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FOREWORD 

In late 1980, the Department of Energy (DOE) contracted with the 
Oak Ridge National Laboratory (ORNL) to initiate a research and 
development program with the ultimate objective of demonstrating 
in situ stabilization for containment and control of radioactive 
contaminants at the St. Louis Airport Storage Site (SLAPSS). 

The St. Louis Airport storage site project is being conducted 
as a part of the DOE initiated Formerly Utilized Sites Remedial 
Action Program (FUSRAP). The St. Louis Airport site is one of 
several sites, formerly utilized by the Corps of Engineers' Man-
hattan Engineer District (MED) and the U.S. Atomic Energy Com-
mission (AEC), for storing process residues during the initial 
production of nuclear materials for national defense and securi-
ty. 

Sites, including SLAPPS, were later decontaminated in accordance 
with the standards and survey methods then in existence. Howev-
er, radiological criteria guidelines and proposed guidelines 
for release of sites for unrestricted use became more stringent 
as research on the effects of low-level radiation progressed. 
As a result, FUSRAP was initiated in 1974 to identify these for-
merly-utilized MED/AEC sites and to reevaluate their radiologi-
cal status. The ultimate objective of FUSRAP is to decontami-
nate sites to permit their unrestricted use, or to stabilize and 
control residual activity to meet current criteria for protec-
tion of public health and safety. 

One of the steps in the overall FUSRAP management plan is engi-
neering evaluation, including an evaluation of suitable means of 
stabilizing residual radioactivity, where appropriate, including 
investigation of pertinent aspects of site geology, hydrology, 
and meteorology. 

This document is part of a technical series to present the re-
sults of the ORNL activity and deals with the development of 
tools and techniques for stabilization of rad waste contaminants 
at the St. Louis Airport site that could be applied at other 
sites. Specifically, the information relates to the work being 
performed, under subcontract to ORNL and to Bechtel National, 
Inc. by Roy F. Weston, Inc. (WESTON), in providing site charac-
terization, preengineering conceptual evaluation, engineering 
for peripheral decontamination, conceptual engineering plans for 
radon and groundwater contamination control, and environmental 
monitoring plans. 

• 	ix 



EXECUTIVE SUMMARY 

The St. Louis Airport storage site (SLAPSS) is located approxi-
mately 15 miles northwest of downtown St. Louis and directly 
north of the Lambert-St. Louis International Airport. This 
21.7-acre site is bounded by highways to the north and east, a 
railroad mainline on the south, and Coldwater Creek on the west. 

Between 1946 and 1966, this site was used for storage of waste 
residues from uranium processing and other activities. In addi-
tion, approximately 60 truckloads of contaminated scrap metal 
and a contaminated vehicle were buried in the site. In 1966 and 
1967, the stored residues were sold for their mineral content, 
and the site was conveyed to the Airport Authority. The site 
was then razed except for the boundary fence, most of the con-
taminated materials removed, and the site covered with 1 to 3 
feet of clean fill. These occurrences, as well as other anthro-
pogenic and natural causes, have altered the topographical, rad-
iological, and hydrogeological character of the site. As a re- 

- sult of the site's use and these subsequent pertubations, it be-
came apparent that some form of remedial action or contaminant 
control might be needed at the St. Louis Airport site. As such, 
the U.S. Department of Energy (DOE) included the site in its 
Formerly Utilized Sites Remedial Action Program (FUSRAP) to 
identify and resolve any site radiological problem. 

The first task, site characterization, involved the collection 
and review of all available data concerning SLAPSS, both pub-
lished and unpublished. Specifically, data on site history, to-
pography, radiological characteristics, groundwater kinetics, 
and geological characteristics were obtained and evaluated. 

The geology of eastern Missouri is characterized by unconsoli-
dated Pleistocene sand and silt and clay sediments which have 
been deposited on Paleozoic bedrock. These deposits represent 
glacially-derived outwash or loess, and alluvial deposits of the 
Mississippi and Missouri River systems. The bedrock on which 
these deposits lie is composed primarily of massive limestones, 
dolomites, and interbedded sandstone and shale formations. Based 
on this geological formation and other information, it was con-
cluded that minor to moderate tremors can be expected in the 
east-central region of Missouri, centered within the Mississippi 
embayment. However, permanent alteration of the current SLAPSS 
site from seismic activity can be considered highly unlikely. 

• 
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The site hydrogeology and geology were determined by bore hole, 
piezometric, ground-penetrating radar (GPR), and topographic an-
alyses. It was determined that two separate water-bearing zones 
exist at the site: a shallow unconfined aquifer, and _a deeper 
semi-confined aquifer. These aquifers are interconnected 
through a lacustrine clay aquitard. Topographic analyses found 
that the site's surface slopes to the west with an elevation 
difference of 25 feet across the site. Ground-penetrating radar 
surveys found that the site had probably been used for disposal 
of barrels and sludges. Additionally, the GPR helped to charac-
terize the depth and extent of rubble fill. 

The radiological quality of SLAPSS was evaluated by measuring 
beta-gamma levels 1 centimeter above the ground, gamma levels 1 
meter above the ground, and gamma logging of bore holes. Based 
on these data, it appears reasonable to conclude that the con-
taminated material was initially buried in the western end of 
the site at depths of 3 to 12 feet. Contaminated areas were al-
so found along the site's northern fence and in the ditches out-
side this boundary. Lastly, a review of the logging plots indi-
cated that a 2-foot thick fill cover attenuated the radiation 
levels by a factor of 10. 

As a result of these studies and analyses, the environment of 
the St. Louis Airport storage site has been adequately de-
scribed, and the need for remedial action established. 

• 	x i 
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INTRODUCTION 

The St. Louis Airport storage site (SLAPSS) is located approxi-
mately 15 miles northwest of downtown St. Louis and directly 
north of the Lambert-St. Louis International Airport (refer to 
Figure 3-1). The 21.7-acre site is bounded by highways to the 
north and east, a railroad mainline on the south, and Coldwater 
Creek on the west. 

Between 1946 and 1966, this site was used for storage of waste 
residues from uranium processing and other activities. In addi-
tion, approximately 60 truckloads of contaminated scrap metal 
and a contaminated vehicle were buried in the site. In 1966 and 
1967, the stored residues were sold for their mineral content, 
and the site was conveyed to the Airport Authority. The site 
was then razed except for the boundary fence, most of the con-
taminated materials removed, and the site covered with 1 to 3 
feet of clean fill. These occurrences, as well as other anthro-
pogenic and natural causes, have altered the topographical, rad-
iological, and hydrogeological character of the site. As a re-
sult of the site's use and these subsequent pertubations, it be-
came apparent that some form of remedial action or contaminant 
control might be needed at the St. Louis Airport site. As such, 
the U.S. Department of Energy (DOE) included the site in its 
Formerly Utilized Sites Remedial Action Program (FUSRAP) to 
identify and resolve any site radiological problem. 

The first step in identifying and resolving any site radiologi-
cal problems was to fully characterize the site. Thus, existing 
site characterization data were collected in the following cate-
gories: 

1. History of site operations. 

- 2. Radionuclide activity and concentration of buried 
materials. 

3. Geotechnical concerns. 

4. Groundwater kinetics. 

5. Surface erosion. 

6. Radon gas emanation. 

1 -1 



As the primar! goal established for SLAPSS was the development 
of acceptable in situ stabilization methods for contaminant con-
trol, these data were reviewed and evaluated in that context. 
Specifically, the data were evaluated for content extensiveness, 
reliability, and sufficiency; i.e., would the existing data base 
support the conceptual engineering design for in situ stabiliza-
tion. For those areas which were deficient, work plans for ob-
taining the necessary data needed to be implemented. 

The approach taken by WESTON to evaluating the data is shown on 
Figure 1-1. Initially, all available data, both published and 
unpublished, were collected and organized into three groups for 
ease of review. These groups were: . 

1. Historical data. 
2. Surface data. 
3. Subsurface data. 

Within each group the following review and evaluation sequence 
was followed: 

1. Data Review  -- The data were reviewed for con-
tent, completeness, and reliability, relative 
to providing the information required to meet 
the FUSRAP goal of in situ stabilization at 
SLAPSS. 

2. Data Sufficiency  -- Areas of data deficiency 
critical to the program goals were identified. 

3. Data Collection  -- Programs were designed and 
implemented in order to satisfy additional data 
needs. 

4. Data Analysis  -- Appropriate detailed analyses 
were performed on the data in order to charac-
terize the site relative to the remedial action 
design. goal. 

5. Site Characterization 	Tne site was character- 
ized historically, topographically, geologically, 
hydrogeologically, and radiologically. 

1-2 
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FIGURE 1-1 	FLOW CHART FOR ANALYSIS OF SITE CHARACTERIZATION 
ST. LOUIS AIRPORT STORAGE SITE 
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This report presents ad discusses the data in light of the 
groupings and sequences just described, in the following major 
sections: 

• Section 2 -- Data Collection and Preliminary 
Evaluation 

• Section 3 -- Operational Historical Data 

• Section 4 -- Surface Data 

• Section 5 -- Subsurface Data 

• Section 6 -- References 

Table 1-1 summarizes the information obtained, the analytical 
results, and the specific applications of the data to the reme-
dial design of in situ stabilization. 

In addition, a series of appendices presents information that 
amplifies the discussions contained in the body of the report. 
Specifically, computerized graphical outputs of surface and sub-
surface radioactivity and detailed information on field measure-
ment techniques and their results are given. Thus, the report 
presents the data for and a definitive statement on the site 
characterization of the St. Louis Airport site necessary to pre-
pare the engineering design and evaluation for in situ stabili-
zation. 

• 

• 

• 
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• Table 1-1 

Site Characterization Summary 

Data Elements 

Operational/Historical Data 

Analytical Results 	 Application to Remedial Design 

Operational History 
Aerial Photo History 

Ground-Penetrating Radar 

Regional Geology 

Site Stratigraphy 

Site Hydrology. 

Site Geotechnical and Mineral-
ogical Data 

Determined initial opera-
tonal zones and residual 
storage areas. 

Established types of op-
erations within each oper-
ational zone and storage 
area. 

Identified types of residues 
at the site. 

Established an operational 
and historical data base. 

Confirmed surface changes 
to topography. 

Indicated minimal erosion 
subsequent to 1969 cleanup. 

Defined type and location of 
surface contamination. 

Identified possible site 
zones for multiple stabi-
lization techniques. 

Defined regional geologic 
character and stratigraphy. 

Defined bedding horizons 
and sediment character 

) within site. 

Defined flow rate vectors 
of groundwater and permea-
bility of lithologic units. 

Defined engineering and 
chemical properties of 
lirhnlogic units. 

Defined site zones requiring 
remedial action. 

Indicated the use of multiple in 
situ stabilization techniques. 

Determined that minimal ero-
sion control is required. 

Confirmed areal extent of site 
zones requiring remedial action. 

Provided engineering design input. 

Limited specific options emplace-
able at site. 

Defined need for depth controls at 
site. 

Defined depth zones for emplace-
ment of specific contrnla 

Temporal Topographic Analysis 

0 Radiological Analysis 

Subsurface Data  

Surface Data  

/ 

Site Geomorphology/Topography 	Topographic description of 
the site. 

Confirmed foundation loca- ) Defined site zones requiring re-
tion and location of buried 	medial action. 
materials. 

Subsurface Radiological Analysis 	Confirmed depths of buried 
d materials and contaminated .1 

areas. 

1 - 5 
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SECTION 2 

-DATA COLLECTION AND PRELIMINARY EVALUATION ' 

2.1 INTRODUCTION  

The initial work performed under the site characterization task 
was in two phases. First, all data currently available on the 
St. Louis Airport storage site (SLAPSS) were collected and eval-
uated for content and sufficiency. This evaluation was per-
formed in accordance with the data needs associated with in situ 
control and the subsequent program necessary to monitor the suc-
cess of any control options implemented. Secondly, where suffi-
cient data existed, these data were used to describe the specif-
ic characteristics of the airport site. Data elements that were 
found to be insufficient or nonexistent were also identified and 
scheduled into the field sampling program. This preliminary 
characterization thus provided an information base for further 
control option evaluation and program development. 

2.2 DATA COLLECTION  

Data on the St. Louis Airport site were obtained from several 
primary sources. Copies of previously published reports and 
correspondence were obtained from both WESTON's and Oak Ridge 
National Laboratory's (ORNL) project files. Copies on record of 
topographic surveys performed at the site since 1955 were ob-
tained from the Rowland Surveying Company of Clayton, Missouri. 
Aerial photographs detailing the changes produced by the site's 
operation and activities since 1958 in approximate two-year in-
crements were also obtained from ORNL and local sources. These 
photographs were enlarged for further comparison and analysis. 
Finally, copies of all pertinent detailed field data were ob-
tained through a visit to the Health and Safety Research Divi-
sion, ORNL. 

Specific data areas that were addressed include the following: 

1. History of site activities and operations. 

2. Topographic changes including erosioa. 

3. Surface radiation levels. 

4. Surface radionuclide activity. 

• 	2-1 
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5. Subsurface radionuclide activity and concentra-

tions of buried material. 

6. Radon gas emanation. 

7. Site geotechnical characteristics. 

8. Groundwater kinetics. 

Available data were obtained for each of these areas, organ-
ized, and where applicable, loaded into the project's computer-
ized data base for further categorization and analysis. Missing 
data elements necessary for the final site characterization were 
identified and incorporated into the field sampling program be-
ing developed. 

2.3 PRELIMINARY EVALUATION  

Once the existing data gathering activities were complete, an 
evaluation was performed and a determination made of the suffi-
ciency of the data for site characterization. Tnis evaluation 
was performed in accordance with data requirements associated 
with any feasible in situ containment and control measures. 

Generally speaking, the site historical data and most of the 
surface-related data were adequate for characterization; howev-
er, the subsurface-related data were inadequate or nonexistent. 
Specific comments on each of the data areas addressed follow. 

1. History of site activities and operations  -- The 
available information was adequate to identify 
the types of residue materials stored at the site, 
as well as the specific locations of various 
surface piles. Only general information was 
available regarding type, quantity, and loca-
and location of buried material. 

2. Topographic changes 	Tnis area has been well 
documented since 1955. At least 10 separate sur-
veys were generated by Rowland Surveying Company 

	

between 1955 and 1979, showing various changes 	• 
due to the filling operations. Of utmost impor-
tance were two surveys (1955 and 1965) that 
showed various storage pile and building loca-
tions. Data supplied by these and the remaining 
surveys were adequate for site characterization. • 

2-2 
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3. Surface radiation levels -- Surveys taken prior to 

tne 1976 study conducted by ORNL contain inadequate 
data for characterization purposes. Furthermore, 
they were not performed in a systematic manner incor-
porating the standard reference grid, tnus, making 
integration with the later surveys impossible. The 
two ORNL surveys (1976 and 1978) provide adequate 
data for describing surface radiation levels at the 
site. 

4. Surface radionuclide activity -- The 1976 and 1978 
ORNL surveys comprise the bulk of this data set 
and were adequate for characterizing the surface 
activity. 

5. Subsurface radionuclide activitY.  and concentration  
of buried material -- The 1976 and 1978 ORNL surveys 
comprised the bulk of these data. Although indica-
tive of what may be beneath the surface, these 
data were inadequate to sufficiently characterize 
the subsurface radionuclide activity. 

6. Radon gas emanation -- These data proved inade-
quate for characterization purposes. The only 
data available were those measurements made by 
ORNL in 1978 to estimate flux and dose rates 
and determine impacts on neighboring areas. 

7. Site geotechnical concerns and groundwater  
Kinetics -- The only available data were those gen-
erated by WESTON for the 1979 Environmental Impact 
Assessment (EIA). It was recognized early in this 
program that available data were inadequate for 
site characterization. Accordingly, this area 
provided the major thrust for the required field 
sampling program. 

2.4 SUMMARY--DATA SUFFICIENCY  

The data were inadequate to fully characterize the entire site. 
A better definition of the entire subsurface regime was re-
quired, both radiologically and geotechnically. Additional data 
were also required on Ladon gas emanation. The available data 
were adequate, however, for characterizing the surface of the 
site. A field sampling program was thus conducted during the 
second phase of the project to supply the data required for this 
preliminary analysis. A detailed description of this field pro-
gram is presented in Section 5. • 	2-3 
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SECTION 3 

OPERATIONAL/HISTORICAL EVALUATION' 

3.1 INTRODUCTION  

Once the data collection and preliminary evaluation activities 
were complete, an in-depth review and evaluation of the site 
historical and operational data was performed. Emphasis was 
placed on identifying and developing the following: 

1. A chronological history of the major events 
affecting the site characteristics. 

2. The type, location, and magnitude of the con-
taminated material stored at the site. 

3. A description of the operational layout of the 
storage facility. 

4. The possible off-site migratory pathways for 
the contaminated material. 

This identification and development activity provided valuable 
information for the characterization of the surface and subsur-
face environments at the St. Louis Airport site. It also served 
as a planning aid in developing the field sampling program. 

Discussions of these activities are presented in the following 
subsections: 

• 3.2 Site Operational History. 
• 3.3 Aerial Photograph Analysis. 
• 3.4 Chronology of Key Events. 

3.2 SITE OPERATIONAL HISTORY  

The St. Louis Airport storage site (refer to Figure 3-1) is lo-
cated approximately 15 miles northwest of downtown St. Louis and 
directly north of the Lambert-St. Louis International Airport. 

Title to the 21.7-acre site was obtained by the Manhattan Engi-
neer District (MED) in 1947 for the purpose of storing residues 
generated by the Mallinckrodt Chemical Works, Destrehan Street 
Plant, uranium processing operations. The site was operated by 
the Manhattan Engineer District and later by the Atomic Energy 
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Commission until 1953, when it was turned over to Mallinckrodt 
Chemical Works. 

The Destrehan Refinery piocessed pitchblende ores until 1955. 
The procurement contract with African Metals required the gov-
ernment to store the pitchblende raffinate (AM-7) and radium-
bearing residues (K-65). The AM-7 was stored at the site on the 
ground and in the open; the K-65 was stored on-site in drums. A 
barium sulfate cake residue (AJ-4) and Colorado raffinate resi-
dues (A4-10) generated from later operations at the Destrehan 
Refinery from nonpitchblende feedstock were also stored at the 
site on the ground and in the open. Other wastes stored on-site 
included: 

1. Used dolomite liner and recycle,magnesium fluoride 
liner generated as slag. 

2. Tailings from an interim residue plant built in 
1955 to recover uranium from the magnesium fluoride 
slag. 

3. 50,000 empty drums. 

4. 3,500 tons. of contaminated steel and alloy scrap. 

5. 2,400 drums containing miscellaneous residues, 
Japanese uranium-containing sand, and contaminated 
scrap materials. 

The tailings from the interim residue plant (C-101) were stored 
in a large concrete pit originally built to store the K-65. In 
addition, a contaminated vehicle and 50 to 60 truckloads of con-
taminated metal scrap were buried in low areas at the western 
end of the property and later covered with clean fill. 

In 1966, the AEC transferred the ore residues stored at the air-
port storage site to Continental Mining and Milling Company. 
The residues were removed from the site to a former Nuclear Reg-
ulatory Commission (formerly AEC) licensed site at 9200 Latty 
Avenue, Hazelwood, Missouri (hereafter called the Latty Avenue 
site), approximately three-fourths of a mile northeast of the 
airport storage site. After removal of these residues, on-site 
radiation at ground surface was less than 1.0 mrad/hour, except 
for the area where AJ-4 was stored. In this area, residual con- 
tamination at the ground surface was about 3.0 mrad/hour. 

3-3 
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In fulfillment of an agreement between the U.S. Government and 
the St. Louis-Lambert Airport Authority (acquisition permit, 10 
November 1969), the AJ-4 was removed. All on-site structures 
except the perimeter fence were razed and buried on-site, most 
of the contaminated soil in the residue area was removed, and 
then 1-3 feet of clean fill was spread over the entire site to 
achieve acceptable radiation levels. Topographic and radiation 
surveys of the site were conducted in November 1971 to document 
grade elevation and radiation levels over the entire site. Af-
ter the cleanup was completed, on-site ground surface dose rates 
were generally less than 0.05 mrad/hour. Isolated areas exceed-
ed 0.2 mrad/hour; however, no area exceeded 1.0 mrad/hour. 

Since 1971, additional fill has been placed on-site to level off 
low spots for possible future use as a 'driver training facility 
for the St. Louis Police Academy. Otherwise, the property has 
not been used or maintained by the Airport Authority since the 
cleanup was completed. Radiological surveys of the site and 
its environs were conducted in 1976, (1)  1977,( 2 ) and 1978.( 3 ) 
These surveys included: 

1. Sampling ground and subsurface soils and 
ground- and surface water. 

2. Measuring external beta-gamma dose rates and 
external gamma radiation. 

3. Conducting an aerial gamma radiation survey. 

4. Evaluating radon emanation and particulate resus-
pension. 

In addition, the topography of the site was resurveyed by Row-
land Surveying Company in 1965i( 4 ) 1969,( 5 ) 1971,( 6 ) 1977,( 7 ) 
and 1979.( 8 ). Currently, access to the site is limited. 

3.3 AERIAL PHOTOGRAPH ANALYSIS  

An initial air photo analysis was conducted at the St. Louis 
Airport site in order to help define, through a pictorial his-
tory of the operation, the location and dimensions of buildings 
and waste disposal piles on the site. The photos surveyed were 
1940, 1945, 1952, 1958, 1966, 1972, and 1978. 1  These photos 
were found to bracket the entire period of operational activity 
on the site during its industrial occupation. 

• 

• 

1-Photos supplied by W. A. Goldsmith, Oak Ridge National Labora-
tories. • 
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The air photo scan was accomplished in the following manner. 
First, all the site air photos were enlarged to a common scale, 
and transparencies made of individual photos for sequential ov-
erlays. Data from these sequential overlays were then mapped 
and transferred onto the base map showing the locations of the 
facilities at the site. This base map and the past facilities 
locations are shown on Plate 2 of Appendix A. 

From the reduced data plotted on the base map, results of initi-
al radiological and well point surveys were assessed. It became 
evident from this initial assessment that four specific areas of 
contamination relating to building occupation and waste piles 
could be identified. A ground-penetrating radar survey was con-
ducted to further assess and confirm the location of buried 
waste piles, drums, lagoons, etc. A discussion of this survey 
is presented in subsection 5.7. 

3.4 CHRONOLOGY OF KEY EVENTS  

A chronology of key events affecting the site characteristics is 
presented in Table 3-1. As previously discussed, the site was 
in operation until the mid-1960's cIS an AEC waste storage facil-
ity. In 1966, all residual piles were removed by Continental 
Mining and Milling Company. Various radiological survey and de-
contamination/cleanup operations at the site were considered 
complete and the land deeded to the St. Louis Airport Authority. 
With the exception of subsequent radiological and topographical 
surveys (1976-1979) and some fill activity, the site has effec-
tively remained inactive. 

Knowledge of the chronology of events, as well as the operation-
al layout, is key to characterizing a site such as the St. Louis 
Airport, especially from a subsurface standpoint. Plate 1, in 
Appendix A, is a site map showing the grid system employed for 
this evaluation. Correlation of the site's history with the 
limited amount of available data provided the means for develop-
ing the preliminary site characterization. A review of histori-
cal documents, aerial photographs, and the 1965 topographical 
survey reveals the following information about the site: 

1. All residual contamination resulting from the 
storage piles appears to be surficial (relative 
to the prefill surface). 

2. Contaminated scrap metal and other miscellaneous 
contaminated material were apparently buried in 
the western end of the site in 1952. 

• 	1-5 



Table 3-1 

Chronology of Key Events 
St. Louis Airport Storage Site 

Date 	 Event 

1946-1965 	Waste storage area - Mallinckrodt Chemical Works 
(uranium processing), the Manhattan Engineer 
District, and the Atomic Energy Commission 

Sept. 1965 	Topographical survey - Rowland Surveying 
Company 

Nov. 1965 	Radiological survey waste inventory -- AEC 

1966 	 Residual piles removed by Continental Mining fi 
Milling Company 

Dec. 1966 	Surface radiological survey (beta-gamma 
only) -- AEC 

1969 	 Removal of AJ-4 residue to Weldon Spring and 
razing of all structures -- St. Louis Airport 
Authority 

Dec. 1969 
	

Radiological survey -- AEC-Oak Ridge Operations 

Dec. 1969 
	

Prefill topographical survey -- Rowland Sur- 
veying Company 

1970 	 Fill dirt dumped on site (minimum of 1 foot 
with 2-3 feet on "hot spots") -- St. Louis 
Airport Authority 

Oct. 1971 

Nov. 1971 

Nov. 1976 

Postfill topographical survey -- Rowland 
Surveying Company 

Postfill surface radiological survey (cleanup 
complete) -- AEC-Oak Ridge Operations 

Radiological survey -- ORNL 

Jan. 1977 	Topographical survey -- Rowland Surveying 
Company 

Late 1977-1978 Additional fill/rubble dumped on-site in 
several areas -- St. Louis Airport Authority 

Aug. 1977 	Aerial gamma radiation survey -- EG&G 

Aug. 1978 	Radiological survey -- ORNL 

Aug. 1979 	Topographical survey -- Rowland Surveying 
Company 
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3. Debris from the razed wooden structure was buried 

in the eastern end of the site around 1969. 

4. The residue mounds that covered the eastern two-
thirds of the site reportedly rose approximately 
20 feet above normal ground level, providing 
ample opportunity for contaminated runoff, 
especially under heavy rainfall. This condition 
existed until 1966 and the start of the decon-
tamination operations. 

5. The concrete pit and foundation for the storage 
building were apparently buried in place in 
1969 and 1970. It is not clear whether the 
concrete was broken up or left intact. 

6. From all indications, the fence surrounding the 
site has remained intact, and all fill and decon-
tamination operations were performed within the 
confines of tne fence. No apparent effort was 
made to clean-up the areas outside the fence. 

The storage locations of the various processing residues are 
shown on Plate 2 in Appendix A. Also shown are the locations 
of major structures. Chemical compositions of the major proc- 
essing residues are presented in Table 3-2. The reason for dis-
playing this information is two-fold: first, to trace residual 
material migration off-site to determine whether off-site con-
tamination may have occurred during the operational phase or as 
long as the piles were stored on-site; and, second, to determine 
the relationship of the residual on-site contamination with the 
original storage piles. 
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Table 3-2 

Composition of Q -Site Residuesl 

Pitchblende Raffinate Composition (AM-7) 

Parameter 2 	 3 4 

Al 0.22 0.26. 1.8 
Ca 11.0 11.9 2.7 
Co 2.8 3.3 1.8 
CO2 1.4 1.9 -- 
Cr -- __ 0.02 
Cu 0.9 1.95 0.9 
Fe 1.2 1.4 0.7 
Mg 5.0 1.9 0.04 
Mn 0.12 0.16 0.04 
Mo 0.33 0.23 0.03 	- 
Ni 4.1 3.5 3.1 
NO3 27.1 25.2 8.3 
P205 0.96 1.1 -- 
Pb Tr Tr 1.8 
R.E. -- __ 0.22 
S 	(total) 0.8 1.47 -- 
Sc -- -- 0.015 
Se 1.5 0.73 -- 
Si 5.56 4.69 0.82 
Sr -- -- 0.02 
Th -- 0.0038 5 
Ti __ '0.007 
U 0.13 0.13 0.14 
V Nil Nil 0.3 
Y -- 0.04 
Solids 50.3 50.7 -- 

L.O.I @ 	5000C -- -- 49.7 
Soluble matter 46.2 43.1 -- 

A1203 2.1 P205 1.2 
CaO 41.8 no0 0.05 
Co 0.13 SO3 15.8 
Fe203 8.7 Si02 5.4 

• 
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Table 3-2 
(continued) 

Colorado Raffinate Composition (AM-10)  

Parameter 	 Parameter  

Halides 	0.2 	 Th 	 0.1-1.0 
MgO 	 21.2 	 TiO2 	 0.2 
Mn02 	 0.8 	 U 	 0.62 
Mo03 	 0.05 	 V205. 	 1.1 
Na 	 0.5-5.0 	Loss on 
Ni 	 0.10 	 Ignition 	76.17 

, 
Ag, As, B, Ba, Be, Bi, Cd, Cr, Cu, Ga, In, K, Nb, Sb, Sn, 
Sr, W, Y, Zn, and Zr: all less than 0.1% each. 

The nitrate content of the Colorado raffinate is similar 
to that of the pitchblende raffinate. 

Barium Sulfate Cake (Unleached) Composition (AJ-4)  • Parameter  

Barium sulfate 	 60-80 
H20 	 15-35 
Uranium 	 1-2 
Misc. Pb, Cu, Ni, Fe, etc. 	 1-2 
Solids (rock, gravel, sand, etc.) 	1-2 

 

'This information was taken from a description of residues 
located on the site for sale and removal. (9) 

2 30-gallon sample from three locations using 4-inch auger, 
taken in February 1953. Reported on solids basis. 

330-gallon shovel sample from surface of piles in 35 different 
locations, taken in February 1953. Reported on solid basis. 

4Sample taken in the spring of 1955 from an area containing 
raffinate produced during a period in which primarily pitch-
blende was processed. Reported on ignited basis. 

5Sample contained 0.00039 percent ionium (Th-230). 
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SECTION 4 

SURFACE DATA 

4.1 INTRODUCTION  

Presented in this section are the data elements and analyses 
pertinent to the characterization of the St. Louis Airport site 
surface. Primary elements addressed include: 

1. Description of the topography and geomorphology 
of the site. 

2. Verification of the amount of till placed on the 
site during and after the 1969 cleanup operations. 

3. Determination of the effects, if any, of erosion 
on the site surface, and specifically, the fill 
cover. 

• 4. Characterization of the surface radiological con-
ditions, including radiation levels and surface 
soil radionuclide concentrations. 

5. Evaluation of site homogeneity relative to possi-
ble application of multiple control alternatives. 

6. Evaluation of the source of contamination found 
in ditches along the northern border of the site. 

Specifically, discussions of the surface-related site character- 
ization activities are presented in the following four sections: 

1. Site geomorphology/topography. 

2. Temporal topographic analysis. 

3. Surface radiological analysis. 

4. Summary (site homogeneity and off-site contami-
nation). 

Computer-generated graphic techniques were used to analyze and 
depict various data sets and their interrelationships. This en-
abled an "overlay" technique to be used in presenting and inter-
preting the data. Copies of the resultant graphic displays are • 	4-1 



presented in Appendix A (bound separately), and are referred to 
by plate number throughout the following discussions. Also in-
cluded in Appendix A are three-dimensional representations of 
site-surface radiological data. These are located next to their 
respective isopleth contour overlays. Where necessary, the spe-
cific techniques applied are described in the appropriate sec-
tions. 

4.2 SITE GEOMORPHOLOGY/TOPOGRAPHY 

As mentioned previously, the site is located directly north of 
the Lambert-St. Louis International Airport. The 21.7-acre site 
is bounded by Brown Road to the north and east, the Norfolk and 
Western Railroad main line on the south, and Coldwater Creek on 
the west, which is also the property line of the McDonnell-
Douglas Corporation. A fence runs around the periphery of the 
site, well within the property line, with two gates providing 
access to Brown Road. 

A topographic map of the site is shown on Figure 4-1. A three-
dimensional representation of the site is shown on Figure 4-2. 
These plots were made based on the 1979 survey performed by Row-
land Surveying Co.( 8 ) Generally, the ground surface slopes 
east to west toward Coldwater Creek. A total elevation differ-
ence of 25 feet exists across the site. The majority of gradi-
ent change is within the eastern quadrant of the site. 

North to south across the site, there is little change in eleva-
tion. Ten to 20 feet within the fence line along the northern 
perimeter, the ground surface begins to slope downward from the 
fill surface into the concrete storm drain downslope of Brown 
Road. This ditch trends west between the enclosure and Brown 
Road before discharging directly into Coldwater Creek. 

Just beyond the fence to the west, a sharp drop of 15-20 feet 
exists from the site to the bed of Coldwater Creek. This peren-
nial stream, 1  the only surface-water body in the area, flows 
north and east through the extent of Florissant Basin before 
discharging into the Mississippi .  River tributary system. 

lAlthough the stream is a perennial discharge, much of its av-
erage flow is reportedly surface and subsurface drainage from 
the Airport, and presumably, the McDonnell Douglas plant. 
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4.3 TEMPORAL TOPOGRAPHIC ANALYSIS  

The goals for the temporal topographic analysis were to verify 
the amount of fill placed on the site during and after the 
cleanup operations, and to determine the effects, if any, of 
erosion on the fill cover placed on the site. To accomplish 
this, topographical data for surveys copducted in December 
1969, (5)  October 1971,( 8) January 1977, 0)  and August 1979 (8)  
were digitized and stored in a computer data base. Differential 
contours were calculated and plotted.for the following periods: 

• 1969-1971 (Plate 3).  
• 1971-1977 (Plate 4).  
• 1977-1979 (Plate 5).  
• 1969-1977 (Plate 6).  

The contours show the changes in surface topography which took 
place between surveys. The following subsections contain a dis-
cussion and an interpretation of each contour. 

4.3.1 1969 1971 Topographic Survey  

The 1969 survey serves as the pref ill ground level for the site. 
The survey was taken after the residual storage piles had been 
removed and before any fill was placed on the site. The 1971 
survey was performed after the fill operation was completed and 
is the postfill ground level. Analysis of the differential be-
tween these two surveys should confirm the amount of fill placed 
on the site during the cleanup operations. A review of Plate 3 
confirms the fact that a minimum of 1 to 1 1/2 feet of fill was 
placed over the entire site. The areas that were identified by 
the 1969 ORNL radiological survey as "hot spots" and that re-
quired from 2-3 feet of additional cover are also indicated. 
Several of these areas were cross-checked and confirmed with 
original drawings annotated at the time of the survey. It is 
interesting to note that the "hot spots" seem to correspond with 
the specific problem areas currently being identified. 

4.3.2 1971-1977 Topographic Survey  

The changes over the 1971-1977 period represent those caused by 
natural effects such as erosion and settlement. No activity was 
recorded on the site for this period. Referring to Plate 4, 
several points become obvious upon inspection. The most signif-
icant changes seem to be near the location of the former gate 
(S4-0, R18-0 to R19-0, Plate 2), where increases in elevation of 

• 

• 
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from 1 to more than 3 feet are shown. Based on the location and 
pattern of increases in this area, there is reason to believe 
that at some point during the latter part of the period, addi- 
tional loose material was deposited just inside the gate. 

There are also several areas where settlement appears to have 
been significant. These areas are located at grid points (S1-0, 
R20-0), (S0-5, R21-5), and (S4-0, R7-0 to R8-0). Comparison 
with Plate 3, however, shows that these areas of high settlement 
correspond to the areas with high fill. The remaining settle-
ment of approximately one-half foot or less is considered reas-
onable. Some minor erosion apparently occurred around the pe-
rimeter of the site, but none significant enough to cause an 
appreciable loss of contaminated material. 

4.3.3 1977-1979 Topographic Survey  

The 1977-1979 contour (Plate 5) shows the effects of dumping of 
additional fill material. A considerable amount of fill was 
dumped along a ridge line in the southwestern corner (S0-0 to 
S1-0, R17-0 to R22-0), as well as at grid points (34-0, R12-0) 
and in the area of grid points (S0-0 to 32-0, R11-0 to R12-0). 
This additional fill apparently changed the ground flow charac-
teristics near the gate closest to Coldwater Creek. There ap-
pears to be a major reduction in elevation in the area along the 
northern fence line between R16-0 and R20-0. This area, how-
ever, also recorded a high level of increase during the 1971-
1977 period, suggesting that a major portion of the reduction 
might be due to settlement of loose fill, coupled with possible 
runoff erosion. 

4.3.4 1969-1977 Topographic Survey  

Plate 6 shows the overall changes that occurred from the prefill 
level through resumption of dumping in late 1977. This plot, 
coupled with Plate 5, provides the analyst with a picture of the 
overall changes that occurred at the site since the original 
contaminated ground level was covered. 

In summary, the following can be said regarding the temporal 
topographic changes: 

1. There appears to be a high settlement rate in the 
high build-up areas. 

2. There is a continual decline in elevation along 
the southeastern boundary. 
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3. The remainder of the site, primarily the. central 
portions, remained relatively stable. 

4.4 SURFACE RADIOLOGICAL ANALYSIS  

This analysis was based on surface radiological data collected 
by ORNL during its 1976 survey. Contour plots were generated 
showing: 

1. External gamma radiation levels at 1 meter 
(Plate 7). 

2. External beta-gamma radiation levels at 1 centi-
meter (Plate 8). 

3. Surface concentrations of Ra-226 (Plate 9). 

4. Surface concentrations of U-238 (Plate 10). 

Corresponding three-dimensional representations are presented 
opposite each plate. 

It should be noted that the 1978 survey was not used since most 
sample points were taken off-site, thus supplementing the 1976 
survey. Radiological surveys prior to 1976 were not done sys-
tematically and could not be related to the standard grid sys-
tem. 

Plate 7 shows two areas with relatively high external gamma ra-
diation levels. The area in the northern apex of the site is on 
a diagonal following the fence line from S3-0, R4-0 to S5-5, 
R11-0 and in the lower western end (S0-0 to S3-0, R18-0 to 
R20-0). This same pattern generally appears in the external 
beta-gamma plot (Plate 8), as well as in the Ra-226 and U-238 
concentration contours (Plates 9 and 10). When this information 
is correlated with the results of the site history review previ-
ously discussed, the conclusions discussed in the following par-
agraphs can be drawn. 

The northern peak area appears to be in the general vicinity of 
the AJ-4 storage pile (refer to Plate 2). This raffinate had 
the highest uranium content (1-2 percent). This was also the 
area that required further scraping and covering before its re-
lease to the Airport Authority in 1969. The second peak area 
is in the western area where there are strong indications of 
buried contaminated material. This latter fact was confirmed 
by the ground-penetrating radar (GPR) scan conducted by WESTON • 
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(see subsection 5.7). Strong correlation exists between high 
radiation areas on the western end (S1-0, R18-0 to R20-0) and 
(S1-0 to S2-0, R19-0 to R20-0), and the areas where buried ob-
jects were isolated (refer to Plate 13). 

The slight shift in contour position between the radiation lev-
els and the radionuclide concentrations is probably because of 
the radionuclides sampled. Ra-226 is a weak gamma emitter and 
U-238 is a pure alpha emitter. The strongest gamma emitters at 
the site are the daughters of Rn-222. The slight shift in posi-
tion therefore is most likely due to minor migration of Rn-222 
gas prior to formation of its daughters. 

In general, with the exception of the two peak areas just dis-
cussed, the major central portion appears to be reasonably 
clean by every measurement, with only some minor peaks in the 
southeast corner. 

An attempt was made to correlate temporally-spaced measurements 
to determine any changes in radionuclide concentrations as a 
function of time. The available data are presented in Table 
4-1. Unfortunately, due to the minimal amount of data avail-
able, no conclusions could be drawn. 

4.5 SUMMARY 

4.5.1 Site Homogeneity 

From the previous analyses, it can be deduced that most of the 
site exhibited only surficial (relative to prefill elevation) 
contamination. This is further confirmed through the analysis 
of the subsurface gamma loggings discussed in subsection 5.8. 
It is also obvious that stratification of the site for evalua-
tion of various control alternatives can be accomplished. Ac- 
cordingly, the site has been subdivided into four areas as shown 
on Figure 4-3. These areas are described as follows: 

1. Northern -- This area lies in the apex of the site. 
It basically corresponds to the former AJ-4 storage 
area. 

2. Eastern -- This area lies in the eastern corner. 
It was primarily a C-liner storage area. This 
segment was subdivided from the central portion 
due to the possibility of buried material, as 
reported in the site documents. 

• 	4-9 



Table 4-1 

Comparison of 1976 and 1978 ORNL Survey Data 

Sample 
Sample Identification Ra-226 1.1-238 

Location l  1976 1978 1976 	1978 1976 	1978 
pCi74--  pCi/g 

S5-50/R9-00 Fll LA0557 450 	460 240 	430 

S5-00/R13-00 F9 LAS59 ' 7.1 	74 7.0 	56 

S3-50/R18-00 17 LAOS65 1.0 	8.4 1.6 	-- 

• 

lORNL radiological surveys 1976,(l) 1978.(3) 
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3. Southern -- This 	the large central area of the 
site where A14-7 residue was previously stored. There 
is no known buried material. 

4. Western -- This area contains the most unknowns. 
Buried material has been confirmed through ground-
penetrating radar (GPR) scanning and gamma logging. 
Material stored on the surface was mainly A14-10. 

• 4.5.2 Off-site Contamination  

Although some migration of material may have occurred through 
postfill erosion and other transport mechanisms, it is our opin-
ion that migration of the major portion of the off-site contami-
nated material, especially in the ditches to the north, occurred 
before the decontamination/cleanup operations. No evidence can 
be found to support the assumption that on-site erosion and ex-
posure of contaminated material occurred to the degree necessary 
to displace the magnitude of contaminated material found off-
site. If anything, the records and data support the assumption 
that off-site contamination was caused through runoff prior to 
cleanup activities. It should be noted that no cover was placed 
outside the fence line, and no record of measurements taken out-
side the fence before 1976 has been found. 

• 
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• 	SECTIJN 5 

SUBSURFACE DATA 

5.1 INTRODUCTION  

Tne data elements and analyses pertinent to the subsurface ra-
diological, geological, sedimentological, and hydrogeological 
characterization of the St. Louis Airport site and the immediate 
downgradient receiving areas are presented in this section. 
Primary elements addressed include: . 

1. A general regional geological description of the 
eastern Missouri area that includes the site. 

2. Site-specific geological, sedimentological, and 
hydrogeological data collected during field in-
vestigations at the site. 

3. Analyses of tne soil geochemistry of the subsur-
face units at the site. 

4. Evaluations of the subsurface geophysical and 
radiological data collected from field surveys. 

Discussions of tnese data are presented in the following subsec-
tions: 

• 5.2 Regional Geology. 
• 5.3 Site Geology. 
• 5.4 Site Stratigraphy. 
• 5.5 Preliminary Hydrogeological Analysis. 
• 5.6 Hydrogeological Field Sampling Program. 
• 5.7 Ground-Penetrating Radar Surveys. 
• 5.8 Subsurface Gamma Loggings. 

5.2 REGIONAL GEOLOGY  

5.2.1 Physiography  

In eastern Missouri, a variable thickness of unconsolidated 
Pleistocene sand, silt, and clay sediments has been deposited on 
Paleozoic bedrock. These deposits represent a wide variety of 
origins including glacial-derived outwash or loess and alluvial 
deposits of the Mississippi and Missouri River systems. 
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The generally flat-lying bedrock stcata on which the deposits 
lie are predominated by massive limestones, dolomites, and in-
terbedded sandstone and shale formations. Precambrian-aged 
basement formations consist of metamorphosil sparry limestone 
and dolomites. In other parts of the mid-continent, meta-vol-
canic material, associated with Precambrian deformation of the 
stable Canadian Shield Province, had been intruded into the 
crystalline limestones. 

In the study area, the unconsolidated sediments, on which the 
waste material has been placed, lie within a small basin termed 
the Florissant Basin. The name is derived from a town located 
within the basin in north-central St. Louis County, Missouri. 
As mapped by Goodfield, (10) the axis of this oval-shaped de- 
pression trends 7.6 miles north by northeast as outlined on Fig-
ure 5-1. The Lambert-St. Louis Airpo-rt and the study area are 
situated near the southeastern tip of the basin. Variable in 
width, the depression is 2 miles wide at its maximum point in 
the Florissant area. 

Topographically, the basin is distinctively flat surrounded by a 
perimeter ridge. Surface-water drainage is restricted to Cold-
water Creek and its dendritic tributary system. 

As theorized by Goodfield, (10)  the Florissant Basin was cre-
ated through erosion of the bedrock surface by rivers of glacial 
outwash during the Pleistocene epoch of recent geologic history. 
During the third glacial advance, the Illinoian period, the Mis-
sissippi River breeched a natural dam. 	In this manner, sedi- 
ment-rich waters flowed above the natural dam from the northeast 
and slowly filled the former river channel on top of the low-ly-
ing bedrock surface. During the subsequent, final glacial ad-
vance 10,000-15,000 years ago, a loess cover blanketed the lac-
ustrine sediment. 

This theory is supported by the fine texture and lithology of 
the sediments described in soil borings of the basin .face and by 
the very flat nature of the topography. Additionally, correla-
tion of terrace remnants in the basin northeast of the study 
area at the same elevation with high level (flow) terrace rem-
nants along the Mississippi, Missouri, and Illinois Rivers lends 
further support to this theory of origin. 

5.2.2 Structural Setting and Features  

Created in response to lateral tectonic forces from the south- 
west abutting against the stable mid-continent province in the 
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• FIGURE 5-1 SITE LOCATION MAP 
SHOWING OUTUNE OF FLORISSANT BASIN 
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Precambrian era, the grain of basement crystalline rocks re-
flects a predominant northwest/southeast alignment pat-
tern. (11)  A subordinate northeast/southwest pattern with 
jointing aligned both north/south an east/west has been de-
scribed by numerous investigators. (10  The presence of these 
predominant lineaments is important in understanding the geolog-
ic and structural history of the region. 

The Ozark uplift, a region of repeated upward movement, is loca-
ted due south of the St. Louis area. Six episodes of regional 
deformation resulting from continued uplift have been identi-
fied.( 12) Probably the most intense structural deformation 
occurred in the Precambrian era. In response to this tectonic 
activity, extensive block fault systems developed along the lin-
eaments.( 13) As such, the predominant alignment of structural 
features in the state is northwest/southeast. The second epi-
sode is also dated in the Precambrian era. Evidence of three 
major periods of deformation is preserved in the Paleozoic stra-
tigraphic record. 

Between periods of uplift in the Paleozoic era, much of the mid-
continent was covered by shallow epicontinental seas. Thick se-
quences of fine-grained sediments accumulated during these 
times. During periods of emergence generated by the Ozark up-
lift, erosion removed large portions of the stratigraphic re-
cord. 

Deformation of the Paleozoic sequences occurred in conjunction 
with movements along the developed fault systems in the Pre-
cambrian basement. A sharp rejuvenation of uplift of the Ozark 
region (Episode No. 6) with differential depression of the Mis-
sissippi embayment occurred in Pre-Pliocene time. Only minor 
movements along existing structures have been attributed to this 
final major episode. Intermittent uplift appears to be contin-
uing as evidenced by entrenched meanders and Pleistocene terrace 
remnants. 

Because much of Missouri is a stable area moving as a block in 
response to tectonic pressures, folding of bedrock formations 
is kept to a minimum. Steeply dipping beds are restricted to 
the immediate vicinity of faults. In these areas, the sedimen-
tary rock formations are believed to have formed by the sedi-
ments draping over the escarpment of block-faulted Precambrian 
material. Therefore, over most of the state, the regional dip 
is only a few degrees. 

• 
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Northwest of the St. Louis area, the Cap Au Gres failt system 
primarily developed in response to the third episode of Ozark 
uplift in Mid-Paleozoic time and culminated with minor deforma-
tion in the Pre-Pennsylvania period (Episode No. 4). Vertical 
movement of the fault has created the Lincoln Fold, a broad a-
symmetrical anticline known as the Eureka-House Springs anti-
dine. (14) Developed above a Precambrian lineament, the 
Eureka-House Springs anticline trends northwest to southeast ap-
proximately 15 miles southwest of the study area. 

Along the present course of the Mississippi River, the St. Louis 
Fault (striking due north) developed As an offset or secondary 
stress feature in response to the Ozark tectonics. The Dupo-Wa-
terloo anticline of East St. Louis and Illinois follows this 
structure. The convergence of these two regional features has 
created the Florissant Dome, a circular-structure 5 miles north-
east of the study area. Missouri's greatest reserves of oil and 
natural gas are trapped within the early Paleozoic sedimentary 
formations in this structure. 

These features are located on a structural map of the St. Louis 
area presented on Figure 5-2. Bedrock contours are based on the 
elevation of the Roubidoux formation. The Roubidoux is of Ordo-
vician Age and thus found below the bedrock formation of concern 
in the study area. 

The Florissant Basin, as described earlier, has formed independ-
ent of these features. In reference to literature studies, no 
evidence of faulting has been traced in the immediate site area. 
Bedrock at depth appears to be almost flat, dipping 60 feet per 
mile to the north-northeast into the Cheltenham syncline as a 
result of tectonic episodes related to the Ozark uplift. 

In the extreme southeastern portion of the state, the northern 
edge of the Mississippi embayment is present. The embayment is 
a structural trough formed in the Paleozoic bedrock, and subse-
quently has been filled with marine sediments. This region is 
important in that seismic episodes of moderate strength and fre-
quency occur through the present time as down-warping of the 
bedrock continues. 

5.2.3 Stratigraphy 

The generalized stratigraphic succession for a portion of the 
east-central region of Missouri is presented on Figure 5-3. 
This information has been collected from a study of published 
geologic maps and literature.( 15) Figure 5-4 is a reproduction of 
a geologic map of Missouri published by the Missouri Geological • 	5-5 
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Explanation 

Anticline --4--- 

Syncline 

Fault  

U-Upthrown Side 
D-Downthrown Side 

Structure 000250...„40  
Contour 

Shows altitude of base 
of Roubidoux Formation 
Contour Interval-250 
Datum is mean sea level 

2 4 

Source: Missouri Geological Survey and Wafer Resources (1965%, 

FIGURE 5-2 MAJOR GEOLOGIC FEATURES OF THE ST. LOUIS AREA 
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Survey (1961). As explained in previous sections, sediments 
that became these formations were deposited in epicontinental 
seas during the Paleozoic era. Intermittently during this peri-
od, uplift generated by tectonic forces in the Ozark region to 
the south exposed successive formations to erosion. The result 
was truncation, and in many instances, removal of large portions 
of the stratigraphic record. 

The following subsections describe, in ascending order, each of 
the groups of formations identified on Figure 5-3. 

5.2.3.1 Mississippian System. 

Meramecian Series  

Tne Meramecian Series consists of four formations: the Warsaw, 
Salem, St. Louis, and St. Genevieve. These formations, with the 
exception of the Warsaw wnose upper part in eastern Missouri is 
a shale, are composed mainly of limestone and some dolomite. 
Cnert is not common but does occur in all of the formations. 
All four formations are present in east-central Missouri, which 
is regarded as the type area for the St. Louis and St. Genevieve 
formations. The Warsaw and Salem are the only formations of the 
series that have been definitely identified in central Missouri. 

Warsaw Formation  

Exposures of the Warsaw Formation are widely but discontinuously 
distributed throughout Missouri. Scattered outcrops of the for-
mation are present in Lewis and Clark Counties in northeastern 
Missouri where the formation is 40 feet thick and is principally 
composed of finely to coarsely crystalline, fossiliferous lime-
stone and contains geodes in its lower part. From northeastern 
Missouri, the Warsaw can be traced southeastward in the subsur-
face down along the southwestern flank of the Lincoln Fold to 
St. Cnarles and St. Louis Counties where it again crops out. 
The lower half is composed of finely crystalline shale; very 
fossiliferous, dolomitic limestone; and the upper half is a 
dark, fissile shale*. 

• 	5-9 
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Salem ("Spergen") 1 Formation 

The more complete and thicker exposures of the Salem Formation 
in Missouri are present in the east-central and southeastern 
parts of the state in St. Louis, St. Genevieve, and eastern Per-
ry Counties. Throughout this area, the formation is 100-160 
feet thick. The formation is commonly cross bedded. In the St. 
Louis area, it becomes more dolomitic. The upper part of Salem 
is fossiliferous and contains blastoid, crinoid, echinoid, and 
bryozoan debris, as well as the coral Syringopora. 	The top of 
the formation grades upward into the St. Louis Formation, and 
the intermediate beds contain the coral Lithostrotion. The in-
soluble residue from the upper 50 feet of the Salem in the St. 
Louis area contains a high percentage of speckled gray and tan 
chert. 

Tne Salem thins northward from St. Louis County. Its contact 
with the underlying Warsaw is obscure because the lithologies of 
the two formations intergrade. 

St. Louis Formation  

The St. Louis Formation attains its fullest expression within 
Missouri in its type area in St. Louis County and in adjacent 
parts of east-central and southeastern Missouri. Here, the for-
mation is a gray lithographic to finely crystalline, medium to 
massively bedded limestone, which is more than 100 feet thick. 
Limestone breccia is common in the lower part of the formation 
but is not necessarily confined to this part. Shale occurs as a 
matrix between the blocks of breccia. Blue and bluish-gray 
shale also forms thin beds throughout the formation and in-
creases in abundance toward the northeastern part of the state. 

1The name "Spergen" has long been synonymous with the term 
Salem and has been extensively used in publications of the 
Missouri Geological Survey in place of the term Salem. In 
view of the fact, however, that the latter term has recently 
been officially adopted by the U.S. Geological Survey and has 
been customarily used for years by the Illinois and Indiana 
Geological Surveys, the term Salem is herein used in pref-
erence to the term "Spergen." • 
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Chert is not common. Parts of the formation are locally dolo-
mitic. The compound corals Lithostrotionella castelnaui and 
Litnostrotion prolifernum are considered to be diagnostic, and 
the coral Syringopora,is common._ The percentage of.insoluble 
residue that can be extracted from the St. Louis is generally 
low. The residue from the lower part of the formation normally 
contains small (less than 1 mm) euhedral quartz crystals. Gray 
or tan quartzose chert rosettes are also common residue constit-
uents. The contact between the St. Louis and Salem Formations 
appears to be conformable. The limestone from the St. Louis 
Formation is quarried in the St. Louis area for cement manufac-
ture and aggregate. 

St. Genevieve Formation 

The St. Genevieve Formation is typically developed in the east-
central and southeastern parts of Missouri in St. Genevieve and 
St. Louis Counties and in eastern Perry County. It is also 
present in adjacent parts of Illinois and Kentucky where it has 
been subdivided into members. Within the Missouri area, the 
formation is a white, massively-bedded, sandy, clastic lime-
stone. It is generally coarsely crystalline and oolitic but 
does contain d few beds ot finely crystalline limestone. The 
lower part of the formation is sandy, and predominantly cross 
bedded and ripple marked. Above the cross-bedded unit and near 
the middle of the formation, there are some layers of chert, as 
well as some lenses and beds of sandstone that occur locally. 
Tne lithology of the formation changes laterally, making it dif-
ficult to trace individual units. The percentage of insoluble 
residue that can be extracted from the St. Genevieve in this 
area is usually low. The residue contains a proportionately 
large amount of cnert, some quartz sand and crystals, and silic-
ified ooliths. 

me formation is 30 feet tnick in St. Louis County. There is a 
disconformable contact between the St. Genevieve and the under-
lying St. Louis Formation, with a basal conglomerate being pres-
ent in numerous places. A significant pre-Chester erosional 
surface marks the top of the formation. In the St. Louis area, 
the formation is overlain either by beds of the Pennsylvania ' 
System or by Pleistocene deposits. 

• 	5-11 
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5.2.3.2 Pennsylvanian System. 

Desmoinesian Series  

As considered by the Missouri Geological Survey, the Desmoines-
ian Epoch is the time interval that extends from the beginning 
of the Venteran to the end of the Cygnian, the major time sub-
divisions of the Desmoinesian. The Cherokee and Marmaton groups 
are the major rock units that represent this time interval in 
Missouri. However, the boundary between the Venteran and Cyg-
nian Stages lies within the Cherokee group. 

Venteran Stage -- The strata of the lower Cherokee group were 
deposited in this time period. The age ended with the comple-
tion of deposition of the Seville Formation. The rocks deposi-
ted during the Venteran Age are classified as the Krebs subgroup 
of the Cherokee group. 

1. Cherokee Group -- The Cherokee group comprises 
all of the strata included in the Krebs and Cabaniss 
subgroups. Thus, the time of deposition of the 
Cherokee includes all of the Venteran and the 
early part of the Cygnian Age. 

2. Krebs Subgrou2 -- The Krebs subgroup is made up 
of sandstone, siltstone, shale, clay, limestone, 
and coal beds. In many places, sandstone makes 
up the greater part of the succession. 

Cygnian Stage -- This time period spans the depositional inter-
val following the formation sequence of the Venteran Stage and 
prior to the Missourian Epoch. The sediments deposited during 
Cygnian time thus make up the strata of the Cabaniss subgroup 
of the upper Cherokee group, as well as all of the beds of the 
Marmaton group. 

1. Cabaniss Subgroup -- The strata assigned to the 
Cabaniss subgroup of Missouri consist of sandstone, 
siltstone, shale, underclay, limestone, and 
coal beds. These are packaged into 12 widely 
recognized successions, each of which (with 
certain exceptions as noted in formational descrip- 
tions elsewhere), is a cyclic unit that includes 
a coal bed at the top. Each of these successions 
has been named and is treated as a formation. 

• 
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2. Marmaton Group -- The Marmaton group consists 
of a succession of shale, limestone, clay, and 
coal beds. Compared with the Cabaniss subgroup 
of the Cherokee below, the Marmaton contains 
more limestone Units, which are also thicker 
and more persistent. The group in Missouri is 
now divided into two subgroups, the Fort Scott 
below and the Appanoose above. 

Missourian Series  

The Missourian Series is divided into .four successively younger 
groups: the Pleasanton, Kansas City, Lansing, and Pedee. The 
rocks forming these groups are present in a broad belt that un-
derlies the Kansas City area and extends northeastward across 
western and northern Missouri. The series comprises a number 
of prominent formations that are composed principally of alter-
nating beds of limestone and -shale, and are separated by com-
paratively thicker formations of shale and sandstone. 

The Pleasanton group comprises all the strata that lie below the 
base of the Kansas City group and above the regional disconform-
ity that separates the Desmoinesian from the Missourian Series. 
Pleasanton strata are dominantly clastic. The group is repre- 
sented by channel-fill deposits in the Warrensburg and Moberly 
channels in western and central Missouri, and by outliers in 
St. Louis County. 

Post-Paleozoic Rocks  

Above the erosional surface of the entire sequence of Paleozoic 
bedrock are varying thicknesses of unconsolidated quaternary 
deposits. Included within these sediments are units of lacus-
trine deposits, glacial till, and alluvium. These units will be 
differentiated and discussed in detail in subsection 5.4, Site 
Stratigraphy." 

5.2.4 Seismic Risk Assessment  

Consideration of the potential effect of seismic activity on 
the integrity of site conditions is necessary for evaluation of 
long-term site stability. However, concern for further earth 
movements should be concentrated on earthquake potential within 
the Mississippi Valley embayment. In this area, down-warping 
of the Paleozoic basement rock continues under pressure of the 
marine sediments above. 

• 	5-13 
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As seen on Figure 5-5, numerous fault systems are present within 
this region. The best known and most important is the New Ma-
drid Fault zone. 

This zone, source of the 1811-1812 earthquake sequence of the 
same name, is believed to be a combination of normal faults be-
low Cretaceous deposits. It is believed to exist beyond the 
northern apex of the embayment and trend into the east/west 
striking the Rough Creek Fault system. 

Investigations in 1977( 16) correlated ongoing seismic activity in 
the embayment area with a zone of subdued magnetic field. It 
is suggested that the zone is the result of a structural de-
pression of 1-2 km relief within the Precambrian basement. In 
this area, crystalline Precambrian rock is found 2-4 km below 
the ground surface. 

In light of the historical data base just summarized, minor to 
moderate tremors may be expected periodically extending from the 
Mississippi embayment region 200-300 km south of the St. Louis 
area. It was concluded that it is highly unlikely that these 
seismic events may create a permanent alteration of the subsur-
face and surface site characteristics. Thus, the regional seis-
micity potential is a minor consideration in terms of the total 
concept of site evaluation. 

5.3 SITE GEOLOGY  

5.3.1 Introduction  

Three bore hole locations were selected for collection and cor-
relation of additional radiological and stratigraphic data. 
Specifically, bore hole 8-1 was located in close proximity to 
area AJ-4, an area of elevated surface radioactive contamina-
tion. Bore hole 8-2 was located on the west end - of the site to 
provide supplemental information to the existing ORNL gamma log 
surveys. Bore hole 8-3 was placed at the eastern end of the 
site as very little information exists documenting the subsur-
face radioactive contamination in this upgradient area. Figure 
5-6 locates the positions of these bore holes in relation to the 
existing grid systems. Also located on this figure are the six 
piezometer installations completed in 1979. 
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5.3.2 Field Sampling Techniques  

In each of the three bore hole locations, collection of contin-
uous undisturbed samples from the unconsolidated sediments above 
the bedrock was completed using 3-inch I.D. Shelby tubes. A 
Shelby tube, is a thin-walled stainless steel jacketed tube, 2 
feet in length, that is hydraulically driven into the sediment 
by the drill rig through the hollow stem drill auger. The tube 
and samples are withdrawn, and the drill augers are advanced 2 
feet to the next sampling point. The process is repeated until 
the bedrock surface is encountered. This procedure was followed 
for materials above the water table. 

This procedure was then modified for he less cohesive materials 
below the water table by employing a piston-type Osterburg sam-
pler. In this procedure, a Shelby tube, 2 1/2 feet in length, 
was attached to the retracted Osterburg sampler and lowered down 
the bore hole as before by means of an open core rod through the 
augers to the next sample position. Under pressure, water in 
the open core rod forces the piston to release, pressing the 
tube into the undisturbed material below. When the sampler is 
withdrawn, the vacuum created by the water in the rod helps re-
tain the sample within the tube. The procedure continues as be-
fore; the augers are advanced as the sampler is retracted and 
another tube attached in preparation for tne next sample. 

Sample recovery with the Shelby tubes ranged between 85 and 100 
percent below the immediate surface. The presence of concrete 
and other miscellaneous materials near the surface hampered col-
lection of samples in tnis zone. Recovery in this material av-
eraged 50-70 percent with some samples missing entirely. The 
Shelby tubes were crushed partially or totally by the force of 
the rig onto the concrete or similar material. The bore hole 
was then advanced beyond the problem material and the sampling 
procedure continued. 

Each tube was sealed with wax to inhibit dehydration and shipped 
to WESTON for analysis. Tne stainless steel jackets were care-
fully split, and the cores within were cut in half for examina-
tion. One-half of each tube of sample material below the fill 
was retained by WESTON for further analysis. The remaining half 
of each was resealed and forwarded to Oak Ridge National Labora-
tory for analysis. In the case of the fill materials and sedi-
ments directly below, the tube and sample were opened as just 
described for examination. Both halves were then resealed and 
forwarded to Oak Ridge National Laboratory for analysis. 

• 
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When the bedrock interface in each of the three bore hole loca-
tions was reached, a continuous rock core was collected utiliz-
ing a diamond bit, N-X core-line apparatus. After completion of 
rock coring, each bore hole was sealed with grout from the bot-
tom to above the rock interface to prevent downward migration of 
surface fill contaminants to the bedrock system. Four-inch PVC 
casing and screen was installed above the grout implacement in 
each location. Thus, each of the three wells were able to serve 
as additional permanent monitoring points. 

5.4 SITE STRATIGRAPHY  

Figure 5-7 is a cross-sectional diagram of the site. This dia-
gram was prepared by combining the lithological logs of the 
three recently-completed deep bore holes with the shallow piez-
ometer descriptions completed in Octobei of 1979. In addition, 
a bedrock test bore hole completed by McDonnell Douglas Corpora-
tion prior to the construction of Building No. 27 has been in-
cluded. The latter property is located due west of the site 
across Coldwater Creek. Complete descriptions of the three deep 
bore holes are presented in Appendix F. 

The stratigraphic sequence encountered on site, as depicted on 
Figure 5-8, may be separated into four major divisions. A de-
scription of these divisions and the individual units therein 
follows. 

5.4.1 Anthropogenous Material (Fill): Unit 1  

This material is composed of the landfill wastes as well as the 
soil cover and other materials brought on-site later when opera-
tions were suspended. Asphalt, steel, concrete, and soil have 
been encountered. The thickness of the fill is variable from 
zero along the perimeter fence line to a maximum of 8 feet in 
areas with a high concentration - of buried bulk material. 

5.4.2 Loess 1 : Units 2 and 3 -- Pleistocene and Pliocene 

In the study area, the sediments comprising units 2 and 3 were 
derived from glacially-related materials and deposited by the 
wind. 	Variable in color, each unit is a highly compacted silt 

1Loess is physically defined as a generally homogeneous blanket 
of fine-grained sediments. • 	5-19 
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for its very plastic or sticky nature. This 
characteristic is primarily a function of the 
homogenous grain size, a very fine clay. No 
concretions or fossil evidence was encountered 
in the examination of this material. Total 
thickness of this unit increased from east to 
west from 11 feet in bore hole B-3 to 17 feet 
in bore hole B-2. 

3. Unit 6 -- Moist olive/gray silt or silt/clay. 
Little variability is seen in the sequence 
across the site. The sediment exhibits little 
cohesive properties as a result of a high silt 
range particle size content. This unit was 2 
feet thick in bore hole 8-3. Bore hole 8-1 had 
a thickness of 10 feet, and bore hole 8-2 had 
a thickness of 12 feet. 

4. Unit 7 -- Firm dry silty clay. This material 
may or may not be part of the lacustrine 
sequence. Generally, this unit in each bore 
hole reflects the lithology of the bedrock 
beneath, but not to the extent that a positive 
correlation may be made due to lack of 
internal bedding structure. 

A summary of the unconsolidated sediment thickness above the 
bedrock in each of the three bore holes follows. 

• 
Bedrock 
Elevation 
(top of 

Surface 	Unconsolidated 	(bedrock 
Bore Hole Elevation 	Thickness 	residium)  

ft 	 ft 	 ft 

8-1 528 67 461 	. 
8-2 526 82 444 
B-3 534 43 491 

Bedrock 
Formation 
and Age  

St. Genevieve Fm. M 
St. Genevieve Fm. M 
Cherokee Fm. P 

From the data given, it can be seen that the bedrock surface 
drops off sharply from east to west across the site. To the 
west in bore hole B-2, the younger Pennsylvania Age beds have 
been removed by the erosional process that formed the Florissant 
Basin. 



• 
Figure 5-9 superimposes the outline of the Florissant Basin on 
a reproduction of the mapped bedrock geology of the area. From 
this map, it appears the site is located entirely above the 
clastic sequence within the Marmaton group. This formation-
group in the St. Louis area lies unconformably above the upper 
Cherokee group. Within the Cherokee group, the strata are fur- 
ther assigned to the Cabaniss subgroup. Both the Marmaton group 
and Cabaniss subgroup are composed of numerous cyclothem forma-
tions consisting of sandstone, shale, siltstone, coal, and lime-
stone sequences of varying thickness. 

Based on our examination of the continuous bedrock core, we have 
assigned the clastic sequence encountered in bore holes B-3 and 
B-1 to the Cabaniss subgroup of the Cherokee group. This as-
signment was based on the correlation of the underlying Missis-
sippian limestone sequence with identified outcrops of the St. 
Genevieve formation in other areas of the east-central region. 
In lieu of paleontological data and internal features such as 
cross bedding, the presence of chert, and the elevations of the 
correlated outcrop permit a somewhat confident assignment of a 
basal limestone sequence within the St. Genevieve formation. 

Figure 5-9 was based on regional mapping data, while the corre-
lations just discussed are based on bore hole data and a strict 
field interpretation of the lithology as described in the liter-
ature. Working from depth, the first limestone sequence is the 
St. Genevieve Formation. Overlying the St. Genevieve Formation, 
from bore holes 8-1 and B-3, were consolidated rocks that paral-
leled the published description of Cherokee and/or Marmaton 
group rocks. Based on more exhaustive field mapping, the separ-
ation of Cherokee/Marmaton and the various associated unconform-
able surfaces could be assigned with greater confidence. The 
initial stratigraphic assignments appear reasonable, however. 

The interesting feature of the missing Cherokee/Marmaton units 
in McD-1 and project well B-1 is the relatively flat-lying top 
surface of the St. Genevieve Formation, with the exception of a 
slight rise in elevation from bore holes B-1 to B-3. It is our 
interpretation that this is an erosional surface in which unit 
9, and probably the top of unit 10, have been removed. The bed-
rock residium (unit 8) marks this unconformable surface through-
out the area. It would be very interesting to evaluate the 
makeup of the clastics in unit 8 to see if unit 9 and, in some 
cases, unit 10 material is present. 
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5.4.4 Units 8, 9, and 10  

1. Unit 8 (Pennsylvania/Mississippian Regolith) -- 
This material reflects the structure and 
lithology of the bedrock beneath. Unit 8 
is the product of in-site weathering of the 
bedrock surface. In bore hole B-3, a sequence 
of friable sandy shale, approximately 3 feet 
thick, exists above the Pennsylvania Age bedrock. 
To the west in bore hole B-2, the material con-
sists of clay nodules in a blue clay matrix above 
the Mississippian limestone. 

2. Unit 9 (Pennsylvania Age, Desmoinesian Epoch) -- 
Underlying unit 8 are rocks of the Cherokee 
group. These rocks are interbedded sequences 
of thin sandstone, siltstone, limey shales, 
clay, and coal beds. Thirty-five feet of 
Pennsylvania age material was identified in 
bore hole B-3 above unit 10. To the west, 
approximately 12 fcet of unit 9 is found 
above the Mississippian limestone. • 3. Unit 10 (Mississippian Age) -- Underlying unit 
9 is the St. Genevieve Formation composed 
of crystalline and fossiliferous limestone 
sequence. It is characterized by the presence 
of cross bedding. 

Collection of the unit 9/unit 10 interface for bore holes B-1 
and B-3 indicates that the bedrock units lie virtually flat. 
The sloping unconsolidated material/bedrock interface is proba-
bly an erosional feature. 

Calcium deposits within small irregular fractures were noted in 
the limestone sequence. However, no evidence of displacement or 
large developed fractures was found, indicative of regional 
structures transcending the site. 

5.5 PRELIMINARY HYDROGEOLOGICAL ANALYSIS  

The initial field investigations conducted in November and De-
cember 1980 included: 

1. Installation of three deep bore holes and con- 
struction of monitor wells at these sites. 

• 
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2. Size and perneability analyses from Osterburg 
cores (Shelby tubes) obtained at the boring 
sites. 

3. Field measurements of water levels from all 
resurveyed monitor wells. 

The analysis of these hydrologic data and correlation of strati-
graphic information gathered during the initial study phase pro-
vided the basis on which the following preliminary conclusions 
concerning subsurface conditions at the St. Louis Airport site 
were drawn: 

1. Two water-bearing zones are present, separated, 
at least partially, by a continuous thickness of 
low permeability material (unit 5). 

2. The groundwater gradient, as defined by shallow 
observation wells, indicates that the groundwater 
flow is from the east to the west and northwest. 

3. The groundwater gradient appears to be a reflec-
tion of the bedrock interface moving from a topo-
graphic high area (east) to areas of lower surface 
elevation. 

4. The groundwater flow velocity is very slow across 
the site as reflected by a flat or low hydraulic 
gradient, and the fine particle size inherent in 
the surface sedimentary units. 

5.6 HYDROGEOLOGICAL FIELD SAMPLING PROGRAM  

5.6.1 Introduction  

The field sampling program was designed to refine our under-
standing of the physical characteristics of the on-site sedi-
ments and to define the limitations imposed on the groundwater 
regime. Included within this study were the following principal 
tasks: 

1. Determination of the continuity of unit 5, eval-
uation of the physical characteristics of the 
sedimentary unit as an aquitard, and determina-
tion of the limiting vertical movement from the 
surface-water table regime to unit 6, the second 
water-bearing zone. 
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2. Establishment of the position of the saturated 
zone and subsurface geology in those portions 
of the site not previously investigated through 
the installation of additional monitoring points. 

3. Establishment of a coefficient of permeability, K, 
for each stratigraphic unit through comparison 
studies composed of laboratory tests and in situ 
measurements. 

4. Determination of the radionuclide sorption which 
may occur on charged mineral surfaces or clay 
particles within the groundwater environment. 
In order to evaluate this potential for natural 
renovation, the physical and chemical properties 
of the clay fraction must be established. To 
accomplish this, hydrometer analyses of samples 
collected from the Shelby tubes were utilized to 
establish particle size distribution. Additional 
parameter tests, such as liquid/plastic limits 
and void ratio computations, completed the phys-
ical characterization. Identification and quan- 
tification of the clay mineral species present 
in the soils was determined through X-ray dif-
fraction of selected samples and measurement of 
cation-exchange capacity (CEC). 

5.6.2 Well Construction  

5.6.2.1 Monitor Wells. 

The locations of the eight shallow monitor well installations 
(A-1 through A-8) are shown on Figure 5-10. The wells were 
screened above unit 5 and distributed to provide subsurface da-
ta in areas not previously investigated. Split-spoon samples 
and Shelby tube samples of undistributed soils were taken at se-
lected points for laboratory analysis. 

Well series P-1 through P-4 are also shown on Figure 5-10. 
Wells P-1 and P-2 were screened within unit 6, while wells P-3 
and P-4 were screened above unit 5 as were the A-series instal-
lations. These four wells were installed close to each other 
specifically to be used as observation locations during the 
permeability evaluations of each well. 

• 
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Each monitor well was constructed as follows: 

Utilizing a hollow stem auger, with a 6 7/8-in, bit, 
the bore hole was advanced to just beyond the clay 
interface of unit 5. A 3-in. PVC, Schedule 40, blank 
casing and manufactured screen was installed in each 
well. Graded pea gravel was placed around the screen. 
A bentonite clay slurry was prepared and placed above 
the gravel to within 3 feet of the surface. A concrete 
grout cap above the clay completed the monitor well con-
struction. Upon completion, each well was developed 
by flushing and surging with compressed air. 

Each of the shallow wells (A-1 through A-8, P-3 and P-4) was 
completed above unit 5 with an open (screen) interval averaging 
15 to 20 feet. The purpose of this construction was to provide 
composite groundwater level data within the unconfined saturated 
thickness above unit 5 and to allow entrance of radionuclides 
entrained within the groundwater over the length of the screen. 
Thus, a realistic picture of average water quality in the satu-
rated zone could be obtained. Wells P-1 and P-2, which were de-
signed to provide hydrologic data on unit 6, were screened en-
tirely within unit 6. 

Lithological descriptions of each bore hole are included in Ap-
pendix F. The results of this drilling phase confirmed the 
lateral continuity of unit 5 across the site. 

5.6.2.2 Piezometer Nests. 

Comparison of water level data collected from the P-series ob-
servation wells indicated that the measured water levels in 
wells P-1 and P-2 (screened in unit 6) were, on the average, 5 
to 6 feet deeper than measured levels in wells P-3 and P-4 (ob-
servation wells screened in the unconfined saturated thickness 
above unit 5). When observation wells set at different depths 
indicate lower water levels with increasing depth, the occur-
rence of a zone of recharge is established. Thus, the lower 
water levels in P-1 and P-2 indicated vertical movement downward 
through the aquitard, unit 5. 

To assess the velocity of this vertical movement of groundwater, 
piezometer nestsl were installed in three locations on-site. 
The construction details of a piezometer nest are phown on Fig-
ure 5-11. 

1A piezometer nest is a single bore hole outfitted with three 
separate piezometers positioned at decreasing depths in the 
aquifer section. 
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The three bore holes selected to receive piezometer nests were 
first deepened to the clay interface of unit 5. A hollow stem 
auger, with a 6-7/8-in, bit, was utilized for the drilling. The 
first piezometer was set at the bottom of the bore hole, direct-
ly above the clay. Gravel was placed around the screen section. 
Bentonite clay pellets were placed above the gravel and pressed 
from above to ensure a proper seal. The second piezometer was 
placed above the clay seal, and was gravel packed and sealed in 
a similar fashion. The third piezometer was located just within 
the zone of saturation, gravel packed, and sealed with bentonite 
clay. A grout cap above the final clay seal completed the con-
struction. 

Each of the three individual piezometers within each nest was 
constructed of 1 1/2-in. PVC flush joint pipe and screen. The 
screen sections were 2 feet in length. 

The locations of the three piezometer nests are indicated on 
Figure 5-10. The site selections were made as follows: • 

1. Nest A-9  -- Upgradient location in close proximity 
to A-2. The depth to bedrock was estimated to be 
45 feet. As such, this portion of the site had 
a minimum thickness of saturated material above 
unit 5. 

2. Nest A-10  -- Midgradient location near A-5. The 
depth to the bedrock interface increased sharply 
in this area, thus the total thickness of satu-
iated material above unit 5 likewise increased 
sharply. 

3. Nest A-11  --Downgradient location. The subsur-
face stratigraphy appeared fairly uniform in 
the western portion of the site as reflected by 
the shallow borings to the clay interface. The 
saturated materials were of the maximum thick-
ness encountered on-site. This was indicative 
of the relatively flat bedrock interface 85 feet 
below the ground surface encountered in 8-2. 

After completion, all monitor wells were surveyed with respect 
to the existing benchmark on Banshee Road. 
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5.6.3 Hydrologic Setting  

Figure 5-12 illustrates the unconsolidated groundwater movement 
through the unconsolidated materials. The predominant direction 
of groundwater flow is east to west across the site toward Cold-
water Creek with a lesser flow to the northern perimeter. The 
pattern of groundwater flow in the site reflects the local dip 
of the bedrock. Recharge to the water table is accomplished by 
rainfall infiltration through the fill material. The water is 
then incorporated into the groundwater flow system developed 
within the sediments above unit 5. 

Unit 5 is an aquitard, or limiting factor, in vertical communi-
cation between the two water-bearing zones. This unit is con-
tinuous across the site, thickening from east to west as de-
scribed in the site stratigraphy section of this report. Of 
greater importance, however, is the rapid increase in thickness 
of unit 6, and the development of the second water-bearing zone 
in the central and western portions of the site. The resulting 
pressure differential created by the rapid expansion in reser-
voir volume results in enhanced vertical movements from zone 1 
(surface fill material) through the aquitard. 

Groundwater entering zone 2 appears to move laterally above the 
unsaturated, partially-consolidated silt/clay of unit 7. The 
pattern of lateral flow is similar to that of the shallow 
groundwater regime. 

The development of zone 2 is reflected in the water level data 
collected from the vertical piezometer nest installations. Ta-
ble 5-1 presents these data, as well as measurements taken from 
the shallow observation well network on 2 July 1981. Each well 
nest consisted of three separate short-screened piezometers in-
stalled and sealed at decreasing depths in the saturated thick-
ness above unit 5. The A designation corresponds to the deep 
piezometer of each group, placed just above the unit 5 in-
terface. A lower measured water-surface elevation with in-
creased depth indicates a decrease of pressure with respect to 
depth, and higher elevations with respect to depth indicate an 
increase in pressure. Now as water flows from areas of higher 
to lower pressures, measurements of water-surface elevations 
thus indicate flow patterns. 

Considering the vertical nest data from east to west, head pres 
sure with depth in zone 1 increases. In this portion of the 
site, the total thickness of material above unit 5 is approxi-
mately 23 to 25 feet. Beneath unit 5 only 1 to 2 feet of unit 
6 is expected in this area. 
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Table 5-1 

Water Level Data 	July 1981 

Well 	 Ground 
Identification 	Elevation 

Water-Surface 
Elevation 

Depth to 
Water Table 

A 523.7 _- ••• OM 

8 526.0 514.7 11.3 

C 523.2 513.6 9.6 

D 521.1 510.8 2.3 

E 528.1 523.5 4.6 

F 540.7 532.0 8.7 

A-1 530.4 524.7 5.7 

A-2 532.2 526.3 5.9 

A-3 528.1 524.9 3.2 

A-4 528.5 524.5 4.0 

A-5 526.6 523.2 3.4 

A-6 526.4 523.7 2.7 

A-7 525.7 520.1 5.6 

A-8 521.6 517.2 4.4 

Casing Elevation 

A-9A 533.1 526.3 

A-98 533.1 526.0 

A-9C 533.1 526.1 

A-10A 527.7 521.8 

A-10B 527.7 523.1 

A-10C 527.7 523.2 

A-11A 527.37 518.23 

A-11B 527.37 518.32 

A-11C 527.37 518.34 
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In light of the reduced presence of zone 2, and thus a source of 
recharge from below to zone 1, the following conclusion has been 
drawn. The anomaly of increasing pressure with depth is inter-
preted as an expression of greater head developed in a topo-
graphically higher point in the same hydrologic basin or water-
shed. 

Piezometer nest A-10 was installed through a 42-foot thickness 
of material above unit 5. A difference of 1.4 feet exists be-
tween A and C of this system as zone 2 rapidly develops beneath 
the aquitard. To the west, as pressure in the two systems be-
comes more equal, the differential between lateral and vertical 
flow components lessens. Measurement differences between wells 
A and C in the A-11 nest of 0.1 foot, supports this conclusion. 

Because the shallow observation wells (A series) penetrate the 
total saturated thickness above the aquitard, the water-level 
measurement represents an average or "composite" measurement of 
hydraulic head at that location. Therefore, the groundwater 
configuration constructed from these data is not truly the water 
table surface in areas of appreciable head difference with 
depth. While differences with depth are documented, the inter-
preted pattern of flow is not altered by use of the composite 
data. Figure 5-13 presents the groundwater table configuration 
on 2 July 1981. Direction of flow as expressed by calculated 
hydraulic head difference between the observation wells, is 
principally from east to west and northwest through the site. 
Moving above the interface of unit 5 in the topographically high 
areas on the eastern edge of the site, a minor component moves 
due north above the pitched bedrock surface. 

In viewing the data collected over the course of this study, it 
is seen that the pattern of flow has remained essentially un-
changed (additional piezometer data are included in Appendix F). 
However, water-level measurements have risen proportionally in 
response to unusually heavy precipitation. In the flat central 
portions of the site, levels rose to within 3 feet of the ground 
surface. As precipitation decreased over the last month, levels 
slowly receded. Due to the extremely fine textures and result-
ant low permeabilities of the material, however, water levels 
remained substantially higher than those recorded near the start 
of the study. This factor is important in evaluating excavation 
over the central portion of the site. 
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In summary, the following conclusicns have been drawn relative 
to the hydrologic setting: 

1. Two separate water-bearing zones have been 
identified. An "unconfined" water table system 
exists within surface sedimentary units 2, 3, 
and 4 (zone 1). A partially-confined system 
exists in unit 6 (zone 2). Vertical recharge 
to the partially or "semi-confined" system is 
through unit 5, a thick continuous sequence of 
lacustrine clay (K = 1 x 10 -7  cm/sec). 

2. Water level data from vertical piezometer nests 
indicate recharge to the shallow groundwater 
regime is principally accomplished through verti-
cal infiltration of precipitation on-site. A 
minor component of recharge from off-site is gen-
erated in topographically high areas directly 
south and southeast near the Lambert Airport 
perimeter. 

• 
3. The ratio of the directional vectors is a func-

tion of the sloping bedrock interface and stra-
tigraphic position of unit 5 as the limiting 
unit, or aquitard, in vertical flow. 

4. Vertical permeability through the fine-grained 
materials is enhanced by the presence of well-
developed secondary permeability features, pri-
marily extensive root channels in units 3 and 4. 

5. Composite water-level data collected over a six-
month period show wide fluctuations in the posi-
tion of the shallow groundwater table (zone 1) 
in response to unusually heavy precipitation. 
The depth to the zone of saturation in the cen-
tral portion of the site has been less than 3 
feet. 

6. While the relative position of the water table 
in zone 1 has fluctuated from 6-8 feet, the 
vector direction of groundwater movement is es-
sentially constant. 
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5.6.4 Hydrogeologic Analysis  

5.6.4.1 Introduction.  

The flow of groundwater in porous media in terms of energy po-
tential is equal to the sums of the kinetic energy, elevation 
energy, and pressure head. This is termed the force potential. 
The force potential is the driving force behind groundwater flow 
and is equal to the product of hydraulic head and the accelera-
tion of gravity. 

Darcy has shown that the flow of water through a sand-filled 
tube is proportional to the decrease in hydraulic head divided 
by the length of the tube. This ratio has been termed hydraulic 
gradient. 

Thus, Darcy's law, in terms of force potential is written as: 

= KA dx 
'x 	g 	dl 

which is the familiar expression in terms of one-dimensional 
flow. 

Similarly, this same expression may be used to describe flow in 
a two-dimensional regime with movement both horizontally and 
vertically as: 

KA 
= 	

dy 
-- 

y 9 	dl 

Thus, total flow may be described by the sum of the expression 
as: 

KA dx 	KA dy 
Q = — — 4. — 
t g 	dl 	9 	dL 

In the following discussion, groundwater flow is expressed in 
both the lateral and vertical component direction as a function 
of measured gradient difference between the observation well and 
vertical nest. Transmissivity of the saturated thickness in 
zone 1 is predicated on calculated soil permeabilities as de-
fined in subsection 5.6.5. 
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5.6.4.2 Methodology. 

Darcy's law is normally expressed as: 

Q = VA = AKi 

Where: V = Velocity of flow. 
A = Cross-section of aquifer. 
K = Unit hydraulic conductivity (subsection 5.6.5). 
i = Hydraulic gradient. 

(5-1) 

• 

• 

This expression is refined by evaluating the aquifer in terms of 
transmissivity per unit thickness. Thus, equation (5-1) may be 
rewritten as: 

Q= T xL x i 

Where: 

Q = Discharge in the horizontal direction 
T = Transmissivity of unit thickness 
L = Length of discharge face 

with the transmissivity of unit thickness being calculated as: 

T =Kxs 

Where: 

s = Saturated thickness of unit. 

Knowing the position of the groundwater surface in the soil on a 
given date, total flow may be ascertained using the Saray prin-
ciple. Because seasonal and daily fluctuations in the position 
of the water table will change the calculated flow volume, the 
ratio of vertical to horizontal movements will be presented. 

Referring to the water table observed on 2 July 1981 (Figure 
5-13), the site may be separated into four quadrants. By ex-
tending equipotential lines beyond the actual perimeter of the 
property, boundary limits for each quadrant are established. 
The resultant quadrants are shown on Figure 5-14. 

The hydraulic gradient (i) in each quadrant is computed utiliz-
ing the observation well data and boundary conditions estab-
lished by extending the equipotential lines. Similarly, the to-
tal saturated thickness of units 2,3, and 4 is determined from 
the position of the groundwater configuration in each area, rel-
ative to the stratigraphy. 
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• The vertical component for each quadrant is calculated using the 
vertical nest data as diagrammed on Figure 5-15. The data shown 
on this figure represent the field measurements of vertical nest 
A-11 and observation well P-1 in quadrant 1. With the velocity 
of flow through unit 5, the total seepage into zone 2 is calcu-
lated as: 

Qv = VA 

Where: 

Qv  = Vertical flow . 
V = Vertical velocity 
A = Area of unit 5 below 

zone 1 (sq ft) 

The calculated discharge for each quadrant is presented as the 
ratio of vertical to horizontal components. Refer to Figure 
5-14 for the location of each quadrant. 

• 
Quadrant 	 Vertical:Horizontal  

1 	 2:1 

2 	 2:1 

3 	 10:1 

4 	 Lateral flow only 

In summary, application of Darcy's principles for flow through 
a porous medium indicates a 2:1 ratio exists in terms of total 
discharge in the vertical and horizontal directions over the 
western third of the site. In the central portion, the vertical 
component of groundwater movement is 10 times greater than the 
horizontal component. 

5.6.4.3 Coldwater Creek Flow Analysis. 

Movement of contaminants into the creek is accomplished either 
by surface runoff during periods of precipitation or by direct 
infiltration from groundwater seepage. By measuring the flow 
in the creek, both upgradient and downgradient, when there is 
no surface runoff contribution, total flow entering the creek 
by infiltration can be calculated. 
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This task was completed using a Marsh-McBirney velocity probe. 
Two points were selected directly upgradient and downgradient 
for these measurements. Moving across the width of the creek 
at 1-foot intervals, flow velocity was directly measured by sta-
tioning the scope midway from the top of the stream arid parallel 
to the current. In depths greater than I foot, velocity was 
measured at 0.2x, 0.5x, and 0.8x the total depth, D. Knowing 
the depth, D, the cross-section of each measuring point across 
the creek was calculated as: 

A = D x 1 (sq ft) 

Flow through the cross-section was calculated as: 

Q =VxA 

At points of depth greater than I foot, the three velocity 
measurements were averaged, and flow through the cross-sec-
tional area calculated as previously with the average velocity 
value. 

The resultant data are presented on Figure 5-16 in the form of 
depth/velocity profiles for both upgradient and downgradient 
flows. Average upgradient flow was calculated at 2.56 cu ft/sec 
while the downqradient flow averaged 2.38 cu ft/sec. 

Accepting an error of 10%, the values calculated are essentially 
equal. Therefore, it has been concluded that seepage of ground-
water from the creek wall to the creek is not occurring. Howev-
er, it is plausible that, as the values indicate, 7% of the to-
tal flow may be lost from the 400-foot lateral distance between 
transit locations, primarily through vertical infiltration into 
the creek bed. 
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RAGE SITE 
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5.6.5 Lithology/Unit Characterization 

5.6.5.1 Coefficient of Permeability. 

With respect to Darcy's law of flow through a porous medium, the 
"coefficient of permeability" and the hydraulic conductivity of 
a soil are synonymous. The term hydraulic conductivity, "K" is 
used in this report. 

The term K is not to be confused with the intrinsic permeabili-
ty, k. The latter is a function of the physical medium only, 
whereas K is also dependent on the viscosity of the water pass-
ing through the medium. 

The physical parameters of a soil medium directly related to 
hydraulic conductivity include the mean 'graindiameter, distri-
bution of grain size, the sphericity and roundness of the 
grains, and the spatial packing of the grains. 

The physical parameters just described form the basis on which 
the primary permeability of a soil is developed. The presence 
of dessication, fracturing, root channels, and animal burrows 
within a soil develops a secondary permeability which may great-
ly exceed the primary permeability. 

By definition, a loess deposit is a silt/clay deposit of aeolian 
origin, the deposition of which occurs over an extended period 
of time. As such, vegetation and burrowing animals present dur-
ing the depositional period create the secondary features de-
scribed. 

Examination of the Shelby tube samples verified the presence of 
extensive vertical channel development in the lower portions of 
the loess material (unit 3) and the organic silt and clays of 
unit 4. Fibrous plant tissue was common within the voids, while 
individual channels could be traced within the samples over 
lengths of more than 10 feet. 

Secondary features, in particular the channel phenomenon, were 
not seen below unit 4 in the stratigraphic column on-site. How-
ever, given the very fine texture of the surf icial materials 
(units 2, 3, and 4), these features create an important control 
on groundwater mnvement. 

5.6.5.2 Laboratory Permeability Analysis. 

Table 5-2 summarizes measured values of hydraulic conductivity 
for soil samples of sedimentary units 3, 4, 5, 6, and 7. The • 	5-47 



Table 5-2 

Laboratory Permeability niCe 
_ 

Unit 
Number 

Well 
Identification Sample / Depth Permeability 

Falling Head 
Constant Head 

cm/sec 

3 Creek wall S-1 15. 2 x 10 - 6 
Horizontal tube 

3 Horizontal tube S-2 15 1 x 10-6  F 
' 

3 Horizontal tube S-3 15 1 x 10 -6  F 

3 8-2 7 16.5 2 x 10 -4  

3 8-2 12 29.0 7 x 10 -5  C 

3 A-3 1 15.5 8 x 10 -7  F 

3 P-4 1 20.5 2 x 10 -7  F 

4 8 - 2 17 41.5 5 x 10 -5  C 

4 A-1 1 20.5 5 x 10 -6  F 

4 A-5 1 26.5 9 x 10 -7  F 

5 B-2 20 49.0 7 x 10 -7  C 

5 A-1 2 27.5 3 x 10 -8  F 

6 d-2 27 66.5 2 x 10 -5  C 

6 P-2 27 69.5 8 x 10 -7  F 

7 8-2 32 79.0 8 x 10 - 6 C 

7 P-2 1 83.5 2 x 10 - 8 F 

(F) 
(C) 

• 

• 
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• 
samples were selected from Shelby tubes collected during the 
drilling activities. The laboratory analysis was completed in 
the geotechnical laboratories of Layne-Western Company of St. 
Louis. As indicated in Table 5-2, sample analyses were per- 
formed by either falling head or constant head procedures. 
These analyses were completed in accordance with the standard 
methods described in Appendix VII of the Department of the Army 
Engineer Manual 1110-2-1906. 

Samples S-1, S-2, and S-3 were extracted from Shelby tubes 
pressed horizontally into the creek wall. Measured values for 
these horizontal permeabilities are consistent, averaging 1 x 
10-6  cm/sec. In comparison, samples extracted from the verti-
cal Shelby tubes within units 3 and 4 show a wide variability 
in measured values. The variations seen in the test results may 
be attributed to secondary permeability 'features within sample 
volumes. 

• 
5.6.5.3 Field In Situ Measurements. 

Transmissivity is defined as the rate at which water of a pre-
vailing density and viscosity is transmitted through a unit 
thickness of water-bearing material or aquifer under a unit hy-
draulic gradient. It is a function of the properties of the 
liquid (water), the hydraulic conductivity, (K), and the total 
saturated thickness. 

Numerous mathematical methods based on data collection through 
field evaluation of well installations are available to evaluate 
this parameter. The efficiency of most acceptable methods neces-
sitates establishing steady-state flow conditions within a se-
ries of well installations through a designed pump test. Ef-
forts to achieve the necessary conditions through pumping wells 
B-1 and B-2 proved impossible. The hydraulic conductivities of 
the materials on-site allow insufficient flow volume to the well 
over an extended period of time. 

An alternative method for evaluating transmissivity involves 
either injection into or withdrawing a slug of water of known 
volume from the well. Similar in theory to a falling head per-
meameter, the rate at which the water level returns to a static 
condition is dependent on the physical nature of the material 
which the well penetrates. Thus, K may be calculated, and, in 
turn, the transmissivity of the water-bearing material in the 
vicinity of the well may be approximated. 
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As previously discussed, the hydrologic conditions of the two 
identified water-bearing zones are identified as: 

1. Units 2, 3, and 4  -- Unconfined water table 
above unit 5. 

2. Unit 6 -- Confined between unit 5 and unit 7, 
a dry silt/clay unit. 

For this reason it is necessary to employ data reduction tech-
niques applicable to the differing hydrologic characteristics. 
The methods selected, referenced in Table 5-3, are similar in 
that the rate in which the aquifer responds to injection is re-
lated to the geometry of the well and the nature of the instal-
lation. Allowances must be made for variables such as a devel-
oped gravel pack around the well screen, and the position of the 
well in relation to the aquitard, unit 5 (unconfined condition). 
The summation of the two methods may be found in Appendix C. 

Table 5-3 summarizes the routes of slug tests on selected well 
installations. In addition to the tests performed on cased ob-
servation wells, three auger holes were advanced to depths cor-
responding to the approximate base of unit 2, unit 3, and unit 
4. The latter bore hole was advanced to the top of the blue-
clay layer of unit 5. 

Through comparison of the slug test values for K with those as-
certained through the laboratory procedures, a median value of K 
for each sedimentary unit was selected. These values, utilized 
in the calculation of flow horizontally across the site and ver-
tically through the saturated thickness are also presented in 
Table 5-3. 

5.6.6 Laboratory Analyses  

5.6.6.1 Introduction. 

The phenomenon known as cation exchange has been recognized for 
more than a century. A soil or sediment leached with a salt so-
lution has the power to absorb cations of the percolating solu-
tion and to liberate an equivalent amount of other cations. The 
total amount of exchangeable cations that can be held by a soil 
is known as the cation exchange capacity (CEC). 

The ability of a sediment or a soil to hold cations in exchange- 
able form is primarily a property of its fine mineral particles. 

• 

• 
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Unit 
Number 

Well 
I.D. 

Table 5-3 

Field Permeability Results 

Open/ 	 Median Value Utilized 
Cased 	K 	 in Calculations 

cm/sec cm/sec 

2 P-7 0 3.0 x 10 -4  -- 

2,3 2,3 P-6 0 4.8 x 10 -5  5.0 x 10 -5  

2,3,4 P-5 0 6.1 x 10 -6  

r 	- 
4 A-2 C 2.4 x 10 - ' -- 

4 A-6 C 5.0 x 10 -6  5.0 x 10 -6  

4 A-7 C 1.2 x 10 -6  ••• 

4 A-8 C 4.5 x 10 -6  WIN ON 

5 - __ 1 x 10 -7  

6 P-1 C 2.9 x 10 -6  2.0 x 10 -6  

6 P-2 C 1.2 x 10 -6  __ 
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As such, the clay fract:.on of a sediment is to a large extent 
responsible for the exchange potential. In the environment, 
removal of contaminant chemical species in groundwater occurs 
through adsorption or substitution within the lattice structure 
of the clay particles, primarily as a function of the available 
surface area and charge of mineral species. Because these 
physical characteristics of the family of clay mineral species 
are diverse in this respect, it follows that the cation exchange 
capacity potential will be similarly divergent over a wide range 
of values. 

Utilizing X-ray diffraction analysis, the mineral species pres-
ent within the clay-sized fraction may be identified. By assim-
ilating this information with the laboratory values of the ca-
tion exchange capacity, the Atterburg limits (refer to subsec-
tion 5.6.6.3) and the statistical mean particle size present, a 
confident estimation of relative abundance may be predicted. 

5.6.6.2 Particle Size Analysis. 

Utilizing the continuous Shelby tube samples, material was ex-
tracted at 2-foot intervals through the entire thickness of sed-
iments for particle size analysis. ASTM standard procedure 
43-5 was followed in completing the hydrometer analysis. Parti-
cle size distribution curves for each sample, with correlating 
sedimentary unit numbers are included in Appendix G. A summary 
of the analysis is presented in Table 5-4. Median percentages 
of the sand-, silt-, and clay-sized fraction, as well as textu-
ral classification for each unit are presented. Graphically, 
the particle size distribution is presented in Figure 5-17. 

The particle size distribution for each unit appears to vary 
little over the lateral extent of the site. In unit 5, however, 
there is a higher percentage of silt-sized material and a small-
er percentage of the sand fraction present in samples from bore 
nole B-3 which was located in the eastern portion of the site 
where the clay thins above the shallow bedrock. Based on the 
percentage of each size fraction present, the textural classifi-
cation of unit 5 in samples from 8-3 is a heavy silt loam. Sam-
ples from B-1 and B-2, consisting of 65% - 75% clay-sized mate-
rial are classified as clays. 

5.6.6.3 Atterburg Limits. 

Engineering parameters may be used to characterize the physical 
properties of a soil. Of particular importance are the Atter- 
burg limits which are used in the Unified Soil Classification 

	• 
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Table 5-4 

Hydrometer Summary -- Median Particle Size 
(% Dry Weight) Per Unit -- USDA System 

Textural 
Unit 	 Classi- 
No. 	% Sand 	 % Silt 	 % Clay 	fication 

(2 - 0.05 mm) 	(0.05 m - 0.002 mm) 	(<0.002 mm) 

2 	 14.0 	 73.5 	 12 	Silt loam 

3 	 3.2 	 87.2 	 9.5 	Silt 

4 	 8.8 	 71.6 	 19.6 	Heavy silt 
loam 

5 	 0 	 34.5 	 65.5 	Clay 

6 	 7.8 	 84.5 	 7.7 	Silt 

7 	 17.5 	 59 	 23.5 	Heavy silt 
loam • 
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FIGURE 5-17 GEOLOGIC STRATA PARTICLE SIZE APPUED • 
TO USDA TEXTURAL CLASSIFICATION 
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S:stem. The plastic properties of a soil, as first proposed by 
Acterburg (1911), may be expressed in terms of the plastic limit 
(Pw ), the liquid limit (Lw), and the plasticity index (Ip). 
These terms are defined as follows: 

1. Liquid limit is the moisture content expressed 
as a percentage of weight of the oven-dried soil 
at which the soil will just begin to flow when 
jarred slightly. 

2. Plastic limit is the lowest moisture content 
expressed as a percentage by weight of the 
oven-dried soil at which the toil can be rolled 
into threads 1/8 inch in diameter without break-
ing into pieces. Soils which cannot be rolled 
into threads at any moisture content are considered 
nonplastic. 

3. Plasticity index is the difference between the 
liquid limit and the plastic limit. It is the 
range of moisture content in which a soil is 
plastic. When the plastic limit is equal to or 
yreater than the liquid limit, the plasticity 
index is recorded as 0. 

4. Activity is the ratio of the plasticity index to 
the abundance of the clay fraction. The clay 
fraction is defined as the percent dry weight of 
the <0.002-mm size fraction of sample. 

The results of the Atterburg testing appear in Table 5-5. Under 
the Unified Soil Classification System (see Figure 5-18), sedi-
mentary units 3, 4, and 6 would be classified as ML and OL. 
This implies that the units contain organic and inorganic silts, 
some clayey silts of low plasticity, and possibly some very fine 
sands. Unit 5 would be classified as CL which indicates that 
the unit contains inorganic clays of low to medium plasticity, 
sandy clays, and silty clays. Since unit 5 contains a higher 
percentage of clay than silt (see Table 5-4), and a higher liq-
uid limit, a higher plasticity index would be expected which the 
Atterburg data confirm. 

Additional parameters of density, specific gravity, and natural 
moisture content for selected samples are also included with the 
engineering indices presented in Table 5-5. 
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Table 5-5 

Engineering Indices and Physical Sediment 

Plea- 

Parameters 

Natural 
Unit Well Liquid ticity Plastic Specific Moisture Unified Soil 
No. Identification Sample/Depth Limit 	(5) Index Limit Activity Density Gravity Content Classification 

lb/cult % II 

3 Creek wall 8-1 	15 29.3 9.4 25.9 0.35 - - CL 
Horizontal tube 

3 Horizontal tube 8-2 	15 94.1 2.33 

3 Horizontal tube 8-3 	15 

3 B-2 7 	16.5 90.7 29.5 

ul 
3 8-2 12 	29.0 95.6 27.6 

• 
ut 

3 A-3 1 	15.5 32.2 7.4 24.8 0.78 84.3 2.63 ML, OL 

ON 3 P-4 1 	20.5 33.4 10.2 23.2 1.0 90.7 2.66 ML, OL 

4 B-2 17 	41.5 91.2 29.8 

4 A-1 1 	20.5 

4 A-5 1 	26.5 31.1 8.6 22.5 0.44 ML, OL 

5 8-2 20 	49.0 82.5 38.5 

5 A-1 2 	27.5 40.1 19.1 21.0 0.30 CL 

6 8-2 27 	66.5 88.0 32.4 

6 P-2 27 	69.5 28.6 4.3 24.3 0.56 ML, OL 

7 8-2 32 	79.0 96.2 -- 24.7 

7 P-2 1 	83.5 
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5.6.6.4 Moisture Content. 

• A direct correlation exists between the percentage natural mois-
ture content and clay volume within each unit. This is ex-
pressed in Figure 5-19 by plotting the moisture content versus 
the unit. Unit 5, which is principally clay, yields the highest 
natural moisture content of the sediments on-site. The physical 
characteristics of different clay minerals to absorb water into 
the lattice structure is a widely variable property. This pa-
rameter will be discussed further in relation to quantifying the 
mineral species dominating the clay fraction. 

5.6.6.5 Void Ratio. 

The void ratio (volume of voids/volume of solids) and degree of 
saturation has been computed for selected samples from each 
unit. The calculations, presented in Table 5-6, indicate the 
following: 

1. The clay of unit 5, with a void ratio of 1.004 
is not as highly consolidated as the other sedi-
ments. However, the calculated void ratio 
does not reflect the effective porosity and re-
sultant K of the material. In addition to that 
amount of water absorbed into the lattice struc-
ture, a proportionate amount is held between par-
ticles in suspension by the charged surface area 
of the clay minerals. 

2. Each of the units is saturated with the excep-
tion of unit 7. 

3. The natural density and low moisture content of 
the sample from unit 7, supports the conclusion 
of lateral flow in zone 2, as opposed to contin-
uous vertical movement into the basal bedrock 
units. 

5.6.6.6 X-Ray Diffraction Analysis. 

A brief definitive description of the principle and techniques 
involved in X-ray diffraction analysis is presented in Appendix 
D . 

Ten soil samples were selected from the Shelby tube cores. Rep-
resentative samples from sedimentary units 3, 4, 5, and 6 were 
extracted from the cores, sieved to separate the silt and clay 
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• Numbers refer to Geologic Strata Unit. 
see Figure 5-7 for complete description 
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FIGURE 5 .-19 BAR GRAPH OF THE PERCENT MOISTURE 
CONTENT VERSUS GEOLOGIC STRATA . 
ST. LOUIS AIRPORT STORAGE SITE 
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Table 4-6 

Void Ratio/% Natural Saturation Calculations 

Sample 
No. 

% Coarse 
EiaastatA 

% by 
Weight 

Void 
Ratio Saturation Unit 

82, 7 90.7 29.5 0. .823 95.0 3 

B2, 12 95.6 27.6 0.730 100 4 

B2, 17 91.2 29.8 0.813 97.1 4 

B2, 20 82.5 38.5 1.004 100 5 

82, 27 88.0 32.4 0.879 97.7 6 

B2, 32 96.2 24.7 0.719 91.0 7 
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fractions, and forwarded to the Rutgers University soil labora-
tory for slide preparation and X-ray diffraction. 

In accordance with standard procedures,' pretreatment for re-
moval of iron oxides, organic materials, and carbonates was per-
formed to prevent masking or distortion of identifying peak sig-
natures of the clay minerals. 

Four slides of each sample were prepared in the following mode: 

1. Magnesium saturation. 
2. Magnesium saturation and ethylene glycol saturation. 
3. Potassium saturation. 
4. Potassium saturation with heating to 500 0C. 

Table 5-7 summarizes the mineral species identified within each 
of the 10 samples. For the purposes of the report, the term 
smectite is recognized to include a range of 2:1 expandable or 
mixed layer silicates, principally montmorillonite. Similarly, 
in the absence of definitive supporting chemical tests, musco-
vite mica and illite are recognized as a single qualitative min-
eral specie. 

Quantitative judgments of the relative abundance of each clay 
mineral based solely on the diffractogram results must be made 
cautiously as previously explained. However, it may be confi-
dently concluded tnat smectite, kaolinite, and muscovite/illite 
predominate in each sample studied. Chlorite was positively 
identified within the finer-grained lacustrine sediments of un-
its 5 and 6. Vermiculite was tentatively identified in all sam-
ples. The presence of chlorite, however, precludes positive 
identification of vermiculite upon heating. Vermiculite may be 
assumed to be present throughout, but as in the case of quartz, 
the presence of this mineral is very much secondary to smectite, 
kaolinite, and muscovite/illite. 

Further discussion of quantitative measurement of the mineral 
species identified will follow in subsection 5.6.6.8. 

lASTM Method 49, "X-Ray Diffraction Techniques for Mineral 
Identification and Mineralogical Composition." 
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Sample I.D. 

Sedimen-
tary and 
Unit A 

Table 5-7 

Summary of Mineralogical Analysis 

Muscovite/ 
Smectite 	Kaolinite 	Chlorite 	Illite Quartz 

Vermi- 
culite 

i 
I 

1 

B2 S8 	(1) 

B2 Sll 	(2) 

B2 S16 	(3) 

Bl SO 	(4) 

Bl Sll 	(5) 

B1 S14 	(6) 

B1 S19 	(7) 

B2 S20 	(8) 

B2 S23 	(9) 

B2 S28 	(10) 

3 

4 

4 

'4 

4 

4 

5 

5 

5 

6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

, + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

* 

* 

* 

+ -- Present 

* -- Not positively identified, but may be present. 

- -- Not present. • • 
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5.6.6.7 Cation Exchange Capacity (CEC).  

ASTM Standard Procedure 57.2 was selected to evaluate the CEC of 
seven soil samples. In this procedure, the soil is leached with 
an excess of neutral (pH 7.0) ammonium acetate solution to re-
move exchangeable cations, principally Ca -4' 2 , Mg " , and Na+ , and 
to saturate the soil with ammonium. Following the removal of 
excess ammonium, the sample is leached with a measured volume of 
dilute acid- NaC1 solution. Titration of the resultant leachate 
for ammonium completes the analysis. 

For the purpose of measuring the CEC of soil, ammonium acetate 
has two particularly valuable qualities. First, it is highly 
buffered. As a result, when a neutral, 1N solution of ammonium 
acetate is used to saturate a soil with ammonium, the last part 
of the solution leached through the soil emerges with the same 
pH as the solution added. Second, ammonium is easily determined. 

In addition to these advantages, ammonium acetate has some dis-
advantages. With soils of high organic matter content, and with 
soils containing appreciable kaolin, halloysite, or other 1:1- 
type clay minerals, it wil often give somewhat lower values for 
exchange capacity than the barium acetate or barium chloride-
triethanolamine methods. This is due to the less complete re-
placement of adsorbed hydrogen and aluminum ions by ammonium 
acetate. 

Also with soils which contain vermiculite clay, interlayer cat-
ions such as Ca 2 +, Mg 2 +, Nal', or H+ can be replaced by 
ammonium, but the ammonium fixed in this manner is then not re-
placeable with acidified NaCl. 

In an alternate procedure, alkaline sodium acetate (pH 8.2) may 
be employed in place of the ammonium acetate solution. The lat-
ter, leached at a neutral pH of 7.0, may more nearly represent 
the soil/bicarbonate/carbonic acid buffer system present in the 
soils on site. 

Results of the cation exchange capacity tests are reported in 
Table 5-8. Unit 5 contained the highest average cation exchange 
value (27.8) of all the units tested. Tnis unit, when compared 
to the other units, has the highest potential to exchange radio-
nuclides passing through the sediments. The ion exchange, how-
ever, would depend on the charge, size, and type of clay mineral 
present. 
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Laboratory Results 

Sedimentary 
Sample I.D. 	Unit 

Table 5-8 

-- cation Exchange Capacity 

CEC Average 
meg/100 gm 

B2 S8 	(1) 3 . 	18.3 18.3 

B2 Sll 	(2) 4 17.1 

82 S121  4 13.5 14.4 

82 S16 	(3) 4 12.6 

B1 319 	(7) 5 26.1 

B2 S20 	(8) 5 30.6 27.8 

B2 S23 	(9) 5 26.7 

Table 5-9 

Cation Exchange Capacity of Clay Minerals 

Mineral Range 
meg/100 g 

Kaolinite 3-15 

Smectite 60-150 

Illite 10-40 

Vermiculite 100-150 

Chlorite 10-40 

• 

1Not submitted for X-ray analysis. • 
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The cation exchange values reported in Table 5-8 may be slight-
ly, but not appreciably, lower than values ascertained by a dif-
ferent method. Table 5-9 represents the cation exchange capaci-
ty range of values reported for pure samples of those clay min-
erals identified in the soils on-site. 

5.6.6.8 Quantification of Unit Mineralogy. 

The most important factor controlling the mineral composition of 
a sediment is the composition of the parent material from which 
it is derived. Therefore, because the sediments on-site are es-
sentially of tne same parent material, the basic mineral assem-
blage is expected to be consistent throughout. (17)  The con-
trolling factor then becomes the effect of weathering on the 
minerals as a function of the two differing modes of deposition, 
aeolian, and lacustrine. 

Consider the following generalized sequence of changes in clay 
mineralogy created through reworking and weathering: 

veraicu1ite—omenaicu1ite-smectite--0.sibectite 

chlorite–*.chlorite-versiculite 

References to this sequence are made in the discussion that fol-
lows. 

Goodfield (1967), (10)  in his research of the Pleistocene ge-
ology of St. Louis, quantified the clay mineralogy of the loess 
material in numerous locations throughout the metropolitan area. 
While no studies were completed in the Florissant Basin, values 
in the surrounding areas revealed consistent values of mineral 
species present. 

The mineral content of samples studied from the Spanish Lake 
area, located 8 miles northeast of the site, revealed a consis-
tent assemblage of smectite, illite, and kaolinite. Again, as 
in the studies done as part of this project, smectite includes 
the realm of mixed layer assemblages of which montmorillonite is 
a member. The average quantities present in the Spanish Lake 
samples completed by Gondfield are: 

1. 48% smectite. 
2. 40% illite. 
3. 12% Kaolinite. • 	5-65 
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The assumption is then made that the on-site loess (units 1 and 
2) is proportionately similar to the Spanish Lake samples. 
Based on this premise, the physical parameters measured to char-
acterize units 3, 4, and 5, are also a reflection of the rela-
tive mineral assemblage present in that unit. Table 5-10 sum-
marizes the range of engineering parameter values and properties 
reported for smectite, kaolinite and illite, and chlorite in the 
literature. (18 ) The values reported in Table 5-11 represent 
the average engineering parameter values for sedimentary units 
3, 4, and 5 determined in the course of this study. 

Taking into consideration the known properties of each of the 
minerals, the following assumptions have been made based 3n 
fluctuations in the parameter values of units 4 and 5 relative 
to unit 3. 

Considering the analysis of unit 4: 

1. While there is a two-fold increase in the amount 
of clay in this unit, the cation exchange value 
and the plastic limits of the material decreased. 
Likewise, the activity values and the ratio of 
plastic indices to clay volume decreased substan-
tially. 

2. Smectite minerals are usually restricted to the 
fines fraction of a sample. As such, a two-fold 
increase in the volume of the clay-sized frac-
tion must be accompanied by a 50% reduction of 
smectite present as a percentage of the total. 

3. The relatively nigh percentage of smectite within 
the loess of unit 3 is a result of leaching and 
reworking of the material inherent within an 
aeolian mode of deposition. 

4. A greater percentage of illite/muscovite within 
unit 4 would explain a reduction of smectite as 
well as the overall decrease in the measured 
parameters. For these reasons, the following 
assemblage is proposed: 

a. 25% smectite. 
b. 55% illite. 
c. 20% kaolinite. 
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Table 5-10 

Summary of Clay Mineral Properties 

Swelling Range Plastic Liquid 
Capacity CEC Limit 	(Pw) Limit 	(Lw) Activity 

Smectite Very high 60-120 50-90 120-700 1.2-7.0 

Kaolinite Low 3-15 .25-35 35-80 0.05-0.35 

Illite Low 20-40 35-40 60-100 0.25-0.50 

Chlorite Low 20-40 25=35 35-80 0.05-0.35 

Table 5 -11 

Summary of Clay Analysis -- Unit Averages 

% Clay CEC 
Plastic 
Limit 

Liquid 
Limit Activity 

Unit 3 9.5 18.3 25.0 31.6 0.75 

Unit 4 19.6 14.4 22.5 31.1 0.45 

Unit 5 65.5 27.8 21.0 40.1 0.30 
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Considering the analysis of unit 5: 

1. Again, a substantial increase in clay content is 
of primary importance. However, an increase of 
measured liquid limit and cation exchange values 
imply that the same mineral assemblage does not 
exist in unit 5 that is seen in unit 4. 

2. X-ray analysis identified chlorite in samples 
from this unit. 

3. An increased presence of chlorite relative to 
illite would reduce the plastic limits and ac-
tivity values without substaneially affecting 
CEC. 

4. The overall increase in clay content seen in 
unit 5 should be accompanied by the proportional 
increase in L4 and CEC, independent of the rela-
tive fractions of cnlorite and illite present. 
This line of reasoning is based on the similar-
ity in reported literature values for the two 
minerals. 

The following mineral assemblage for unit 5 is proposed: 

a. 25% smectite. 
b. 20% chlorite. 
c. 35% illite. 
d. 20% kaolinite. 

5.6.6.9 Summary.  

A summary of the laboratory findings is as follows: 

1. The majority of the sedimentary units consist 
of silt loam textures (ML and OL). Unit 5 is 
classified as having a clay texture (CL). 

2. The high clay content of unit 5 yields the highest 
values for natural moisture content, liquid limit, 
plasticity index, and cation exchange capacity. 

3. The natural density and low moisture content in 
unit 7 supports the conclusion of lateral flow 
in zone 2. • 
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4. The proposed clay mineral composition for unit 
4 is smectite (25%), chlorite (20%), illite (55%), 
and kaolinite (20%). The proposed clay mineral 
composition for unit 5 is smectite (25%), chlor-
ite (20%), illite (35%), and kaolinite (20%). 

5.7 GROUND-PENETRATING RADAR SURVEY  

5.7.1 Introduction  

During the preliminary evaluation of the historical and radio-
logical data, it was found that the distribution of buried con-
taminants was difficult to determine with the data available. 
In order to overcome this critical "data gap," a recently-re-
fined impulse radar technique, called ground-penetrating radar 
(GPR), was utilized to develop an improved definition of the 
subsurface material. A complete description of the GPR system, 
as well as the operational theory, is presented in Appendix B. 

The objective of the GPR survey at the St. Louis Airport storage 
site was twofold: 

• 1. A shallow or near-surface survey was conducted 
to locate areas where residues had been buried and 
to help characterize the fill material. 

2. A deep survey was conducted to assist in the 
characterization of the site's stratigraphy. 

These two objectives required different approaches to the data-
gathering and analysis processes; therefore, methods and data 
are presented as two distinct surveys. Plates referenced in the 
following discussions may be found in Appendix A (bound separa-
tely). 

5.7.2 Background Data for Survey  

Before conducting the GPR survey, site historical aerial photos, 
topographic maps, and previous reports were examined. Aerial 
photos were particularly useful in evaluating the location and 
extent of on-site activities as the activities evolved. The 
topographic maps placed the location of the roads, buildings, 
and waste piles as shown on Plate 2. 
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5.7.3 Shallow GPR Survey 

The primary purpose of the shallow GPR survey was to determine 
whether discrete buried items could be identified (e.g., trucks, 
drums) at the site. The survey would also provide information 
about the fill material's depth and grade and determine the re-
lative dielectric constant of the material. 

The shallow GPR survey was conducted over the western third of 
the site (see Plate 12). Aerial photos and eyewitness accounts 
indicate that this area was used for material storage during on-
site operations. In addition, the western portion of the site 
had undergone repeated trench and fill operations, as evidenced 
by historical information and. topographic changes seen over the 
course of site operation. 

In order to relate the positions of surveyed subsurface objects 
to the present grid layout, transects were conducted parallel to 
known reference positions as indicated on Plate 12. This pro-
gram was modified only by the inclusion of additional transects 
within the known grid po3itions. 

The GPR survey required the use of two different antennas: the 
low-frequency antenna for greater depth, and the high-frequency 
antenna for resolution. Since the objective of the shallow sur-
vey was to locate discrete items, it was necessary to sacrifice 
some depth for the greater resolution of the high-frequency an-
tenna. 

A subsurface profile was taken at each transect shown on Plate 
12. All data were recorded on tape for further processing and 
to provide a permanent log. Due to the dense underbrush and im-
passable piles of rubble, the antenna had to be hand towed 
throughout the entire survey. This also accounts for missing 
or discontinuous profiles. 

Once the profiles had been generated from the recorded data, 
they were analyzed for the following: 

1. Objects displaying the typical drum (or round 
object) signature. 

2. Objects including drums, large objects, and pockets 
of material having a high relative dielectric 
constant. 

n111.11.1 
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3. Areas or zones of materials with a high relative 
dielectric constant. 

4. Depth and grade of fill material. 

The locations of these various properties were then transferred 
to maps from which the grid system was drawn. 

All objects identified in the shallow survey have been located 
on the map presented on Plate 13. It is apparent that a large 
number of objects exist in this area. Considering this was a 
widely-spaced grid network (20-25 feet between transects), we 
estimate that less than one-third of the total number of objects 
in the area have been identified within the scope of the survey. 

As seen on Plate 13, approximately 130 Objects have been iden-
tified and subsequently located on the grid network. Forty of 
the total plotted displayed the signature typical of a drum or 
cylinder. The remaining 90 may be barrels in various positions 
or states of decay. Undoubtedly, a good percentage may be rub-
ble or large block material used for fill. No particular pat-
tern or concentration of objects was seen within the boundary 
delineations of the shallow survey. 

Areas with an elevated relative dielectric constant, and thus, 
high conductivity (as shown on Plate 13), were surveyed to iden-
tify subsurface conditions in specific areas for correlation 
with other aspects of this report. It is theorized that the 
areas of high relative dielectric constant indicate a second 
covering layer of fill, the disposal of sludge, etc. 

Plate 14 presents a composite transect across the site depict-
ing variations in thickness and type of fill material encoun-
tered. 

Plate 15 has been included as an example of a typical subsur-
face profile. Characteristic signatures of buried materials, 
as just explained, as well as vertical material changes with 
depth, are seen on the figure. 

5.7.4 Deep GPR Survey  

The primary purpose of the deep GPR survey was to provide a 
profile of the geological structure underlying the site. A 
secondary objective was to provide a profile of near-surface 
conditions similar to the shallow GPR survey (but with less 
resolution) for other areas of the site. 
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Ideally, the deep GPR survey would also be conducted within a 
grid network similar to, but larger than, the shallow GPR sur-
vey. Due to the dense underbrush and large piles of rubble, 
however, most of the site was impassable. The transects shown 
on Plate 16 were laid out with two purposes in mind: 

1. The transects were to be located as close as 
possible to the three bore holes being drilled. 

2. The transects were to cover as many different 
areas as possible. 

The low-frequency antenna was used to ensure penetration deep 
enough to approach bedrock. Near-surface resolution would be 
inadequate to locate distinct objects (e.g., drums), but would 
be adequate to characterize some of the fill areas. 

One of the objectives of the deep GPR survey was to provide as 
long and continuous a profile as possible of the site. This 
could only be accomplished by towing the antenna behind the sup-
port vehicle. A subsurface profile was taken at each transect 
shown on Plate 16, and all data were recorded on tape to be fur-
ther processed and to provide a permanent log. 

The subsurface profiles were analyzed for the following: 

1. Correlation between the subsurface profile 
and the bore hole data. 

2. Overall geological structure, such as breaks 
or changes in subsurface interfaces. 

3. Near-surface information on fill material, such 
as depth, change, and areas of high relative 
dielectric constant. 

The deep GPR survey produced subsurface profiles that identified 
each interface and its relative depth. However, it could not 
identify the material within each interface. Therefore, data 
from the three bore holes drilled at the site were used to iden-
tify the material in each interface. Plate 17 shows the GPR 
profile closest to each bore hole and identifies the interface 
and its relative depth. 

Overall, the profiles show that interfaces below 15 feet in 
depth are continuous with gradual changes in appearance or 
depth. The interfaces above 15 feet show signs of being al-
tered or influenced by surface activities. 
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• In analyzing the near-surface (above 15 feet in depth) area of 
tne subsurface profiles, four distinct interfaces have been 
identified which vary in form and appearance. In order to re-
late the interfaces to each other and to the surface activities 
that may have influenced them, the interfaces were analyzed for 
the following three basic properties: 

1. The location at the site of the interface, 
including its depth. 

2. The boldness of the interface as it appears 
on the profile. This is directly related to 
the conductivity of the material within the 
interface. 

3. The disturbance of the interface. This shows 
how an interface continuity is broken up due 
to excavation or fill operations. 

Analysis of the interfaces for these three properties identified 
areas of intense fill operations and areas that have high con-
ductivity. The areas that. show a high relative dielectric con-
stant may be due to the moisture content at that location or the 
type of material stored or dumped. These areas are depicted on 
Plate 18. 

A description of each interface shown on Plate 18 follows: 

1. Interface No. 1 -- This interface located at 
surface level is simply a reflection of the 
ground's surface. This interface appears 
in every profile with no appreciable change. 

2. Interface No. 2 -- This interface, located 
2-8 feet below the surface, represents the 
ground surface before the last fill layer was 
added. It varies in depth and form in different 
areas of the site. In some areas, the interface 
is bold and unbroken, indicating uniform fill. 
In other areas the interface is discontinuous 
showing signs of disturbance, possibly due to 
excavation of the area before the last layer 
of fill was added or due to the nature of the 
fill material itself. 
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3. Interface No. 3  -- This is an intermediate inter-
face located 5-10 feet below the surface. It appears 
in the profiles occasionally, and its form is seldom 
continuous. The appearance of this interface could 
be due to substances with a high relative dielectric 
constant such as water, leachate, sludge, or rubble. 

4. Interface No. 4  - This interface is located 9-20 feet 
below the surface. It appears in every profile, 
but varies widely in boldness. This variation is 
probably due to changes in moisture content, since 
the interface is closely related to the saturated 
silty clays encountered at similar depths in the 
bore holes. Interface No. 4 is the first interface 
encountered that is relatively intact with only 
scattered areas showing signs of disturbance by fill 
or excavation operations. 

The shaded areas on Plate 18 depict the areas in which the rub-
ble fill has disturbed all four interfaces. 

5.7.5 Summary of GPR Surveys  

The findings of the shallow GPR survey were: 

1. The area may have been used for the disposal of 
cylindrical objects, some of which may be drums. 
This conclusion is based on the large number of 
objects identified by the GPR which were uniform in 
shape. This is also supported by a review of histor-
ical aerial photos. 

2. The GPR identified areas of materials with a high 
relative dielectric constant, such as sludges. 

3. The GPR helped to characterize the depth and 
extent of rubble fill in this area. 

The deep GPR survey, in conjunction with bore hole data, pro-
vided a profile of the geological structure underlying the site. 
The deep CPA survey also provided near-surface data on fill and 
excavation operations that were similar to data provided by the 
shallow GPR survey, for areas outside the grid network. 
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5.8 SUBSURFACE GAMMA LOGGINGS  

5.8.1 Introduction  

Data from subsurface gamma loggings taken during the 1978 ORNL 
and 1981 WESTON field surveys were computerized and graphically 
plotted. Plots depicting gross gamma radiation as a function of 
depth were generated for all logging holes sampled. Annotated 
on each plot were the actual "year sampled" and 1969 surfaces. 
Also generated were three-dimensional graphics illustrating the 
results of each survey relative to the site topography. The 
following subsections discuss the analyses performed on the data 
from each survey, as well as a discussion of the sampling meth-
odology used for the WESTON survey. 

5.8.2 Analysis of 1978 ORNL Survey 

The 1978 ORNL radiological survey included gross gamma loggings 
for 31 holes. The grid locations of these holes are shown on 
Figure 5-20. It should be noted that the 1978 survey holes are 
prefixed with the letter "H." Individual plots of gross gamma 
radiation versus depth for each hole dre contained in Appendix 
H. A three-dimensional summary of the subsurface gross gamma 
levels measured during this survey is presented on Figure 5-21. 

Analysis of the data plots was performed to determine the fol-
lowing: 

1. Verification of buried contaminated material 
(i.e., buried below the 1969 surface). 

2. Verification that the majority of the site con-
tamination was surface contamination ,  relative 
to the prefill 1969 surface. 

3. An indication of the relative effect of fill .  
material on attenuating radiation from a 
subsurface source. 

Presented in Table 5-12 are the hole locations, the 1978 surface 
elevation, the elevation of maximum gamma radiation, and the 
1969 and 1965 surface elevations for that location. The data in 
Table 5-12 and Appendix H suggest the following: 

1. In practically all instances, the depth of max- 
imum radiation occurs at the prefill surface 
elevation as represented by the 1969 elevations. 
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Table 5-12 

	 • 
Comparison of Surface and Maximum Radiatior. Elevations 

    

Elevations 1 (feet above sea 
1969 

Surface  

level)  
1965 

Surface 

  

Hole Grid 
Location Surface Rein= Area 

 

No. 

       

North 	2 	53-5/R10-0 

	

3 	54-0/R8-0 

	

12 	54-0/R12-0 

	

31 	54-25/R13-25 

South 	4 	52-0/R8-0 

	

5 	S1-0/R6-0 

	

8 	53-0/R6-0 

	

9 	51-0/R10-0 

	

10 	50-0/R12-0 

	

11 	52-0/R12-0 

	

24 	S0-0/R8-0 

East 	6 
	

S1-0/R2-0 

	

7 
	

52-0/R4-0 

	

25 
	

50-0/R4-0 

West 	1 	53-0/R14-0 

	

13 	S0-0/R14-0 

	

14 	50-0/R16-0 

	

15 	S2-0/R16-0 

	

16 	54-0/R16-0 

	

17 	53-0/R18-0 

	

18 	51-0/R18-0 

	

19 
	

50-0/R20-0 

	

20 
	

S2-0/R20-0 

	

22 
	

51-0/R22-0 

	

23 
	

53-0/R21-5  

529 	527 
529 	527.5 
527 	524.5 
528 	525.5 

528.3 	526.8 
533.8 	529.4 
529.3 	527.3 
529 	526 
528.7 	526.7 
527.1 	525.6 
533 	531.5 

537.1 	535 
532.9 	529.4 
532.7 	530.7 

527.1 	526 
526.5 	524 
523.8 	523.3 
523.8 	518.8 
527.9 	523.9 
527.3 	526.3 
525.5 	520.5 
525.5 	521 
525.5 	518.5 
519.3 	511.3 
527.7 	524.2 
527.7 	512.7 
524.3 	518.3 
524.3 	515.8 
523.1 	521.1 

526.9 
527.1 
524.7 
526 

526.8 
532.2 
527.1 
527.7 
527.8 
525.5 
530 

535.6 
529.5 
531.3 

526.1 
523.4 
522.7 
522.7 
523.5 
525.9 
523.1 
521 
521 
518.5 
523.9 
523.9 
520.4 
520.4 
521.6 

527.4 
527.3 
528.9 
526.3 

529 
531 
528 
528 
527.8 
527 
532 

546.9 
529.2 
530.9 0  

525.5 
525 
522.7 
522.7 
523.9 
526.4 
522.7 
519 
519 
518.5 
523.7 
523.7 
520.4 
520.4 
521 

1Surface elevation data obtained from Rowland Surveying Co. sur-
veys for appropriate dates. 
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2. In the northern, 3outhern, and eastern areas, only 
one peak was observed, confirming the assumption 
that only prefill surface contamination was 
present in these areas. 

3. In the western area, several loggings show 
double peaks (Nos. 14, 18, 20, 22), indicating 
contaminated material buried below the pref ill 
surface. 

4. In some instances in the western area, single 
peaks are located below the ptefill surface 
indicating that surface storage was not conduct-
ed in that location. These holes appear to lie 
along the perimeter of the site (Nos. 22, 19). 

5. Comparison of the 1969 and 1965 elevations con-
firms the fact that minimal surface material was 
removed below the waste piles. Only six holes 
show differences greater than a foot, and most 
of these were located within areas containing 
waste storage piles. 

6. In most cases, a minimum cover of 2 feet attenu-
ates the radiation levels by approximately a 
factor of 10. 

5.8.3 Analysis of 1981 WESTON Survey  

A gross gamma logging survey was conducted by WESTON personnel 
in conjunction with the hydrogeological field sampling program 
conducted during Phase II. A description of the sampling meth-
odology used is presented in subsection 5.7.4. 

The WESTON survey consisted of loggings on 21 holes. The grid 
locations for these holes are shown on Figure 5-20. Individual 
plots of gross gamma radiation versus depth are contained in Ap-
pendix I. The three-dimensional summary of the subsurface gamma 
levels for this survey is presented on Figure 5-22. 

The analysis of the data plots generated by this survey had a 
two-fold purpose: 

1. Verification of the findings resulting from the 
analysis of the 1978 ORNL survey. 
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2. Temporal and spatial evaluation, where possible, 
of data loggings taken in the vicinity of pre-
vious 1978 logging locations. 

Referring to the detailed plots contained in Appendix I, the 
following observations can be made: 

1. In practically all instances (as in the 1978 
ORNL data), the depth of maximum radiation occurs 
at the prefill surface elevation. 

2. Single peak occurrences in the northern, southern, 
and eastern areas corroborate the assumption that 
there is only surficial contamination in those 
areas. 

3. Confirmation of buried material in the western 
area is shown through the presence of double peaks 
for several loggings (P-1, P-2, P-3, P-4). This 
group of loggings effectively identified an area 
of —2,500 square feet with buried materials lo-
cated approximately 3 feet below the prefill sur-
face. 

In general, the 1981 survey confirmed the observations noted 
during the analysis of the 1978 ORNL data. 

A specific temporal and spatial analysis was performed on three 
pairs of data loggings where 1981 logging holes were in the vi-
cinity of 1978 logging wells. Referring to Figure 5-20, these 
pairs are identified as 11-20 and B-2, 11-23 and C, and H-18 and 
P-1. The 1978 loggings are prefixed with "H." Specific discus-
sions on the analysis of these three pairs of data follows (re-
fer to Appendices H and I): 

1. H-20/B-2.  

It was initially thought that verification of 
buried material, shown by H-20 to be approxi-
mately 12 feet below prefill surface, could be 
made. However, comparison of the two loggings 
shows no apparent relationship. This is probably 
due to the two holes being approximately 10 to 
15 feet apart and the source found in H-20 being 
local to that well. 

M11.041., 
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2. H-23/C.  

The patterns of these two loggings appear to be - 
identical, showing good correlation and repro-
ducibility. 

3. 11-18/P-1.  

Comparison of these plots shows the same pattern, 
but the P-1 logging has a nigher peak. This 
may be due to its closer proximity to the gamma 
source. This same pattern is illustrated when 
intercomparing the logs for the clustered wells 
P-1, P-2, P-3, and P-4. 

5.8.4 Gamma Logging Methodology  

The gross gamma logging survey conducted by WESTON at the site 
was performed with a Mt. Sopris Model 1000-C portable bore hole 
logger with a G-375/A combination probe. The probe consists of 
d 1/2-in. x 1 1/2-in. Nal (Tn) crystal mounted in a shielded wa-
tertight aluminum body. The output of this system is an analog 
chart of gross gamma counts per second versus depth. The probe 
shielding and the analog output result in excellent resolution 
of gamma activity (as a function of depth) by means of the small 
effective area seen by the crystal. 

The sampling technique used during the logging was as follows: 

1. The unit was calibrated, zeroed, and the instru-
ment gain set. 

2. The bore hole was previewed to set the recording 
scale of the analog chart. 

3. Tne bore hole was then logged twice in the upward 
direction. 

5.8.5 Summary  

In summary, analysis of the gross gamma logging surveys conduct-
ed at the site, provided the following: 

1. Corroborated the assumption that the original 
contamination was predominantly a surface phe-
nomenon (relative to pre-fill elevations). 

• 

• 
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2. Confirmed that contaminated material had pre-
viously been buried in the western end of the 
site at depths ranging from 3 to 12 feet below 
the prefill surface. 

3. Confirmed the local phenomenon of gamma radia-
tion relative to buried contaminated sources. 
The distance of 5 to 10 feet greatly reduced 
or eliminated the effects of single buried 
sources. 

4. Confirmed the existence of buried material over 
an extended area ( —2,500 sq ft) approximately 
3 feet below the prefill surface in the region 
previously identified by the GPR scan as one of 
high conductivity (area northwest of S100, R1800). 

5. Indicated that, in most cases, a minimum cover 
of 2 feet attenuated the radiation levels by 
approximately a factor of 10. 

• 
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• 	APPENDIX B 

GROUND-PENETRATING RADAR 

• 

B.1 INTRODUCTION  

Single-trace acoustic profiling systems have been in use for 
decades in marine applications such as water depth measurements 
and mapping the ocean bottom. Ground-penetrating radar, GPR 
(also called "surface interface radar"), may be considered the 
land-based electromagnetic equivalent of the acoustic profiler. 
The radar transponder produces an electromagnetic pulse in the 
range of 120-300 MHz on the ground surface, directed downward. 
with a directional antenna. This pulsed energy can penetrate 
into the ground for distances exceeding 30 feet under the right 
conditions. Surface and subsurface interfaces will reflect some 
of the pulsed energy back toward the transponder. This return 
signal is transmitted through an electronic signal processor and 
is then recorded on a continuous strip chart recorder. 

Systems like GPR have been in existence since about 1970, but 
recent refinements, such as replacing a continuous signal with a 
pulsed signal, have advanced the technology and its applications 
markedly. 

GPR is used to map interfaces such as changes in soil types, 
bedrock, and other soil and geologic characteristics in a non-
destructive manner. It is also used to locate artifacts such 
as pipes, barrels, cables, and conduits. When GPR is used in 
over-water surveys, it is capable of mapping the same interfaces 
as on land. It can also be used to measure ice thickness and to 
profile the bottom of rivers and lakes. 

8.2 COMPONENTS  

The ground-penetrating radar system is composed of five major 
components: 

1. Power distribution unit -- Provides proper 
ac/dc voltages to all GPR equipment. 

2. Radar control unit -- Triggers antenna trans-
mitter and processes received data. 

3. Antenna transceiver -- Radiates electromagnetic 
pulses into the earth and receives reflections. • 	B-1 
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4. lraphic recorder -- Produces chart of the subsur-

i!ace profile. 

5. Tape recorder -- Records data on the tape for 
future processing. 

The radar control unit triggers the antenna transmitter to pro-
duce the electromagnetic pulse, which it shapes into quasi-Gaus-
sian form and radiates it through the broad-band antenna. The 
transmitted pulse travels through the subsurface until it en-
counters an interface (i.e., a change or discontinuity in elec-
trical properties such as a soil or geological boundary or an 
imbedded object such as a drum, boulder, etc.). Once the pulse 
reaches the interface, a portion of the signal is reflected and 
the remaining portion continues through the interface. The re-
flected pulse is collected by the antenna transceiver, and it is 
this signal that is recorded as data (Figure B-1). 

The reflected signals received by the antenna receiver are 
converted to the audio frequency range, which is processed by 
the radar control unit. Processing is an operator-initiated 
procedure that selects and enhances that portion of the data 
which is of greatest importance to the objective of the sur-
vey. The processed data are then sent to the graphic recorder, 
which produces a permanent chart or profile of the subsurface 
interfaces. The processed data may also be sent to the tape 
recorder, thereby providing a data log that can be reprocessed 
or printed at a later date. The primary advantage of tape 
recording data is that its use allows data to be taken as much 
as 16 times faster than with the graphic recorder. 

B.3 SIGNAL STRUCTURE AND RESULTING PROFILE  

An example of GPR signal structure and the resulting profile is 
shown in Figure 8-2. The received signal consists of three 
components: 

1. Transmitted pulse. 
2. Surface reflection. 
3. Interface reflections. 

A continuous stream of received pulses is fed into the graphic 
recorder, and a profile is produced. The horizontal scale is 
dependent on the traverse speed of the antenna across the 
ground. The vertical scale is dependent on the travel time of 
the GPR pulse. The travel time may be converted into a depth • 
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scale if either the dielectric constant of the medium being 
probed or the depth to a specific interface is known. Depth 
would be calculated by the following relationship: 

	

Ct 	Vint 

	

2 Er 	 2 

Where: 

D = Depth in feet 

C = Velocity of light 

t = Pulse travel time in nanoseconds 

Er = Relative dielectric constant of'material 

Vm = Velocity of propagation in material - 	C  Er 

The conductivities and dielectric constants of various materials 
are presented in Table 13-1. The presence of water and the Chem-
ical state of the water has the yreatest effect on the dielec-
tric constant and conductivity. 

410  The penetration depth of the GPR system is dependent on the effective conductivity of the material being probed. In highly 
conductive materials, the GPR signal is rapidly attenuated, 
severely limiting the penetration depths. For example, pene-
tration through wet clay is only about 5 feet, and penetration 
in sea water deteriorates to less than a foot. This is in con-
trast to penetration depths through low conductivity materials 
such as dry sand or rock which can reach depths of perhaps as 
much as 100 feet. The depth of penetration of the signal is al-
so dependent on the frequency content of the pulse. Generally, 
lower frequency components propagate to the greatest depths, but 
higher frequency components provide better resolution. There- 
fore, selection of the antenna with the proper frequency re-
sponse is important to achieving the desired results. 

8.4 INTERPRETATION OF GPR DATA  

The graphic recorder produces a profile by printing strong sig-
nals (amplitudes higher than print threshold) as black and weak 
signals as white (see Figure B-2). The result is the display 
of dark bands that extend throughout the profile at varying 
depths. These bands represent the reflection from an interface 
between two materials. 
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APPENDIX C 

SLUG TEST METHODOLOGY 

C.1 UNCONFINED AQUIFER METHOD -- ZONE 1  

Method -- "A slug test for determining hydraulic conductivity on 
unconfined aquifers with completely or partially pen-
etrating wells." Water Resources Research,  Vol. D, 
No. 3, Bonner & Rice, pp. 423-426, 1976. 

The equations derived relate the geometry of the well relative 
to an impermeable boundary and details of construction to the 
following equation of steady flow, as shown on Figure C-1. This 
equation is utilized by the method: 

• 
r
c 	 e w  
2 

	

in (R/r) 1 	Yo K = 	 ln -- 2L 	 t 	Yt 

The terms of the equation are defined ac: 

= Hydraulic conductivity. 
ro  = Radius or casing over which the water level 

fluctuates. 
r w  = Effective radius of the well screen including 

the developed gravel pack. 
= Length of screen. 

Re  = Equivalent radial distance over which 
slug is dissipated into the system. 

one 

y o  = Initial head above the water table at 
time of injection. 

the 

Yt = Head at time t selected from time vs. y plot. 

(C - 1) 

Re 
An empirical formula expressing Re  as in rw was derived by the 
authors for different values of the well geometric constants. 
The formula derived is expressed as: 

-1 

in 	 1.1 	 Re 	
A + B in (D-H)/1 

r 	l n  (H/r w 	 w) 	 L/re  
(C-2) 
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In this equation, A and B Are dimensionless coefficients that 
are functions of L/r w, as shown on Figure C-2. If D >> H, an 

R 
increase in D has no measurable effect on in e. Test proofs of 

this relationship indicate that the effective upper limit of • 
ln [(D-H)/r w) is:s6. Thus, if D is considered infinity, or if 
(D - H)/r 	is so large that in [(D - H)/rw] is greater than 

C) 
6, a value of 6 should still be used for the term ln (D - H)/r] 
in equation (C-2). If D = H, the term in [(D - H)/r w  in equa-
tion (C-2) cannot be used. The analog results indicated that 
for this condition, which is the case of a fully-penetrating 
well, equation (C-2) should be modified to: 

R.. 	

) 
in 	 (C-3)

-1  

_..2 4 	1.1  + C  
rw 	in (H/r w ) 	L/rw 	• 

wnere C is a dimensionless parameter that is a function of 
as snown on Figure C-2. 	 rw 

Tn actual practice, a curve-matching technique plotting time in 
seconds vs. the change in head are measured during the course ot 
the test. Selecting point, t, along the best fit straight line 
plot of the data, the corresponding yt value is determined. 
Using the y-axis intercept as y o , the time relationship of 
equation (C-1) is solved as: 

y 
1  in 	o = 0.0025 

Yt 

Re  
The value of Re as a function of in -- must then be solved in r w  
order to complete substitution of terms into equation (C-1). 
Referring to the geometry of well A-7 (Figure C-1), the effec-
tive radius is determined as 7 in. 	2 or 0.29 feet. This is 
because a 6-7/8-in, bit was used to drill the well installa-
tion. Necessary parameter values are: 

= 
= 

34 ft 
39.5 

rw  = 0.29 
= 20 

ro  = 0.125 
L — = 69 
r w 

• • 

• 
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Using Figure C-2, the necessary values of A and B are selected 
cofresponding to the ratio value of 59. Substituting these val-
ues into equation (C-2), the value of R e  as a function of 

R in e is determined as: 

R
e 	[  - 	1.1 	+ 3.5 + 0.63 in (39.5-34/0.29)] -1 

rw 
ln __  

in (34/0.29) 	 20/0.29 

_ [ 1.1 4.  3.5 + 63 in 18.96] -1  
- 4.76 	 69 

= 0.3085 x 10 -1  = 0.03085 

R 	 Y
o  Substituting this value of ln 71  and the value of 1  ln -- into t w 	 Yt 

equation (C-1), tne value for hydraulic conductivity is: 

• 
(0.125) 2  x 0.03085  K = 	 x 0.0025 40 

= 3.79 x 10 -8  ft/sec 

= 1.2 x 10 -6  cm/sec 

In situ hydraulic coefficient values reported in subsection 
5.5.5 for wells P-5, P-6, P-7, A-2, A-6, and A-8 were calculated 
in the preceding manner. 

C.2 CONFINED AQUIFER METHOD -- ZONE 2  

Method -- Cooper, H.H., et al., "Response of a Finite Diameter 
Well to an Instantaneous Charge of Water." Water Re-
sources Research, Vol. 3, No. 1, pp. 263-269. 

In this method a known volume or "slug" of water is suddenly in-
jected into or removed from a well and the decline or recovery 
of water level is measured at repeated closely-spaced intervals 
during the ensuing minute or two. The method is strictly appli-
cable only to fully-penetrating or fully-screened wells in con-
fined aquifers of rather low transmissivity. Cooper derived the 

• 	C-S 
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r c

2 

following equation for the response of a finite-diameter well to 
such an instantaneous "slug" of water: 

2 a 	 (_.) du H = 8H0 	 exp x 2 	 a 	UAU 
[L] 	 (C-4) 

Where: 

= Head inside the well'at time, t, after injec-
tion or removal of the "slug," above or below 
initial head [I;]. 

Ho 	= Head inside the well above or below initial head 
at instant of injection or removal of "slug" [L], 

and 

[dimensionless] 	 (C-5) 

Where: 

r s 	= Radius of well screen or open hole. 

r c 	= Radius of casing in interval over which water 
level fluctuates. 

In equation (C-4): 

[dimensionless] 	 (C-6) 

Values of H
o 

vs .T! 	for five different values of a obtained by 
r 2 

numerical solutioR of equation (C-4), given by Cooper, are plot-
ted as a family of semilogaritnmic curves (Figure C-3). V, the 
measured volume of water injected or removed from the well, is 
equal to Ho  x r c  2 , so the value of Ho  (at the instant 
of injection or removal) is obtained from: 

Ho 
V  

2 r 
(C-7) 

C-6 
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From measured values of Hat repeated intervals, values of II 

are computed. Note that --is a dimensionless ratio, hence any 

convenient units of measuament may be used without affecting 
the final results in any way. 

Given a and --, the appropriate curve on Figure C-3 is 

chosen, and the transmissivity is then determined from the fol-
lowing form of equation (C-6): 

2 
1.0 r 

T= 
	

(C-8) 

Knowing the transmissivity and total saturated thickness(s) or 
aquifer at that point, the hydraulic conductivity is computed 
as: 

— = K 
	 • 

Wells P-1 and P-2, screened in zone 2, were tested in this man-
ner. Data generated in the test of P-1 follow. The resultant 

plot of time vs. pr 	is shown on Figure C-4. 

A slug volume of 3 gallons was injected into well P-1. There-
fore, the value of H o  using equation (C-7) is equal to: 

Ho - 3 gallons x (0.1337 cu ft/gal)  

x(0.125) 2 
 

rc = 0.125 ft or 3.85 cm 

Ho = 8.17 ft 

C-8 
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FIGURE C-4 EXAMPLE GRAPH OF HEAD RATIO VERSUS TIME 
(SHALLOW OBSERVATION BORE HOLE P-1) 

• 	C - 9 
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Matching the plotted curve (Figure C-4) to the type of curve 
shown on Figure C-3, a value of 33,000 seconds is approximated 

Tt at --- = 1.0, the x-axis of the curve. The transmissivity is 2 

From the log of P-1 (Table C-1), the total thickness of the 
aquifer is equal to 13 feet. Converting to metric values, the 
hydraulic coefficient, K, is computed as: 

K - 1.15 x 10 -3  sq cm/sec  _ 2.91 x 10 -6  cm/sec 
3.96 x 10 2 cm 

rc then equal to: 

T = 1.0 (0.1251 2/33,000 
= 1.0 (3.85) 4/33,000 
= 1.15 x 10 -3  sq cm/sec. 

C-10 
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Table C-1 

Slug Test -- Well P-1 
4-5 June 1981 

H* 
Time DTW As o  

SWL 11.95 
7 5.0 6.95 0.85 

10 5.1 6.85 0.84 
24 5.1 6.85 0.84 
37 5.1 6.85 0.84 
46 5.1 6.85 0.84 
60 5.1 6.85 0.84 
87 5.13 6.82 	, 0.83 

103 5.13 6.82 0.83 
127 5.14 6.81 0.83 
150 5.15 6.80 0.83 
171 5.15 6.80 0.83 
185 5.16 6.79 0.83 
197 5.17 6.78 0.83 
220 5.18 6.77 0.83 
241 5.19 6.76 0.83 
257 5.19 6.76 0.83 
278 5.20 6.75 0.83 
312 5.20 6.75 0.83 
350 5.22 6.73 0.82 
440 5.27 6.68 0.82 
493 5.27 6.68 0.82 
557 5.30 6.65 0.81 
636 5.32 6.63 0.81 

1,084 5.46 6.49 0.79 
1,740 5.68 6.27 0.77 
4,260 6.25 5.7 0.70 
9,000 7.16 4.79 0.59 

16,380 8.14 3.81 0.47 
21,480 8.66 3.29 0.40 
34,800 9.81 2.14 0.26 
86,400 11.39 0.56 0.06 

3 X (07337)  Cu ft 

T (0.125) 2  

= 8.17 ft 

• Note: 	Screen - 3 in. PVC 
r = 1.5 in. 
Q = 3 gal 

*H
O  

C-11 
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APPENDIX D 

PRINCIPLES OF X-RAY DIFFRACTION 

Crystalline structures are characterized by a systematic and 
periodic arrangement of atoms (or ions) in a three-dimensional 
array. Because crystals are composed of regularly-spaced atoms, 
each crystal contains planes of atoms which are separated by a 
constant distance. The distances between planes are character-
sistic of the crystalline species. . 

X-rays are electromagnetic radiations of short wavelength (on 
the order of 0.01 to 100A). Laue, in 1912, reasoned that if 
crystals were composed of regularly-spaced atoms which might act 
as scattering centers for X-rays, and if X-rays were electromag-
netic waves of wavelengths about equal to the interatomic dis-
tances in crystals, then it should be possible to diffract X-
rays with crystals. Experiments designed to test his theories 
were successful, and he established the wave nature of X-rays 
and the periodicity of the arrangement of atoms within crystals. 

The phenomenon of diffraction involves scattering X-rays by 
crystal atoms and reinforcing the scattered rays in definite di-
rections away from the crystal. Reinforcement of the scattered 
rays is quantitatively related to the distance of separation of 
atomic planes as defined by Bragg's law: 

n A = 2d sin 9 

When a collimated beam of monochromatic X-rays of some wave-
length strikes a crystal, the rays penetrate and are partially 
scattered from many successive planes within the crystal. For a 
given interplanar spacing, d, there will be a critical angle, 9, 
at which rays scattered from successive planes will be in phase 
along a front as they leave the crystal. The angle between the 
normal to the emerging wave front and the atomic planes will 
equal the angle between the normal to the primary wave front and 
the atomic planes. Diffraction from a succession of equally-
spaced lattice planes results in a diffraction maximum which has 
sufficient intensity to be recorded. 

When n is equal to 1, diffraction is of first order. At other 
angles, where n is equal to 2, 3, or a greater number, diffrac-
tion is again possible, giving rise to second, third, and higher 
orders of diffraction. Although d remains the same, d/n values 
will be different depending on the value of n. • 



• 	 • • •■••• 101■ • 
Since no two minerals have eractly the same interatomic dis-
tances in three dimensions, the angles at which diffraction oc-
curs will be distinctive for a particular mineral. The intera-
tomic distances within a mineral crystal then result in a unique 
array of diffraction maxima which serves to identify that miner-
al. 

Diffraction can occur whenever the Bragg law, nA = 2d sin 9, is 
satisfied. The wavelength of radiation is characteristic and 
constant for the particular X-ray tube used. The angle of inci-
dence, 8, of the primary radiation with the crystal planes can 
be varied, however. 

With an X-ray spectrometer, the angle 'ofincidence is varied by 
rotating the sample in the path of the primary X-ray beam. A 
Geiger-counter detector, used to intercept and measure the dif-
fracted rays, also moves in such a way as to maintain an angle 
with the sample which is equal at all positions to the angle of 
incidence of the primary beam. From the chart of a direct-re-
cording X-ray spectrometer, the value of 29 (with reference to 
the primary beam) is available directly. 

The angle, 9, may be effectively varied by analysis with a sta-
tionary sample and recorder, the recorder in this case being a 
pnotographic film. Crystals to be analyzed are reduced to a 
very fine powder and placed in the path of a beam of monochro-
matic X-rays. Tne particles of the powder are tiny crystals or-
iented at random with respect to the primary beam. Because of 
the large number of crystals in the mass of fine powder, there 
will be sufficient crystals properly oriented so that every set 
of lattice planes will be capable of diffraction. The mass of 
powder is equivalent to a single crystal rotated, not about one 
axis, but about all possible axes. In the event that several 
crystal species are present in the powder mixture, each compo-
nent species registers its own diffraction maxima independently. 
The diffracted rays from a powder mixture may be registered on a 
photographic film or plate that is geometrically placed in rela-
tion to the sample to determine the angle of diffraction for 
each maximum, and subsequent calculation of interatomic spacing. 

A cylindrical film pattern registers diffraction-cone intercepts 
at angles 9 from the diffracting crystal planes. The geometry 
of cylindrical camera systems requires that 9 be related to the 
camera radius R and the distance between the primary beam posi-
tion and each line position, L, as measured on the film in a 

• 
D-2 



• fla: position, by the equation: 

L/2:I R = 2 0/3600  

Knowing both the radius (R) of the camera and the measured val-
ue of L in centimeters, one may readily calculate 0 for each 
diffraction line. 

After determining 9, or more usually 28, for each diffraction 
line on either a chart-recorded or film-recorded pattern, d may 
be calculated from Bragg's equation. Operation manuals of the 
various commercial diffraction instruments usually contain ta-
bles for ready conversion of 9 or 20 to d values. 
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• 	ROY F •FSTON INC 
VELL 445TERFILE DATA 

ST LOUIS AIRPOPT STORAGE SITE 	 RUN uATE: 9/ 2/61 

!ELL 
ID 

PI 
PZ 
P3 
P4 
Al 
42 
43 
A4 
45 
Ab 
Al 
44 

Ali/ 
A104 
A1C6 
410C 
A114 
Alit 
411C 
81 
52 
B3 
A 
B 
C 
D 
E 
F 

CRC.ATION 
DATC 

• 	WELL 
OEPTH 

SCPEENFO 
INTEkVAL 

CASING 
311040!q COORO COORO IFLLTI 

c/ 	4 /61 
5/11/61 
5/13/51 

87.0 
42.0 
41.0 

09.J-?7.j 
69.0-".Z, 
21.0-41.:: 

3.J 
3.0 
3•J 

1910.30 
ARI0.2r.' 

. 1P10.17 

niu.nr.,  
17a.nu 
131.00 

526.5c 
520.50 
5?6.3o 

5/14/61 41.0 21.0-41.C,  3.J 1830.D7 130.00 576.53 
S/22/s1 

5/21/61 
5/21/t1 
5/27/c,1 
5/15/61 
5/15/61 

26.0 

27.0 
35.J 
2.,C, 
44.Z; 
44.0 

11.J- 75.0 
17.J-2 7 .c, 
1 5 .0-Tc..:, 
17.J - ''.b 
21.0- 4 ^.L 
21.0 -11 -. .0 

3•.../ 
3.6 
3.j 
3.J 
3.J 
3.0 

570.DT 
6,5j.r 
40.0n,  

11c.0.1C 
1272.-;.;:-. 
1453.071 

3PJ.nri 
5J.0D 

2SU.OD 

47J.T1 2. 
25J.U0 

50.0C  

53,.c., 

534.60 
c!j.2C 

579.3r,  
t, 29.10 

5/15/S1 44.;; 2r!.,-6-.0 3.j 16c:I.7.1 4CJ.90 521.,.1C 
5/22/o1 3c.0 19.j- 70..0 3.6 275a. ,2c 314...rn 523.7r 

6/22/61 23.6 21.0-/T.L 1.5 70J.7,0 4J.0,'; 573.15 
6/Z2/t.1 14.5 12.5-14.5 1 ..e T 7 D.:1/:. 43.n7,  533.00 
6/27/01 e.6 6.U- 	°.L 1.s 72.U. 7 0 4a.r.lr:  5 7 3.1t 

6/23/61 42.j3 41.3 - 4'.0 1. 1110.1 r.' 450.02 S:7 7.75 
6/23/81 23.0 21.0-7T. 1.5 111j.nf. 453.00 521.76 
6/23/61 E.0 6.U- 	P.LJ  1.5 1123.07 45J.10 527.76 

6/Z4/61 42.j 41.6-42.c 1•s e023.07 3I5.7D 527.36 

6/74/61 23.D 11.0-2Y.L 1.s 2020. 7 r-  31S.00 527.34 

6/24/81 12.D 10.j-17.0 1.5 2020.7r: 31S.0C 577.37 

12/ 	1/80 54.j 27.0-52.I. 4.0 1010.'1 7 43.r.30 52v.40 

121 	1/50 53.; 37.0-cT.c. 4.0 400.77 100.10 520;3': 

17/ 	I/80 35.0 11.0-.T.c 4.0 2000.7r.. 203.00 5T:,.I: 

10/ 	e#79 3u.:-) 15.3-'3 -v.0 3.0 2170.10 240.02 526.60 
10/*R/79 28.0 1'3.0-7 54 .0 3.0 2175.90 110.00 526.90 

10/10/79 24.j 14.0-?4.0 3.0 216.0 303.00 526.50 
10/11/79 74.0 12.3 - ?".(J 3.0 1933.cc 750.00 574.20 

10/11/79 20.0 10.0 - '2.0 3.0 7P3.0:7 455.00 531.30 

10/12/79 24.0 12.0-2 4 .0 3.0 140.01 35.02 544.00 
t 



tZ454,71 

ST LOUIS 

wELL 
ID 

ROY 	F 	wrSTON 	INC 

WATER TA8LEIP7E2OpETR/C SURFACF 	DATA 

AIRPORT 	STORAGE 	SITE 	 RUN DAIE: 

DYW 	 MPE 

DATE 	 (FY) 	 (FT) 

9/ 3/61 

GlE 
(FT) 

AI1A 71 2/81 9.14 ft2.00 32.66 

AIIb 7/ 2/81 9.02 23.00 13.98 

AIIC 7/ 2/81 9.03 12.00 2.97 
a 7/ 2/81 14.19 28.00 13.81 

7/ 2/81 12.93 24.00 11.07 

O 7/ 2/81 5.44 24.00 18.56 

71 2/81 7..81 20.00 12.19 

7/ 2/81 12.02 24.00 11.99 

PI 71 2/81 12.47 82.00 69.53 
P2 7/ 2/81 12.33 82.00 69.67 

P3 71 2/81 5.50 41.00 35.50 

P4 7/ 2/81 7.18 41.00 33.82 

81 71 2/81 5.90 52.00 46.10 

82 7/ 2/81 10.50 53.00 92.50 

83 71 	2/81 8.25 35.00 26.75 

AI 7/13/81 7.68 26.00 18.32 

A2 7/13/ 8 1 6.44 27.00 18.06 

A3 7/13/81 5.67 35.00 29.33 

A% 7/13/81 6.65 25.00 18.35 

A5 7113/81 6.35 40.00 33.65 

A6 7/13/81 6.12 40.00 33.88 

*7 7/13/81 8.19 40.00 31.81 

AE 7/13/81 6.78 39.00 32.22 
A9A 7/13/81 7.03 23.00 16.00 

A9B 7/13/81 7.52 14.50 6.98 

A4C 7/13/81 7.61 8.00 17.39 

A10A 7/13/81 6.25 42.00 35.75 

A108 7/13/81 5.13 23.00 17.87 
AlOC 7/13/81 4.92 8.00 3.09 

AllA 7/13/81 9.78 42.00 32.22 

A118 7/13161 9.75 23.00 13.25 

AIIC 7/13/81 9.79 12.00 2.21 

9 7113/81 14.6% 28.00 13.36 

7/13/81 13.59 24.00 10.41 

7/13/81 5.65 24.00 18.35 
7/13/81 8.05 20.00 11.95 

7/13/81 12.33 24.00 11.67 

PI 7/13/81 12.16 82.00 69.84 

P2 7/13/81 12.40 82.00 69.60 

P3 7/13/81 5.94 41.00 35.06 
(3 44 7/13/81 7.65 41.00 33.35 

SI 7/13/81 6.20 52.00 45.80 

92 7/13/81 10.53 53.00 42.47 

83 7/13/01 9.18 35.00 25.82 

E-2 



V.ZTKE,71 
ROY 	F 	WESTON 	ThIC 

WATER TABLE/DIEZOmETRIC SURFACE DATA 

• 

31 LUUIS 	AIRPORT 

wELL 
ID 

STORAGE 

DATE 

SITE 

Ty 
ern 

RUN DATE: 	9/ 

MPE 
(FT) 

3/81 

GwE 
(F1) 

BI 6/24/81 4.20 52.00 4700 
B2 6124/81 9.73 53.00 43.27 
83 6/24181 6.17 35.00 28.83 
Al 6/30/81 7.09 26.00 18.91 
A2 6/30/81 7.96 27.00 19.04 
A3 6/30/81 • 5.01 35.00 29.99 
A4 6/30/61 6.11 25.00 18.89 
AS 6/30/81 5.83 40.00 34.17 
Ab 6/30/81 5.18 40.00 34.b2 
A7 6/30181 7.92 40.00 32.18 
A8 6/30/81 6.25 39.00 32.75 
A9A 6/30/81 5.67 23.00 17.33 
A96 6/30/81 6.20 14.50 8.30 
A9C 6/30/81 6.79 8.00 1.21 
AIDA 6/30/61 6.03 42.00 35.97 
AIDE 6130/81 4.43 23.00 18.57 
AlOC 6/30/81 4.32 8.00 3.68 
AIIA 6/30/81 9.15 42.00 32.b5 
A116 6/30/81 9.09 23.00 13.91 
AIIC 6/30/81 9.05 12.00 2.95 
B 6/30/81 14.05 28.00 13.95 
C 6/30/81 12.78 24.00 11.22 
0 6/30/81 5.35 24.00 19.b5 
1 6/30/81 7.70 20.00 12.30 
F 6/30/81 12.02 24.00 11.98 
PI 6/30/81 12.05 82.00 69.95 
P2 6/30/81 12.23 82.00 69.77 
P3 6/30/81 5.46 41.00 35•54 
P4 6/30/81 7.11 41.00 33.89 
SI 6/30/81 5.57 52.00 46.43 
92 6/30/81 9.92 53.00 43.08 
E3 6/30/81 7.78 35.00 27.22 
Al 7/ 2/81 7.25 26.00 18.75 
A2 7/ 2181 8.32 27.00 10.03 
A3 7/ 2161 5.28 35.00 29.72 
A4 7/ 2/81 6.29 25.00 18.71 
AS 7/ 2/81 6.11 40.00 33.69 
A6 7/ 2/81 5.44 40.00 34.56 
A7 7/ 2/81 7.95 40.00 32.05 
A8 7/ 2/81 6.55 39.00 32.45 
A9A 7/ 	2/111 6.84 23.00 16.16 
A98 7/ 2/81 7.09 14.50 7.41 

A9C 7/ 	2181 7.07 8.00 C.93 
A13A 7/ 2/81 7.00 42.00 35.00 
A108 7/ 2/81 4663 13.00 18.37 
AEJC 7/ 	2/81 4.60 8.00 3.40 

E-3 



V.45C9Ifl 
ROY 	F 	wESTON 	INC 

WATER TABLE/DIEIORETRIC SURFACE DATA 

ST LUUIS 	AIRPORT 

SELL 
ID 

STORAGE 

DATE 

SITE 

OTw 
4FT) 

RUN DATE: 	91 

RPE 
4FT1 

3/61 

GwE 
(FT) 

F 6/ 2/81 11.25 24.00 17.75 
PI 6/ 2181 12.03 62.00 69.97 
P2 6/ 2/81 • 	12.22 82.00 69.78 
P3 6/ 2/81 5.64 41.00 35.36 
P4 6/ 2/81 7.35 41.00 33.65 
81 6/ 2/81 .6.01 52.00 45.99 
82 6/ 2/81 41.43 53.00 42.i7 
83 6/ 2/81 7.10 35.00 27.90 
Al 6/ 5/81 5.73 26.00 2.77 
A2 6/ 5/81 7.79 27.00 19.21 
A3 6/ 5/81 5.13 35.00 29.87 
A4 6/ 5/81 6.29 25.00 18.71 
A5 6/ 5/81 5.44 40.00 34.56 
A6 6/ 5/61 6.07 00.rin 33.93 
A7 6/ 5/61 7.98 40.00 32.u2 
48 61 	5/81 6.39 39.00 32.61 
A ta 5/81 11.20 30.00 18.60 
B 6/ 5/81 15.48 28.00 12.52 
C 61 5/81 13.40 24.00 11.60 
0 61 	5/81 5.50 24.00 18.50 
E 6/ 5/81 8.85 20.00 11.15 
F 6/ 5/81 11.45 24.00 12.55 
PI 6/ 5181 11.39 82.00 70.61 
P2 6/ 5/81 1.06 82.00 813.94 
P3 6/ 5/61 5.86 41.00 35.14 
P4 6/ 5/81 7.52 41.00 33.48 
81 6/ 5/81 6.18 52.00 45.032 
82 6/ 5/81 10.44 53.00 42.56 
83 6/ 5/81 7.80 35.00 27.20 
Al 6/24/81 5.82 26.00 20.18 
A2 6/24/81 5.80 27.00 21.20 
A3 6/24/81 3.40 35.00 31.60 
A4 6/24181 4.69 25.00 20.31 
AS 6/24/81 6.69 40,00 33.31 
Ab 6/24/61 5.10 40.00 34.90 
A7 6/24/81 6.69 40.00 33.31 
A8 6/24/81 5.16 39.00 33.64 
8 6/24181 13.17 28.00 14.83 
C 6/24/61 12.31 24.00 11.69 
D 6/24/61 4.80 24.00 19.20 
E 6/24/61 6.77 20.00 13.23 
F 6/24181 11.17 24.00 12.63 
PI 6/24181 11.93 82.00 70.07 
P2 6/24/81 4..78 82.00 70.22 
P3 6/24/81 (5.34 41.00 35.66 
Pe 6/24/31 7.07 -‘1,no 33.95 



Cagikia] 

• 

• 

• 

ROT 	F 	wESTON 	INC 

WATER TABLE/PIE2ONETRIC SURFACE DATA 

$T LOUIS AIRPORT 

JELL 
ID 

STORAGE 

DATE 

SITE 

0Tw 
4FT1 

RUN DATE: 	9/ 

MPE 
(FT! 

3/81 

DwE 
(FT) 

8 5/19/81 13.80 28.00 14.20 
5/19/81 14.16 24.00 9.64 

o 5/19/81 5.36 74.00 18.64 
5/19/81 6.25 20.00 13.75 
5/19/81 . 	8.58 24,00 15.42 

81 5/19/81 6.33 52.00 45.67 
82 5 /1 9 / 8 1 12.42 53.00 40.58 
83 5/19/81 5.25 35,00 29.75 
AS 5/20/81 7:20 40.00 32.80 
A6 5/20/81 7.15 40.00 32.85 
47 5/20/81 8.58 40.00 31.42 
A 5/20/61 12.50 30.00 17.50 

5/20/81 14.50 28.00 13.50 
5/20/81 14.30 24.00 9.70 

0 5/20/61 605 24.00 17.65 
5/2r2/81 7.45 20.00 12.55 
5/20/81 10.42 24.00 13.58 

81 5/20/61 6.65 52.00 45.35 
82 S/20/61 13.05 53.00 39.95 
83 5/20/81 5.48 35.00 29.52 
45 5/22/81 6.95 40.00 33.05 
A6 5/22/81 6.62 40.00 33.38 
A7 5/22/81 8.62 40,00 31.38 
A 5/22/81 12.17 30.00 17.63 
8 . 5/22/81 14.68 28.00 13.32 

5/22/81 14.13 24.00 9.67 
5/22/81 6.48 24.00 17.52 
5/22/81 8.10 20.00 11.90 
5/22/81 11.55 24.00 12.45 

P4 5122/61 9.15 41.00 31.85 
81 5/22/81 6.43 52.00 45.52 
82 5/22/81 11.88 53.00 41.12 
133 5/22/81 6.18 35.00 28.82 
Al 6/ 2/81 5.00 26.00 21.00 
A2 6/ 2/81 7.19 27.00 19.61 
A3 6/ 2/81 4.71 35.00 30.29 
114 6/ 2/81 6.00 25.00 19.00 
AS 6/ 2/81 5.52 40.00 34.48 
Ab 6/ 2/81 5.85 40.00 34.15 
AT 6/ 2/81 7.66 40.00 32.14 
A8 6/ 2/81 5.82 39.00 33.18 
A 6/ 2/81 11.18 30.00 18.82 

6/ 2/81 14.35 28.00 13.65 
6/ 2161 13.14 24.00 10.86 
6/ 	2/81 5.05 24,00 18.95 
b/ 2/81 7.68 20.00 12.32 

E-5 



KT 

ROY F w! S TON 
	

C 

	 • 
wATER TABLEIPTEZOPIETRIC SURFACE 	DATA 

LoUIS AIRPORT STORAGE SITE RUN DATE: 9/ 3181 

8(LL DIV MPE G8E 
ID DATE (FT) 4FT1 tFT1 

A 12/17/80 16.90 30.00 13.10 
8 12/17/80 19.00 28.00 9.00 
C 12117/80 .18.80 24.00 5.20 
0 12/1 7/80 12.10 24.00 11.90 
E 12/17/80 14.90 20,00 5.10 
F 12/17/80 11.40 24.00 12.60 
A s/ 5/81 15;31 30.00 14.69 
B 5/ 5/81 18.02 28.00 9.98 
C 5/ 5/81 17.16 24.00 6.84 
0 5/ 5/81 10.43 24.00 13.57 
E 5/ 5/81 11.93 20.00 8.07 
F 5/ 	5/81 12.20 24.00 11.80 
81 5/ 5/81 11.3* 52.00 40.66 
82 5/ 5/81 15.41 53.00 37.59 
83 5/ 	5/81 10.70 35.00 24.30 
A 5/ 	7/81 15.10 30.00 14.90 
9 51 	7/81 18.00 28.00 10.00 
C 5/ 	7/81 17.00 24.00 7.00 
0 5/ 	7/81 9.18 24.00 14.82 
E 5/ 	7/81 11.60 20.00 8.40 
F 5/ 7/81 12.05 24.00 11.95 
81 5/ 	7/81 11.10 52.00 40.90 
82 5/ 	7/81 15.05 53.00 37.95 
33 5/ 	7/81 10.42 35.00 24.58 
A 5/11/81 14.54 30,00 15.46 
8 5/11/81 17.30 28.00 10.70 
C 5/11/81 16.24 24.00 7.76 
0 5/11/81 7.15 24.00 16.85 
E 5/11/81 11.06 20.00 8.94 
F 5/11/81 11.23 24.00 12.77 
81 5/11/81 1U.20 52.00 41.83 
82 5/11/81 14.60 53.00 38.40 
83 5/11/81 9.54 35.00 25.46 
A 5/14/81 13.95 30.00 16.05 
8 5/14/81 16.95 28.00 11.05 
C 5114/81 15.95 24.00 8.05 
0 5/14/81 7.80 24.00 16.20 
E 5/14/81 10.72 20.00 9.28 
F 5/14/81 11.64 24.00 12.36 
81 5/14/81 10.03 52.00 41.97 
82 5/14/81 14.10 53.00 38.90 
83 5/14/81 8.50 35.00 26.50 
As 5/19/81 8.18 40.00 31.84 
A6 5/19/81 7.58 40.00 32.42 
A7 5/19/81 8.00 40.00 32.00 
A 5/19/81 12.16 30.00 17.84 
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• Appendix F 

Bore Hole No. 1 1  

Unit 
Elevation 	Interval 	Description 	 Thickness 	No. 

ft 	 ft 	 . 	ft. 

528 	 0.0 

2.5 

6.0 

12.0 

23.3 

27.8 

34.1 

42.0 

53.0 

1111 	63.0 
63.5 

67.0 

458.8  69.2 

69.9 

71.9 

73.0 

74.5 

76.0 

77.6 

446.4 	81.6 

- 	2.5 Soil fill/concrete rubble 2.5 1 

- 	6.0 Brown silt loam 3.5 2 

- 	12.0 Brown clay/silt loam 6.0 

- 	23.3 Gray/brown silty &lay - higher 
clay content 9.8 3 

- 	27.8 Gray silty clay/organic material 6.0 4 

- 	34.1 Brown/gray silty clay 6.3 4 

- 	42.0 Gray silty clay 10.4 4 

- 	53.0 Blue/gray plastic clay 11.0 5 

- 	63.0 Moist olive/gray silt 10.0 6 

- 	63.5 Chert gravel bed 0.5 7 

- 	67.0 Firm gray clay 3.5 7 

- 	69.2 Residuum in blue/gray clay matrix 2.2 8 

- 	69.9 Cross-bedded red sandstone 0.7 9 

- 	71.9 Fossiliferous sandy limestone 1.0 9 

- 	73.0 Chert nodules in sandy blue/ 
yellow clay matrix 1.1 9 

- 	74.5 Limey shales 1.5 9 

- 	76.0 Fossiliferous limestone 1.5 9 

- 	77.6 Cherty limestone 1.6 9 

- 	81.6 Limey shale 4.0 9 

- 	84.0 Buff crystalline limestone cross- 
bedded 2.4 10 

0 er to Figure 5-7. 
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Unit 
No. 

1 

1 

2 

3 

3 

4 

4 

5 

8 

8 

10 

• 

Elevation 	Interval 

Bore Hole No. 	21  

Description 	 Thickness 
ft 	 ft ft 	• 

526 0.0 - 	4.0 Soil fill 4.0 

4.0 - 	6.5 Building material - miscellaneous 
fill 

3.0 

6.5 - 	8.0 Brown silt loam. 1.5 

8.0 - 	12.0 Gray/brown silt loam 5.0 

12.0 - 	22.0 Light gray silt lo-am 9.0 

22.0 - 	27.0 Dark gray silty clay/organic 
material 9.0 

27.0 - 	45.0 Blue/gray silty clay 15.0 

45.0 - 	62.0 Very plastic blue/yray clay 17.0 

62.0 - 	74.0 Moist brown/gray silt 12.0 

74.0 - 	82.0 Very stiff gray clay 8.0 

82.0 - 	84.0 Residuum 2.0 

84.0 - 	84.4 Chert nodules in blue/clay 
residuum 8.0 

441.6 84.4 - 	87.8 Buff crystalline limestone 

87.8 - 	87.9 Clay/mudstone 

87.9 - 	88.0 Buff crystalline limestone as 
above 

1Refer to Figure 5-7. 
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• 

• 

Bore Hole No. 3 1  

. 
Elevation Interval Description 	 Thickness 

Unit 
No. a____ 

ft ft 

534 0.0 3.0 Soil 	fill 3.0 1 

3.0 7.0 Brown silt loam 4.0 2 

7.0 16.0 Gray/brown silt loam 9.0 3 

16.0 - 	24.0 Dark brown silty clay/organics 8.0 4 

24.0 - 	35.0 Black/gray plastic'clay 11.0 5 

35.0 37.0 Moist gray 	stiff silty clay 2.0 6 

37.0 43.0 Red/brown sandy stiff clay 6.0 7 

43.0 - 	46.6 Residuum 3.2 8 

487.4 46.6 - 	52.6 Red brown weathered mudstone with 
interbedded laminar or yellow 
brown 9 

52.6 - 	53.1 Larger 	grain size - gray brown 
siltstone 9 

53.1 - 	53.3 Dark brown mudstone 9 

53.3 - 	53.6 Olive/gray mudstone 	- presence 
of some carbonate material 9 

53.6 - 	53.9 Coal 9 

53.9 - 	62.9 No sample/mechanical problem 
incurred during 	sample 
collection 9 

62.9 - 	66.9 Finely 	laminated gray mudstone 
with 	some 	silt 	size material 
present 9 

66.9 67.3 Coal 9 

67.3 - 	69.3 Dark gray plastic clay 9 

69.3 - 	71 Light gray mudstone 9 

71 72 Small leaves or dark red clay 
interspersed in gray clay manix 9 

72 - 	73 Limey friable shale varigated 
coloring - yellow/brown/gray 9 

73 - 	74.5 Dark gray mudstone 9 

74.5 - 	75.3 Same with doses of red/brown 
sandy clay 9 

75.3 - 	81.5 Finely laminated gray mudstone 

81.5 - 	82.0 Buff sandy limestone 9 

452.5 81.5 - 	82.0 Buff, 	fossiliferous, 	sandy 10 

1Refer to Figure 5-7. 
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End at 35 ft 

Interval 

Monitor Wells 

Thickness Description 
ft ft 

0-3 Black fill 3.0 

3-6 Brown loam 3.0 

6-15 Dark brown silty clay 9.0 

15-24 Dark organic silty clay 
, 9.0 

24-26 Blue plastic clay 2.0 

End at 26 ft 

0-4 Black fill 4.0 

4-8 Brown loam 4.0 

8-16 Dark brown silt loam 8.0 

16-27 Organic silty clay 11.0 

27 Blue plastic 0 

End at 27 ft 

0-3 Black fill 3.0 1 

3-6 Brown loam 3.0 2 

6-17 Dark brown silt loam 11.0 3 

17-24 Gray/brown silty clay 7.0 4 

24-35 Blue clay 11.0 5 

Well 
No. Elevation 

ft 

A-1 530.4 

504 

A-2 532.2 

A-3 528.1 

• 
Unit 
no. 

2 

3 

4 

5 

1 

1111 3 

4 

5 
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• 
Monitor Wells 
(continued) 

• 

Well 
No. Elevation Interval Description Thickness 

Unit 
no. 

ft ft ft 

A-4 528.5 0-3 Fill 3.0 1 

3-8 Dark brown loam 5.0 2 

8-19 Brown/gray silty clay 11.0 3 

19-25 Dark brown/organics 6.0 4 

25-26 Blue clay 1.0 5 

End at 26 ft 

A-5 526.6 0-3 Fill soil--no concrete 3.0 1 

3-6.5 Brown silt loam 3.5 2 

6.5-24 Brown/gray silty clay 17.5 3 

24-42 Dark brown/gray silt 
and organic material 

18.0 4 

42-44 Dark clay 2.0 5 

End at 44 ft 

A-6 526.4 0-5 Fill with concrete 5.0 1 

5-7 Brown loam 2.0 2 

7-24 Brown/gray silt and 
clay 

17.0 3 

24-43 Brown/gray silty clay 
with organic material 

19.0 4 

43-46 Gray/blue clay 5 

End at 46 ft • 	1 - 5 



Monitor Wells  
(continued) 

Well 
No. Elevation Interval Description Thickness 

Unit 
no. 

ft ft ft 

A-7 525.7 0-4 Black fill and some 
stone 

4.0 1 

4-8 Brown loam 4.0 2 

8-23 Gray/brown silt loam 15.0 

23-46 Gray silt/clay with 
organics 

23.0 4 

46- Blue/gray clay 0 5 

End at 46 ft 

A-8 521.6 0-3 Brown loam 3.0 
• 

3-17 Light gray silt/clay 
loam 

14.0 2/3 

17-40 Gray/brown silt with 
organics 

23.0 4 

40- Dark blue/gray clay 0 5 

End at 40 ft 

A-9 530.0 0-3 Black fill/topsoil 	. 3.0 1 

3-6 Brown silt loam 3.0 2 

6-13 Gray/Drown silty clay 7.0 3 

13-24 Gray/brown silty 	clay 11.0 4 

24- Blue plastic clay 0 5 

End at 24 ft 

F-6 



• 

Monitor Wells 
(continued) 

Well 
No. Elevation Interval Description Thickness 

Unit 
no. 

ft ft ft 

A-10 527.0 0-3 Black fill--no concrete 3.0 1 

3-10 Brown silt loam 7.0 2 

10-23 Gray/brown silty clay 13.0 3 

23-41 Brown/gray silty clay 
with organics 

18.0 4 

41-42 Blue/gray plastic clay 1.0 5 

End at 42 ft 

A-11 524.6 0-4 Concrete and fill 4.0 1 

4-20 Gray/brown silty clay 16.0 2/3 

20-43 Dark brown silty clay 23.0 4 

43-68 Dark olue/gray clay 25.0 5 

68-82 Dark moist silt 14.0 6 

82-85 Dry silty clay--hard 3.0 7 
packed 

End at 85 ft 

F-7 



Unit 
no. 

1 

2/3 

4 

5 

6 

7 	• 

11/1  

2/3 

4 

5 

6 

7 

1 

2/3 

4 

5 

4111 

Well 

Monitor Wells 
(continued) 

No. Elevation Interval Description Thickness 
ft ft ft 

P-1 524.6 0-4 Concrete and fill 4.0 

4-20 Gray/brown silty clay 16.0 

20-43 Dark brown silty clay 23.0 

43-68 Blue/gray-plastic clay 25.0 

68-82 Dark moist silt 14.0 

82-85 Dry silty clay--hard 
packed 

3.0 

End at 85 ft 

P-2 525.0 0-4.5 Concrete and fill 4.5 

4.5-20.5 Gray brown silty clay 16.0 

20.5-44 Dark brown silty clay 23.5 

44-68.5 Blue/gray plastic clay 24.5 

68.5-82.5 Dark gray moist silt 14.0 

82-83 Dry silty clay 1.0 

End at 83 ft 

P-3 525.1 0-4.5 Concrete and fill 4.5 

4.5-20.5 Gray brown silty clay 16.0 

20.5-44 Dark brown silty clay 23.5 

44- Blue/gray plastic clay 0 

End at 44 ft 

F-8 



• 	
Monitor Wells 
(continued) 

Well 
No. Elevation Interval Description Thickness 

Unit 
no. 

P-4 

ft 

525.1 

ft 

0-4.5 

4.5-20.5 

20.5-44 

44- 

Concrete and fill 

Gray brown silty clay 

Dark brown silty clay 

Blue/gray plastic clay 

ft 

4.5 

16.0 

23.5 

0 

1 

2/3 

4 

5 

End at 44 ft 

• 

• 	F-9 
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APPENDIX _G 

HYDROMETER ANALYSES 

• Summary and Results 

• Gradation Curves 
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• 
HYDROMETER SUMMARY AND RESULTS 

BORE HOLE 1 

• 

Sample 
Number 

t Sand 
(2-.05mm) 

t Silt 
(.05-.002mm) 

• Clay 
(..c.002mm) Textural Unit 

Geologic 
Unit 

1 12.0 76.5 11.5 Silt Loam 2 

2 16.0 72.0 12.0 Silt Loam 2 

3 3.0 90.0 7.0 Silt 3 

4 1.0 93.5 5.5 Silt 3 

5 9.0 72.0 19.0 .. 	Silt Loam 4 

6 7.0 65.0 28.0 Silty Clay Loam 4 

7 9.5 67.0 23.5 Heavy Silt Loam 4 

8 12.0 72.0 16.0 Silt Loam 4 

10 10.0 75.0 15.0 Silt Loam 4 

11 16.0 67.5 16.5 Silt Loam 4 

12 8.0 69.0 23.0 Heavy Silt Loam 4 

13 1.0 76.0 23.0 Heavy Silt Loam 4 

14 7.0 79.0 14.0 Silt Loam 4 

15 8.0 73.5 18.5 Silt Loam 4 

16 0.0 36.5 63.5 Clay 5 

17 0.0 25.5 74.5 Clay 5 

18 0.0 25.0 75.0 Clay 5 

19 4.5 86.5 9.0 Silt 6 

20 5.0 85.0 10.0 Silt 6 

21 5.5 78.0 16.5 Silt Loam 3 

22 0.0 39.5 60.5 Clay 5 

23 0.0 46.0 54.0 Silty Clay 5 

24 14.0 82.0 4.0 Silt 6 

• 	G-1 



HYDROMETER SUMMARY AND RESULTS 

Sample 
Number 

% Sand 
(2-.05mm) 

BORE HOLE 

% Silt 	% Clay 
(.05-.002mm) 	.002i) 

2 

Textural Unit 
Geologic 

Unit 

25 15.0 73.5 11.5 Silt Loam 3 

26 12.5 76.5 11.0 Silt Loam 3 

27 6.5 81.5 12.0 Silt/Silt Loam 3 

28 13.0 84.0 3.0 Silt 4 

29 19.0 78.0 3.0 •. Silt Loam 4 

30 3.0 89.5 7.5 Silt 4 

31 10.0 74.0 16.0 Silt Loam 4 

32 15.5 67.5 17.0 Silt Loam 4 

33 11.0 71.0 18.0 Silt Loam 4 

34 14.0 69.0 17.0 Silt Loam 4 

35 13.5 69.5 17.0 Silt Loam 4 

36 5.5 74.0 20.5 Silt Loam 4 

37 0.5 29.5 70.0 Clay 5 

38 0.0 21.5 78.5 Clay 5 

39 0.0 30.0 70.0 Clay 5 

40 0.0 30.0 70.0 Clay 5 

41 0.0 25.0 75.0 Clay 5 

42 0.0 40.5 59.5 Silty Clay/Clay 5 

43 0.0 41.0 59.0 Silty Clay/Clay 5 

44 0.0 24.0 76.0 Clay 5 

45 11.5 .83.0 5.5 Silt 6 

46 3.5 87.5 9.0 Silt 6 

47 3.0 83.0 14.0 Silt Loam 6 

48 15.0 69.0 16.0 Silt Loam 6 

49 6.5 73.0 20.5 Silt Loam 6 

50 8.5 63.5 28.0 Silty Clay Loam 7 

51 9.5 63.5 27.0 Silt Loam/Silty 
Clay Loam 7 

52 14.5 60.5 25.0 Heavy Silt Loam 7 

53 27.5 55.0 17.5 Silt Loam 8 

G-2 
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• 
HYDROMETER SUMMARY AND RESULTS 

• 

Sample 
Number 

% Sand 
(2-.05mm) 

BORE HOLE 3 

% Silt 	% Clay 
(.05-.002mm) 	(<.002n Textural Unit 

Geologic 
Unit 

54 7.5 75.5 17.0 Silt Loam 3 

55 8.5 81.5 10.0 Silt 3 

56 5.0 82.5 12.5 Silt Loam/Silt 3 

57 18.0 79.0 3.0 Silt Loam 4 
- 

58 28.0 70.0 2.0 Silt Loam 4 

59 28.0 70.0 2.0 Silt Loam 4 

60 13.5 69.5 17.0 Silt Loam 4 

61 11.5 70.5 18.0 Silt Loam 4 

62 6.0 69.5 24.5 Heavy Silt Loam 5 

63 6.5 63.0 30.5 Silty Clay Loam 5 

64 8.5 66.5 25.0 Heavy Silt Loam 5 

65 8.0 71.5 20.5 Silt Loam 6 

66 18.0 57.0 25.0 Heavy Silt Loam 7 

67 22.5 46.0 31.5 Clay Loam 7 

68 51.5 32.5 16.0 Loam 8 

69 18.5 67.0 14.5 Silt Loam 8 

• 	G- 3 
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UNIF. COEFF.= 0.48 
UNIT 3 

Specific Gravity 

Gradation Curves 



I. 

c 50 

0) 

a, 

100 

70 

80 

60 

40 

20 

10 

0 
.001 	.002 	.005 	.01 	.02 	.05 	 .2 	.5 	1.0 	2.0 	5 	10 	20 	50 

Grain Size in Millimeters 

1•111111111111111111110•111111111111•11••••1111111111111111111111111•11•11illarlIBIIII•11 
111•1•111111111111111111•1111111111•11111•11111111111111111IMII III= 	0111WRIM 

	

MIO111111111111111111111111O11111111111•1111111111111111111111117411 1111 	 1.1mal• 	 billikillUirldnillifitiM 

	

1•111111111111111111111011111111111111=IMIUMME•11•11MIINIIIMUM 	 ...mmarromemiimminamil 

	

I'nlnurMIIIII:Mliuinmmumliucammmm..H....m.r ill 	 Emrrr...m.samurmsm.. 
imilliummummimumnimr,ponnommissmowlimo a 

	

IUMMIIMIIIIIMMENUMMilrilmnumm...mmos MI Li 	 ..A...1.n■sumurnliall I 
um o miimmimiminommmirnum11111== latm _Iil Immailinillirglamill 

HIMMEMENIMMINMIphlininallin....."Estird=-,....53aimin 
numumumelmminnummusumin....arnes=mons:....garmestele 
1  rimempliplillingENEFE.=Eginim.ramilpowsump 
MILIIIMIMLIIMIIIIIAIIIIdimunImi=mmenwasmilMMIZEM...11 ....: •

stuffid 
111111111111111IMIIIIIIIIMMIIIIIMH11111="1"•=1:11=="7411B."•""mmmErrA .. nommInamminummummunnummwmarmamensumumog■iimsorsummais. 
§IIMIIIIIIIIMO11111011•IMM/111111111111111111111111111=11•11MOW•11111••1111111•111111•111•111111B11•111H1111111•11 1=11111•111•11•111111011 nuuuiimiiiiHmilimrasuim imirailimv.=H...Busi.,...........,nasi......amisi  

er ...............,.........7111111111111111MINIIIIIIIIMIMMEWIMMINIMMINIMINEORMINIMIMIUMMUMIN 
= INNIO1111111111111111111111111M1•.111111111111111111111111IIMII•INOMMIIIMIIII•las••11•IiIIINIIIMIIIIIIIIMOIOMMIIIIMOIMIIIHNIII•1111111111 
= •OINIVIIIIIIIIIIIIIII11111111•111/MOOM1111111•011111111,111 1.1111/11111111•10MMIIIIIO•1111Mmammommopa■ion.IMINIIIIIIIIIII•11 innumelmommielporammum limultmu 

	

mounammougiss.: immuum II NO11111,11111 	

IMINIIMIIII•1111111•11M11•1•111=••101•1111111•EMIIIIIIMIIIIIMIIIMMIIMINIM511111 11111111111111Mr•MIIIIMIIIMINHIMMIMP1•11111•1•01■111MMIUM111111•11111111/11111111 MI IMENIIIIIIIIMIIM114/41•1110111111111111111111111111111111 
INIIIIIIMIIIIIIIIIINIIIIIIIrAIIIIMIIIIIIIII ITMIllinli 

	

IMIIIIINIIIIIIIIIIMOMI11 41•1111M111111111 II IOIIIIIIIIIe 	EFILIM=EMBEHMIELnEEIMI azinummunt . mranummminimi mi pinumlw.:. :iiniillimannlimiirmr=ms....ig... 

	

ae mr .r -  e 1 um inn IIII me ml 	 mom 	
Eq. wringri 

	

mum& U 	MM. h 

	

EN ..miry:iniiii. mill .....mmil lon me II 	ININSO11111SIKM1111111 	1111111111•MINIMIIIIII 11 	NIMMIINNIM 
iiiiiiiiirliPMILVIUM11011 1111 1111111111 1 

	

1111111111111 11111181111151111•111•111•1111111O111111; 1111111111,1111 	

raimpula=atin16...wilamn 
EcallIPM=Eummin 11=12.1ECLang 

1,1111 HMI 111111111.m.runeint net im 
• II III 1•11111 II III•1111 110111111 III O 1111111111 MINE 11111•1111• 111111111111•111•111•11=1101111•111111111 111111■1111111110..mminillH•11 

1 Iii 11111111911011111NRIMIMPIMHIMIll 	 1 	
iMMUMMi11•1111•1111111111•MIIIINIIIIIN 11=111111•1111M111•11•11111111 I 

I UN 111111111111 lill 11111111111111 10111 11111 1111111111111111=11111EICUJIII 
IMIMIIIMI111111111111111111,====111111111M11111111•1= HMIIIIMIKIELIT 

01111m1IIMIIIIIIN 	111111111=11M1111•111 111MIN11111 

	

111 11111. 1111=1111111. 1=1.1.01111.4 1111.1111111.9= 	in 1 

	

drornalea MalysAs     Slava Ana, 
US Slandard Sieves 	0200 	0100 	 0411 030 	018 	010 08 	 04 
Ty* Standard Sieves •200 	0100 	48 •IS 028 	•14 	0 908 	 04 	 *4" I 	Ii 	 3' 

100 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

C0.0611 .011 

Gradation Curves 

(key& Sand Clay Of Sal 
Fine Cow Fine 

Sample 

tinned Soils 
Classikaloon  

Symbol Specific Gravity Descnption of Sample 
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D90= 0.0494 
D50= 0.0177 
D40=  0.0131 
UNIF. COEFF. =  0.26 
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SAMPLE NO. 7 
D90= 0.0494 
D50= 0.0151 
D40= 0.0109 
UNIF. COEFF.= 0.22 
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D60 Specific Gravity Descnption of Sample 

SAMPLE NO. 9 
D90= 0.0474 
D50= 0.0188 
D40= 0.0145 
UNIF. COEFF.= 0.31 
UNIT 4 
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D60 Symbol Sample Specific Gravity Description of Sample 

Gradation Curves 

SAMPLE NO. 8 
D90= 0.0545 
D50= 0.0187 
D40= 0.0143 
UNIF. COEFF.111.26 
UNIT 4  
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SAMPLE NO. 11 
D50= 0.0215 
D40= 0.0160 
UNIT 4 

Gradation Curves 
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SAMPLE NO. 10 
D90= 0.0513 
D50= 0.0183 
D40= 0.0136 
UNIF. COEFF.= 0.27 
UNIT 4 
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Gradation Curves 
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SAMPLE NO. 16 
D90= 0.0479 
D50= 0.0208 
D40= 0.0159 
UNIF. COEFF.= 0.33 
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SAMPLE NO. 14 
D90= 0.0468 
D50= 0.0199 
D40= 0.0158 
UNIF. COEFF = 0.34 
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SAMPLE NO. 19 
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SAMPLE NO. 22 
D90= 0.0056 
D50= 0.0013 
UNIT 5 
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SAMPLE NO. 25 
D50= 0.0227 
D40= 0.0189 
UNIT 3 
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SAMPLE NO. 24 
D50= 0.0236 
D40= 0.0201 
UNIT 6 
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Symbol Sample Specific Gravity Descnption of Sample 

SAMPLE NO. 27 
D90= 0.0444 
D50= 0.0191 
D40= 0.0156 
UNIF. COEFF.= 0.35 
UNIT 3 
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SAMPLE NO. 26 
D50= 0.0215 
D40= 0.0174 
UNIT 3  

Gradation Curves 
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SAMPLE NO. 29 
D50= 0.0279 
D40= 0.0240 
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SAMPLE NO. 28 
D90= 0.0569 
D50= 0.0265 
D40= 0.0229 
UNIF. COEFF.= 0.40 
UNIT 4 
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Description of Sample 

SAMPLE NO. 34 
D90= 0.0655 
D60= 0.0246 
D40= 0.0196 
UNIF. COEFF.= 0.36 
UNIT 4 
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Specific Gravity Descnption of Sample 

SAMPLE NO. 37 
D90= 0.0092 
UNIT 5 
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Specific Gravity Descnption of Sample 

SAMPLE NO. 36 
D90= 0.0418 
D50= 0.0185 
D40= 0.0142 
UNIF. COEFF.= 0.34 
UNIT 4 

UNII. 

Gradation Curves 
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Specific Gravity Descnption of Sample 

SAMPLE NO. 38 
D90= 0.0042 
UNIT 5 
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Symbol Sample Specific Gravity Descnption of Sample 
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SAMPLE NO. 43 
D90= 0.0076 
D60= 0.0014 
UNIT 6 
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Symbol Sample - Specific Gravity Descnption Of Sample 

SAMPLE NO. 42 
D90= 0.0060 
D50= 0.0015 
UNIT e5 
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SAMPLE NO. 47 
D90= 0.0398 
D50= 0.0196 
D40= 0.0160 
UNIF. COEFF.= 0.40 
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SAMPLE NO. 62 
D90= 0.0607 
D50= 0.0218 
D40= 0.0169 
UNIF. COEFF.= 0.26 
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SAMPLE NO. 66 
D90= 0.0483 
D50= 0.0226 
D40= 0.0191 
UNIF. COEFF.= 0.40 
UNIT 3 
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SAMPLE NO. 56 
D90= 0.0424 
D50= 0.0214 
D40= 0.0178 
UNIF. COEFF.= 0.42 
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Description of Sample 

SAMPLE NO. 63 
D90= 0.0427 
D50= 0.0155 
D40= 0.0088 
UNIF. COEFF.= 0.21 
UNIT 5 
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SAMPLE NO. 62 
D90= 0.0414 
D50= 0.0175 
D40= 0.0125 
UNIF. COEFF.= 0.30 
UNIT 5 
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Descnption of Sample 

SAMPLE NO. 65 
D90= 0.0465 
D50= 0.0120 
D40= 0.0104 
UNIF. COEFF.= 0.22 
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SAMPLE NO. 64 
D90= 0.0484 
D50= 0.0178 
D40= 0.0127 
UNIF. COEFF.= 0.26 
UNIT 5 
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SAMPLE NO. 67 
D50= 0.0127 
D40= 0.0062 	 MEOW .011 
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Gradation Curves • 
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APPENDIX II 

SUBSURFACE GAMMA RADIATION LOGGINGS 
(1978) . 
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APPENDIX J 

GLOSSARY 

AEC - 	Atomic Energy Commission 

AEC-ORO - 	Atomic Energy Commission - Oak Ridge Operations 

AJ-4 - 	Barium sulfate cake residue 

AM-7 - 	Pitchblende raffinate 

AM-10 - 	Colorado raffinate residue 

anticline - A fold in the rock structure which is convex upward. 

aquifer - A body of rock that contains sufficient saturated 
permeable material to conduct groundwater. 

aquitard - A confining bed that retards but does not prevent 
the flow of water to or from an aquifer. 

confined aquifer - An aquifer bounded above and below by im-
permeable beds or beds of lower hydraulic conduc- 

41/0 	
tivity than the aquifer. 

EPA - 	 Environmental Protection Agency 

external gamma radiation - Gamma radiation emitted from a 
source(s) external to the body, as opposed to 
internal gamma radiation emitted from ingested 
or inhaled sources. 

fault - 	A surface or zone of rock fracture in which there 
has been movement on the fault plane. 

GPR - 	 Ground-penetrating radar 

K-65 - 	Radium-bearing residues 

lineament - Any line, on an aerial photograph, that is structur-
ally controlled. 

J-1 
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loess - 	Homogeneous blanket of fine-grained sediments 

pR - 	MicroRoentgen; a unit of radiation dose in air. 

MED - 	Manhattan Engineer District 

NRC - 	Nuclear Regulatory Commission 

mrad - 	Millirad; a unit of absorbed radiation dose equiva- 
lent to the absorption of 0.1 erg of energy per 
gram of material of interest. 

mrem - 	Millirem; the mrad dose multiplied by a modifying 
factor specific to the type And energy of the 
incident radiation. 

ORNL - 	Oak Ridge National Laboratory 

pCi - 	 PicoCurie; a unit of radioactivity equivalent to 
2.22 nuclear Osintegrations per minute. A Curie 
is 2.22 x 1014  nuclear disintegrations per minute 

pCi/g - 	PicoCuries per gram (= 10 -12  Curie per gram) 

physiography - The description and origin of land forms in a 
geological sense. 

piezometer - A nonpumping well, generally of small diameter, 
containing a small well screen which is used to 
measure the elevation of the water surface. 

piezometric surface (potentiometric) - A surface that repre-
sents the level to which water will rise in 
tightly-cased wells. If the head varies signif-
icantly with depth in the aquifer, then there may 
be more than one piezometric surface. The water 
table is a piezometric surface in an unconfined 
aquifer. 
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• radioactivity - The spontaneous decay or disintegration et an 
unstable atomic nucleus, usually accompanied by 
the emission of ionizing radiation. 

radionuclide - Any element which is radioactive. 

radium - A radioactive element, chemically similar to barium, 
formed •as a daughter product of uranium (U-238). The 
most common isotope of radium, Ra-226 has a half-life 
of 1,620 years. Radium is present in all uranium-
bearing ores. Trace quantities of both uranium and 
radium are found in all areas. 

radon - A radioactive, chemically inert gas, having a half-life 
of 3.8 days (Rn-222); formed as a daughter product of 
radium (Ra-226). 

radon daughter - Usually refers to one of the several short- 
lived alpha-emitting radioactive daughter 
products of radon. 

raffinate - The part of a liquid (especially an oil) remaining 
after its more soluble components have been 
extracted by a solvent. 

SLAPSS - St. Louis Airport Storage Site 

stratigraphy - The study of the form, depositional history, geo-
graphic distribution, chronological succession, classi-
fication, and correlation and mutual relationships of 
rock strata. 

syncline - A fold in the rock structure which is concave upward. 

unconfined aquifer - An aquifer that is not bounded by impermea-
ble beds or beds of lower permeability than the aqui- 
fer. An unconfined aquifer has a water table. 

J- 3 



DISCLAIMER 	- 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United 
States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, Of assumes 
any legal liability or responsibility for the accuracy. complete. 
ness, or usefulness of any information, apparatus, product, or 
Process disclosed, or represents that its use would not irifringe 
privately 'owned rights. Reference herein to any specific cool-
mercial product, process, or service by trade name, trademark,' 
manufacturer, or otherwise, does not necessarily constitute or 
Imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof. The views and 
opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency 
thereof. 
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WESTON WAY 
WEST CHESTER, PA. 19380 
PHONE: (215) 692-3030 
TELEX: 83-5348 

DE SIGNEir W 1."/::.RTANTS 

 

29 January 1982 

Mr. Robert L. Rudolph 
Manager 
Bechtel National, Inc. 
Oak Ridge Office 
Jackson Plaza Tower 
800 Oak Ridge Turnpike 
Oak Ridge, TN 37830 

Dear Mr. Rudolph: 

We are transmitting fifty copies each of the 
reports: 

following 

Formerly Utilized Sites Remedial Action Program 
St. Louis Airport Storage Site (SLAPSS) 

Technical Series 	- January 1992 

Vol. 1 Site Characterization 
No. 1 Site History, Topographical and 

Radiological Data Analysis, 
Geological and Hydrological Data 

Vol. 2 Engineering 
No. 1 Conceptual Design for In Situ 

Stabilization of Low Level 
Radioactive Residues 

Vol. 3 Data Management System 
No. 1 Conceptual Systems Design 

Vol. 1 Site Characterization - Appendix A - Plates 
No. 1 Site History, Topographical and 

Radiological Data Analysis, 
Geological and Hydrological Data 

This will complete WESTON's report requirements described 
in the statements of work of Union Carbide Contract No. 
32X70518C and Bechtel National Contract No. 14501-5C-2. 
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Mr. Robert L. Rudolph 
Bechtel National, Inc. 
Page 2 
	

29 January 1982 

It has been a pleasure working with you and your 
staff in this project and we look forward to a 
continuing association. 

cc: J.C. Newell 
R.S. Greeley 

Enclosures 
via UPS 

DRP:c  

Sincerely, 

ROY F. WESTON, INC. 

Donald R. Phoenix, Ph.D. 
Project Manager 
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