0 

64.0 .  

61.0 

Y. 

IST11 

655.0 

630.0 

WA 

604.1 

594.8 

593.8 

OILS 

7 
— 	 ELEV. - TOP OF RISER CASMG: 659.9 

GENERALIZED GEOLOGIC LOG 

— 

111- 

ORDEN) SURFACE 

II 

II 

0 - 15.5 FT SLIT CLAY W/W/Y/ 

t 

x 

II 

II 

II 

/ s s 

-il 

x 	/I 

II 
t 
i 

x x /,. . 	
/, 	. 	/. 	/.//, 

13 

. 11 

111 /  

1100 

11 i/r.  

SLRF ACE CASING 

DIAs  6 11104 SQUARE 

TYPE: V. NCH STEEL wrrm NAMED CAP 

s s / 
6.1 ., 

1, t BOTTOM OF SURFACE CASING 1 
II 

I
I

I 

11 

II 
I 

II 
I 

II 
I 

13 
t 

11 

1 

INs. 

BACKFLL MATERIAL 

TYPE, CFAIENTIBE/FTOMIE 0200 

i 

SS - 23.5 FT SILTY Cl. AY 
I 

IV 
1 

II 
I 

I 
I 
I 

1 1 
I 

1 

I 

s 
x 

It 
s 

t . 
x 

x 
1 

t I 

: LI' 
.... 

- 

- 

- 

.  

t a t 2 

RISER CASING 

RA: 2 - ICH 

TYPE: TYPE 3161. SCHEDULE 40 S TAIILESS STEEL 
WTTH FLUSH JOINTS. 

I t 
x 

s 	1 
1 

i a 

1 I 
x1  

I x 

23.5 - 44.1 FT ulors.romE 

TOP OF SEAL 
EXTREMELY HEAT HERED 7G DECONPOSED
(BURL/CT ON / KEOKUX FN.) 	. 

AMMAN SEAL 

TYPE& Burr ONRE PELLETS 0/4 NCH DIAMETER) 
\ .4.• 

TOP 	PACK OF F L TV 

FLTER PACK 

TYPE, GENERAL MATERIALS CORP. spEancA noN 
88-40 SAND. 

• 

44.1- 61.5 FT LOXES T ONE 
MODERATELY lin1171:RED 

. 

TOP OF SCREEN 	 OW 

DIM 2 - IN 	 TYPEs TYPE 361. STARLESS STEEL 
OP9461GSI WIDTH, 0.00 - BCH 

TYPES CONTRUOLISL Y SLOTTED ORE HOLM 

BOTTOM OF SCREEN N. 

61.5 - 64.0 FT L1MESTCPE 
SLENT..T WEATHERED TO FRESH 

• - • 
 	BOTTOM OF SHAD 	 am. 

Darrow OF 	 ON. ROLE 

HOLE Pk IH/ 2 INCH 

F — 1 6 



OBSERVATION WELL PROJECT 
FUSRAP-WELDON SPRING CHEMICAL PLANT 

NELL tal 
GMN-18 

.1011 NO. 
14501 

SITE 
SOUTHEAST OF BLDG. 434 

COORDINATES 

N98,297 	N50,382 

BEGUN 
6/28/86 

COMPLETED 

7/16/86 

PREPARED BY 	 1 
A.ATKINSON 

REFERENCE PONT FOR WEASURDENTS 

GROUND SURFACE 

.—. 
j

— ELEY. - TOP OF SURFACE USN& 663.1 

DEPTH 
/TI 

• 2.2 

• 

LB 

35.3 

31.4 

53A 

63.0 

64.0 

630 

ELEV. 

86.4 

OILS 

i26J 

124.0 

606.4 

897.4 

S12 
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1 3,  
/z 

7'.' • NI r  
SURFACE CASING 
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TYPE, Ye INCH STEEL IPT4 HIKED UP 
10 - 7.0 FT CLAYEY SLI/ULTY CLAY 	 1 II 

I 

• /
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/ I% 
I 

s a 
a 
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I 
I I 

zr 
BOTTOM OF SURFACE CASNG IP. 

BACKFILL MATERLAL 

TYPE, CFJOENTIBENTOIRTE GROUT 
1.0 - 1.0 FT SLTY kAt 	 1 

, 	I 
I 

I 
V 

I 	11 
I 

1 V 
a 

as 
z 

I 1 
I 

I I 
I 
I 

I 

w w 

1.0 - Z7.0 FT SLIT 	AT ITLLI 	 s 
a 

a 
I 

. 	I 
I 

I 

RtSER CASNG 

GA: 2 - !CH 

TYPE, TYPE 316L SCHEDULE 40 STAj&ESS STEEL 
WITH FLUSH JOINTS. 

27.0 - 32.5 FT GRAVELLY C-AT 	 I
s 

I 
a 
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• 
t t 

a 
a ■a 

a 
I 11 

I 
I 
l

I 

t 3 

. . 
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. 

- 
- ' 

TCP OF SEAL 
I 

32.5 - WS FT LPMESTOME 	 117 

SLIGHTLY TO MODERATE-1 ITATNERED 	 i 1 
•LRUNGTON / KEOKUK FM.) ANNULAR SEAL 

TYPE, UNITIVE PELLETS 0/4 INN DIAMETER) . 

38.5 - ST.S FT LAESTONE 

. , 

. ' 

. 
.-.--. .-- 

. — 

" • 
* r---- 
- 
 .-- 

.S 

.----. .e  

EIECOSPOSED 

, 

TO° OF FLIER PACK 

FLIER PACE 

TYPE, WERAL MATERIALS CORP. SPECFICATION 

18-40 SAND. 

TOP or SCREEN 

DIA: 2 - PCN 	 TYPE' TYPE MU STXPLESS STEEL 
OPENINGS. VIDT6 0.010 - VCR 
TYPES COKTINUOUSLY SLOTTED MIRE 116.10 

ST.5 - MO fl INESTCPE 
= WOW) 	 ADERED TO EXTREMELY 11F. 

OF BOTTOM 	SCREEN 	 164,  

BOTTOM OF stir 	 ...., 	  - 

• 6114. SOTTO/ OF KOLE 

ROLE OIN 8-1/2 NON 

F - 1 7 



APPENDIX G 

HYDROGEOCHEMICAL DATA 



Zarb. 
I 4111, 

4.6. ENVIRODYNE 
ENGINEERS 

12161 Lackland Road, 
St. Louis, Mssoun 63146 
(314)434-6960 

REPsORT OF ANALYS I S 

CLIENT: Environmental Supervisor 	REPORT DATE: 	October 30,1986 
FUSRAP 	 SAMPLE ANALYZED: 2 groundwater saiples for 
Bechtel National, Inc. 	 radiological analyses. 
P.O. Box 350 
Oak Ridge, Tennessee 	37830 

PROJ. 1: 3060-00354 

DATE 
SAMPLE t1986) 

201-SP-B21-0386 9/20 

201-S-84-G-00386 9/19 

DATE . RECEIVED: 	September 19 d 22,1986 
P.O. 11: 

PARAMETER 	VALUE 

GROSS ALPHA, pCi/1 	12 +/- 4 
GROSS BETA, pCi/1 	12 +/- 3 
TOTAL URANIUM, mg/1 	0.018 
RADIUM-226, pCi/1 	( 0.6 
URANIUM-234, pCi/1 	6.4 +/- 	1.6 
URANIUM-235, pCi/1 	( 0.6 
URANIUM-238, OCi/1 	6.7 +/- 	1.6 

GROSS ALPHA, pCi/1 	15 +/- 3 
GROSS BETA, pCi/1 	• 5 .+/- 3 
TOTAL URANIUM, mg/1 	0.021 
RADIUM-226, pCi/1 	( 0.6 
URANIUM-234, Kin 	5.3 +/-. 	1.4 
URANIUM-235, pCi/1 	( 0.6 
URANIUM-238 1 .  pCi/1 	7.7 +/- 	1.7 



ENVIRODYNE 
ENGINEERS 

ReVciera 2 741;,- 14, 1987 

REPORT OF ANALYSIS 

CLIENT: Mr. Jack Blanke 
	

REPORT DATE: 	November 24, 1986 
Bechtel National, Inc. 	SAMPLE ANALYZED: 13 Water Samples 
Post Office Box 350 
Oak Ridge, IN 37830 

DATE RECEIVED: 	October 1, 1986 
PROJ. is 3060-00354 	 P.O. I: 

SAMPLE ANALYSIS 	RESULT 

       

       

201 -SP-6AW2 -6-386 	Conductivity(uMhos/cs) 	1601.6 
pH 	 7.35 
Chloride(mg/L) 	7.9 
Sulfate(mg/L) 	64 
Carbonate(mg/L) 	( 0.5 
Bicarbonate(ag/L) 	49.8 
Nitrite(mg/L) 	0.62 
Nitrate(mg/L) . 	- 167 
Calcium(mg/L) 	210 
flignesium(mg/L) 	5.45 
Sodium(mg/L) 	70.2 
Molybdenua(mg/L) 	( 0.05 
Potassium(mg/L) 	17.54 
Strontium(mg/L) 	0.610 
lithium(mg/L) 	• 	0.21 . 
Vanadium(ag/L) 	( 0.050 
Nardness(mg/L,CaCO3) 	547 
Oxidation-Reduction Poteneial(mv) 	333 

201 -SP-GM43 -6 -386 	Conductivity(uMhos/cm) 	2551.4 
pH 	 7.81 
Chloride(mg/L) 	13 
Sulfate(mg/L) 	210 
Carbonate(mg/L) 	( 0.5 
Bicarbonate(mg/L) 	237.8 
Nitrite(mg/L) 	( 0.05 
Nitrate(mg/L) 	236 
Calcium(mg/L) 	235 
Nagnesium(mg/L) 	84.6 
Sodium(eg/L) 	57.2 
Molybdenue(mg/L) 	( 0.05 
Potassium(mg/L) 	10.54 
Strontium(mg/L) 	0.723 
Lithium(mg/L) . 	0.45 
Vanadium(mg/L) 	0.025 
Nardness(mg/L,CaCO3) 	962 
Oxidation-Reduction Poteneial(mv) 	308 

PAGE 1 OF 7 
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ENVIRODYNE 
ENGINEERS 

REPORT OF ANALYSIS 

CLIENT: Ni. Jack Blanke 
Dechtel National, Inc. 
Post Office lox 350 
Oak Ridge, TN 37830 

REPORT DATE: 	Novesber 24, 1986 
SAMPLE ANALYZED: 13 Rater Saeples 

DATE RECEIVED: 	October 1, 1986 
PRO]. II: 3060-00354 	 P.O. 8: 

SAMPLE .ANALYSIS 	RESULT 

201 -SP-GRW4 -G -386 	Conductivity(uRbosics) 	619.9 
pH 	 7.81 
Chloride(eg/L) 	4 ' 
Sulfate(eg/L) 	13 
Carbonate(og/L) 	( 0.5 
Dicarbonate(sg/L) 	350 
Nitrite(sg/L) 	( 0.05 
Hitrate(sg/L) 	1.20 
Calcium(sg/L) 	59.2 
Ragnesiumfog/L) 	39.6 
Sodiusfog/L) 	14.4 
Rolybdenua(og/L) 	( 0.05 
Potassivasg/L) 	1.76 
Strontius(og/L) 	0.305 
LithiusCog/L) 	( 0.03 
Vanadiva(og/L) 	0.084 
Hardness(og/L,CaCO3) 	320 
Oxidation-Reduction Poteneial(ov) 	229 

201 -SP -BMWS -G -386 	Conductivity(Abos/co) 	1794.7 
pH 	 7.64 
Chloride(og/L) 	9.6 
Sulfate(og/L) 	76 
Carbonate(og/L) 	( 0.5 
Dicarbonate(og/L) 	83.2 
Nitrite(og/L/ 	( 0.05 
Nitrate(og/L) 	185 
Calcius(eg/L) 	182 
Ragnesius(sg/L) 	49.0 
Sodius(og/L) 	71.5 
Rolybdenue(og/L) 	( 0.05 
Potassius(eg/L) 	9.96 
Strontius(og/L) 	0.722 . 
Lithius(sg/L) 	0.27 
Vanadium(eg/L) 	( 0.050 
Hardness(sg/L,CaCO3) 	656 
Oxidation-Reduction Poteneial(ov) 	321 

PAGE 2 OF 7 
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ENVIRODYNE 
ENGINEERS 

REPORT OF ANALYSIS 

CLIENT: Mr. Jack Blanke 
Bechtel National, Inc. 
Post Office Box 350 
Oak Ridge, TN 37830 

PROJ. 0: 3060-00354  

REPORT DATE: 	November 24, 1986 
SAMPLE ANALYZED: 13 Mater Samples 

DATE RECEIVED: 	October 1, 1986 
P.O. 0: 

SAMPLE 

2017SP-OMW8-0-386 

201 -SP -RP1 -W-386 

ANALYSIS 

Conductivity(uMhos/cm) 
pH 
Chloride(mg/L) 
Sulfate(mg/L) 
Carbonate(ag/L) 

RESULT 
======== 
6837.0 
7.76 	• 
50.4 
59 	• 
( 0.5 

Bicarnonate(mg/L) 271 
Nitrite(mg/L) ( 0.05 
Nitrate(mg/L) ( 0.05 
Calcium(mg/L) 83.1 
Magnesium(sg/L) 33.1 
Sodium(mg/L) 18.0 
Molybdenum(mg/L) ( 0.05 
PotassiUm(sy/L) 3.13 
Strontium(sg/L) 0.246 	• 
Lithium(ag/L) • ( 0.03 
Vanadium(mg/L) ( 0.050 
Nardness(mg/L,CaCO3) 356 
Oxidation-Reduction Poteneia1(mv) 298 

Conductivity(uMhos/cm) 3515.8 
Ph 8.01 
Chloride(mg/L) 27.2 
Sulfate(mg/L) 315 
Carbonate(mg/L) ( 0.5 
Bicarbonate 50.8 
Nitrite(mg/L) 1.78 
Nitrate(mg/L) 404 
Calcium(mg/L) 361 
Magnesium(mg/L) 19.2 
Sodium(mg/L) 420 
Nolybdenum(mg/L) 3.34 
Potassium(mg/L) 38.00 
Strontium(mg/L) 1.04 
Lithium(mg/L) ( 0.03 
Vanadium(mg/L) 2.38 
Nardness(mg/L,CaCO3) 936 
Oxidation-Reduction Poteneial(mv) 300 

PAGE 3 OF 7 
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1 

ENVIRODYNE 
ENGINEERS 

REPORT OF ANALYSIS 

CLIENT: Mr. Jack Blanke 
Bechtel National, Inc. 
Post Office Box 350 
Oak Ridge, TN 37830 

REPORT DATE: 	Novesber 24, 1986 
SAMPLE ANALYZED: 13 Water Suples 

DATE RECEIVED: 	October 1, 1986 
PROJ. 8: 3060-00354 	 P.D. B: 

ANALYSIS 	RESULT 

Conductivity(uMhos/co) 	425.5 
pH 	 8.63 
Chloride(mg/L) 	6.2 
Sulfate(sg/L) 	796 
Carbonate(sg/L) 	( 0.5 
Bicarbonate(ng/L) 	39 
Nitrite(eg/L) 	0.55 
Nitrate(sg/L) 	10.13 
Calcius(mg/L) 	101 
Magnesius(sg/L) 	46.9 
Sodium(sg/L) 	78 
Nolybdenus(sg/L) 	6.67 . 
Potassium(pg/L) 	20.00 
Strontium(og/L) 	• 0.353. 
Lithius(mg/L) 	( 0.03. 
Vanadium(ag/0 	1.41 
Kardness(sg/L,CaCO3) 	470 
Oxidation-Reduction Poteneia140 	278 

SAMPLE 

201 -SP -RP2 -W -386 

201-SP -RP3-W-386 Conductivity(uMhos/cs) 	9449.5 
pH 	 8.06 
Chloride(mg/L) 	36.3 
Sulfate(og/L) 	495 
Carbonate(sg/L) 	( 0.5 
Bicarbonate(ag/L) 	50 
Mitrite(mg/L) 	2.69 
Nitrate(mg/L) 	1170 , 
Calcius(mg/L) 	420 .  

Nainesium(mg/L) 	311 
Sodius(sg/L) 	767 
Molybdenus(mg/L) 	3.96 
Potassium(ag/L) 	105.95 
Strontium(mg/L) 	1.76 
Lithium(og/L) 	2.79 
Yanadius(mg/L) 	0.548 
Nardness(mg/L,CaCO3) 	2461 
Oxidation-Reduction Poteneial(ev) 	354 

'PAGE 4 OF 7 

G— 5 



DATE RECEIVED: 	October 1, 1986 
P.O. 1: PROJ. I: 3060-00354 

ENVIRODYNE 
ENGINEERS 

REPORT OF ANALYSIS 

CLIENT: MT. Jack Blanke 
Bechtel National, Inc. 
Post Office Box 350  
Oak. Ridge, TN 37830 

REPORT DATE: 	Noveeber 24, 1986 
SAMPLE ANALYZED: 13 Water Suples 

SAMPLE 	ANALYSIS 	RESULT 
=-------- 

201-SP-82-G-386 	Conductivity(uMbos/ce) 	977.1 
pH' 	 7.90 
Chloride(sg/L) 	4 
Sulfate(eg/L) 	26 
Carbonate(eg/L) 	( 0.5 
Bicarbonate(eg/L) 	128.6 
Nitrite(og/L) 	( 0.05 
Nitrate(mg/L) 	88.8 
Calcius(eg/L) 	102 
Nagnesiue(eg/L) 	53.9 
Sadius(sg/L) 	19.4 
Nolybdenus(vg/L) 	( 0.05 
Potassiue(eg/L) 	1.24 
Strontitie(eg/L) 	0.212 
Lithius(eg/L) 	( 0.03 
Vanadiue(eg/L) 	( 0.050 
Nardness(eg/L,CaCO3) 	493 
Oxidation-Reduction Poteneial(ev) 	298 

au -Sp -819A -6 -386 	Conductivity(uMhos/ce) 	7368.4 
PH 	 7.17 
Chloride(eg/L) 	22.1 
Sulfate(og/L) 	57 
Carbonate(eg/L) 	( 0.5 
Bicarbonate(ig/L) 	251.6 
Nitrite(eg/L) 	0.06 
Nitrate(eg/L) 	$70 
Calcius(eg/L) 	951 
Kagnesiue(eg/L) 	250 
Bodium(eg/L) 	284 
Nolybdenue(eg/L) 	( 0.05 
Potassium(eg/L) 	3.54 
Strontiue(eg/L) 	2.57 
Lithiue(eg/L) 	0.22 
Vanadius(eg/L) 	0.064 
Nardness(eg/L,CaCO3) 	3448 
Oxidation-Reduction Poteneial(ev) 	336 

PAGE 5 OF 7 
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1 

ENVIRODYNE 
ENGINEERS 

, 

• 

REPORT OF ANALYSIS 

CLIENT: 	Mr. Jack Blanke 	REPORT DATE: 	Novesber 24, 1986 
Bechtel National, Inc. 	SAMPLE ANALYZED: 	13 Nater Samples 
Post Office box 350 
Oak Ridge, TN 37830 ,  

DATE RECEIVED: 	October 1 	1986 
PROJ. I: 3060-00354 	 P.O. A: 

1 ANALYSIS 
1 

SAMPLE 
= 	 ===_____ 

RESULT 
=== 	 

201-SP-GMW11-0-386 Conductivity(uMhos/cs) 5597.9 

1 	• pH 	. 7.90 
Chloride(sg/L) 268 
Sulfate(sg/L) 12 

i Carbonate(sg/L) (.0.5 

] Dicarbonate(sg/L) 295 
Nitrite(sg/L) ( 0.05 
Nitrate(sg/L) 4.13 

i Calcium(sg/L) 
Magnesius(sg/L) 

61.3 
. 	30.7 

Sodium*/L) 10.4 
Molybdenum(sg/L) (.0.05 ] Potassius- (.g/L) 3.76 
Strontius(sg/L) 0.116 

f Lithium(eg/L) ( 0.03 

i 
Vanadius(ig/L) 
Hardness(mg/L,CaCO3) 

( 0.050 
438 

Oxidation-RedUction Poteneial(ev) 297 

201-SP-823-G-386 Conductivity(uMhos/cs) 7352.8 
pH 8.18 
Chloride(mg/L) 1.7 
Sulfate(sg/L) 13 
Carbonate(mg/L) ( 0.5 
Dicarbonate(sg/L) 365 
Nitrite(sgIL) ( 0.05 
Nitrate(sg/L) 1.10 
Calcium(mg/L) 47 
Magnesius*/L) 53.1 
Sodius(mg/L) 26.3 
Molybdenum(sg/L) ( 0.05  
Potassius(mg/L) 
Strontium(mg/L) 

0.94 
0.210 

Lithium(sg/L) 0.03  • ( 
Vanadius(mg/L) ( 0.050 
Nardness(mg/L,C403) 340 
Oxidation-Reduction Potential*) 300• 

PAGE 6 OF 7 
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ANALYSIS 

Conductivity(Ohos/cm) 
pH 
Chloride(sg/L) 
Sulfate(mg/L) 
Carbonate(sg/L) 

RESULT 

450.0 
8.11 
6.8 
38 
( 0.5 

licarbonate(sg/L) 260.4 
Nitrite(mg/L) ( 0.05 
Nitrate(mg/L) 1.50 

. Calcium(mg/L) 61.9 
Magnesium(mg/L) 34.5 
Sodium(mg/L) 11 
holybdenum(sg/L) ( 0.05 
Potassium(mg/L) 	• 1.18 
Strontiui(ig/L) 0.103 
Lithium(mg/L) ( 0.03 
Vanadium(ig/L) ( 0.050 
Nardness(mg/L,CaCO3) 286 
Oxidation-Reduction Poteneial(mv) 268 

SAMPLE 

201-SP-1311-G-386 

ENVIRODYNE 
ENGINEERS 
REPORT OF ANALYSIS 

CLIENT: Mr. lack Blanke 
Bechtel National:, Inc. 
Post Office box '350 
Oak Ridge, TN 37830 

•REPORT DATE: 	November 24, 1986 
SAMPLE ANALYZED: 13 Water Samples 

DATE RECEIVED: 	October 1, 1986 
PROJ. 1: 3060-00354 	 P.O. 
=------- 

Attachment I "STANDARD CLAUSES" is included herein by reference. 

APPROVED: 
PAGE 7 OF 7 
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ENVIRODYNE 
ENGINEERS 

ATTADIENT I — STANDARD CLAUSES 

ENVIRODYNE ENGINEERS, INC. 

CLIENT: Bechtel National, Inc.. 	REPORT DATE: 	November 24, 1986 

• 

The testing services provided herein have.been performed, findings obtained, 
and rePortt prepared in accordance with generally accepted testing laboratory: : :  

• principles and practices. This Marrentyjs in lieti,orall other Warrentieti•:.' 	• 
either expressed or implied. 	• 

These test s were conducted in accordance with the standards-and procedures 
 ( - pecified. Interpretations of the results should take into account that 
there is a lenerally recognized and accepted degree of error associated with 
these and all laboratory analytical tests. • 

( 	• 
These analyses have been made (tests performed) and report prepared based 

• • upon the. specific samples) provided to us by the client or his/her 

o representative for testing. We assume no responsiblity for variations in 
quality, composition, appearance, performance, etc: or any other feature of 
similar subject matter produced, manufactured, fabricated, etc. by persons 
or under conditions over which we have no control. 

Samples will not be held by the laboratory for wore than 60 days after the 
date of receipt. Any extension of this tine must be evidenced by written 
agreement between the laboratory and the client. 

This REPORTOIF ANALYSIS is furnished in strict confidence for the exclusive 
use of the client and his/her representatives, .and no distribution of all 
or part of the report shall be made to third parties without the prior 
written approval of Envirodyne Engineers, Inc. (ED). 

ti 
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ENVIRODYNE 
ENGINEERS 

12161 Lackiand Road, 
S:. lows, M!ssouri 6314:-; 
(314434-6960 

REF'ORT O F ANAL-VS I S 

CLIENT: Environmental Supervisor 	REPORT DATE: 	November 17, 1986 .  
FUSRAP 	 SAMPLE ANALYZED: 2 Samples for radiological 
Bechtel National, Inc. 	 analysis 
P.O. Box 350 
Oak Ridge, Tennessee 37830 

DATE RECEIVED: 	October 8, 1986 
PROJ. t: 3060-00354 
	

P.O. I: 	14501-201-SC-171 

SAMPLE 
SAMPLE 
DATE 

201-SP (1986) PARAMETER VALUE 

B11-6-0386 10/6 GROSS ALP A, pCi/1 ( 2 
GROSS BETA, pCi/1 6 +/- 3 
TOTAL URANIUM, ■g/1 0.002 
RADIUM 226, pCi/1 -( 0.6 
URANIUM 234, pCi/1 1.72 +1- 0.31 
URANIUM 235, pCi/1 0.07 +/- 0.03 
URANIUM 238, pCi/1 0.50 +/- 0.20 

817-G-0386 10/6 GROSS ALPHA, pCi/1 ( 2 
BROSS BETA, pCi/1 24 +/- 4 
TOTAL URANIUM, ■g/1 . 	0.006 
RADIUM 226, pCi/1 ( 0.6 
URANIUM 234, pCi/1 5.00 +/- 1.70 
URANIUM 235, pCi/1 , 0.20 +/- 0.10 
URANIUM 238, pCi/1 1.35 +/- 0.20 

AF9ROYED: 
PAGE 1 OF 1 
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ENVIRODYNE 
ENGINEERS 

REPORT 

CLIENT: Environmental Supervisor 
FUSRAP 
Bechtel National, Inc. 
P.O. Box 350 .  
Oak. Ridge, Tennessee 37830 

PROJ. 1: 3060-.00354 

12161 lackland Rood. 
St. Lows, M.ssoun 6 it4f, 
(314) 434-6960 

ANAL-VS I S 

REPORT DATE: 
	

October 27,1986 
SAMPLE ANALYZED: 11 groundwater sample for 

radiological analysis. 

DATE RECEIVED: 	September 23,1986 
METHODS USED: . Done by CEP using EPA-
Approvable sethodologies. 

SAMPLE 
zol-SP-644 
========= 32_6_00386 

SAMPLE 
DATE 

(1986/ 
========= 

9/20 

14-6-00386 - 	9/20 

13-6-00386 ' 	9/20 

10-6-00386 9/20 

18-6-90386 	9/21 

15,6-00386 	9/21 

PAWKIER VALUE 

GROSS ALPHA, pCi/li 
GROSS BETA, pCiil 
TOTAL URANIUM, ■g/1 

( 2 
( 3 

0.003 
RADIUM-226, pC1/1 ( 0.6 

GROSS ALPliA, pCi/I 10 +/- 5 
GROSS BETA, pCi/1 6 +/- 3 
TOTAL URANIUM, mg/1 0.009 
RADIUM-226, pCi/i 2.2 +/- 0.8 

GROSS ALPHA, pCi/1 10 +/- 7 
GROSS BETA, pCi/1 8 +/- 3 
TOTAL URANIUM, ■g/1 0.009 
RADIUM-246, pCi/1 2.0 +/- 0.6 

GROSS ALPHA, pCi/1 12 +/- 7 
GROSS BETA, pCi/I +1- 3 
TOTAL URANIUM, mg/1 0.007 
RADIUM-226, pCi/I 3.3 +/- 0.6 

GROSS ALPHA, pCi/1 19 +/- 9 
GROSS BETA, pCi/1 23 +/- 4 
TOTAL URANIUM, mg/1 0.011 
RADIUM-226, pCi/1 5.3 +/- 0.9 

GROSS ALPHA, pCi/1 ( 2 
GROSS BETA, pCi/1 4 +/- 3 
TOTAL URANIUM, mg/1 0.008 
RADIUM-226, pCi/1 0.6 



ENVIRODYNE 
ENGINEERS 

REPORT OF ANALYSIS 
CLIENT: 	Environmental Supervisor 	3060-00354 

FUSRAP 
Bechtel National, Inc. 
P.O. Box 350 
Oak Ridge, Tennessee 	37830 

PAGE 

SAMPLE 
SAMPLE DATE 
201-SP-6M4 (1986) PARAMETER VALUE 
---------- 
74-00386 9/21 GROSS ALPHA, pCi/1 14 +1- 8 

GROSS BETA, pCi/1 15 +/- 3 
TOTAL URANIUM, ng/1 0.011 
RADIUM-226s ' pCi/1 ( 0.6 

9-6-00386 9/21 GROSS ALPHA, pCi/1 6.+/- 5 
GROSS BETA, pCi/1 5 +/- 3 
TOTAL URANIUM, mg/1 0.006 
RADI1-226, pCi/1 ( 0.6 

1-6-00386 9/21 GROSS ALPHA, pCi/1 25 +/- 9 
GROSS BETA, pCi/1 18 +/- 4 
TOTAL URANIUM, ■g/1 0.011 
RADIUM-226, pCi/1 3.5 +/- 0.8 

6-G-00386 9/21 GROSS ALPHA, pCi/1 ( 2 
GROSS BETA, pCi/1 13 +1- 3 
TOTAL URANIUM, ■g/1 0.004 
RADIUM-226, pCi/1 ( 0.6 

21-G-00386 9/20 GROSS ALPHA, pCi/1 9 +/- 4 
GROSS BETA, pCi/1 12 +/- 3 
TOTAL URANIUM, mg/1 0.026 
RADIUM-226, pCi/1 ( 0.6 

•:1 



SAMPLES RECEIVED 
	10/2/86 

va 

REPORT OF ANRLYSII 

Trinaft40.:14-4 11 - L 3 -VD 

Bechtel NatiJonal, Inc.-Weldon Springs (WISS) 
Jeff Brown 
P.O. Box 350, 
Oak Ridge, TN 37830 
E-6275 

Radiochemical analysis of water 	'.: 23-831 
CUSTOMER ORDER NUMBER 

CUSTOMER 
ATTENTION 

ADDRESS 
CITY 

W.O. NO. 

TYPE Of ANALYSIS 

ALSUOUEPOUELAPORATORY 

Customer 
Identification 

`2017SP-GMW2-G7386 	9/30/86 

201-SP-GWM3-G-386 

201-SP-GWM4-G-386 

201-SP-GWM5-G-386 

201-SP-GWM8-G-386 

201-SP-RP1-W-386 

201-SP-RP2-W-386 

II 

II 

II 

I t 

201-SP-RP3 -W-386 

REPORTED VIA TELEPHONE 

Total Vol. 

4270 

2990 

_ug/1 

<5 

<5 

<5 
26±7 

0.3±0.1 

<5 
20±8 

0.5±0.1 

4150 <5 
<5 

<5 
0.3±0.1 

4290 <5 
21±8 

<5 
0.5±0.1 

4250 <5 
17±7 

<5 
<0.1 

4000 190±40 
91±12 

41 
Dis-Ra-226 	 57±6 

Dis-Gross Alpha 	2870 	590±50 
Dis-Gross Beta 	 250±20 
Dis-Uranium 	130 
Dis-Ra-226 	 40±4 

Dis-Gross Alpha 	3810 	230±50 
Dis-Gross Beta 	 410±30 
Dis-Uranium 	130 
Dis-Ra-226 	 120±10 

AGE1  OF PAC 

Date 	 Type of 
Collected 	Analysis 

Dis-Gross Alpha 
Dis-Gross Beta 
Dis-Uranium 
Dis-Ra-226 

Dis-Gross Alpha 
Dis-Gross Beta 
Dis-Uranium 
Dis-Ra-226 

Dis-Gross Alpha 
Dis-Gross Beta 
Dis-Uranium 
Dis-Ra-226 

Dis-Gross Alpha 
Dis-Gross Beta 
Dis-Uranium 
Dis-Ra-226 

Dis-Gross Alpha 
Dis-Gross Beta 
Dis-Uranium 
Dis-Ra-226 

Dis-Gross Alpha 
Dis-Gross Beta 
Dis-Uranium 

11/12/86 alfiA Eberline 
Thermo Analytkal Inc. h 

1  7021 PAN AMERICAN FREEWAY, N.E. 
ALBUQUERQUE, NEW MEXICO 87109 
PHONE (5051345-346'1 

APPROVED BY 

G-13 
Rod Melgard, Mgr. 

DAT! 



ALBUQUERQUE LABORATORY 

I 
CUSTOMER 

ATTENTION 
ADDRESS 

CITY 
W.O. NO. 

Bechtel National, Inc.-Weldon Springs 
Jeff Brown 
P.O. Box 350 
Oak Ridge, TN 37830 
E-6275 

 

REPORT OF RNRLYSIS 
• 

SAMPLES RECEIVED TYPE OF ANALYSIS 

Customer 
Identification 

Date 	 Type of 
Collected 	 Analysis 

Total Vol. 	ug/1 	pCi/1 
(m1) 

201-SP-B2-G-386 	9/30/86 	Dis-Gross Alpha 	4290 
Dis-Gross Beta 
Dis-Uranium 
Dis-Ra-226 

201-SP-B19A-G-386 
	

II 	 Dis-Gross Alpha 	4360 
Dis-Gross Beta 
Dis-Uranium 
Dis-Ra-226 

11±6 
9±7 

26 
0.6±0.1 

<5 
<5 

5 
0.2±0.1 

:EPORTED VIA TELEPHONE 
	

AGE 2 OF PAGE 2 

® MA Eberline 
Thermo Analytical Inc. 
7021 PAN AMERICAN FREEWAY, N.E. 
ALBUOUEROUE, NEW MEXICO 87109 
PHONE (505) 345.3461 

11/12/86 

APPROVED BY 	Rod Melgard, Mgr. 
G-14 

DATE 



Department of Energy 
Oak Ridge Operations 

Weldon Spring Site 

Remedial Action Project Office 

Route 2, Highway 94 South 

St. Charles, Missouri 63303 

  

January 17, 1989 

ADDRESSEES 

HYDROGEOLOGIC INVESTIGATIONS SAMPLING PLAN 

Enclosed is Revision 0 of the "Hydrogeologic Investigations 
Sampling Plan" for the Weldon Spring Site. This plan has 
been revised to address comments received from U. S. 
Environmental Protection Agency and the Missouri Department 
of Natural Resources as indicated in the "Responsiveness 
Summary", also enclosed. 

Sincerely, 

R. R. Nelson 
Project Manager- 
Weldon Spring Site 
Remedial Action Project 

Enclosures: 
As stated 



REPORT OF ANALYSE 

	

CUSTOMER 	Bechtel National, Inc.-Weldon Springs 

	

ATTENTION 	Jeff Brown 

	

ADDRESS 	P.O. Box 350 

	

CITY 	Oak Ridge, TN 37830 

	

v.o. NO. 	E-6243 

PAGE 1 OF 	PAGE1 

1 0/1 /8 6 

DATE 

ALBUOUEROUE LABORATORY 

Total Uranium, Gross Alpha, Beta, Isotopic 	 23-121 
TYPE OF ANALYSIS Uranium, Radium-226 in water 	CUSTOMER ORDER NUMBER 

	
• SAMPLES RECEIVED 

	
9/26/86 

Customer 
	

Date 	 Type of 
	 ug/1 	 pCi/1 

Identification 
	

Collected 	 Analysis 

B-4 	 9/19/86 	Uranium 	28 
Gross Alpha 	 16±9 
Gross Beta 	 0±5 
U-234 	 8.5±0.7 
U-235 	 0.4±0.2 
U-238 
	

7.3±0.7 
Ra-226 	 <0.3 

APPROVED BY 
G - 15 

REPORTED VIA TELEPHONE 10/1 /86 by AR 

AMA Eberline 
Thermo Analytical Inc. 
7021 PAN AMERICAN FREEWAY, N.E. 
ALBUQUERQUE, NEW MEXICO 87109 
PHONE (5051345.3461 



r//lOr oco 
Bechtel National, Inc.-Weldon Springs 
Jeff Brown 
P.O. Box 350 
Oak Ridge, TN 
E-6354 

ALBUQUEROUELASORATORY 

a 
Va3/ 

REPORT OF FINAL .1! 

37830 
REGE1VLOUEC101986 

,. 	

41  d.5L14^P"-  
..Rovsoirefr Rod elgard, Mgr. 

G - 1 6 

12/9/: 

DATE 

CUSTOMER 

ATTENTION 

ADDRESS 

CITY 

W.O. NO. 

biochemical analysis of water 
- AVM OP MAMAS 

237831. 
iurrolira ilkon Paimassm SAMPLES ,EcEivED 10/29/86 

PARTIAL REPORT 

Customer Date Type of Total Vol. ug/1 pCi/1 
Identification Collected Analysis .1,14 

201-sP-B11-0-Q0386 
pH 7.02 	- 

10/6/86 Uranium,  
Ra-226 

3520 <5 
0.31.0.1 

Gross Alpha 15±5 
Gross Beta   22±6 

201-SP-B17-G-Q0386 10/6/86 Uranium 3570 7 
pH 7.10 Rs-226 0.6±0.1 

Gross Alpha <15 
Gross Beta 
	

76±9 

I  
I 

1 

711-2 30 
	

(0.3 

- MA Eberline 
wmo Analytical Inc 

•....,1 PAN AMERICAN FREEWAY, N.E. 
ALBUOLIE ROUE, NEW MEXICO 87109 
PHONE (5051345-3461 

REPORTED VIA TELEPHONE 
	

PAGE 1 OF PAGE 1 



LIST OF ADDRESSEES FOR LETTER DATED JANUARY 17, 1 989  

Ms. B. Katherine Biggs, Chief 
Environmental Review Branch 
U. S. Environmental Protection 

Agency 
Region VII 
726 Minnesota Avenue 
Kansas City, Kansas 66101 

Mr. David E. Bedan.  
Division of Environmental Quality 
Missouri Department of Natural 

Resources 
Post Office Box 176 
Jefferson City, Missouri 65102 

(3) 

(3
) 
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