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ABSTRACT 

An investigative drilling and sampling survey at the site of a proposed Fire Training 
Facility (FTF) at Davis-Monthan Air Force Base, Tucson, Arizona, was conducted by the 
Pollutant Assessments Group of ORNL's Health and Safety Research Division during the 
period February-October 1987. The objectives of this survey were: (1 )  to provide 
environmental/chemical information and geotechnical characteristics of the site from soil 
samples collected at the proposed site, (2) to determine the concentrations of volatile 
organic compounds (VOCs) and petroleum hydrocarbon contaminants in these samples, 
and ( 3 )  to make an assessment of survey data to determine if the proposed FTF site is 
environmentally and geotechnically suitable. 

Results of the chemical analyses indicate the presence of subsurface petroleum hydro- 
carbons directly related to the former fire training burn pits. Although one of the samples 
was found to have a relatively high concentration of petroleum hydrocarbons (9300 pg/g), 
the contamination was limited in vertical extent, and the location of the bore hole was 
approximately 61 m (200 f t )  downgradient from any construction planned for the pro- 
posed FTF site. All chemical analyses performed on bore hole samples for VOCs were 
found to be at or below detection limits. This indicates that no significant subsurface con- 
centrations of hazardous wastes are present at the site of the planned FTF. The geotechni- 
cal investigation performed by The Earth Technology Corporation provided several recom- 
mendations for construction of the FTF, but presents no data to indicate that the site 
planned for the proposed FTF is geotechnically unsuitable. 

The results of this siting investigation support the location of the new FTF in close 
proximity to the present fire training area as planned. 

ix 





RESULTS OF THE FIRE TRAINING FACILITY SITING INVESTIGATION 
AT DAVIS-MONTHAN AIR FORCE BASE, TUCSON, ARIZONA 

1. INTRODUCTION 

The Engineering Division of the Oak Ridge Gaseous Diffusion Plant and the Hazar- 
dous Waste Remedial Action Program (HAZWRAP) of Oak Ridge National Laboratory 
(ORNL) requested that the Pollutant Assessments Group (PAG) of ORNL's Health and 
Safety Research Division conduct a drilling and sampling project to provide chemical 
verification and geotechnical information for the siting of a new, environmentally safe Fire 
Training Facility (FTF) at Davis-Monthan Air Force Base (AFB), Tucson, Arizona. The 
PAG is located in Grand Junction, Colorado. 

1.1 PURPOSE 

Base officials want to locate the new FTF within the general confines of the existing 
FTF. The existing fire training pits were known to have already contaminated part of the 
area, but concentrations of contaminants and extent of contaminant migration were not 
known. The purpose of this study was to examine geotechnical characteristics of the pro- 
posed FTF area and to determine if the site was grossly contaminated with hazardous 
materials. Therefore, drilling and soil sampling were conducted to verify that the proposed 
site was relatively clean. Also, before finalizing the engineering design for the new facility, 
the characteristics of the soil needed to be evaluated (ORNL 1987a). 

The goal of the project was to verify that the proposed FTF cauld be built in close 
proximity to the existing site. A soil boring program was implemented to provide samples 
of subsurface material for examination and analysis (ORNL 1987b). 

1.2 SITE DESCRIPTION 

The FTF at Davis-Monthan AFB in Tucson, Arizona (see Fig. l) ,  includes a 
triangular-shaped area with sides measuring about 150 m ( 5 0 0  ft) each. Each corner is 
defined by a circular area about 46 m (1  50 ft) across, which is surrounded by a low dike. 
At one of these circular areas is an aircraft mock-up. During exercises this mock-up is 
sprayed with fuel and ignited (see Fig. 2). In the course of an Installation Restoration Pro- 
gram (IRP) remedial investigation, it was learned that fuel from the exercises had seeped 
into the shallow subsurface. The FTF has been used for about 10 years (Dames and 
Moore 1986). 

1.2.1 Physiography 

Davis-Monthan AFB is situated in the Tucson Basin within the southern part of the 
Basin and Range physiographic province. The Tucson Basin is typical of this region: it is a 
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FIGURE 1 

C H E M I C A L  AND G E O T E C H N I C A L  B O R E  H O L E  L O C A T I O N S  

Fig. 1. Chemical and geotechnical bore hole locations at Davis-Monthan AFB. 
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broad alluvial basin with adjacent hills and high mountains composed mainly of crystalline 
rocks. Alluvial fill within the basin includes sand, gravel, and silts with a total thickness of 
thousands of meters. Some of these strata are aquifers which are a major water supply 
source for the Tucson area (Dames and Moore 1986). 

Y 

Water is provided to Davis-Monthan by eight wells which range in depth from 124 to 
308 in (405 to 1010 ft). Several produce water from two or more intervals. The water 
table is at a depth of about 92 m (300 ft). As is commonplace throughout much of tlne 
desert southwest, the water table has been drawn down in response to pumping, which far 
exceeds the recharge rate. Static water level in the base wells has declined from 8 in 
(26 ft) to more than 30 m (100 f t )  during the last 30 years. The overall gradient of the 
water table is to the northwest, toward the center of the Tucson Basin (Dames and Moore 
1986). 

Prior to this investigation, near-surface geology was known from six 6.1-rn (20-ft) 
bore holes drilled during the previous IRP Phase I1 investigation. Other observations have 
been made of the general character of near-surface substrata at a gravel pit elsewhere on 
the base. Shallow subsurface material includes sands, gravels, sand-gravel mixtures, and a 
few clay beds. Based on these field data, it i s  reasonable to conclude that these shallow 
alluvial. deposits are moderately permeable, but that clay-silt beds may retard shallow 
groundwater movement. In addition, drillers' logs of the water wells on the base describe 
cemented sands and caliche in the shallow subsurface that also may affect groundwater 
infiltration (Dames and Moore 1986). 

1.2.4 Extent of Previo 

Contaminants consisting of JP-4 jet fuel and associated components were detected in 
almost all subsurface samples collected at the FTF during the IRP Phase I1 investigation 
(Dames and Moore 1986). Contaminated soil was found from top to bottom of some holes. 
Detection was based on odor and/or organic vapor instrument readings. In some cases, 
samples showed visible contamination. The samples in which contaminants were found by 
chemical analysis came from depths of 3.0 and 6.1 m (10 and 20 ft). 

Contaminants present in the soils at this site are derived primarily from waste fuels, 
lubricants, and solvents. The principal contaminants are volatile organic compounds 
(VOCs) and oil and grease. The contaminants detected in samples from the base water 
wells W-4 and W-1 1 include methylene chloride, chloroform, 1,2-dichloroethane, oil and 
grease, and phenol (Dames and Moore 1986). 

'I'he greatest suggestion of potential contamination at this site was found in the three 
IRP drill holes (Borings 3-1, 3-2, and 3-6), which were located where jet fuel is currently 
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burned for fire training exercises or adjacent to the waste fuel storage tanks that supply 
fuel to the FTF (Dames and Moore 1986). The Phase 11, Stage 1 IRP borings, however, 
were terminated at 6.4 m (21 ft), so it is not possible to estimate the vertical extent of 
the potential contamination. VOC contamination detected at termination depth at a boring 
near the waste fuel storage facility indicates that contamination is not limited to the fire 
training areas investigated by Borings 3-1 and 3-2 (ORNL 1987a). 

The extent of groundwater Contamination can be estimated by the locations of the 
base wells in which contaminants were detected sporadically. Base wells W-4 and W-1 1 
are within about 760 m (2500 ft) of each other and the FTF. Contaminants from the FTF 
could be carried downgradient and captured in the cones of depression in the groundwater 
surface created by pumping base wells W-4 and W-11. However, contaminants detected in 
the base water wells were not the same as those detected in the soil borings (Dames and 
Moore 1986). Therefore, it was unknown to what extent JP-4 and other possible contam- 
inants had migrated from the existing FTF (ORNL 1987a). 

2. FIELD INVESTIGATIONS 

The objectives of the field investigation at Davis-Monthan AFB were to collect samples 
and data in order to: (1) test for the presence of contaminants in the soil and (2) define 
the geotechnical characteristics of the soil as they relate to the planned FTF construction 
(QRNLl987a). 

The basic components of the field investigations were (1 )  soil borings for environ- 
mental sampling and (2) soil borings for geotechnical data and sampling (see Fig. 1). The 
numbers of each type of boring and the types of samples collected are discussed below, as 
are the procedures, equipment, and materials utilized for sampling (ORNL 1987~).  

2.1 ENVIRONMENTAL TESTING 

Soil samples for environmental testing as well as geotechnical samples were obtained 
from the first five drill holes. These holes were drilled to a depth of 11 m (37.5 ft). This 
depth range was used in order to provide an adequate stratigraphic section for study. The 
six 6.1-m-deep (20-ft-deep) holes driIled during the IRP Phase I1 investigation found sand 
and gravelly sand in the bottom several meters of each hole. 

2.1.1 Environmental Borings 

The five combined environmental and geotechnical test borings (see Fig. 1) were 
drilled prior to those holes needed only for geotechnical evaluation. This allowed for the 
discontinuation of strict decontamination of the sampling tools (split-barrel and/or split- 
ring samplers) used for the geotechnical sampling (see Figs. 3 and 4). 
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The Earth Technology Corporation (Earth Technology) conducted the drilling and 
geotechnical evaluation. Moles were located on the alluvium aroun the present fire train- 
ing area and were drilled with a hollow stem auger. 

The first bore hole, BH-1 (see Fig. I) ,  was sampled for both environmental/chemical 
(E/C) and geotechnical analyses. E/C sampling was conducted at approximately 
1-m (3.3-ft) intervals as described in the work plan. It was determined from this bore hole 
that the combined E/C and geotechnical sampling at the intervals specified in the work 
plan caused serious sampling delays and extra work for the drill crew. To alleviate this 
problem, the sampling interval and procedures were modified for the remaining four com- 
bined E/C and geotechwical bore holes. The sample interval was modified to every 1.5 m 
( 5  ft), which allowed the drillers to drill one full auger flight and then take the split- 
barrel E/C sample, followed immediately by the split-ring geotechnical sample. This pro- 
cedural change greatly expedited the sampling and also minimized the possibility of cross- 
contamination of the E/C samples. The split-barrel used for the E/C sampling was also 
decontaminated between each interval (see Fig. 5 ) .  

One other deviation from the work plan was initiated during the field project. Upon 
completion of the first deep geotechnical bore hole (GT-2, 28 m (91 ft)), which was sam- 
pled every 1.5 m ( 5  ft), it was determined that the lithology remained essentially con- 
stant. Therefore, the other two 28-m (91-ft) deep bore holes (GT-7 and GT-10) were sam- 
pled at 1.5-m (5-ft) intervals to 9.1 m (30 ft) and then at 4.5-m (15-ft) intervals to the 
bottom of the holes. 

ORNL representatives were responsible for sampling and shipping of all E/C samples 
to the Analytical Chemistry Department at Oak Ridge Gaseous Diffusion Plant in Oak 
Ridge, Tennessee. 

Earth Technology representatives were responsible for all the geotechnical samples, 
including transport to their geotechnical laboratory in Phoenix, Arizona, for analyses. An 
OR WE representative supervised all drilling and sampling. 

A hollow-stem auger was useel to drill all of the bore holes. Split-barrel samples for 
environmental and chemical analyses were collected at 1,5-m (5-ft) intervals using a 5 X 
45.7 em (2 X 18 in.) split-barrel sampler. The geotechnical samples were collected using 
a 4.5 X 30 cm ( 3  X 12 in.) split barrel with inserted 2.54 X 6.35 cm (1  X 2.5 in.) 
“California” split-ring samplers. 

To determine standard penetration, blow courits per 15 crn ( 6  in.) were recorded for 
both types of split-barrel sampling using the standard 63,5-kg (140-lb) hammer falling 
75 cm (30 in.). Fifty blows per 15 cm (6 in.) was considered refusal. 
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ise potential for crass-contamination of samples, all drilling and sampling 
equipment was decon taminated prior to drilling, between environmental sample borin 
prior to sampling, and before removal from the site. Equipmat decontamination p 
cedures consisted of thorough high-pressure hot water washing with a laboratory-grade 
detergent, followed by a potable water rinse. The environmental sampling tools (split- 
barrel) also received a deionized water rinse and a final rinse with pesticide-grade i s  
pyI alcohol. Earth Technology was responsible for the collection, containment, and di 
of all fluids and waste materials generated by decontamination procedures and field inves- 
tigations until it was determined that no significant contamination was present, at which 
tiik”RC the rime water was spread on the concrete pad at the northwest side of the site and 
was allowed to evaporate. Strict decontamination procedures were discontinued after the 
chemical sampling of the first five bore holes was completed, but air monitoring with a 
photoionization detector (PID) was conducted for 

Cuttings from the drilling were backfilled into the drill holes after all sampling was 
completed, 

rsonnel safety throughout the project. 

During the field investigation appropriate standards for sampling methods and quality 
controls (QC) were followed. For sampling procedures the following items were relevant: 

the number, types, and locations of all samples; 

the methods of sample acquisition and preservation; 

the design, construction, and abandonment procedures for soil borings; and 

the schedule for implementing the various sampling tasks. 

* 

During drilling, a PID was used to monitor ambient air, drill cuttings, and split-barrel 
samples, This was done for three rCa-Sons: to detect any organic vapor that might. have 
been harmful to the workers; to locate subsurface zones that were contaminated; and to 
screeti split-barrel samples in order to determine which samples should be retained for pos- 
sible chemical analysis. 

At least three samples were selected from each hole for chemical analysis. A sample 
was taken from the bottom of each hole, plus two others from zones with the highest PHD 
readings. Samples were analyzed for the followin substances, which are diagnostic for 
JP-4 jet fuel: oil and grease, benzene, napthalene, xylene, and toluene. Appropriate analyt- 
ical techniques were used as required by U.S. Environmental Protection Agency (EPA) 
protocols, including SW503Q/8020 for aromatic volatiles, SW5030/8240 for halogenated 
volatiles, and SW355Q/E418.1 for petroleum hydrocarbons. 

The results of the chemical analyses are presented in Appendix 1. 



11 

2.2 GEOTECHNICAL TESTING 

A subsurface investigation of the proposed FTF site was performed by Earth Technol- 
ogy. The design of the new FTF consists of a 61-m-diam (200-ft-diam) gravel fill vehicle- 
maneuvering pad 0.61 m (2  ft) above grade, various concrete pads, a double-lined con- 
tainment pit on the top of the fill, and other support facilities. Anticipated loads include 
only the 0.61 m (2 ft) of fill, the concrete pads, and truck-mounted fire-fighting equip- 
ment. The facility will be constructed using locally available aggregate as fill. 

2.2.1 Geotechnical Sampling 

The selected method of drilling was by hollow-stem auger. Sampling was conducted at 
approximately 1.5-m (5-ft) intervals using either split-ring samplers inserted into 7.5 X 
30 cm (3  X 12 in.) split barrels or standard 5 X 45 cm (2 X 18 in.) split-barrel 
samplers with no inserts. A total of 16 holes drilled for geotechnical sampling, including 
the 5 previously described 1 I-m-deep (37.5-ft-deep) chemical test holes; 3 holes were 
28 m (91 ft) deep, and the remaining 8 holes were 7 m (21.5 ft) deep. All holes were 
sited in the construction area. 

2.2.2 Geotechnical Laboratory Testing 

Twenty-five split-barrel or split-ring samples were selected for natural moisture con- 
tent and tested in accordance with ASTM D-2216-71. A modified proctor analysis 
(ASTM D-1557) on five samples was performed, and at least ten samples were selected 
for grain-size analysis (ASTM D-422-72). Five samples were selected for the determina- 
tion of plasticity or Atterberg limits (ASTM D-4318-83). At least two samples of clay 
strata were tested for one-dimensional consolidation in accordance with ASTM D-4186. 
All geotechnical samples taken but not used for laboratory testing were stored for a period 
of three months prior to disposal in case further testing was needed. This included the 
samples taken from the environmental test borings that were not turned in for chemical 
analysis. Geotechnical testing results are presented in Appendix 11. 

2.3 SAMPLE HANDLING AND SHIPPING PROCEDURES 

Environmental samples collected by split-barrel were placed in clean 946-mL (32-02) 
glass jars with teflon-lined covers that were labeled to show the project name, hole 
number, sample interval, and date. Samples were packed into iced cooler chests immedi- 
ately after collection (see Fig. 6). Sample descriptions included lithology, color, grain size, 
texture, and relative amounts of gravel, sand, silt, and clay. Samples were also described in 
accordance with standards of the Unified Soil Classification System (USCS) (Prokopovich 
1977). 

Environmental samples were shipped to the analytical lab in accordance with estab- 
lished EPA protocols for packaging, transportation, and storage (ORNL 1988). ORNL 
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representatives shipped all of the environmental samples. Chain-of-custody forms accom- 
panied all samples to the analytical laboratory. Geotechnical samples were collected by 
personnel from Earth Technology and were sent to their geotechnical lab according to 
common work practices. 

2.4 QUALITY ASSURANCE/QUALITY CONTROL 

Elements of quality assurance/quality control (QA/QC) specifically applicable to the 
environmental investigation included: 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

adherence to decontamination procedures for all equipment and materials used in dril- 
ling; 

designation by the subcontractor of an individual who was responsible for monitoring 
the quality of work and who would interface with the ORNL representative; 

maintenance of a daily log with a thorough summary of each day’s work; 

adherence to the QA/QC plan for this investigation. 

sample chain-of-custody requirements; 

sample handling protocols; 

specifications or regulations for QA/QC duplicate samples, field blanks, and decon- 
tamination rinsate samples; 

specifications or regulations for field and laboratory data management; 

specifications or regulations for decontamination procedures; and 

procedures and requirements for disposal of investigation-generated wastes. 

The analytical laboratory was to analyze 10% of the samples in duplicate. These sam- 
ples along with the regular samples were sent as QC splits for secondary laboratory analy- 
sis. Duplicates requested by the various regulatory agencies or other approved parties were 
made from the same base samples. Upon collection, soil samples were cornposited in the 
field in an appropriate large container from which all duplicate samples were homogenized 
and subsampled, using the appropriate sample containers. 

3. SIGNIFICANCE OF FINDINGS 

3.1 CHEMICAL ANALYSES 

Results of the chemical analyses of soil samples from five bore holes indicated the pres- 
ence of significant petroleum hydrocarbons in two samples from bore hole 2 and one sam- 
ple from bore hole 5 (see Fig. 1 and Appendix I). 
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Concentrations of petroleum hydrocarbons in bore hole 2 were 9300 pg/g at approx- 
imately 3.6 m (12 ft) and 390 pg/g at approximately 6.7 m (22 ft). The sample from 
the bottom of the hole [at approximately 11 m (37 ft)] was below the detection limit of 
17 pg/g. Bore hole 2 was drilled adjacent to an area which had been used for fire train- 
ing (burn pit) in the past. There were obvious carbon residues on the surface, but the area 
did not have a definite berm built up around it for containment, as did the two other burn 
pits. Bore hole 2 was drilled approximately 61 m (200 ft) northwest (downgradient) 
from any of the planned new facilities. Thus, the contamination found should not adversely 
affect the present siting plans. 

Bore hole 5 also showed significant petroleum hydrocarbons (1  20 pg/g) at approxi- 
mately 4 m (12 ft) deep. The other two samples analyzed from bore hole 5 were found 
to be below the detection limit (17 pg/g) for petroleum hydrocarbons. The location of 
bore hole 5 was approximately 24 m (80 ft) northwest of one of the two currently used 
burn pits (see Fig. 1). The containment berm of this burn pit was breeched on its 
northwest side, which may have allowed some unburned fuel to escape the burn pit. The 
east edge of the vehicle-maneuvering area of the new FTF will reach the location of bore 
hole 5. However, since only one of the samples from bore hole 5 showed slight contami- 
nation, siting the new FTF should not be affected. 

Chemical analyses for VOCs showed concentrations of methylene chloride, toluene, 
chloroform, and 2-butanone at detection limit values in several of the samples. All other 
VOCs except acetone were found to be below detection limits. 

Acetone was detected in all the samples analyzed. The Analytical Chemistry Depart- 
ment of the Oak Ridge Gaseous Diffusion Plant has attributed it to the conversion of the 
isopropyl alcohol used for decontamination of the sampling tools to acetone by exposure to 
sunlight. 

3.2 GEOTECHNICAL INVESTIGATION 

Results of the geotechnical investigation support the conclusion that no significant re- 
strictions to building the new FTF at Davis-Monthan AFB exist. Earth Technology did, 
however, make several recommendations in its geotechnical report (Appendix 11). These 
include: 

1. Site preparation should remove all vegetation, abandoned utility lines, or other buried 
obstructions. A minimum of 15 cm (6 in.) of surface soil should be removed from the 
entire site followed by compaction of 95% according to ASTM D-1557. 

2. For building areas, soil should be excavated and removed from the site, replaced with 
clean (uncontaminated) soil, and compacted. The extent of the area treated by such 
procedures varies with intended use. To provide support for foundations and slabs, the 
treated area should extend 1.2 m (4 ft) below footings, 0.6 m (2 ft) below slabs, 
and 1.5 m (5 ft) beyond outside dimensions of all structures; for effluent pond and 
containment pit it should extend 1.2 m (4 ft) below and 1.5 m ( 5  ft) around p r im-  
eters; and it should extend 0.9 m ( 3  ft) below and 0.6 m (2 ft) along side of pit 
drain lines. In all cases the recompaction material should be of a nonexpansive fill. 
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3. 

4. 

5 .  

6. 

7. 

8. 

Fill placement and compaction should use organic-free nonexgansive fill placed in 
horizontal lifts not exceeding 20 cm (8 in.) in loose thickness, moisture conditioned, 
and compacted to a minimum of 95% according to ASTM D-1557. 

Shallow foundations should utilize wall footings of 30 cm (12 in.) minimum width 
and embedded at least 45 cm (18 in.) below lowest adjacent finish grade. Interior 
spread footings should be placed at least 40 cm (24 in.) below lowest adjacent grade 
and be 60 cm (24 in.) in width. 

Floor slab thickness and reinforcement requirements should be designed by a struc- 
tural engineer, but minimum design recommendations include: 10-cm-thick (4-in.- 
thick) slabs with welded mesh (6 X 6-lO/lO WWF) placed at mid-height to control 
thermal cracking; a minimum 6-mL-thick plastic moisture barrier placed between a 
5-cm (2-in.) sand blanket on compacted fill with another 5-cm-thick (a-in.-thick) sand 
blanket between it and the slab where moisture-sensitive floor covering is planned. 
Moisture conditioning of at least 30 cm (12 in.) of the slab subgrade should also be 
provided. 

Lateral earth pressures are based on 120 lb/ft3 unit weight for level backfill material 
under free drainage conditions. If variations in backfill materials occur or if sloping 
backfill is used, including any retaining walk, the following parameters should be con- 
sidered : 

Active equivalent fluid pressures: 40 Ib/ft3 
Passive equivalent fluid pressures: 300 Ib/ft3 
At-rest equivalent fluid pressures: 60 lb/ft3 
Coefficient of friction (concrete on soil): 
Allowable bearing capacity: 2,400 lb/ft3 

Also, properly outletted drain systems should be provided behind any retaining walls 
to avoid hydrostatic pressure buildup. 

Soil corrosivity and cement-type recommendations include use of nonmetallic or 
corrosive-resistant utility pipes, and, based on sulfate test results, Type I1 cement may 
be used for all concrete. 

Drainage and erosion prevention should be provided by designing pad grades such 
that surface runoff is directed off-site towards approved drainage devices. Erosion 
should be minimized by covering all slopes with coarse gravel and planting drought- 
tolerant vegetation. 

0.3 

3.3 CONCLUSIONS 

Possible contaminants expected at the FTF site were JP-4 and related fuels, lubri- 
cants, and solvents; therefore, chemical analyses requested were diagnostic analytical 
parameters for petroleum hydrocarbons and volatile organic compounds (VOCs). 

Results of chemical analyses determined that petroleum hydrocarbons directly related 
to the former fire training burn pits are present in the subsurface. Although one of the 
samples was found to have a relatively high concentration of petroleum hydrocarbons 
(9300 pg/g), the contamination was limited in vertical extent, and the imation of the bore 
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hole was approximately 61 m (200 ft) from any construction planned for the proposed 
FTF site. All chemical analyses performed on bore hole samples for VOCs were found to 
be at or below detection limits. 

The geotechnical investigation provided several recommendations for construction of 
the FTF, but did not present any data which would indicate that the site planned for the 
new FTF is geotechnically unsuitable. 

In summary, results of this siting investigation support the location of the new FTF 
within the present fire training area as planned. 
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nternal Correspondence 
MARTM MARIETTA ENERGY SYSTEMS, IMC. 

November 2, 1987 

P. J. Fmco,  HAZWRAP, FEDC 

Results fmm DavisMonthmz AFB QNQC *Zit Samples 

One set of samples has been received from Davis-Monthan AFB. The samples arrived 
a t  the Analytical Chemistry Department (ACD.) a t  Oak Ridge Gaseous Diffusion Plant 
on September 3, 1987. Lhta f m m  this set is presented in this report. 

Copies of the chain of  custody which were received by ACD are attached. Chain of  
custody kept in the labomtory is on file and has been reviewed for completeness, 

E P A  Method 8240 was performed for the volatiles analysis on soils, and EPA Method 
624 was performed for the volatiles analysis on waters. No surrogate recoveries on 
the volatiles exceeded the October1986 Revised CLP criteria. None of the samples 
exceeded the 1Uday  holding time for volatiles, except DMTB03-RI-0901-02. This 
sample was originally analyzed on September4, 1987, but the data was lost due to 
instrumental problems, and the sample was w-analyted on September 18, 1987. The 
volatile blanks met the CLP criteria for common solvents. The volatile matrix spikes 
and matrix spike duplicates were within the CLP limits. Calibration and aoZing of 
the GC/MS was performed as per the October 1986 Revised CLP method. Every sample 
showed above detection limit Zeveb of acetone, including the field blanks. I t  is my 
understanding that the sampling equipment was decontaminated with isopropyl alcohol, 
and we know that sunlight converts isopropyl alcohol to acetone. Acetone is a common 
problem when isopropyl alcohol is used for equipment decontamination. The t r i p  blanks 
also showed significant levels of acetone, but the method blanks, with one exception, 
showed below detection levels of acetone. The one exception was slightZy above 
detection limits. Seveml of the samples showed methylene chloride, toluene, and 
chloroform at concentrations near the detection limits. 

E P A  Method 418.1 was performed for the petroleum hydrocarbons. None of the samples 
exceeded the 28-day holding time for petroleum hydrocarbons. lTtere is not a m g a t e  
program available for petroleum hydrocarbons. One set of matrix spikes and matrix 
spike duplicates was performed, and they met the CLP criteria. mree of the sumples 
showed significant levels o f  petroleum hydrocarbons. 

R. D. Westmoreland, K-1000, MS-440, ORGDP (4-8072) - NoRC 

R D W:mpo 

Attachments: 
As stated 

c c/a t t : D. CampbelZ, HAZWRAP, FEDC 
D Smuin, ORNL, Grand Junction, Colorado 

cc/wo att: M. S. Miller 
R. W. Morrow 
File-RDW-NoRC (2) 

-- - - - . -__ 



TABLE 1 .  CUSTOMER SAMPLE NUMBER VERSUS LABORATORY SAMPLE NUMBER 

LQbomtoTy 
Sample 
Number 

871016-090 
871 01 6-091 
871 016-092 
871 01 6-093 
871 01 6-094 
871016-095 
871 01 6-096 
871 01 6-09 7 
871016-098 
871016-099 
871 016-100 
871 01 6-1 01 
871 016-102 
8 71 01 6-1 03 
8 71 01 6- 104 
871 016-1 05 

Customer 
Sample 
Number 

DMBHOl -SO-0831-56 
DMBHOl -SO-0831 -07 
DMBHOl -SO-0831 -09 
DMBH02-SO-0831-03 
DMBH02-SO-0831-05 
DMBH02-SO-0831-08 
D M B H03 -SO - 09 0 1 - 0 2 
D M B H 03 -SO- 090 1 - 04 
DMBH03-SO-0901-08 
DMBH04-SO-0901-05 
D M B H 04 -SO - 095 1 - 0 6 
DMBH04-SO-0901-08 
DMBH05-SO-0901-02 
DMBH05-SO-0901-03 
DMBH05-SO-0901-08 
DMBH03-SO-0901-04D 

Analysis 

VOA, P E T .  H.C. 
VOA, P E T .  H.C. 
VOA, P E T .  H.C. 
VOA, P E T .  N.C. 
VOA, P E T .  H.C. 
VOA, P E T .  H.C, 
VOA, P E T .  H.C. 
VOA, P E T .  H.C, 
VOA, P E T .  H.C. 
VOA, P E T .  H.C. 
VOA, P E T .  H.C. 
VOA, P E T .  H.C. 
VOA, P E T .  H.C. 
VOA, P E T .  H.C. 
VOA, P E T .  H.C. 
VOA, P E T .  H.C. 

TABLE 2. MATRIX SPIKE SAMPLE NUMBERS VERUS LABORATORY SAMPLE NUMBERS 

Laborntory 
Sample 
Numbel3 

871 01 6-1 06 
871 01 6-1 0 7 
871016-112 
8 71 01 6-1 13 

Matrix Spike 
Sample 
Numbers 

DMBH03-SO-0901-04MS 
DMBH03-SO-0901-04MSD 
DMTBOl-RI-0831-01 MS 
DM TBOl -RI-0831-01 MSD 

Analysis 

VOA 
VOA 
VOA 
VOA 



TABLE 3.  FIELD AND TRIP BLANK SAMPLE NUMBERS VERSUS LABORATORY 
SAMPLE NUMBERS 

8 71 01 6-1 08 
871 016-109 
871 016-1 10 
871016-11 1 

FieZd and M p  
Blank Sample 

N u m b e r s  

DMFBOl -RI-0831-01 
DMFB03-RI-0901-02 
DMTBOl -RI-0831-01 
DMTB03-RI-0901-02 

h Z *  

VOA, PET. H.C. 
VOA, PET. H.C. 
VOA 
VOA 

TABLE 4 .  METHOD BLANK SAMPLE NUMBERS VERSUS LABORATORY 
SAMPLE NUMBERS 

FieZd and Trip 
BZank Sample 

Numbers 

871016-1 14 
87101 6-1 15 
8 71 01 6-1 16 
8 71 01 6-1 17 
8 71 01 6- 11 8 
871016-1 19 
871 01 6-1 20 
871 016-1 21 

VOBL KO908 
VB L K 090 92 
VOBL KO9092 
VOBL09091 
VO B L K 09 1 0 
VOBL09081 
VBLK09042 
VOBL09181 

VOA 
VOA 
VOA 
VOA 
VOA 
VOA 
VOA 
VOA 



TABLE 5, LABORATORY BLANK SAMPLES 

Number of BZank Associated Samples 

871 01 6-1 14 

871 01 6-1 15 

8 71 016-1 16 

871016-117 

8 71 01 6-1 18 

871016-1 19 

871 016-1 20 

871 016-121 

8 71 01 6-090 
871016-091 
871 016-092 
871 01 6-093 
871016-094 
871016-095 
871 01 6-096 
871 01 6-09 7 
871016-098 
871 01 6-1 03 
871 01 6- 104 
8 71 0 16- 105 
871 01 6-1 06 
871 01 6-1 0 7 

871016-099 

871 01 6-1 00 
871 01 6-1 01 
871 016-102 

871 01 6-1 08 
871 01 6-109 

871 01 6-1 10 
8 71 01 6-1 12 
871 01 6-1 13 

8 71 01 6-1 11 



C HA I N-OF -CUSTODY 





OAK RIDGE NATIONAL LABORATORY 
Grand Junction Office 

Ch%h ob Sample Custody 

I 

I Dlqributkn: Origlnrl rccomprnkt rrmpkr. copier to rrlhqulrhrrr. 

7. 

I I 1 



OAK RIDGE NATIONAL LABORATORY 
Grand Junction Office 

Chain of Sample Custody 

I I I I I I 

1 1 1 

Dinributbn: Orbinrl aceompanbs samplus, copies to relinquishers. 
I I I 



OAK RIDGE NATIONAL LABORATORY 
Grand Junction Office 

M I R ~ I W A ~  StreotAddmc 
P.O.IBox 2567 2597 8% R d  
armid &netion, CO ~umtion. co 81503 

Phom (303) 242-8621 I 
Chain of Sample Custody 

t I I 1 

i 

ributkm: Orlgic#1 accompanies samples, copies to relinquishon. t Dab I I 
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INTERNATIONAL 
TECHNOLOGY 

Possible Sample Hbards: 

SIGNATURES: (Name, 

I 
I 

vwkt 8 TO ro6Qmpmy - 
-1, 011) c*+,* I*... 



Pdsslble Sample Hazards: '-' 
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LABORATORY DATA SET 





Oak fiidge Gaseous D i f f u s i o n  Plant 
Analrt ical Cher is t PY Departhen t 

R e s u l t s  of Analyses  

Custorer Nape: FRANC0 
Custorer Sawle Nurber: BH01-SO-0831-06 Lab Sawle Wurber: 871016-05’0 
Date SarPle Received: 16-OCT-1987 Date h p l e  CorPleted: 30-OCT-1987 

Hater i a1 Description:  MVI S-HONTHAN SOIL Rea. Nuaber: 
Date Sawled: SPBPlFd BY: 

Prosrar Nanaser: HS Hiller 
Date Approved: 30-OCT-1987 



AnaLIS ID: 871016-0?0 Customer Sample ID: bH01-50-0831-06 
Laboratory Name: Organic Hass S P e c t r o s w r  Customer Name: FRANC0 
File ID: ITAS S a w l e  tiatrix: SOIL 
Instrument ID: ITASP Reouisitim Nurber: 
Data Release Authorized BY: DC Canada Date Sample Received: 4-SEP-1987 

Volatile O r m i c  Cmpounds - HSL 
Date ExtractedIPrePared: 
Preparation Procedure Number: EPA-5030 
Percent Hositure: 
Percent Hoisture (decanted) : 
Associated Blank: 871 01 6-1 14 

CAS uS/KgB _________- .............................. ---------- 
74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
6744-1  
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-t 
5b-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01 -5 
124-48-1 

chlo role thane 
b rouoie thane 
vinyl chloride 
chloroethane 
me thrlene chloride 
acetone 
carbon disulfide 
19 1-dichloroethene 
1 I 1-dichloroethane 
trans-1 $2-dichloroethene 
chloroform 
1 I2-dichloroethane 
?-butanone 
191 rl-trichloroethane 
carbon tetrachloride 
vinsl acetate 
brocodichloromethane 
1 r?-dichloroProPane 
ci s-1 I 3-di chloro~ro~ene 
trichloroethene 
dibroaochlorowthane 

1 ou 
1 ou 
1 ou 
1ou 

3 J  
87 E 

5u 
511 
5u 
511 
5u 
5u 

1 ou 
5u 
5u 

1011 
5u 
5u 
5u 
5U 
5u 

Date Analrzed: 8-SEP-1987 
Analwis Procedure Nurber: EPA-8240 
Conc/Dilution factor: 1 .o 
halrst: L HOLSOPPLE 

79-00-5 
71-43-2 
10061-02-6 
110-75-9 
75-25-2 
108-10-1 
591-784 
12?-18-4 
79-34-5 
108-88-3 
108-90-7 
100-41-4 
100-42-5 

11 lr2-trichloroethwle 
benzene 
t rans-1 I 3-d idrloraProme 
2-chloroethrlvinrl ether 
brosoform 
4-rethrl-?-~entanone 
?-hexanone 
te t r ach 1 or oe thene 
1 I 1,2r?-tetrachlo~ethane 
toluene 
chlorchenzene 
ethylbenzene 
styrene 
total xrlenes 

Data ReFort:n$ Qualifiers: 

U - Compound uas analyzed f o r  but not detected, 
b - Analrte ua5 found in the reasent hlank as uell as the sarfle. 
J - Indicates an estimated value, 
ND - Not Detected. 

The number is the attainable detection limit for the saoPle. 

Amount Amount Percent 
Surrogate Carround Spiked ReccvereC Recovered 

TOLUENE-D8 50 54.5 - 1OF.O 
BROHOFLUOBOEENZENE 50 57 114.0 
1 r 2-DI CHLOROETHANE-D4 50 54.5 109.0 

.............................. -------- ---------- ---------- 

5u 
su 
5u 

1ou 
5u 

1ou 
1 ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 



Oak Ridge Gasews Diffusion Plant 
Analytical Cbeiistrr Department 

Results o f  Amlrses 

Costorer Nare: FRANC0 
Custorer Sawle Number: BH01-SO-0831-07 Lab S w l e  Wuaber: 871016-091 
Date Sawle  Received: 16-0CT-198! Date Simple Cowleted: 27-OCT-1987 
Date Sampled: Sawled BY: 
M e r  ial  Descripti on : MU IS+ONTHAN SOIL Re@. Number: 

Prosrar Kenaler: HS Hiller 
Date Awroved: 28-OCT-1987 



AnaLIS ID: 871016-091 Custorer SaePle ID: EFK)l-SO-O831-07 
Laboratory Naiae: Organic Hass S ~ e c t r o s c o ~ r  Custober Name: FRANC0 
File ID: ITAS Sample Matrix: SOIL 
InstruPent ID: ITAS Reouisition Nurber: 
Data Release Authorized BY: DC Canada Date Sample Received: 4-SEF-1987 

Volatile Orsnic C o r ~ w n d s  - HSL 
Date Extracted/FrePared: 
Preparation Procedure Nurber: €PA-5030 
Percent Hositure: 
Percent hoisture (decanted) : 
Associated Blank: 871016-114 

74-07-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-50-5 
67-66-3 
107-56 -2 
78-93-3 
71-55-5 
55-23-5 
108-05-4 
75-27-4 

lGO61-01-5 
79-01-5 
124-48-1 

78-87-5 

chlororethane 
broromethane 
vinrl chloride 
chlo roethane 
rethrlene chloride 
acetone 
carbon disulfide 
1 I 1-dichloroet.hene 
1 7  1-dichloroethane 
trans-1 12-dichloroethene 
chlo rof o ra 
1 I2-dichlcroethzne 
?-butanone 
1 I 1 r 1-trichloroethane 
carbon tetrachloride 
vinrl acetate 
bromodichlororethane 
1 I 2-dich~oroFroFane 
cis-1 13-dichloro~ro~ene 
trichlcroethene 
dibroeochlororethane 

1 ou 
1 ou 
1 ou 
1 ou 
6 

98 E 
5u 
5u 
5u 
5u 
5u 
5u 

1ou 
5u 
5u 

1 OU 
5u 
5u 
su 
5u 
5u 

Date hzlrzed: 8-SEP-1987 
Analysis Procedure Nuaber: EPA-8240 
Concflilution Factor: 1 9 0  
Analrst: L HOCSOPPLE 

79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25-2 
108-10-1 
59 1-79- 6 
127-18-4 
79-34-5 
109-89-3 
108-90-7 
lG0-41-4 
100-42-5 

1 I 1 I 2- t r i chlcroethane 
benzene 
tram-1 r3-dichloro~ro~ene 
2-chloroethslvinrl ether 
broroforr 
4-rethsl -?-Pentanone 
?-hexanone 
tetrach! croethene 
1 1  1 r?,?-tet rxchloroethane 
tolueae 
chlorobenzene 
ethsikexene 
styrene 
tot;! xrleiies 

Data Reportins Qualifiers: 

U - Compound uas analrzed for but not detected, 
P - Analrte uas found in the reagent blank as *.ell as the saFle. 
J - Indicates an estimated value. 
NIi - Not Detected, 

The number is the attainable detection lirit f o r  the sarle. 

Amount Amount Fercent 
Surrogate Cowound Spiked Recovered Recovered 

TOLUENE-D8 50 53.5' 107,O 
PROHOFLUOROEENZENE 50 52,O 104 -0  

________________c-^_------_--- ------__ ---------- ---------- 

1 I 2-DfCHLOROETHANE-D4 50 59.0 116.3 

5u 
5u 
5u 
1 ou 
5u 
IOU 
1 ou 
5u 
511 
5u 
53 
5u 
5u 
5u 



Oak Ridge Gaseous Diffusion F l a n t  
Anal rtical Cheri s trr Department 

Results of Analyses 

Custoser Name: FRAUCO 
Custorer Sample Nurber: PH01-SO-0831-09 Lab SarPle NuRber: 871016-092 
Date Sample Received: 16-OCT-1987 Date Sawle  cor^ leted: 27-UCT-1987 
Date Sawled: Sarpled BY: 
Ifaterial IIescriPtian: DAVIS-HONTHAN SOIL Reo, Nurber: 

Prosram flmaser: RS hi l ler  
Date Awroved: 28-OCT-1987 



c 

AnaLlS ID: 871016-092 Customer SarPfe ID: EH01-SO-0831-09 
Laboratorr Name: Organic Hass Spectroscopr Custorer Haw: FRANC0 
File ID: ITAS Sample Hatrix: SOIL 
Instrurent ID: ITAS Reauisition Number: 
Data Release Authorized E d  DC Canada Bate Sample Received: 4-SEF-1987 

Volatile Organic Compounds - HSL 

Date Ext rac tedlf'repared: 
Preparation Procedure Number: EPA-5030 
Percent Hosi ture: 
Percent hoisture (decanted) : 
Arsoci ated El ank: 871016-114 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71 -55-6 
56-23-5 
108-05-4 
75-27-4 

10061-01-5 
79-01 -6 
124-48-1 

7a-07-5 

chloromethane 
bromore thane 
v i m 1  chloride 
chloroethane 
methylene chloride 
acetone 
carbon disulfide 
1 9  l-dichloroethene 
1 rl-dichloroethane 
trans-1 12-dichloroethene 
chloroform 
112-dichloroethane 
2-hutanone 
111 1 -trichloroethme 
carbon tetrachloride 
vinrl acetate 
brorodichloroaethane 
1 f2-dichloroProPane 
cis-1 ~3-dichloro~ro~ene 
trichloroethene 
dibroeochloro~e thane 

IOU 
1ou 
1 ou 
1ou 
5u 

5u 
5u 
5u 
511 
5u 
5u 

1 ou 
5u 
5u 

1ou 
5u 
5u 
5u 
5U 
5u 

20 P 

Bate Anal rzed: 8-SEP-1987 
Analrsis Procedure Number: EPA-8240 
Cancflilution Factor: 1 .o 
balrst: L mLsaPPLE 

79-00-5 
71-43-2 
10061 -02-6 
110-75-8 
75-25-2 
108-10-1 
591 -78- b 
127-19-4 
79-34-5 
109-W-3 
108-90-7 
100-41-4 
100-42-5 

1 112-t richloroe thane 
benzene 
trans-1 1 3-dichloro~ro~ene 
2-chloroethslvinrl ether 
b romof ora 
4-me thrl-?-pentanone 
?-hecanone 
te t rachloroethene 
1 r 1  1?f?-tetrachloroethane 
toluene 
chl D robenzene 
ethslbenzene 
strrene 
total xylenes 

5u 
5u 
5u 

1ou 
su 

1 ou 
1 ou 
5u 
5u 

5u 
5U 
5u 
5u 

1 J  

Data Reporting Qualifiers: 

U - Cclpound uas analsied for but not detected, 
E - Analrte was found in the reagent blank as well as the satple. 
J - Indicates an estimated value. 
ND - Not Detected. 

The nunber is the attainabze detection limit f o r  the satple. 

Spike Recovers Data 





Oak Ridge Gaseous Diffusion Plant 
Analrt i ca 1 Chec i s t rs Department 

Results of h a l r s e s  

Custoaer Nare: FRANC0 
Customer Sawle Nusber: BHO2-SO-0831-03 Lab b p l e  Nluber: 871016-093 
Date Sample Received: 16-OCT-1987 Date Sample Cowleted: 27-OCT-3987 
Date Sawled: Sampled BY: 
Material Description: DAVIS-MONTHAN SOIL Reo. Number : 

Prodrar tkmder: HS hi l ler  
Dab Approved: 28-OCT-1987 



CRGANIC ANALYSIS DATA REPORT 

CAS 

74-87-3 
74-83-9 
75-01 -4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-8?-5 
10061-01-5 
??-01-t 
124-48-1 

----I-- 

A n I I S  ID: 871016-093 Customer Sample ID: BHO2-SO-0831-03 
Laboratory Name: Organic hass Spectrascow Custorer Nare: FRANC0 
Fi le  ID: I T A S  SaaPle Hatrix: SOIL 
Ins t rwent  ID: I T A S  Reouisition Nwber: 
Data Release Authorired Er: DC Canada Date Sample Received: 4-SEP-1987 

Volatile Organic Cowounds - HSL 

Date Extracted/Prepared: 
Preparation Procedure Nurher: EPA-5030 
P e m t  h s i t u r e :  
Percent Hoisture (decanted): 
Associated Blank: 871016-1 14 

chlo m e  thane 
broromekne 
vinr l  chloride 
chloroethane 
r e  thrlene chloride 
acetone 
carbon disulf ide 
1 r ldichloroethene 
1 1-dichloroethane 
tram-1 I 2-dichloroe thene 
chloroform 
1 $2-dichloroethane 
2-butanone 
1 $191-trichloroethane 
carbon tetrachloride 
vinrl acetate 
bromodichloroae thane 

c i  s-19 3-dichl o r o ~ r o ~ e n e  
t richlo roethene 
dibrooochlorocethane 

1 r2-dichlo rOFroPane 

ud/Ks ---------- 
1 ou 
1 ou 
1 ou 
1 ou 
8 

86 E 
5u 
5U 
5u 
SU 
5U 
5u 

1 ou 
5U 
5u 

1ou 
5u 
50 
5u 
5u 
5u 

Date Analrred: 8-SEP-I987 
Analrsis Procedure #umber: Epk3240 
Conc/Di l u t  ion fac tor  : 
Analrst: L HMSDPPLE 

1,o 

79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25-2 
108-10-1 
591-78-6 
127-18-4 
79-34-5 
109-89-3 
608-90-7 
100-41-4 
100-42-5 

11 1,2-trichloroethane 
benzene 
trans-1 ~3-dichlorwro?ene 
2-chloroe thr lv inr l  ether 
brMOfOrB 

4-~e#rl-2-~enti#one 
2-hexanone 
tetrachloroethene 
1 9 1 r292-tet rachloroethane 
t o  1 uene 
ch 1 o rofreniene 
ethrlbeniene 
styrene 
t o t a l  xrlenes 

5u 
su 
5u 

1 ou 
5u 
iou 
1 ou 
5u 
5u 

5u 
5u 
5u 
5u 

1 J  

Data Reporting Qua! i f :e rs: 

U - Cowound uas a n a l r x d  f c r  hut not detected, 
P - Analrte uas found i n  the reagent blank as uel l  as the s a w l e .  
J - Indicatcr an es t i ra ted  value. 
ND - Not Detected, 

The number is the at ta inable  detection l i p i t  for the s a r r l e ,  

t t t t t  Coprents from the Yet Cheaistrr Laboratorr Stttt 



Oak Ridge Gaseous Diffusion Plan t  
Anal r t ica l  Chemistry Decartaent 

Resul t s  of Analrses 

Custaaer Nape: FRANC0 
Customer S a w l e  Number: BH02-SO-0831-05 Lab Sample Nurber: 871016-094 
Date Sample Received: 16-OCT-1987 Date Sawle Cowleted: 27-CCT-1987 
Date Sampled: Sampled Pr: 
Hater ia l  Description: DAVIS-HONTHAN SOIL Reo. Number: 

Prodram Harmer: HS Hiller 
Date Approved: ?8-OCT-198? 



baLIS ID: 871016-094 Custoaer Sample ID: BHO2-SO-0831-05 
Laboratory ffare: Organic Hass Spectroscopy Custorer Mae: FRANC0 
Fi le  ID: ITAS Sawle  Hatrix: SOIL 
Instrurent ID: ITAS Rectuisitiw; Nurber: 
Data Release Authorized 33: DC Canada Date Sawle  Received: 4-SEP-1987 

Volatile Ormic Cob~ocnds - HSl. 

Date Extracted/P repa red: 
Preparation Procedure Number: EPA-5030 
P e m t  h s i t u r e :  
Percent Hoisture (decanted) : 
kksocisted Plank: 871016-1 14 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-05-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 

&lo mre thane 
braamethane 
vinr l  chloride 
chl ome thane 
rethrlene chloride 
ace tone 
carbon disulf ide 
1 r  I-dichloroethene 
1, I-dichloroethane 
trans-1 r 2-dichloroethene 
chloroforr 
1 r2-dichloroethane 
?-butanone 
1 9 1 r 1 -t rich1 oroethane 
carbon tetrachloride 
vinrl acetGte 
browdichlororethane 
1 92-dichloroProPane 

1 ou 
1 ou 
1 ou 
IOU 
5 

30 P 
5u 
su 
5u 
5U 
5u 
5U 

1 ou 
5u 
5u 

1ou 
5u 
5U 

Date Analried: 8-SEP-19E7 
Analrsis Procedure Nurber: EPA-8240 
Cancfli luti on Factor: 
Analrst: L HOLSOPPLE 

1 .o 

110-75-8 
75-25-2 
103-10-1 
591-78-6 
127-18-4 
79-34-5 
108-88-3 
108- 90- 7 
100-41-4 
100-42-5 

2-chloroethrlvinrl ether 
brarofom 
4 -ret hr  1 -2-P en t anone 
?-hexanone 
tetrachloroe thene 
1 r 1 9  2 9 2-te t rachloroe thane 
toluene 
&lo  robenzene 
ethr1tren:ene 
styrene 
t o t a l  xylenes 

10061-01-5 cis-1 9 3-dichloroProPene 5U 
79-0 1-6 t r  ich I o roethene 5u 
124-48-1 dibrorachloroeethane 5u 

Dsta Reportins Oualifiers: 

U - Cmpaund uas ana1r:ed for b u t  not detected, 
E - Analrte was found i n  the reagent blank PS gel1 as the s a r f l e *  
J - Indicates m es t i ra ted  value, 
ND - Not Detected. 

The nurber is the attainable detection limit f o r  the sar~le. 

zoo 
5u 

IOU 
10u 
su 
5u 
5U 
51! 
5u 
5u 
5U 



Oak Ridse Gaseous Diffusion Plant 
Anal r t ica l  Chemistry Department 

Resul t s  o f  Analyses 

Custorer Name: FRANC0 
Customer Sample Number: PHOZ-SO-0831-08 Lab Saaple Nurber: 873016-095 
Date SarPle Received: 16-OCT-1987 Date Sample COOFhted: 27-OCT-1987 
Date Sawled:  Sampled Pr: 
Rate r i a l  Description: DAVIS-HONTHAN SOIL Reo. Number: 

Prosram tfanaaer: RS R i l l e r  
Date Amoved:  28-OCT-1987 



AnaLIS ID: 871016-09s Custoaer Sarple ID: RHO?-SO-0831-08 
Laboratory Nare: Organic Wass Spectroscow Custorer Nare: FRAHCO 
Fi le  ID: I T A S  Sarple flatrix: SOIL 
Ins t rwent  ID: I T A S  Reau i si t ion  Number : 
Data Release Authorized BY: DC Cmada Date Sample Received: 4-SEP-1987 

Volatile Orsanic Coipwhds - HSL 
Date ExtractedRrePared: 
Preparation Procedure Nurber: EPA-5030 
Percent Hosi ture: 
Percent noisture (decanted) : 
Associated Blank: 871016-114 

74-87-3 

75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 

10061-01-5 
79-01 -6 
124-48-1 

74-83-9 

7a-87-5 

chlororethane 
browmethane 
v inr l  chloride 
chloraethane 
rethrlene chloride 
acetone 
carbon d i w l f i d e  
1 I 1 -di ch lo roe thene 
1 9  1-dichloroethane 
trans-1 r?-dichloroetkne 
chloroform 
19 2-dichloroethane 
2-butanone 
1 r 1 I 1-tr ichloroethne 
carbon tetrachloride 
vinrl acetate 
bromdichlororethane 
1 9  2-dichlorop ropane 
cis-1 Y 3-dich loro~ro~ene  
t r ichl  o roe thene 
dibrorochlororethane 

1 ou 
tou 
1ou 
1ou 

3 J  
29 B 

5u 
5u 
5u 
5u 
5u 
5u 

1 ou 
5u 
5u 

1 ou 
5U 
5u 
511 
5u 
5u 

Date Analyzed: 8-SEP-1987 
b l r s i s  Procedure Nurber: EPA-E40 
Cm/Di l u t  ion Factor : 
h a l r s t :  L HOLSOFPLE 

2 .o 

7940-5 
71-43-2 
10061-02-6 
110-75-8 
75-25? 
109-10-1 
591-78-6 
127-18-4 
79-34-5 
103-88-3 
108-90-7 
1OC-41-4 
100-42-5 

1 I 1 r2- t r ichlaroethne 
benzene 
trans-1 r3-d ich loro~ro~ene  
2-chlo roeths Ivinr l  ether 
broooforr 
4 -re t h r l - ? - ~ e n t  anme 
?-hexanone 
tetrachloroethene 
1 9 1,292-tet rachlomthane 
toluene 
chlorcbeniene 
e t h y 1  b fnietif 

styrene 
t o t a l  xrlene; 

Data Reporting Oualifiers: 

U - CoEPound ua5 analrzed for but not detected. The number i s  the zt ta inable  detection l i r i t  fo r  the s w p l e ,  
P - Analrte uas found i n  the reasent blank as well as the saaple. 
J - Indicates an es t i ra ted  value. 
ND - Not Detected, 

5u 
5u 
5u 

1ou 
su 

1W 
1 ou 

5u 
5u 
5u 
5u 
5u 
5u 
5u 



Oak Ridge Gaseous Diffusion Plant 
Analytical Checistrr Departrent 

Results o f  Analrses 

Custarer N a e :  FRANC0 
‘Cwtorer S w l e  Number: BH03-SO-0901-02 Lab Sarple Nurber: 871016-096 
Date SarPle Received: 16-OCT-1987 Date Sawle CorPleted: 27-OCT-1987 
Date Sawled: Sampled By: 
Haterial Desrrirtion: DAVIS-HONTHAN SOIL Rea. Nurber: 

Pmsrw B a w e r :  )Is Hiller 
Date A P P W V ~ :  B-OCT-1987 



AnaLIS ID: 871016-096 Custocer S w l e  ID: EH03-SO-0901-02 
Laboratory Nare: OrBanic Bass SPectroscow Custorer Naae: FRANC0 
Fi le  ID: I T A S  Sample fiatrix: SOIL 
Instrurent ID: I T A S  Reouisition Nurber : 
Data Release b thor ized  By: DC Canada Date Sawle Received: 4-SfP-1987 

Volatile Orsanic Cor~ounds - HSL 

Date Extracted/PrePared: 
Preparation Procedure Numker: EPA-5030 
Percent Hosi t u  re : 
Percent Woisture (decanted) : 
Associated Blank: 871 016-1 14 

74-87-3 
74 -83 -? 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-04-2 
78-93-3 
71 -55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 

chl orose thane 
b m a e t h a n e  
v inr l  chloride 
chloroethane 
methylene chloride 
acetone 
carbon disulf ide 
1 I ld ichloroethene 
1 rl-dichloroetbne 
trans- f r 2-dichl oroe thene 
chloroforr 
19 2-dichloroethane 
2-bu tanone 
1 9 1  j 1-trichloroethane 
carbon tetrachloride 
vinr l  acetate 
b rorodi chlorore thane 
1 r2-dichloropropane 

10061-01 -5 cis-1 I 3-dich l o r o ~  r o ~ e n e  
79-01-6 trichloroethene 
124-48-1 dibrorochlorouethane 

1 ou 
10u 
1 ou 
lotl 

4 5  
3400 Pt 

5u 
5u 
5U 
5u 
5U 
5U 

1 ou 
5u 
5u 

1ou 
5u 
su 
5u 
5 11 
su 

Date Amlried: 8-SEP-1987 
Analysis Procedure Nurber: EPA-8?4? 
Conc/Diluticm Factor: 1 *o  
h a l r s t :  t HOLSOPPLE 

79-00-5 
71-43-2 
1061-02-6 
110-75-8 
75-25? 
108-10-1 
591-75-6 

79-34-5 
108-88-3 
108-90-? 
100-41-4 
100- 4 2 - 5 

iu-18-4 

ltl12-trichloroethwK 
benzene 
trans-1 ~ 3 - d i r h l o w r o ~ e n e  
2-chloroethrlviml ether  
bromoform 
4-ae thrl-2-pentmone 
?-hexanone 
tet rachlo roe thene 
1 r l , ? , ? - t e t r a c h l o r o e ' ~ ~  
to1 uene 
chlorokentene 
ethrlbeniene 
styrene 
t o t a l  xslenes 

Uata RePo r t i n s  Qua2 i 1 iers :  

U - Compound uas analyzed for but n o t  detected. The nwber is the at ta icable  detection l i r i t  for the smle. 
B - Analrte ws found i n  the reagent blank as  uel! as the s r p l e .  
J - Indicates an es t i ra ted  value, 
ND - Mot Detected. 

Surrodate Recovery nata 

Surrodate Cowound 
Aaount Amount fercent  
Spiked Recovered Recovered 

ttttt Coments froa the Organic tlass Spectroscopy Laboratorr ttttt  





Oaf: Ridge Gaseous Diffusion Plant 
Anal rt i ca 1 Che&i st r y  k p a  rtrent 

Results of Analvses 

C u s h e r  h e :  FRANC0 
Custmer Sawle Nurber: BH03-SO-0901-04 Lab S a r ~ l e  Wurhr: 871016-097 
bate S w l e  Received: 16-OCT-f987 kte -le Cowleted: 27-OCT-1987 
Date Sawled: sawled BY: 
Rate rial  Descri P t ion : DAVIS-HONTHAN SO!L Kea. Nurber: 

Prosrw Mader: HS Hiller 
Date b r o v e d :  28-OCT-1987 



US 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
155-60-5 
67-66-3 
107-06-2 
78-93-3 
71 -55-5 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 

------ 

Anal15 ID: 871016-097 Customer SarPle ID: BHO3-SO-0901-04 
Laboratory Name: Organic Hass Spectroscopr Custcuer Mare: FRANC0 
Fi le  ID: I T A S  Sample ttatrix: SOIL 
Instrurent ID: I T A S  Reouisitim Nukber: 
Data Release Authorized BY: DC Canada Date Sarple Received: 4-SEP-1987 

Volatile Organic ComPwrnds - HSL 

Date ExtractedfFrePa red: 
Preparation Procedure Nurber : EPA-5030 
Percent k s i t u r e :  
Percent hoisture (decanted) : 
Associated Plank: 871016-114 

chlorore thane 
b m r e t h a n e  
v inr l  chloride 
chloroethane 
r e  thrlene chloride 
acetone 
cartton disulf ide 
1 I l-dichloroethene 
lr l-dichloroethane 
trans-1 r2-dichloroethene 
chlorofort 
1 I 2-dichloroe thane 
?-but anone 
1 I 1 I 1-trichloroethane 
carbon tetrachloride 
v i n s l  acetate 
b romod i chl orome thane 
1 r2-dichlorwrorane 
cis-1 I 3 -d ich loro~ro~ene  
t r ichl o roe thene 
diSmochlcrorethane 

Data Reportins Qual i f iers :  

U - CMpound uas analried for b u t  not  detecte 

1ou 
1ou 
1 ou 
1ou 
5 

79 B 
5u 
5u 
5u 
5u 
5u 
5u 

1 ou 
5u 
5u 

1 ou 
5u 
5u 
5u 
5U 
5u 

Date ha l rzed:  8-SEP-1987 
Analrsis Procedure Nurber: EPA-8240 
Concflilution Factor: 1 ,o 
Anairst: L WLSOPPLE 

79-00-5 
71-43-2 
1006 1-02-6 
11 0 - 7 5 8  
75-25-2 
1 08- 10- 1 
591-78-6 
127-18-4 
79-34-5 
108-88-3 
108-90-7 
100-41-4 
100-42-5 

The noL-2: is the a t k i n i  

1 t 1 I 2- t r i ch 1 o r o e h n e  
benzene 
t rws-113-d ich lomro~ene  
2-chloroethrlvinrl ether 
b r o M I o n  
4-.e thrl-2-Pentwwne 
?-hexanone 
tet rachloroethene 
111121?- te t r~hloroe thane  
toluene 
chlorobenzene 
ethrlbeniene 
s t r w n e  
total xrlenes 

B - Analrte uas found i n  the reagent blank as uel l  as the sakple, 
J - Indicates an estimated value, 
ND - Hot Detected+ 

SurroSate Corpwnd 
Amount Amount Percent 
Spiked Recovered Recovered 

l e  detectian limit for  the sarple. 

5u 
5u 
5u 

1ou 
5u 

1ou 
1 ou 
5u 
5u 
5u 
5u 
5u 
5u 
5u 



Oak Ridge Gaseous Diffusion Plant 
Anal rt i cal  Cher i s t  r r  D e w  rtmen? 

Results of knalrses 

Customer Name: FRAHCO 
Customer Sample Number: EH03-SO-0901-08 Lab Sample Nurher: 871016-098 
Date Sample Received: 16-DCT-1987 Pate S a w l e  Completed: 27-OCT-1987 
Pate Sowled: Sawled By: 
Hater ial Description: DAVIS-KONTHAN SOIL Reo, Number: 

P m s r w  Hanaser: HS Riller 
&to Approved: B-OCT-1987 



AnaLIS ID: 871016-098 Customer Sarple ID: BHOZ-SO-0901-08 
Laboratorr Nare: Organic Bass Spectroscopr Customer Nare: F R A K O  
File ID: ITAS Sample Batrix: SOIL 
Instrument ID: I T A S  Reouisition Number: 
Data Release Authorized Pr: DC Canada Date Sample Received: 4-SEP-1987 

Volatile Or3Jnic Campourds - HSL 

Date Extracted/Frepared: 
Prwaration Procedure Nurber: EPA-5030 
Percent Hosi ture: 
Percent tfoisture (decanted) : 
Associated Blank: 871016-114 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-Of-t 
124-48-1 

chlorome thane 
b m u m e t h a n e  
v i m 1  chloride 
chloroethane 
methylene chloride 
ace tone 
c a r h  disulfide 
1 rl-dichloroethene 
1 t 1 -di chl oroe thane 
trans-1 t2-dichloroethene 
chlorofori 
1 r2-dichloraethane 
2-but anone 
ltlr 1-trichloroethane 
carbon tetrachloride 
vinrl acetate 
brclodichlo rorethane 
1 r?-dichloroFraPane 
cis-1 I 3-dichlo rop r o ~ e n e  
trichloroethene 
di bromochloroset.hane 

1 ou 
1ou 
1ou 
1ou 
12 

3 8 B  
5u 
5u 
5u 
5u 

5u 
1ou 
5u 
su 
1011 
5u 
5U 
5u 
5u 
5u 

? J  

Date Analried: 8-SEP-1987 
Analysis Procedure Nurber: EP4-8240 
Conc/Di lut ion Fact or  : 
Analyst: L HOLSOFPLE 

1 ,o 

79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25-2 
108-10-1 
591-78-6 
127-18-4 
79-34-5 
108-88-3 
108-90-7 
100-41-4 
100-42-5 

1 9 1 I 2-t r i chl o roe thane 
benzene 
tr~s-lr3-dirhlaro~ro~ene 
2-chloroethrlvinrl ether 
bromof orm 
4-re thy1 -?-Pentanone 
2-hexanone 
tet rachloroethene 
It lt2~2-tetrachloroethane 
toluene 
chlorobenzene 
ethrlbenzene 
styrene 
b t a l  xrlerles 

Data Reporting Qualifiers: 

U - Compound uas analyzed for but not detected, The nluber is the attainable detection lirit f o r  the samrle. 
B - Analike uas found in the ressent blank  as well as t h e  sample. 
J - Indicates an estirated value. 
ND - Not Detected. 

5u 
5u 
5u 

1ou 
5u 

1ou 
1 ou 
5U 
5u 
5u 
5u 
5u 
5c 
5u 

h u n t  kount Pe r c m t  
Surrosate Compocnd Spiked Recovered Recovered 
........................... -------- -------__- ------_ 
TOLUEH E -a8 50 54.5' 109 0 
PRMOFLUOROBENZEKE 50 53.5 107.0 
1 I 2-DICHLOROETHANE-D4 50 5 0 + 5  101 *o  



Oak Ridde Gaseous Dif fus ion Plant  
Anal rt i cal  Cher i stri, DePar t r e n t  

Resul ts  o f  Analyses 

Customer Name: FRANC0 
Custorer Sample Nwber : BH04-SO-0901-05 La& Sample Nlurber: 871016-099 
Date SarPle Received: 16-OCT-15'87 Date SaaPle C o w l e t e d :  27-OCT-1987 
Date Sampled: Sampled BY: 
Haterial  Description:  DAVIS-RONTHCIN SOIL fieo, Number: 

Program Hanager: tlS H i l l e r  
Date Approved: 28-OCT-1387 



CAS 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-50-5 
67-66-3 
107-06-2 
78-93-3 
7 1-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061 -01 -5 
79-01-6 
124-48-1 

--------- 

AnaLIS ID: 871016-099 Customer Saaple ID: BH04-SO-0901-05 
Laboratorr Nare: Orsanic H x s  Spectroscopr Custoaer Nae: FRANC0 
Fi le  ID: I T A S  Sample Hatrix: SOIL 
Instrument ID: ITAS Rewi si ti on Number : 
Data Release Authorized Pr: DC Canada Date Sawle Received: 4-SEF-1987 

Volatile Orsanic Cowounds - HSL 

Date Ext r x  ted/P repared: 
Preparation Procedure Norbert ETA-5030 
Perren t ki tu re : 
Percent Woisture (decanted): 
Associated Blank: 871016-119 

I---___--_--------_______ 

chlorore thane 
broumethane 
v im1 chloride 
chloroethane 
methrlene chloride 
acetone 
carbon disulfide 
1 rldichloroethene 
1 P ldichloroethane 
t r i m - 1  r?-dichloroethene 
chlowfom 
1 r2dichloroethane 
2-hu tanone 
lrlrl-trichloroethane 
carbon tetrachloride 
vinrl acetate 
brorodi chl o Pore thane 
1 9  ?-dichloroP ropane 
cis-1 93-dichloro~ro~ene 
trichloraethene 
dibmmochloromethane 

US/K¶ ---------- 
1 ou 
1ou 
1 ou 
1 ou 

2 J  
77 
5u 
5u 
5u 
5u 

5u 
1 ou 
5u 
5u 

1 ou 
5u 
5u 
5u 
5U 
5u 

2 J  

Date Analned: 9-SEP-1987 
Analrsis Procedure Number: EPA-8240 
Conc/Di l u t i  on Factor: 1,o 
Analrst: L HOLSOFPLE 

110-75-8 
75-25-2 
108-1 0- 1 
591-78-6 
127-18-4 
79-34-5 
108-86-3 
108-90-7 
100-41-4 
100-42-5 

2-chloroethrlvinrl e ther  
broiof o ra 
4-re thr 1 -?-Pen tanme 
?-hexanone 
tet rachloroethene 
1 I 1 I 2 9 2- tetrachloroethane 
toluene 
chl o roberzene 
ethrlbeniene 
styrene 
b t a i  xrlenEs 

Data Rep0 r t ins Qua 1 i f  i e rs : 

U - Cwpound u x  analrzed for  but not detected. The number i s  the attainable detection limit f o r  the sample, 
P - Analrte uas found in the reasent blank as vel1 as  the s a w l e ,  
J - Indicates an estimated value. 
N [ I  - Not Detected. 

100 
5u 

1OU 
1 ou 
5u 
5u 
5u 
5u 
5U 
5u 
5U 



Oak Ridse Caseous Dif lus ion Plant  
Analrt ical  Chemistry Departwnt 

Resul ts  o f  Analvses 

Customer Nare: FRANC0 
Customer Sample NUBber: EH04-SO-0901-06 Lab Sample Nurber: 871016-100 
Date Sample Received: 16-OCT-1987 Date S a w l e  CorPleted: 27-OCT-1987 
Date S a p l e d :  Sarpled Br: 
Hate r i a l  Description:  DAVIS-lfONTHAN SOIL Reo, Nurber: 

Pragraa fianaget: HS Hiller 
Date Approved: 28-OCT-1987 



AnaLIS ID: 871016-100 Custorer Sample ID: EH04-SO-0902-06 
Laboratorr Hare: Organic PGSS SPectroscoFr Custorer Name: FRANC@ 
file ID: I T A S  S w l e  Hatrix: SOIL 
Instrurent ID: I T A S  Rwuisition Nuiber: 
Data Release Authorized Pr: DC Canada Date S a w l e  Received: 4-SEF-1987 

Volatile Organic COBPOW& - HSL 
Date Ext racted/Prepa red: 
Preparation Procedure Nurber: EFA-5030 
Pe men t nos i ture : 
Percent Hoisture (de:mted): 
Associated Blank: 871016-1 14 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 

71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 

78-93-3 

chlororethane 
broiorethane 
vinyl chloride 
drloroethane 
iethrlene chloride 
acetone 
carbon disulfide 
1 ~l-dichloroethene 
1 I 1-dichloroethane 
trans-1 f2-dichloroethene 
chloroform 
lJ2-dichloroethane 
2-bu tanone 
1 J 1 J 1-trichioroethane 
carbon tetrachloride 
vinyl acetate 
brorodichloroeethane 
1 J?-diChlOrOPrOPafie 

10061-01-5 cis-1~3-dichloro~ro~ene 
79-01-6 trichloroethene 
124-48-1 dibroiochlororethane 

Date Anal sed: 9-Sff-1987 
h l r s i s  Procedure Nurber : EPA-8240 
h c f l i  lution Factor : 1 0 0  
h l r s t :  L HOLSOPPLE 

110-75-9 
7 5 - 5 2  
10E-I 0-1 
591-78-6 
127-18-4 
79-34-5 
10s-99-3 
10':-orJ-7 
100-41 -4 
100-92-5 

2-chloroethulvinrl ether 
brorofora 
4-aethrl-2-pentanone 
?-hexanone 
tet rachl oroethene 
11 1 ,212-tetrachloroethane 
toluene 
chlorobenzene 
ethrlben-ene 
styrene 
total xslenes 

Data Report ins Oual i P i e r 5  : 

U - Cotpaund uas analyzed f o r  but not de?e:ted, The oilcbe: i s  the attainable detection lirit for  the sarple, 
E - Analrte ua5 found in the reagent blank as el! 2s !.he S ~ E F ~ E ,  
J - Indicates an estimated value, 
HD - Not Detected, 

Surrosate Compound 
Arount Aaount Fercent 
Spiked fiecovered Recovered 

1 ou 
5u 
1 ou 
1ou 

5u 
5u 
5u 
5u 
5u 
5u 
5u 



Oak Ridde Caseous Diffusion F'lant 
Ana 1 rt ica 1 Chea is t r Y Der; Ytaen t 

Results of Analrses 

Custorer Haoe: FRANC0 
Custorer Sawle Nucber: BH04-SO-0901-03 Lab Sample Nurber: 671016-101 
Date % w l e  Received: 16-OCT-1957 Date SarFIe CwPleted: 27-Kl-1967 
Date Sawled: Sampled Er: 
)late rial D e s c r i ~ t  ion: DAVIS-KONTHAN S O I L  Reo, Nurber: 

Frogram Hanader: KS Hiller 
Date Amoved: 28-OCT-lP97 



CAS 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-05-2 

71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
1G061-01-5 
79-01-6 
124-48-1 

---------- 

78-92-3 

A ~ ~ L I S  In: 871016-101 Customer h c l e  !D: PH04-SO-0901-08 
Laboratarr Naae: 0 rsanic na;s SPectroscarr Cus toaer Hare: FRANCQ 

Instrument ID: ITK Reouisi ti on Nurber : 
Data Release Authorized BY: DC Canada Date Sample Received: 4-SEF-1967 

File ID: ITK SJPPle flatrl):: SOIL 

Volatile Orsanic C o r ~ m d s  - HSL 

Date Extracted/PrePared: 
Preparation Procedure Number: EPA-5030 
Percent Kositure: 
Percent Roisture (decanted) : 
Associated Plank: 

chlororethane 
brorPore thane 
vinrl chloride 
chloroethane 
re thrlene chloride 
acetone 
carbon disulfide 
111-dichloroethene 
1 11-dichloroethane 
trans-1 92-dichloroethene 
chl or of o rp 
192-dichloroethane 
?-butanone 
1 I 1 9  1-trichloroethane 
carbon tetrachloride 
vinrl acetate 
broaodi chlo rame t h m e  
192-dichlorourorane 
cis-1 13-dichloror ro~ene 
trichloroethene 
dibrosochloromethane 

ud/KS -____-__-- 
1ou 
1ou 
1 ou 
1 ou 

2 J  
40 
5u 
5u 
5u 
5U 
5u 
5u 

1 0u 
5u 
5u 
1ou 
5u 
5u 
5u 
5u 
5 t! 

Date Analrzed: 9-SEF-1987 
Analrsis Procedure Nurber: EPA-8240 
ConcIDilution Factor: 1 .o 
Analyst: 

CAS ---------- 
79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25-2 
109-10-1 
591-78-5 
127-!9-4 
79-34-5 
108-89-3 
10$-9G-? 
1C0-41-4 
100-42-5 

GJ PARDUE JR 

l~lr2-trichloroethane 
benzene 
trans-1 13-dirhloro~ro~ene 
?-chl~roe thrlvinr l ether 
brorofore 
4-rethrl-2-Fentanane 
?-hecanone 
tetrachlcroethene 
l r 1  ,?~:-tetrachloroethane 
toluene 
chlorobenzene 
ethrlbenzene 
s tr :ene 
t o t a !  xrlene: 

ud/KS ---------- 
5u 
5u 
5u 
1 ou 
5U 

ND 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 
5 11 

Data heportins Oualifiers: 

U - CorPound uas analyzed fo r  but not detected. 
P - Analrte UJS found in the reasent blank as uell as thE sawle, 
J - Indicates an estirated value, 
ND - Not Detected. 

The ncE$er :s ?ire attaicabie detection lirit for the salPlel 

Surrogate Recovery Data 

TOLUENE-D8 
PRDKOFLUOROPENZENE 
1 ,?-DICHLOROETHANE-D4 

50 52 - 144,@ 
50 5s 116.0 
50 41.5 53.0 



Oak Ridse Gaseous Diffusion Plant 
Analrt 1 cal Chemistry Pep. r trerst 

Results o f  knalvses 

Custorer Hame: FFt ANCO 
Custorer SarPle Number: BH05-SO-05'01-02 Lab Saaple  Number: 871016-102 
Date SarPle Received: 16-OCT-1987 Bate S a w l e  Confleted: 27-0CT-19S7 
Date Sampled: S a w l e d  Pr: 
Hater i a1 Description : DAVIS-flONTHAN SOIL Rea. Nunher: 

Program tfanaser: HS Hiller 
Date Approved: 28-OCT-1987 



CAS 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-05-2 
78-93-3 
71-55-6 
56-23-5 
109-05-4 
75-27-4 
79-97-5 
1006 1-01 -5 
79-01-6 
124-48-1 

AnaLIS ID: 871016-102 Customer SarPle ID: BH05-SM)901-0? 
Laboratory Nare: Organic Has5 Spectroscopy Custorer Mae: FRANC0 
File ID: ITK Sample ftatrix: SOIL 
Instrurent ID: Ilk Reouisitiw Number: 
Data Release Authorized BY: DC Canada Date SarPle Received: 4-SEP-15'87 

Volatile Organic Compounds - H 9  

Date &tracted/PrePared: 
Preparation Procedure Nuaber: EPA-5030 
Percent Hosi ture: 4.7 
Percent Hoisture (decanted): 
Associated Blank: 871016-1 19 

chlo role thane 
brororethane 
vinrl chloride 
chloroethane 
rethrlene chloride 
acetone 
carbon disulfide 
1 9 1 -di ch 1 oroe thene 
1 9  1-dichloroethane 
trans-1 12-dichloroethene 
chlorof ore 
1 r2-dichloroethane 
2-bu tanone 
lrlrl-trichloroethare 
carbon tetrachloride 5u 
vinsl acetate 1ou 
brooodichloroaethane 5u 
1 9 2-di chl o rop r w a n e  5u 
cis-1 9 3-dichloro~ro~ene 5u 
trichloroethene 5U 
dibroEochlorocethane 51 

Data Report ins Qual i f  iers: 

Date Analyzed: 9-SEP-1987 
hnalrsis Procedure Nurber: EPA-8240 
Cmc/Dilution Factor: 1.0 
AnLnalrst: GJ P A R W E  JR 

79-00-5 
71-13-2 
10061-02-6 
110-75-8 
75-25-2 
108-1 0-1 
591 -78-6 
127-18-4 
73-34-5 
108-88 -3 
108-90-7 
100-4 1-4 
100-42-5 

l t l ~ ? - t r i c h l o r ~ ~  
k n z e n e  
trans-1 r 3 - d i c h l o w m n e  
2-chloroethrlvinrl ether 
brorofon 
4-methrl -?-Pentanone 
?-hexanone 
te t rachl croethene 
1 1  1 r2,?-tetrachloroethane 
toluene 
chlorobenzene 
ethrlbenzene 
styrene 
tots1 xylenes 

U - Coapound ua5 analr:ed for but not detected. 
b - Analrte ua5 found in the reagent blank as Uell a5 the sawle. 
J - Indicates an estirated value, 
ND - Not Detected, 

The nurbe: is the attainat,? detection lirit for the sample. 

5u 
su 
5U 

1 ou 
5u 

1011 
1 ou 
50 
5u 
51! 
51! 
5u 
5u 
5u 



Oak Ridse Gaseous Diffusion Plant 
Analrtical Cheristru Demtrent 

Results of Analrse; 

Custorer Nare: FRANC0 
Custowr Sawle Nurber: BH05-SO-0901-03 Lab Sample Numkr: 873016-193 
Date SarPle Received: 16-OCT-1987 Date Sawle Corpleted: 27-OCl-1987 
Date Sawled: SwPled BY: 
Wateri a1 Description: DAW1 S-RON THAN SOIL Rea, Number: 

Frogrim HaaSer: HS Hiller 
Date Approved: 28-OCT-1987 

~ ......... 



74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-39-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 

[lata Repor 

AnaLIS ID: 871016-103 Customer S a r ~ l e  ID: EH05-SO-0901-03 
Laboratorr Nare: Organic flass Spectroscorr Customer Name: FRANC0 
File XD: ITAS Sarrle Hatrie: SOIL 
Instrument ID: I T A S  Reauisition Number: 
Data Release Authoriied Pr: DC Canada Date Sample Received; 4-SEf-1987 

Volatile OrSanic Carpounds - HSL 
Date Extracted/Pre?ared: 
Preparation Procedure Nurber: EPA-5030 
Perrent h i t u r e :  
Percent Hoisture (decanted) : 
Associated Elank: 871016-119 

CAS -----_____ -------------___--_-___^______ 

chlomrethane 
broroaethane 
vinrl chloride 
chloroethane 
methylene chloride 
acetone 
carbon disulfide 
1 I 1-dichloroethene 
1 I  1-dichloroethane 
t r ans-1 I 2-di chl o roethene 
chloroforc 
1 I2-dichloroethane 
2-bu tanone 
I f  1 I 1-trichloroethane 
carbon tetrachloride 
vinrl acetate 
broBodichloromethane 
1 ~2-dichloro~rorane 
ci s- 1 I 3-dich 1 o rop ropene 
t r i ch 1 oroethene 
dibrorochl oromethane 

5u 
5u 

ins Qualifiers: 

Date Analrzed: 8-SEP-1987 
Analysis Frocedure Nurber: EPA-8240 
Conc/Di lut ion Factor: 
Analyst: L HOLSOPFLE 

1 .o 

79-00-5 
71-43-2 
10061 -02-6 
110-75-8 
75-25?  
106-10-1 
591 -78-6 
127-1 9-4 
79-34-5 
108-89-3 
108-90-? 
100-41-4 
100-42-5 

1 I 192-trichloroethane 
benzene 
trans-1 I 3-dichloro~ro~ene 
2-chloroethrlvinrl ether 
broroforr 
4-rethrl -?-Pentanme 
?-hexanone 
tet rachl oroethene 
1 I 1 I 2 I 2-te t rachl o roethane 
to 1 uene 
chlo robeniene 
e thsl ben:ene 
styrene 
total xrlenes 

U - Compound uas analyzed f o r  but not detected. 
R - Analrte uas found i n  the reagent blank as uell as the sarFIe. 
J - Indicates an estirated value, 
ND - Not Detected. 

The nurber is the attainable detection limit for the sarrle, 

5u 
5U 
5u 

1ou 
5u 

1ou 
1ou 
5u 
5u 
5u 
5u 
5u 
52 
56 



Oak Ridge Gaseous Diffusion Plant 
Analrt i t a l  Cherist r y  Departrent 

Results o f  Analrses 

Custorer Nare: FRANC0 
Customer SarFle Nurtter: 3H05-50-0901-08 Lab Sample  Nunher: 871016-104 
Date Sawle Received: 16-OCT-1987 Date Sabrle Cowleted: 27-OCT-1967 
Date Sampled: Sawled Er: 
Hateri a1 flescri~tion: DAVIS-HOWTHAN SOIL Reo. Nurber: 

Prwram Manager: MS Miller 
Date AFFrOVed: 28-OCT-1987 



Oak Ridse Gaseous Diffusion f ' lant 
Analrt  i ca l  Cher i st rr DePar t ren t  

Results o f  Analrses 

Custoier Name: FRANC0 
Customer Sample Number: EH03-SO-090104D Lab Sarp le  Nucber: 871016-105 
Date S a w l e  Received: 16-OCT-1997 Date SaRFle CorFleted: 27-OCT-1987 
Date Sampled: Sawled  Pr: 
k a t e r i  a1 Descri P t ion: DAVIS-I(0NTHAH SOIL Reo. Hurber: 

F'rosrar Hanaser: HS H i l l e r  
Date Approved: 28-OCT-1997 



AnaLIS ID: 871016-105 Customer Sawle ID: EH03-SO-090104D 
Laboratorr Hare: Organic Rass SPectroscoPr Custorer Hare: FRANC0 
F i l e  ID: I T A S  Sarple Hatrix: SOIL 
Instruaent ID: I T A S  Reauisition Murber: 
Data Release Authorized BY: DC Canada Date S a r ~ l e  Received: 4-SEP-1987 

Volatile Organic CarPomds - HSL 

Date Ext r ac tedIPrepared: 
Preparation Procedure Nurber: EPR-5630 
Percent nasi ture : 
Percent ltoisture (decanted) : 
Associated Plimk: 871 01 6-1 19 

74-87-3 
14-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27 - 4 
78-87-5 

chl orore thane 
broroaethane 
vim1 chloride 
chl oroethane 
methylene chloride 
ace tone 
carbon disulf ide 
1 r 1-dichlo roe thene 
1 r 1 -di chl oroethane 
trans-1 12-dichloroetbne 
chloroform 
1 r2-dichloroe thane 
2-htanone 
Ir  1 1-trichloroethane 
ca rbon tetrachloride 
vinrl acetate 
brModichlororethane 
1 t 2-dic hloroproF ane 

LO061 -Of -5 cis- f f 3-dichl o r w  ro~ene 
79-01-6 t r ich lo  roethene 
124-48-1 dibroaochlorooethane 

1ou 
1 ou 
1 ou 
10u 

2 J  
190 E 

5u 
5u 
5u 
su 
5u 
su 

1 ou 
5u 
5u 

1 ou 
5u 
5u 
5u 
5u 
5u 

D a k  Ana1r:ed: 8-SEP-1987 
h l r s i s  Procedure Nuaber: EPA-8240 
Cm/Di lu t ion  Factor: 1 .o 
Analrst: L HOLSOPPLE 

110-75-8 
75-25-2 
108-10-1 
591-78-6 
127-18-4 
79-34-5 
108-88-3 
108-90-7 
100-41-4 
100-42-5 

2-chloruethrlvinrl e ther  
brwofon 
4 - a e t h r 1 - 2 - ~ e n t m e  

tetrachloroethene 
11  1,292-tetrachloroethane 
t o l w n e  
chlorobenzene 
e t h r l  benzene 
s t r rene  
to t s1  xrlenfs 

2-heXanUW 

Data Reporting Oualifiers: 

U - Cowwnd uas P d r i e d  for but not detected, The nwber is the at ta inable  detection lirit for the sarple. 
B - Analrte uas found i n  the reagent blank as uell a5 the sarple ,  
J - Indicates an est iaated value, 
ND - Mot Detected, 

SurrWate Recowrr Data 

Surrosate CarPound 
Awun t Aboont Percent 
Spiked Recove red Recove red 





MATRIX SPIKE DATA 





Oak Ridge Gaseous Diffusion Plant 
Amlrtica2 Cherist r$ Departlent 

Results o f  Analyses 

Custorer Nare: FRANC0 
Custorer Sarple Nurber: BH03S0090104DHS lab  SwPle Wwber: 871015-106 
Date Sample Received: 16-OCT-1987 Date Sar~ le  Cowleted: 28-OCT-1987 
Date Sawled: Sampled BY: 
Rater i a1 Dew r i P t ion: D A N  S -MONTHAN SO1 L Reo, Nurber: 

Prograr h a 4 e r :  Rs ililler 
Date Awmved: 28-OCT-1387 



CAS 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 

AnaLIS ID: 871016-106 Custorer b p l e  ID: BH03S0090104~ffi 
Laboratorr Nare: Orsanic Hass Spectroscopr Custorer Nare: FRMCO 
File ID: ITAS Sawle flatri;:: SOIL 
Instrurent ID: ITAS Reaui si t ion Nurber : 
Data Release Authorized BY: DC Canada Date Sarple Received: 4-SEP-1987 

Volatile Organic C o ~ ~ o u n d s  - Hs1 

Date Extractedflrepa red: 
Preparation Procedure Number: EPA-5030 
Perrent ksiture: 
Percent Xoisture (decanted) : 
Associated Blank: 871016-119 

------------------I------ 

chloromethane 
brororethme 
vinrl chloride 
chloroethane 
rethrlene chloride 
acetone 
carbon disulfide 
1 9  1-dichloroethene 
1 t 1-dichloroethane 
trans-1 r2-dichloroethene 
chloroforr 
112-dichloroethane 
2- but anme 
1 f 1 f 1 - t ri rhl o roe thane 
carbon tetrachloride 
vim1 acetate 
brtnodichlororethane 
1 f?-dichl orw ropme 
cis-1 r3-dichloro~ro~ene 
t richloroethene 
dib raeochl ororethane 

u m 9  ------- 
1ou 
1ou 
1W 
1ou 
5u 

1 ou 
5u 

5u 
5u 
5u 
5u 

1 ou 
5u 
5u 

1ou 
5u 
5u 
5u 

5u 

36 S 

61 S 

Date Anaked: 8-SEP-1987 
h l r s i s  Procedure Number: EPA-8240 
CMcIDilution Factor: 1 ,o 
Analst: 

CAS ------_- 
79-00-5 
71-43-2 
16061-02-6 
110-75-8 
75-25-2 
108-10-1 
591-78-6 
127-18-4 
79-34-5 
108-88-3 
108-90-7 
100-41 -4 
100-42-5 

L HOLSOWLE 

------------------- 
1 r 1 r2-trichloroethane 
benzene 
t ram-1 r 3-dichlom mm 
2rh lo roethy lviml ether 
brorofon 
4-rethrl-2-~entanone 
2-hexanone 
tetrachloroethene 
1 I 1 r 2 9 2-te trachloroethane 
toluene 
chlorobenzene 
ethrlbeniene 
styrene 
total xrlenes 

Data Rwortins Qualifiers: 

U - CarPound uas aoalrzed for but not detected, 
8 - Anrlrte uas found in the reasent blank as uell as the sawle, 
J - Indicates an estirated value. 
ND - Not Detected. 

The number is the attainable detection lirit for the sar~le. 

SNtS Coarents from the Organic hss SPectroscoPr Laboratow ttttt 



SOIL VOLATILE M T R I X  SPIKE REWVERY 

Cuwwnd 

Conc I 

Spike Sarple Conc. 2; h c .  Z 
Added Result HS Ret, HSD Rec. RPD 

lrl-Di&loroethene SO 5 U 36 72 36 72 0 
Trichl orwthene so 5 u 61 122 58 116 590 
Chlorobenzene 50 5 u  62 124 43 126 -1.6 
Toluene 50 5 u  56 112 57 114 1+8 
Beniene 50 5 u  54 108 54 108 0 

t ASTERISKED VALUES ARE OUTSIDE QC L I H I T S ,  



Oak Ridde Gaseous Diffusion Plant 
Analytical Cheristrr Departrent 

Results o f  Analyses 

Cvstorer Hare: FRANCO 
Customer Sample Number: H03S0090104DtlSB L a b  Sawle  Nuaber: 871016-107 
Date S a w l e  Received: 16-OCT-1987 Date S w l e  Cowleted: 28-OCT-1987 
Date Sampled: Sawled Br: 
Haterial Description: DAVIS-flONTHAN SOIL Reo. Number: 

Prosrat Hanaler: HS fliller 
Date &Proved: 28QCT-1987 



h L I S  ID: 871016-107 Custamer %#?le ID: H03S0090104MSD 
Laboratorr Nwe: Organic KJSS Spectroscopr C u s h e r  h e :  FRANC0 
File  ID: ITAS Sawle h t r i x :  SOIL 
Imtwrent ID: ITAS Reouisition k r k r :  
Data Release Authorized BY: DC Canada Date SarPle Received: 4-EP-1987 

Volatile Organic COrpMlnds - ttSl 

Date ExtractedlPmared: Date Analuzed: 8-SEP-15'87 
Preparation Procedure Number: EPA-SO30 Awlusis Procedure Number: EPA-8240 
Percent bsiture: hfDi1utit-m Factor: 1 *o 
Percent h i s t u r e  (decanted): h l l ls t :  L MLSCPPLE 
Associated Blank: 871016-1 19 

CAS u s m  US -------- 
74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75- 15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01 -6 
124-48-1 

-----I--------------- 

r h l o m t h a n e  
b r o r o r e t b e  
vinr l  chloride 
chloroethane 
r e b i d  ene chloride 
acetone 
carbon disulfide 
11 ldichloroethene 
lrl-dichloroethane 
trans-1 r2-dichloroethene 
rh 1 o rof o rfi 

lr2-dichloroethane 
2-butanone 
1 r 1 r I-trichloroethane 
carbon tetrachloride 
vinrl acetate 
brooodi chl orore thane 
1 r 2-dichlo rop ropane 
ci 5-1 I 3-dichlo rop rwene 
trichloroethene 
dibrorochlorooethane 

.- --.,------- 
1 ou 
1 ou 
I ou 
1ou 
5U 

1ou 
5u 

5u 
su 
5u 
su 

1 ou 
SU 
5u 

I ou 
su 
5U 
5u 

5u 

36 S 

58 s 

------- 
n-06-5 
71-43-2 
10061-02-6 
110-75-8 
75-25? 
108-1 0-1 
591-78-6 
127-18-4 
79-34-5 
108-88-3 
108-90-7 
100-4 1-4 
100-42-5 

1 r1~2-tr ichloroeWne 
benzene 
trms-lr3-dichlor~~ro~ene 
2-rhloroethr2vinrl ether 
bmoforr  
4lethr l -2-~entanone 
2-hexanone 
tet  rlrchloroethene 
1 r 1 I 3 2 -  tetrachloroethane 
toluene 
chlorobenzene 
ethrlbenzene 
styrene 
t o t a l  xylenes 

5u 

SU 
lbu 
SU 

lotl 
1ou 

5u 
5U 

5 4 s  

57 s 
63 S 

5u 
50 
su 

Data Reporting Qual i f iers :  

0 - Coopound uas analvzed for but  not detected, The nunbe. is the a t k i n a b l e  detection limit for the saaple, 
B - Amlvk uas i'wnd in  the reasent blank as vel1 as the sawle ,  
J - Indicates an est i ra ted value. 
M - Not Detected. 

S u r r d a t e  Recovery Data 

A~ount k o u n  t Fercent 
SurrMate Corpwnd Spiked Recovered Recovered 

TOLUEX-B8 50 56.0' 112.0 
PIZOMFLUOJ?OBUnENE 50 47,5 95.0 
1 r 2-DICHLMn#THANE-D4 50 5b*5 113.0 

-------- ---------- ---..I--- 

tSttS torrents  from the Organic Bass Spectroscom Laboratow ttSSt 



SOIL WILATILE MATRIX SPIKE DUPLICATE RECOVERY 

Conc 
Spike Sample Conc. 2; Conc, 2; 

Cowound Added Result HS Rec. HSD Rec. RPD 

l~l-Dichloroethene 50 5 u  36 72 36 72 0 
Tri chloroethgne 50 5 U 61 122 58 116 5.0 
Ch 1 o robenzene 50 5 u  62 124 63 126 -1.6 
To1 uene 50 5 u  56 112 57 114 1.8 
Eenzene 50 5 U 54 108 54 108 0 

t - ASTERISKED VALUES ARE WTSIM QC LIHITS, 



Oak Ridse Gaseous I'iffusion F l a n t  
Analrtical Cherist rr Dwartrent 

Results o f  Analyses 

Custorer Nare: FRANC0 
Customer Sample Nurber: TBOlR10831OlflS Lab SarPle Nuaber: 871016-112 
Date Sawle Received: 16-OCT-1987 Date Sawlo  Cwpleted: 28-OCT-3987 
Date Sawled: Swpled Br: 
hate ri a1 D e w  i P t i  on: DAVIS-MONTHAN YATEF Reo. Nurber: 

Pmraa H a n a m :  HS hi l ler  
Date APP roved : 28-OCT-1987 



UKbAnlL f 1 n A ~ l 5 l S  UAlA Ktr'UIfl 

CAS 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 

78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
70-87-5 
10061-01-5 
79-01-6 

___---____ 

107-06-2 

124-48-1 

AnaLIS ID: 871016-112 Custorer Sample ID: TEOlRIO83lOl~S 
Laboratorr Nare: Orgmic Bass SPectrosroPr Customer Nape: FRANC0 
File ID: ITAS S a r ~ l e  Hatrix: YATEfi 
Instrurent ID: ITAS Reauisi tion Nurber: 
Data Release Authorized Pr: LIC Canada Date Sample Received: 4-SEP-1987 

Volatile Organic CorPounds - HSL 

Pate Extracted/PrePared: 
Prwaration Procedure Number: EPA-624 
Percent ksiture: 
Percent Koisture (decanted) : 
Associated Blank: 871016-120 

.............................. 
chloromethane 
bromorethane 
vinrl chloride 
chlomethane 
Be thr 1 ene chloride 
acetone 
carbon disulfide 
1 P 1-dichloroethene 
lr 1-dichloroethane 
trans-1 8 2-di chloroethene 
chloroform 
1 I 2-dichloroethane 
N u t a n o n e  
1 I 191-trichloroetbne 
carbon tetrachloride 
vinrl acetate 
b roliodi ch 1 o romethane 
1 92-dichloro~ro~ane 
cis-1 I 3-dichloro~ro~ene 
t ? i chl o roethene 
dibroaochl ororethane 

d / L  ---------- 
1 ou 
1 ou 
1 ou 
10U 
5u 
1ou 
511 

5u 
5U 
5u 
59 

i0U 

511 
1ou 
5U 
5 Ll 
5u 

5u 

45 s 

C' 0 
J U  

56 s 

Date Analrzed: 4-SEP-1987 
Analrsis Procedure NuBber: EPA-624 
CondDi lut ion Factor: 
Analrst: L HOLSOPPLE 

1 .o 

110-75-8 
7 5 - 5 2  

591-78-6 

79-34-5 
108-89-3 
108-FG-7 
100-4 1-4 
130-42-5 

i 08-1 0- 1 

127-18-4 

2-chloroethrlvinrl ether 
bromof orm 
4-rethrl-2-~entanone 
?-hexanone 
te t rachloroe thene 
19 1 ,?,?-tetrachloroethane 
to Iuene 
chlorobenzene 
ethrlbeniene 
strrene 
total xylenes 

Data Reportinri Qualifiers: 

11 - Com~our~d uas analried for but not detected. 
P - Analrte was found in the reafent blank as uell as the sample, 
J - Indicates an estimated value, 
ND - Not Detected, 

The number is the attainable detection iirit tor the S J b P k *  

ttStt Comments froa the Ordanic Hass SPectroscoFr LaboratoTr ttttt  



Cor~ound 

YATER VOLATILE HATRIX SPIKE RECOVERY 

Conc , 
Spike Sample Conc, X Conr. Z 
Added Result HS Rec. HSD Rec. 

191-Dichloroethene 50 5 U 45 91 
T r i  ch la roe thene 50 5 u  56 112 
Chlorobenzene 50 s u  54 107 
To 1 uene 50 5 U  51 102 
Benzene 50 5 U 53 106 

? - ASTERISKED VALUES ARE WTSIltE QC LInfTSa 

4 4  BP 
57 114 
54 108 
51 102 
54 107 

RFD 

2.2 
-1,8 
0.4 
0 * 3  

-1.9 



Oak Ridge Gaseous Diffusion Flant 
Analrtical Cheri strr DePar trent 

Results o f  Analrses 

Custorer Name: FRAHCO 
Custmer Sample Nurber: TP01R1083101HSD Lab Sarple Hwber: 871016-113 
Date Sarple Received: 16-OCT-1987 Date Sample Cowleted: 284CT-1987 
Date Sapled: Sampled Br: 
b t e r i a l  Descr iPt ion: DAVIS-HONTHAN WATER Rea, Number: 

Prosrar bno9er: HS Miller 
Date IIPProved: 28-UCT-lP87 



AnaLIS ID: 871016-113 Custorer SJBPle ID: TP01RI083101~SD 
Laboratory Nitre: Organit Has5 SPectroscoPr Custorer Nare: FRANC0 
File ID: ITIIS Sarple Watrix: UATER 
Instrwent ID: I T A S  Reooi si t i on Number: 
Data Release Authorized 33: DC Canada Pate SarPle Received: 4-SEP-1987 

Volatile OrSanic Corpounds - HSL 

Date Extracted/P rePa red : Date Analuzed: 4-SEP-1987 
Prewation Procedure Nurkr: EPk-624 Analrris Procedure Number: EPh-424 
Percent ksiture: Conc/Dilution Factor: 1 *o 
Percent Woisture (decanted) : Analrst: L HOLSOWLE 
Associated Plank: 871 016-120 

74-87-3 
74-83-3 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75 - 27- 4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 

chloromethane 
b r owme thane 
uinrl chloride 
chloroethane 
re thr 1 ene chloride 
acetone 
carbon disulfide 
1 rl-dichloroethene 
111-dichloroethane 
trans-1 12-dichlaroethene 
chloroform 
1 12-dichloroethane 
2-butanone 
1 1 1 I 1-trichloroethane 
carbon tetrachloride 
uinrl acetate 
b rorudi chl o rarethane 
1 12-dichloropro~ane 
cis-1 r3-dichloro~ro~ene 
t r ichloroethene 
di b rocochl oroaethane 

1 ou 
1ou 
1 ou 
1 QU 
5u 

100 
5u 

su 
5u 
5U 
N 

1 ou 
5u 
5u 

1 OE 
SU 
5u 
5U 

5U 

44 s 

57 s 

79-00-5 
71-43-2 
1006 1 -OF6 
110-75-8 
75-25-2 
103-10-1 
591-78-6 
127-18-4 
79-34-5 
108-98-3 
108-90-7 
100-4 2 -4 
100-42-5 

11 112-trichloroethane 
benzene 
trans-2 93dichl0ropropene 
2-chloroethuluinrl ether 
brorofon 
4-retbrl-2-~entanone 
2-hex anone 
te t rachl o methene 
1 t lt2tZ-tet rachloroethane 
toluene 
chl o robeniene 
ethr1hen:ene 
s tr rene 
total xrlenes 

SU 
5 4 s  

StJ 
lou 
su 
lotl 
1 ou 
50 
5U 

51 s 
54 s 

50 
5u 
5u 

Data Reporting Qualifiers: 

U - CorPound uas analrzed far hut not detected, The nurbrrr is the attainable detection lirit f o r  the sawle. 
3 - &naIrte uas fwnd in the reagent blank as well as the sarPle. 
J - Indicates an estirated value. 
ND - Not Detected, 

ttttt Comments froa the Organic Nass Spectroscopr Laboratorr ttttt 



Cor~ound 

YATER VOLATILE HATRIX SPIKE DUPLICATE RECOVERY 

Conc 
Spike Sample Conc. % Conc, Z 
Added Result NS Rec, HSD Ret. RFD 

ltl-Dichloroethene 50 5 u  45 91 44 89 212 
Trichloroethene 50 5 u  56 112 57 114 -1.8 
Chlorobenzene 50 5 u  54 107 54 108 084 
Toluene 50 5 u 51 102 51 102 0 . 3  
Benzene 50 5 u  53 106 54 107 -119 

t - ASTERISKED VALUES I R E  OUTSIDE QC L I H I T S .  



Compound 

SOIL MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY 

Conc. 

Added Result 
Spike Sample Conc, z Cone, % 

Rec, RPD Rec. MSD - - Hs - 
Total Petroleum Hydrocarbons 8,100 (17 7,500 93 7,300 90, 3.3 

RPD = Retatlve Percent Difference 





FIELD BLGNK DATA 





Oak Ridge Gaseous Diffusion Flant 
Analrtical Cheristrr Departrent 

Results of  Aralrses 

Custorer Name: FRANC0 
Customer Sarrle Nwber: FE01RI083101 Lab Sar~le Nmbr: 871016-108 
Date Sawle Received: 16-OCT-1987 Ibte Sample Cowleted: 27-0CT-lp87 
Date Sampled: Sawled Br: 
haterial Description: MUIS-KINTHAN MTER Rea. Nwber: 

Prosrar Hana9er: HS Hiller 
Date APProVed: 3-ET-1987 



CEIS 

74-87-3 

75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71 -55-6 
56-23-5 
108-05-4 
75-27-4 
78-67-5 
10061-01-5 
79-01 -6 
124-48-1 

--------- 

74-83-9 

AnaLIS ID: 871016-108 Customer Sarple ID: fB01R1083101 
Laboratory N a e :  Organic Wass Spectroscaw hstorer Nare: FRAHCO 
File ID: ITK Sample Hatrix: WATER 
Instrurent ID: I T K  Reauisition Nurber: 
Data Release Authorized BY: DC Canada Date Sample Received: 4-SEP-1987 

Volatile Organic Corpwnds - HSL 

Date Extracted/PrePared: 
Preparation Procedure Nurber: EPA-624 
Percent Mi ture: 
Percent Hoisture (decanted) : 
Associated Blank: 871016-120 

.......................... 
&lo rore thane 
brororethane 
vinrl chloride 
chloroe thane 
rethrlene chloride 
acetone 
carbon disulfide 
1~ 1-dichloroethene 
1 I I-dichloroethane 
trans-1 92-dichloroethene 
chloroform 
1 r2-dichloroethane 
2-bu tanone 
1 I 1 I 1 -t richlo roe thane 
carbon tetrachloride 
vinrl acetate 
bronodichloroaethane 
1 r2-dichloropropane 
cis-1 r3-dichloroprorene 
trichloroethene 
dibrocochlorocethane 

u9/L ---- --- - 
1 ou 
1OU 
1 ou 
1ou 
5u 

5u 
5u 
5u 
5u 
5u 
5u 

5u 
5u 

1 ou 
5u 
5u 
50 
5u 
5u 

260 P 

B J  

Date Arralrred: 8-SEP-1987 
Analrsis Procedure Nurber: EPA-624 
Conc/Di luti on Factor: 160 
h l r s t :  

CAS --------- 
79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25-2 

591 -78-6 
127-18-4 
79-34-5 
108-58-3 
108-90-7 
100-41-4 
100-42-5 

108-10-1 

GJ PARDUE R 

1 ~lr2-trichloroethwre 
benzene 
t rans-1 r3-dichlorc~ro~ene 
2-chloroethrlvinrl ether 

4-re thri - 2 - ~ e n  tanone 
2-hexanone 
te t r achlo roe thene 
1 ~ 1  r2r2-tetrachloroethme 
toluene 
chlorobenzene 
e thr lbeniene 
strrene 
total xslenes 

b rOBOf 0 P I  

Data Reportins Qualifiers: 

U - Carpound uas analyzed for h t  not detected, The nurber is the attainable detection lirit for the sarple. 
B - Rnalrte uas found in the reagent blank as uell as the sawle. 
J - Indicates an estirated value, 
ND - Not Detected. 
Surrogate Recoverr Data 



Oak Ridge Gaseous Diflusion flant 
Analvtical Chemistm Departrent 

Results of halrses 

Customer Name: FRIUIM) 
Custwe r Saw1 e Nombe r : FB03R10?0102 Lab S w l e  Nuher: 871036-109 
Date Sample Received: 16-OCT-1987 bte Sample Corpleted: 27-OCT-lP87 
Date Sawled: Sawled BY: 
Haterial Description: MUIS-MOWTHAN MTEfi Reo. Nurber: 

Proma Banader: H5 Hiller 
Date Awroved: 28-ET-1987 



AnaLIS ID: 871016-109 Customer Sample ID: FF03RI090102 
Laboratorr Name: Organic Rass SpectroscoPr Customer Name: FRANC0 
File ID: ITAS Sample Ratrix: WATER 
Instruient ID: ITAS Reouisition Number: 
Data Release Authorized Er: DC Canada Date Sample Received: 4-SEP-1987 

Volatile Organic Cowounds - HSL 
Date ExtractedIPrePared: 
Preparation Procedure Number: EPA-624 
Percent Rosi ture: 
Percent Boisture (decanted): 
Associated P1 ank: 871016-120 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-50-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 

chloromethane 
brooowthane 
vinrl chloride 
chloroethane 
re thy1 ene chloride 
acetone 
carbon disulfide 
1 rl-dichloroethene 
1 I 1 -di chl oroe thane 
t rans-1 r 2-dichloroethene 
chloroform 
1 r2-dichloroethane 
?-but anone 
1 rl I 1-trichloroethane 
carbon tetrachloride 
vinrl acetate 
b romodi chl o rose thane 
1 r?-dichlororropane 

10061 -01-5 ci s-1 9 3-dichl ororro~ene 
73-01 -6 t richloroe t h e w  
124-46-1 dibrotochloromethane 

1 ou 
1ou 
1 ou 
1 ou 
5u 

5u 
5u 
5u 
5u 
5u 
5u 

5u 
5u 

1 GU 
5u 
5u 
5u 
5u 
5u 

280 B 

12 

Date Analrzed: 8-SEP-1987 
Analrsis Procedure tlurber: PA-624 
Concflilution Factor: 1 .o 
Analrst: L HOLSOPFLE 

CAS -------- 
79-00-5 
71-43-2 
10061-02-6 
110-75-5 
75-25-2 
108-10-1 
591-78-6 
127-18-4 
79-34-5 

---------------__---_I__ 

1 I 1,2-trichloroethane 
benzene 
trans-1 r3-dichlom~ro~ene 
2-chloroethrlvinrl ether 
bromofori 
4-rethrl-?-~mtanone 
?-hexanone 
tetrachloroethene 
1 P 1 I 2 12-tetrachloroethane 

108-88-3 toluene 
108-90-7 chlorobeniene 
100-41-4 ethrlbenzene 
lG0-42-5 strrene 

total xrlenes 

Data Reporting Qualifiers: 

U - Coaround uas analried for but not detected. The number is the attainable detection liiit for the s a w l e g  
P - knalrte uas f w n d  in the reaaent blank as uell as the sample. 
J - Indicates an estimated value, 
ND - Not Betected, 



T R I P  BLANK RATA 





Oak Ridge Gaseous Diffusion Plant 
Analrtical Cheiistrr Department 

Results o f  Analrses 

Customer Naee: FRANC0 
Cus tore r Sample Nurber : TBOlRIO83101 
Bate Sairle Received: 16-OCl-1987 Date b ~ l e  Cowleted: 28-KT-1987 
Date Sampled: Sawled 8s: 
haterial Description: DAVIS-HONTHAN UATER Rea, Nurber: 

Lab S a a ~ l e  Number: 871016-110 

Prosrar haseer: HS hiller 
Date Awroved: 28-OCl-1987 

- -  



knaLIS ID: 871016-110 Customer Sample ID: TEOlRI083101 
Laboratorr Name: Organic nass Spectroscopr Custoaer Name: FRANC0 
File ID: ITAS Sample flatrix: WATER 
Instrurent ID: I T A S  Reauisition Number: 
Data Release Authorized Pr: DC Canada Date Sample Received: 4-SEP-1987 

UoIatile Organic Compounds - HSL 

Bate Extracted/Prepared: 
Preparation Frocedure NuBber: EPA-624 
Percent fiosi ture: 
Percent lbis ture  (decanted) : 
hssociated Blank: 871 01 6- 120 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
47-66-3 
107-06-2 
78-93-3 
71 -55-6 
56-23-5 
108-05-4 
75-27-4 

10061 -01-5 
77-01-6 
124-48-1 

78-87-5 

chloromethane 
bromoaethane 
vinrl chloride 
chloroethane 
me thr 1 ene chloride 
acetone 
carbon disulfide 
1 1 -d i chl o roethene 
1 I 1-dichloroethane 
trans-1 I?-dichloroethene 
ch 1 o ro f o r m 
1 r2-dichloroethane 
?-but anone 
1 9 1  I 1 -trichloroethane 
carbon tetrachloride 
vinsl acetate 
bromdichloromethane 
112-dichloropropane 
cis- 1 7 3-di chl o POP ro~ene  
t ricbloroethene 
dibromochloromethane 

Data Reporting Qual i f iers :  

1 ou 
1ou 
1ou 
1 ou 
5u 

5u 
5u 
5u 
5u 
5u 
5u 

5U 
5u 

1ou 
5u 
5u 
5u 
5u 
5u 

260 R 

49 

Date Ana1r:ed: 4-SEP-1987 
Analysis Procedure Number: PA-624 
Conc/Dilution Factor: 1*0 
Anal rst : 

CAS ---___--- 
79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25 - 2 
108-10-1 
591-78-6 
127- 18-4 
79-34-5 
108-88-3 
108-90-7 
100-4 1-4 
100-42-5 

L HOLSOPPLE 

.............................. 
11 1 I 2- t richloroethane 
benzene 
t rans-19 3-dichloro~rc~ene 
Fchloroethrlvinrl ether 
bromof orm 
4-me t hr 1 -2ven tanone 
?-hexanone 
tetrachloroethne 
1 I 1 9212-tet rachloroethane 
toluene 
chlorobenzene 
ethrlbeniene 
strrene 
total  xrlenes 

U - Coapound uas analried for but not i-tected. The nunber is the attainable detection -imit fo r  the samPle. 
P - Analste uas found in the reasent blank as uell as the sawle ,  
J - Indicates an estimated value. 
ND - Not Detected. 



Oak Ridse Gaseous Diffusion Plant 
Analrtical Cher i st ry Departrent 

Results o f  Analyses 

Customer #we: FRANC0 
Custorer Sawle Nwpber: TP03R109010? Lab Sawle Nwber: 871016-111 
Date S w l e  Received: 16-OCT-1987 Bate Sawle Cowleted: 28-OCT-1987 
Date Sawled: Sawled BY: 
hater i a1 Description : DAVIS-KONTHAH UATER Rea. h b e r :  

P m r a  b w s e r :  HS Hiller 
Date APProved: 28-OCT-1987 



AnaLIS ID: 871016-111 Customer Sample ID: TE03RI090102 
Laboratory Nape: Orsanic Wass Spectroscopy Custorer Name: FRANC0 
File ID: ITAS Sample Hatrix: UATER 
Instrurent ID: ITAS Rewisition Number: 
Data Release Authorized BY: DC Canada Date S a w l e  Received: 4-SEP-1987 

Volatile Organic Communds - HSL 

Date Ext racted/P repa red: 
Preparation Procedure Wumber: EPA-624 
Percent Wosi ture : 
Percent Hoisture (decanted) : 
Associated Plank: 871016-120 

74-87-3 

75-01-4 
75-00-3 
75-07-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-05-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-46-1 

74-83-9 
chloromethane 
broaoiethane 
vinrl chloride 
chloroethane 
methylene chloride 
acetone 
carbon disulfide 
1 1  1-dichloroethene 
111-dichloroethane 
trans-1 9 2-dichloroethene 
chloroform 
1 9 2-dichloroethane 
2-bu t anone 
1 9  1 I 1-trichloroethane 
carbon tetrachloride 
vinrl acetzte 
brorodichloronethane 
1 12-dichioropro~ane 
c i s-1 I 3-di chlo POP ro~ene 
t r ichloroethene 
dibromochloroaethane 

1 ou 
1ou 
1 ou 
1ou 
5u 

5u 
5 11 
5u 
su 
5u 
5u 

5u 
5u 
1ou 
5u 
5u 
5u 
5u 
5u 

120 

6 J  

Date Analrzed: 18-SEP-1987 
h a l r s i s  Procedure Number: EPA-624 
Conc/Dilution Factor: 1 .o 
bnalrst : 

CAS ---------- 
79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25-2 
108-10-1 
591-78-6 
127-18-4 
79-34-5 
108-88-3 
108-90-7 
100-4 1-4 
100-42-5 

1 HOLSOPFLE 

1 I 1 I?-trichloroethane 
benzene 
t r ans-1 I 3-di chl o rop ropene 
2-rhloroethrlvinrl ether 
broroform 
4-rethrl-?-~entme 
2-hexanone 
tetrachloroethene 
1 I 1 I?r?-tetrachlomerhane 
toIuene 
chlorobenzene 
ethylbenzene 
s tr rene 
total wleres 

5u 
SU 
5u 
1ou 
5u 
1 ou 
1ou 
5u 
5u 

5u 
5u 
5u 
su 

1 J  

Data Reporting Qualifiers: 

U - Cowound uas ana1r:ed for but not detected. The number is the attainable detection limit for the s a w l e e  
E - Anslrte uas found in the reasent blank as uell as the sample. 
J - Indicates an estimated value, 
ND - Not Detected, 



LABDRATORY BLhNK DATA 





Oak Ridge Gaseous Diffusion Plant 
Analrtical Chrristrr Departrent 

Results af Analrses 

Custorer Nae: FRANC0 
Customer S a w l e  Nurber: UOELKO908 Lab Sample Hurber: 871016-114 
Date Sample Received: 16-OCT-1987 Date Sarrle Corpleted: 21-CCT-1987 

Material Description: DAVIS-RCNTHAN SOIL Rea. NUbfiW: 

Date Sampled: Sampled h: 

Prosrar hnaser: HS Riller 
Date Approved: 26-OCT-1987 



CAS 

74-87-3 
74-03-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-65-3 
107-05-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
70-87-5 
10061-01-5 
79-01-6 

---------- 

124-48-1 

h L I S  ID: 871016-114 Customer S a w l e  ID: VOBLK0908 
Laboratory Name: Ordanic flass Spectroscopy Custowr Nae: FRANC0 
File ID: ITAS Sample Batrix: SOIL 
Instrument ID: ITAS Rewisition Nurber: 
Data Release Authorized BY: DC .Canada Date S a w l e  Received: 8-SEP-1987 

Volatile Or9anic Conrounds - HSL 

Date Ext racted/PrePared : 
Preparation Procedure Nurber: EM-5030 
Percent Hosi ture : 
Percent noisture (decanted) : 
Associated Plank: 

chlororethane 
b roromet h m e  
vinyl chloride 
chloroethane 
methylene chloride 
acetone 
carbon disulfide 
1 91-dichloroethene 
191-dichloroethane 
trans-1 IPdichloroethene 
chloroforB 
192-dichloroethane 
2-bu tanone 
1,191-trichloroethane 
carbon tetrachloride 
vinyl acetate 
brorodichloromethane 
1 92-dichloropropane 
cis-1 I 3-dichloro~ro~ene 
tr i ch lo roethene 
dibrorochlororethane 

W K d  
.- ---------- 

1 ou 
1ou 
1ou 
1ou 
5u 
26 
5u 
5u 
5u 
5u 
5u 
5u 

1 ou 
5u 
5u 

1 ou 
5u 
5u 
5u 
su 
5u 

Date Analyzed: 8-SEP-1987 
Analrsis Procedure Nurber: EPA-8240 
Conc/Di lutian factor: 1 ,o 
Analyst: L HMSOWLE 

110-75-E1 
75-25-2 
108-10-1 
591-?9-6 

79-34-5 

108-90-7 
100-4 1 -4 
100-42-5 

127-18-4 

108-88-3 

2-chloroethrlvinrl ether 
broroforr 
4-rethrl-2-~entancne 
2-hexanone 
tet rachloroe thene 
1 I 1 9 2 t 2- tetrachloroethane 
toluene 
chlorobenzene 
ethrlbenzene 
s t Y rene 
total xylenes 

1ou 
5u 

? J  
4 J  
5u 
su 
5u 
su 
su 
5u 
su 

Data Report ind  Rual i 1 iers: 

U - Compound uas analried for but not detected, 
- Analrte uas found in the readent blank as uell as the sample, 

J - Indicates an estimated value. 
ND - Not Detected, 

The number is the attainable detection limit for the s m l e .  



Oak Ridge Gaseous Diffusion P l a n t  
Analrt i cal Cht!ais t rr Depar tren t 

Results cf Analrses 

Custorer Nae: FRANC0 
Custmer SwPle Number: UPLK0905’2 Lab Sawle N u a h :  871016-115 
Date Sawle Received: 16-OCT-1987 Date Sawle Cumpleted: 
Date Sarpled: Sarpled Fr: 
b t e r i a l  Description: MUIS-HONTHAH SOIL Reo, Nuaber: 

Prosrar knader: lf5 hi l ler  
Date Approved: 



#IS ---------- 
74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
15 6-60 - 5 
67-66-3 
107-06-2 
78-93-3 
71 -55-6 
56-23-5 
108-OS-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 

AnaLIS ID: 871016-115 Custorer Sarple ID: UMK09092 
Lahoratorr Nare: Organic tlass Spectroscopr Custorer Nare: FRANC0 
File ID: I T A S  Sample Hatrix: SOIL 
Instruaent ID: ITAS Reouisition Nurber: 
Data Release Authorized BY: DC Canada Date Sample Received: 9-SEF-1987 

Volatile OrSanic CorPounds - XSL 
Date Ext EBC ted/PrePared : 
Preparation Procedure Nurber: EPA-5030 
Percent tlositure: 
Percent fioisture (decanted) : 
Associated E1 ank : ELANK 

.............................. 
chloroaethane 
brcromethane 
vinrl chloride 
chloroethane 
rethrlene chloride 
acetone 
carbon disulfide 
1 rl-dichloroethene 
191-dichloroethane 
trans-1 9 2-dichlo roe thene 
chlorof or& 
lI2-dichloroethane 
M u t a n o n e  
1 I 1 I 1 -t r i chl oroethane 
carbon tetrachloride 
vinrl acetate 
brooodi chl o rorethane 
1 I 2-di chl orop rorane 
ci s-1 I 3-dichl o rop r o ~ e n e  
trichloroe thene 
dibrorochl orome thane 

ug/Kg ---------_ 
1ou 
1 ou 
1ou 
1ou 
5u 
1ou 
5u 
5u 
5u 
5u 
5u 
5u 

1 ou 
5u 
5u 
1 ou 
5U 
5u 
5u 
5u 
5u 

Date RnJlYZed: 9-SEP-1987 
Analrsis Procedure Number: EPA-8240 
Conc/Di 1 ution Factor : 
Analrst: L HOLSOFPLE 

1.0 

79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25-2 
108-10-1 
591-78-6 
127-18-4 
79-34-5 

108-90-7 
100-41-4 
100-42-5 

108-88-3 

1 I 112-trichloroethane 
benzene 
trans- 1 I 3-dichlom? P o m e  
2-chloroethrlvinrl ether 
brmof o ro 
4-rethrl-2-pentanone 
?-hexanone 
tetrachloroethene 
1 I 1921 2- tet rachloroethane 
toluene 
chlorobenzene 
ethrlbenzene 
styrene 
total xrlenes 

5u 
5u 
5u 
10u 
5u 
1OU 
1 ou 

5u 
5u 
511 
5u 

5u 
su 

1 J  

Data Re Parting Oual if iers: 

U - CorPound uas analyzed fo r  but not detected, 
P - Analrte uas f w n d  in the reagent blank as ueIl as the sarFle. 
J - Indicates an estimated value, 
ND - Not Detected, 

The nuaber is the attainable detection limit for  the simple, 

Surrogate Recovery Data 
_---____-----------^--- 

TOLUENE-DE( 
EROfiOFL~PENZENE 
1 I 2-DICHLORMTHANE-D4 

50 50.0 - 100.0 
SO 55.5 111 e o  

50 46.5 93.0 



Oak Ridse Gaseoils Diffusion Plant  
Analrt i cal Cher i s t rtl Dew rtrent 

Results o f  Analyses 

Custorer Nare: FRANC0 
Custoaer Saaple Number: WOPLK09092 Lab S a P l e  ffucber: 871016-116 
Date SiwPle Received: 16-OCT-1987 Date SarPle Cowleted: 21-OCT-1987 
Date Sawled: Sarpled BY: 
Waterial Description: DAVIS-HONTHAN SOIL Rea, Nurber: 

Prosrw Wanaser: flS Hiller 
Date AwroVed: 26-OCT-1987 



UnlrHniL nl in~ I a i  3  ti I ti ncr un I 

AnaLIS ID: 871016-116 Customer SarPle ID: VOPLK09092 
Laboratorr Nape: Organic Rass SPectroscorr Custorer Nare: FRANC0 
File ID: I T A S  Sample Ratrix: SOIL 
Instrument ID: I T A S  Reuuisiticm Nurkr: 
Data Release bthorized Br: DC Canada Date Sawle Received: 9-SEP-1987 

Volatile Orgenic Cobpounds - HSL 

Date Ext  rac tedflrepared: 
Preparation Procedure Hurber: EPA-5030 
Percent nos i ture : 
Percent Koisture (decanted): 
Associated Blank: BLANK 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71 -55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 

chlormethane 
bror tmehne 
vinrl chloride 
chloroethane 
me thrl ene chloride 
ace tone 
carbon disulfide 
19 l-dichloroethene 
1 9  1-dichloroethane 
trans-1 92-dichloroethene 
chl orof ora 
1 9 2-di chl oroethane 
2-butanone 
191 I 1-trichloroethane 
carbon t e  t r arhloride 
vinrl acetate 
browdi ch 1 o rorethane 
1 r2-dichloroProPane 
cis-1 I 3-dichloro~ro~ene 
trichloroethene 
d i  brocochl o r  methane 

1ou 
1 ou 
1 ou 
1ou 

1 0u 
5u 
5U 
5u 
5u 
5u 
5u 

1ou 
5U 
5 Ll 

1 ou 
5u 
5u 
5U 
5u 
5u 

Z J  

Date Analrzed: 9-W-1987 
Analrsis Procedure Nuher: EPA-8240 
Conc/Di lution Factor: 190 
Analyst: 

CAS 
---------- 
79-00-5 
71-43-2 
1006 1 - 02-6 
110-75-8 
75-25-2 
108-10-1 
591-78-6 
127-18-4 
79-34-5 
105-88-3 
108-90-7 
100-41-4 
100-42-5 

L HQLWPLE 

-_------------------"c- 

1~112-trichlorwthane 
b e n e  
t rans-1 93-dichloro~ropene 
2-rhloroethlvinrl ether 
b M B o f  0 rm 
4 -rethrl-?-Pentmnone 
?-hexanone 
ktrJChlOWethene 
1 7  1 r2~2-tetraci-iloroethane 
toluene 
chlorobenzene 
ethr  1 benzene 
styrene 
to ta l  eslenes 

Data Reportins OualiPiers: 

U - Compound uas analrzed f o r  hut  not detected, The number is the attainable detection limit for the s w l e .  
P - Analrte uas found i n  the reagent blank as well as  the s a ~ p l e .  
J - Indicates an estirated value. 
ND - Not Detected, 

Surrogate Recoverr Data 



Customer Nare: 
Custorer Sample Nur-2r 
Date Sample Received: 
Date SarPled: 
Hate r i  a1 Descr ip t  i on: 

Activitr Preparation Analysis 
Uwbr Procedure No. Procedure No. 

Oak. Ridge 6aseous Diffusion Plant  
Analrt ical Cher i st r y  Bepartrent 

Results of Analyses 

FRANC0 
V08L09091 Lab Sample WuL-er: 871016-117 
16-UCT-1987 Date Sample Cowleted: 21-ET-1987 

Sampled Br: 
DAVIS-RONTHAN SOIL Rea, Nurber: 

Prosrrr Hrna9er: MS Riller 
W e  h r o v e d :  26-DCT-1987 



CbS 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156- 60-5 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 

---------- 

AnaLIS ID: 871016-117 Customer Sample ID: WRL09091 
laboratory Nare: Organic Hass SPectroscoPr Customer Nae: FRANC0 
File ID: ITAS SarPle Hatrix: SOIL 
Instrument ID: ITAS Reouisition Number: 
Data Release Authorized Pr: DC Canada Date Sample Received: 9-SEP-1987 

Volatile Organic Conpounds - HSL 

Date Extracted/PrePared: 
Preparation Procedure Number: EPA-5030 
Percent ksiture: 
Percent iioisture (decanted) : 
Associated El ank: BLANK 

c_I_____-------------------- 

chl o romethane 
bromorethane 
vinrl chloride 
chloroethane 
methrlene chloride 
acetone 
carbon disulfide 
lrl-dichloroethene 
19 1-di chl oroe thane 
trans-1 r 2-di chloroethene 
chloroform 
1 12-dichloroethane 
2-butanone 
191 rl-trichloroethane 
carbon tetrachloride 
vinrl acetate 
bromodichl orone thane 
1 9 2-di chl orop roPane 
cis-1 I 3-dichloro~ro~ene 
trichloroethene 
dibroaoch!orore thane 

ug/Kg ---------- 
1ou 
1ou 
1 ou 
1 ou 
5u 

5u 
5u 
5u 
5u 
5u 
5u 

1 OU 
su 
59 

1 ou 
5u 
5u 
su 
5u 
5u 

4 J  

Date Analyzed: 9-SEP-1987 
Analrsis Procedure Nurber: EPA-8240 
Conc/Di lut ion Factor: 
Analrst: L HOtWPLE 

1 ,o 

79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25-2 
108-10-1 
591-78-6 
127-18-4 
79-34-5 
108-88-3 
108-90-7 
100-4 1-4 
100-42-5 

1 I 1~Ptrichloroethane 
benzene 
trans-1 r3-dichloro~m~ene 
2-chloroethrlvimrl ether 
b romof orm 
4-methrl-2-~entme 
2-hex anone 
tet rachl oroe thene 
1 5 1 I 2 9 2- tetrachloroethane 
toluene 
chlorobenzene 
ethrlbeniene 
styrene 
total xylenes 

Data Reporting Qualifiers: 

U - Conpound uas analyzed for but not detected, 
E - Analrte w s  found in the reasent blank as uell as the sample. 
J - Indicates an estimated value. 
ND - Not Detected+ 

The number is the attainable detection limit for  the sawle. 

TOLUENE-DE 
EROHOFLUUROPENZENE 
1 Y ?-DICHlOROETHANE-D4 

50 50.0- lOOI0 
50 5810 116.0 
50 45.5 91 + O  

5u 
su 
5u 
1OU 
5u 

1ou 
1 ou 
5u 
5u 
SU 
5u 
5u 
su 
5u 



Oak Ridge Gaseous Diffusion Plant 
Analytical Cheaistrr Departcent 

Results of  Analyses 

Custorer Name: FRANC0 
Customer Sample Nurkr: VOBLK0910 Lab Sarple h b e r :  871016-118 
Date SarPle Received: 16-OCT-1987 Date Sawle Gwleted:  ?l-UCT-1987 
Date Sawled: Sawled Br: 
Hater i a1 Desc r i  P t ion : IIAUIS-I1ONTMN NIL Rea. Wwber: 

Prosrw h a f e r :  HS Xiller 
Pate Amoved: 26-OCT-1987 

. .. .. __ . . . . . 



h a L I S  ID: 871016-118 Custoaer Sample ID: VOELK0910 
Laboratcrr Name: Organic bass SPectroscorr Customer Name: FRANC0 
File ID: ITAS Sample Katrix: SOIL 
Instrurent ID: ITAS Reouisitim Nurber: 
Data Release Ruthrized Er: DC Canada Date Sample Received: 10-SEF-1987 

Volatile Or9anic Compounds - HSL 

Date Ext racted/Prepared : 
Preparation Procedure Nuober: EPA-5030 
Percent fiositure: 
Percent kisture (decanted): 
Associated El ant; : BLANK 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
78-93-3 
71 -55-6 
56-23-5 
108-05-4 
75-27-4 
78-97-5 

chlororethane 
brororethme 
vinrl chloride 
chloroethane 
rethrlene chloride 
acetone 
carbon disulfide 
1 I l-dichloroethene 
111-dichloroethsne 
trans-I I 2-di chl oroethene 
chloroforr 
1 r2-dichloraethane 
2-butanone 
1 91 11-trichloroethane 
carbon tetrachloride 
vinsl acetate 
brorodichlororethane 
1 r2-dichloroProPane 

1OOS1-01-5 cis-1 I 3-dichloro~ro~ene 
79-01-6 trichloroethene 
124-42-1 dibrorochlororethane 

1 ou 
1ou 
1 ou 
1 ou 
5u 
11 
su 
5u 
5U 
5u 
5u 
5u 

1 ou 
5u 
5u 
1 ou 
5u 
5u 
5u 
5u 
5u 

Date Analyzed: 10-SEF-1987 
Analrsis Procedure Number: EPA-8240 
Conc/Di lut ion Factor : 
&iJlrSt: L HOLSOPPLE 

lo0  

79-00-5 
71-43-2 
10061-02-6 
110-75-8 
75-25-2 
108-10-1 
591 -78-6 
127-18-4 
79-34-5 
108-88-3 
108-90-7 
100-41 -4 
100-42-5 

1 I 1 I 2-t r ichloroethane 
benzene 
tram-1 13-dichloro~m~ene 
2-chloroethrlvinrl ether 
bromoform 
4-methrl-?-~entanone 
?-hexanone 
tet r achlo roethene 
1 I 1 I 2 I 2-te t rachlo roethane 
toluene 
ch1orolren:ene 
ethrlbenzene 
strrene 
total xrlenes 

Data Reporting Oualifiers: 

U - Comround uas analried for but not detected, 
B - Analste uas f w n d  in the reagent blank as uell as the sawle. 
J - Indicates an estirated value. 
ND - Not Detected, 

The number is the attainable detection lirit for  the s a p l e e  

5u 
5u 
5u 
1 ou 
5u 
1 ou 
1 ou 
5u 
5u 
5u 
SU 
5u 
5U 
5u 

. 



Oak Ridge Gaseous Diffusion Plant 
Analrticsl Cheristrr Departrent 

Results of  Analrses 

Custorer Name: FRANC0 
Custoier Sample krkr:  VOPL09081 Lab Sawle Nurber: 871016-119 
Date Sawle Received: 16-OCT-1987 hate Sarple Cawleted: 21-OCT-1987 
Date Sampled: Sarpled BY: 
Water i a1 k s r  r i P t i on: MU1 S-ffOllTHAN UATER Reo. Nurber: 

Prorrrar hanafer: HS hil ler  
k t e  Approved: 26-OCT-1987 



UKbANlL IlNALI?d:, UHlA ntrunl 

AnaLIS ID: 871016-119 Customer Sample ID: UOPL09081 
Laboratorr Nase: Organic Mass Spectroscopy Customer Name: FRANC0 
File ID: I T A S  Sample Watrie: UbTER 
Imtrurent ID: ITRS Reeui s i t ion Nurber : 
Data Release Authorized Pr: DC Canada Date Sample Received: 8-SEP-1987 

Volatile Orsxiic Compounds - HSL 
Date Extracted/Pre?ared: 
Preparation Procedure Nurber: 
Percent h i t u r e :  
Percent Koisture (decanted): 
Assoriated Plank: 

74-87-3 
74-83-9 
75-01 -4 
75-00-3 
7 5 0 9 - 2  
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
67-56-3 
167-06-2 
78-93-3 
71-55-t 
56-23-5 
10s-05-4 
75-27-4 

10061 -01-5 
79-01-6 
124-48-1 

78-87-5 

chlororethane 
browrethane 
vinrl chloride 
chloroethane 
rethr 1 ene chloride 
acetone 
carbon disulfide 
lrl-dichloroethene 
1 91-dichloroethane 
trans-1 12-dichloroethene 
chloroforc 
1 I2-dichloroethane 
2-butanone 
11171-trichloroethane 
carbon tetrachloride 
vinrl acetate 
brorodichlororethane 
1 ,?-dichloroProPane 
cis-1~3-dichloro~ro~ene 
trichloroethene 
dibrorochloromethane 

Data Reportins Qualifiers: 

€PA-624 

U¶/L ---------- 
1 ou 
1 ou 
1 ou 
1ou 
5u 

5u 
su 
5u 
5u 
5U 
5u 

1ou 
su 
5u 
1 ou 
5u 
5u 
5u 
su 
5u 

2 J  

Date Analyzed: 8-SEP-1987 
Analrsis Procedure Nurber: EPA-624 
Conc/Di lution Factor: 1 s o  

Analyst: L HOLSUPPLE 

79-00-5 
71-43-2 
10061-02-6 
110-75-9 
75-25? 
108-10-1 
591-78-6 
127-1 8-4 
79-34-5 
108-88-3 

100-4 1-4 
100-42-5 

108-90-7 

1 9  1 r Ptrichloroethane 
benzene 
trans-1 ~ 3 - d i c h l o m ~ r a ~ e n e  
2-chloroethrlvinrl ether 
broroforr 
4-rethrl-2-~ent~none 
2- hex anone 
tetrachloroethene 
19 192r2-tetrachlowethane 
toluene 
chl o robeniene 
ethr 1 benzene 
s tr rene 
total xrlenes 

U - Corpound uas andried for but not c-.xted, 
B - Analrte uas found in the reasent blank as uell as the sample, 
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Custorer Sample Nurber: UELK09042 Lab Sawle Number: 871016-120 
Date Sacple Received: 16-OCT-1987 Date Sawle Completed: 21-OCT-1487 
Date Sawled: Sar~led Pr: 
naterial kesc r i p t  ion: MUIS-HONTHAN HATER Rea, Number: 

FRAHCO 

Prosrar Banader: HS Biller 
Date Awroved: 26-OCT-1987 



AnaLIS ID: 871016-120 Customer Sample ID: UFLK09042 
Laboratory Nape: Organic Bass SPectroscoPr Customer Wace: FRANC0 
File ID: ITAS Sample Hatrix: UATEF: 
Instrueent ID: ITAS Reouisition Nuaber: 
Data Release Authorized EY: DC Canada Date Sample Received: 4-SEP-1987 

Volatile Organic Cowounds - HSL 
Date Extracted/F'rePared: b t e  Analyzed: 4-SEP-1987 
Preparation Procedure Nurber: EPA-624 halrsis Procedure Number: EPA-624 
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Percent Hoisture (decanted) : Analyst: L HMSOPFLE 
Associated Blank: BLANK 

7 4 - 8 7 - 3 
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bromodichloromethane 
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J - Indicates an estimated value. 
ND - Not Detected. 
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CAS 
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75-00-3 
75 - 09 -2 
67-54-1 
75-15-0 
7 5 - 5 4  
75-34-3 
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--_-I------------------------ 
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re thy1 ene chloride 
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191-dichloroethane 
t r ans-19 2-dichlo roethene 
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1 I 2-dichloroethane 
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1 VI r1-trichloroethane 
carbon tetrachloride 
vinrl acetate 
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1 ~2-dichloroFroPane 
cis-1 r3-dichlorofro~ene 
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108-1 0- 1 
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100-42-5 

1 P 199-trichloroethane 
ben:ene 
t rans-I I 3-dichlo roProPene 
2-chloroethrlvinrl ether 
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4-tethrl-?-~entmone 
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1 I 1 r2r ?-tetrachloroethane 
to 1 uene 
chlorobenzene 
ethrlbenzene 
styrene 
total xylenes 

D3t.a Re;-ortins Oualifiers: 

U - Coaround uas awlr:ed for but not detected, The number is the attainable detection licit for the IwPle. 
E - Analvte uas found in the reagent blank as well as the s w l e ,  
J - Indicates an estirated value, 
NI! - Not Detected. 
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1.0 II.sTTa3DUCTION 

1.1 General 

This repor t  presents the r e s u l t s  of a geotechnical  i nves t iga t ion  and engineering 

ana lys i s  conducted by %e Earth Technology Corporation (Earth Technology) for 

the p r o j e c t  s i te  located near the present  f i r e  t r a i n i n g  f a c i l i t y  along the 

southwest s i d e  of Ramsgate Road on the Davis-Monthan A i r  Force Base (D-M AFB). 

The s i te  loca t ion  is shown i n  Figure 1. 

southeas t  s i d e  of Tucson, Arizona. 

D-M AFB is i n  Pima County on the 

"k purpose of t h i s  s tudy was to  determine i f  any gross  contamination t h a t  might 

requi re  remediation is present under the s i t e  proposed for t h e  F i r e  Training 

F a c i l i t y  (FTF) .  

condi t ions underlying the sub jec t  s i t e  and provide geotechnical  recomnendations 

f o r  t h e  s i te  developnent. 

b b o r a t o r y ,  (OF@&) was responsible  f o r  the  i n t e r p r e t a t i o n s  r e l a t e d  to  the  de te r -  

mination of contaminated s o i l  and/or ground water. 

s i b i l i t y  included conducting the  f i e l d  inves t iga t ion ,  geotechnical  l abo ra to ry  

t e s t i n g ,  engineering ana lys i s  and geotechnical  report prepara t ion .  

I n  addi t ion ,  t he  s tudy was intended to  determined t h e  subsoil 

IXlring the course of the work, Oak Ridge National 

Earth Technology's respon- 

1.2 scope of Work 

The f i e l d  and o f f i c e  t a sks  cons is ted  of the  following: 

o 

o 

Review of ava i l ab le  r epor t s  and work p l ans  for t h e  project area. 

D r i l l i n g ,  sampling and logging of a total  of 5 Environmental 
Borings (hollow stem) to  a depth of 37.5 f e e t  f o r  
environmental/chemical (E/C) and geotechnical  t e s t i n g .  
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Dri l l i ng ,  sampling and logging of a t o t a l  of 11 Geotechnical Borings 
(hollow stem),  t h ree  t o  a depth of approximately 91.5 f e e t  and the  
remaining e igh t  to  a depth of approximately 21.5 feet f o r  geotechnical  
t e s t i n g .  

Laboratory t e s t i n g  (geotechnica l )  of r ep resen ta t ive  soi l  samples 
obtained from environmental and geotechnical b r i n g s .  

Engineering ana lys i s  (geotechnical  only)  of t h e  collected f i e l d  and 
labora tory  da ta .  

Preparat ion of t h i s  report present ing our f ind ings ,  conclusions and 
recomnendations. 

The loca t ions  of b r i n g s  a r e  shown i n  Figure 2. 

l abora tory  t e s t  r e s u l t s  are presented i n  Appendix A and Appendix B, respec- 

t i  vel 5-7. 

The logs of b r i n g s  and t h e  

1 . 3  Site Description 

The e x i s t i n g  f i r e  t r a in ing  a rea  is located i n  the c e n t r a l  a r e a  of the D-M AFB. 

It  includes roughly a t r i angu la r  shaped area  measuring a b o u t  500 f e e t  on a s ide .  

Three circular-shaped f i r e  t r a i n i n g  areas a r e  s i tuated a t  west, southwest and 

north corners  of the  s i te .  

f l a t ,  unvegetated ground su r face  surrounded by a l o w  ear then  berm. I n  add i t ion  

to  f i r e  t r a in ing  a reas ,  s i te  conta ins  waste f u e l  s to rage  f a c i l i t y ,  f i r e  p i t ,  o ld  

cars ,  drums f i l l e d  with f i r e  r e t a rdan t  and a concrete  pad housing a bui ld ing  

used fo r  f i r e  f igh t ing  purposes. 

f i gh t ing  p rac t i ce .  

Each f i r e  t r a in ing  a rea  c o n s i s t s  of a r e l a t i v e l y  

The s i te  is c u r r e n t l y  being used f o r  f i r e  

1.4 Proposed Development 

The general  configurat ion of the proposed grading for t h e  FTF s i t e  is shown i n  

Figure 2. Grading p lan  ind ica t e s  t h a t  t he  s i te  will be developed by a relati-  
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vely minor conventional c u t  and f i l l  grading by using loca l ly  avai lable  s o i l s  t o  

create  approximately 300 foot diameter and 3-foot high s o i l  f i l l  berm wi th  a 

double l i n e d  containment p i t  on the top, access road t o  connect s o i l  berm 

(FTF-site) t o  Ramsgate Road, various concrete pads, approximately +foot deep 

double l i n e d  eff luent  holding pond, and oth2r minor support f a c i l i t i e s  including 

p i t  dra in  l i ne ,  o i l  separator, e l ec t r i ca l  services,  and storage buildings. 
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2.0 FIELD AND LABORATORY INVESTIGATIONS 

2.1 Field Investigations 

Earth Technology performed a subsurface investigation consisting of drilling a 

total of 16 hollow-stem auger brings between August 31, 1987 and September 4, 

1987. 

supervision of a registered civil engineer. 

Boring bcation Plan, Figure 2. Boring logs including sampling methods and pro- 

cedures followed, both for environmental and geotechnical brings, are presented 

in Appendix A. 

me field investigation was performed by a geologist under the direct 

Boring locations are shown on 

Five Environmental Borings, BH-01 through BH-05, were drilled first to a depth 

of 37.5 feet  and sampled both for environmental/chemical (E/C) and geotechnical 

testing. 

Agency ( E P A ) ,  Air Force Office of Safety and Health, Occupational Health and 

Safety Administration, and State of Arizona regulations and procedures con- 

cerning safety during drilling, sarrpling, and analytical testing activities. 

Prior to comnencement of the drilling, the site had been classified as a Level-D 

Hazardous Waste Project. 

ORNL safety officers and were found to be very slight to slight, therefore, no 

precautionary measures were warranted. 

(approximately at 5 foot intervals) were obtained using a 2.5-inch diameter 

California r i n g  sampler and standard split spoon sampler as directed by ORNL 

site project manager. 

Drilling work complied with all applicable Environmental Protection 

Contamination levels were continuously monitored by 

Geotechnical samples and E/C samples 

Upon completion of the five combination environmental/geotechnical b r i n g s ,  the 
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remaining 11 geotechnical  b r i n g s ,  GT-1 through GT-11, ( 3  t o  a depth of 91.5 

f e e t ,  and 8 t o  a depth of 21.5 f e e t )  were d r i l l e d  a l s o  using a hollow-stem auger 

r i g .  Geotechnical b r i n g s  were sarnpled a t  5 f o o t  i n t e r v a l s  using a Ca l i fo rn ia  

r i n g  sampler and/or s p l i t  spoon sampler. 

holes .  

No E/C sampling was required f o r  these 

ORM, r ep resen ta t ives  were present  during a l l  d r i l l i n g  operat ions.  

During d r i l l i n g  and sampling Standard Penetrat ion Tes t  (SPT) blow counts  for 

d r iv ing  t h e  s p l i t  spoon sampler and the blow counts  t o  d r i v e  the Ca l i fo rn ia  r ing  

sampler by 1 2  inches were recorded for  each sample i n t e r v a l .  

logged by a geologis t .  

the Ur?lfied S o i l  C la s s i f i cF t ion  System (VSCS). 

dance with ASTM D1566. 

with d r i l l  cu t t i ngs .  

All b r i n g s  were 

Mater ia l s  were v i s u a l l y  c l a s s i f i e d  i n  accordance w i t h  

SPT's were perform& i n  accor- 

Upon completion of d r i l l i n g ,  t h e  bor ings  were backf i l led  

2.2 Laboratory Test ing (Geotechnical)  

The following labora tory  tests (geotechnical)  were performed on r ep resen ta t ive  

s o i l  samples using the app l i cab le  ASTM standards:  

o 27 in-s i tu  d r y  dens i ty  determinat ions 

o 54 in-s i tu  moisture content  tests 

o 15 gradat ion ana lys i s  

o 14 Atterberg l i m i t s  tests 

o 3 consol ida t ion  tests 

0 2 pH 

o 1 soluble s u l f a t e s  

Laboratory test r e s u l t s  including t e s t i n g  procedures a r e  presented i n  

Appendix B, (on Table B-1 and i n  Figures B-1 through B-22).  
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3 .0  GEXECHNICAL CONDITIONS 

3.1 General Geology and Physiography 

D-M AFB is s i t u a t e d  i n  t h e  Tucson Basin within the southern part of the Basin 

and Range physiographic providence. 

it is a broad a l l u v i a l  bas in  with adjacent  h i l l s  and high mountains composed 

mainly of c r y s t a l l i n e  rocks (Reference 4 ) .  

me Tucson Basin is typical of t h i s  region;  

Rocks i n  t h i s  area show evidence of igneous in t rus ions ,  sea advancement, meta- 

morphism, u p l i f t s ,  f a u l t i n g  and erosion.  No outcropping of rocks was seen i n  

the i m e d i a t e  s tudy xes, b u t  i n  t he  marby  novntzin range: t he  rock ages range 

from Precambrian t o  m a t e r n a r y .  

r e l a t ed  c r y s t a l l i n e  i n t r u s i v e  rocks,  a r e  e v s e d  i n  the  Rincon and T o r t o l i t a  

Mountains. 

sandstone, conglomerate, l imestone (some l o c a l l y  metmorphosed) showing evidence 

of sea advancement. 

Mountains). 

O l d  precantxian rocks, mostly g r a n i t e  and 

Cretaceous rocks found around the s tudy a rea  a r e  mostly sha le ,  

(This can be seen i n  the Tucson, Rincon and Empre 

The mountains surrounding the s tudy  area were u p l i f t e d  during the  Laramide 

Orogeny of the  T e r t i a r y  age,  which is comno:~ throughout western North America. 

me e a r l y  T e r t i a r y  per iod brought a b o u t  metamorphism which produced g r a n i t i c  

gne isses ;  t hese  were der ived from igneous arid sedimentary rocks ranging from 

Precambrian through Cretaceous i n  age (mostly seen i n  the Rincon mountains). 

me middle and la te  T e r t i a r y  per iod produced mostly g r a n i t e s ,  la t i te  and andesi- 

tes. 

t a i n s .  

Evidence of t h i s  is predominant i n  the  major i ty  of the surrounding moun- 

me a l l u v i a l  valleys with in  the basin conta in  Quaternary gravel, sand, 
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silt and clay.  

these s t r a t a  a r e  a q u i f e r s  which a r e  a major water supply source for t h e  Tucson 

area .  

Thickness of these u n i t s  may exceed thousands of f e e t .  Some of 

3.2 Faul t ing and Se ismic i ty  

The mountainous areas around the  meson area  have seen most of the seismic acti- 

v i t y .  Faul t ing has occurred i n  the mountain ranges: TUcson, Sierr i ta ,  Rincon 

and Rnpre which are approximately 10, 17,  20 and 25 miles from the project area, 

respec t ive ly ,  (Reference 1). Tnese f a u l t s  a r e  considered inac t ive .  No  a c t i v e  

f a u l t s  have been observed wi th in  the  proposed p r o j e c t  s i te .  

Arizona is a region w i t h  infrequent  earthquakes and only a few seismograph sta- 

t i o n s  have been operated i n  t h e  s t a t e .  As a r e s u l t ,  readings a t  s ta t ions from 

surrounding a reas  have been necessary t o  determine earthquake l o c a t i o n s  and 

magnitudes. Figure 3 presen t s  the earthquake i m e n s i t i e s  reported between 1852 

abd 1977. Some small earthquakes,  about- Magnitude 3 and less, have probably 

occurred i n  Arizona, b u t  were not l a r g e  enough to  k adequately r e g i s t e r e d  a t  

the  regional  seismograph s t a t i o n s ,  and t h u s  do not appear i n  the s e i s m i c i t y  

ca ta logs .  

of cormunity experiencing the s t ronges t  e f f e c t s ,  which is not  n e c e s s a r i l y  the 

a rea  of the ep icenter .  For these  reasons,  t he  se i smic i ty  d a t a  i n  Arizona are 

not adequate f o r  c o r r e l a t i o n  t o  s p e c i f i c  faul ts  (Reference 3 ) .  

The r epor t s  of f e l t  earthquakes can imply l o c a t i o n s  only  i n  the area 

"he project s i te  is located wi th in  the Uniform Building Code Seismic Zone 2 

(Reference 8 ) .  
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3.3 S i t e  and Subsurface Conditions 

Based on the  information gathered from Geotechnical b r i n g s  (GT-1 through GT-11) 

and Environmental Borings (BH-01 through B€i-05), the c h a r a c t e r i z a t i o n  of the 

s u r f a c e  and subsurface soi l  condi t ions a t  the proposed s i t e  is presented as 

f o l l w s  : 

3.3 .1  S u r f i c i a l  Materials 

The genera l  a r e a  of the site is a t  an e l eva t ion  of about 2,700 f e e t .  

su r f ace  s l o p s  ap2roximately 7 f e e t  from the southeas t  end to  the northwest end 

of the s i te .  

g ra s ses  and small d e s e r t  p l a n t s  less than f i v e  inches t a l l .  

cons i s t ing  of alluvium ( s i l t y  sand w i t h  grave l  and traces of c l a y )  are present  

throughout t h e  s i te .  

were e n c o u n t e r 4  during d r i l l i n g .  

The ground 

The n a t u r a l  vege ta t ion  cover a t  the s i te  c o n s i s t s  mostly of 

S u r f i c i a l  depos i t s  

N o  bedrock ma te r i a l s  are exposed over t h e  site and none 

3 . 3 . 2  Alluvium 

Information obtained from the b r i n g s  ind ica t e s  the presence of alluvium 

throughout the s i t e  t o  a depth of a t  least 91.5 f e e t ,  t h e  maximum depth inves t i -  

gated by borings.  

and traces of c l a y  (SM), l i g h t  brown sandy c l a y  (CL) ,  orange brown sand to s i l t y  

sand (SP-SM), l i g h t  brown clayey sand with silt ( S C ) ,  orange brown to  l i g h t  

brown sandy silt (ML) and l i g h t  brown s i l t y  c layey sand (SM-SC). 

cementation was found throughout the sampling. 

s l i g h t l y  moist and m e d i u m  dense t o  very dense where sampled. 

%e alluvium c o n s i s t s  of l i g h t  brown s i l t y  sand with grave l  

Calcareous 

I n  gene ra l ,  t h e  a l luv ium is 

The sand particle 
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sizes range from fine to coarse with occassional medium gravel, with a subangu- 

lar to subrounded grain shape. Generalized stratification for the  soils at the 

site is as follows: 

0-15 feet Sandy Silty Clay (CL) to Clayey Sand with Silt (SC) 

15-83 feet Sand to Silty Sand (SP-SM) 

83-91.5 feet Sandy Silt (ML) 

Cementation in the alluvial soils is generally slight to moderate. 

geotechnical cross sections A-A', B-B' and C-C',  based on the results of 

field investigation, are presented in Figures 4 and 5. 

Typical 

3 . 4  Hydr olcq ic Conditions 

No ground water was encountered in any of the brings. 

table is anticipated to be located at a depth of about 300 feet or greater. 

The static ground water 

Surface drainage is generally by sheetflow down from southeast to northwest. 

Runoff is then carried northwesterly to the property boundary. 

3.5 Compressibility 

In general, the onsite soils encountered in the exploratory brings within the 

upper 15 feet are clayey silty sands, medium dense to very dense and sandy s i l t y  

clays ranging in consistency from stiff to hard. 

ments located approximately below 15 feet are silty sands with occasional lenses 

of silty clays and are dense to very dense at increasing depths with slight to 

moderate cementation. 

The remaining alluvial sedi- 

Consolidation tests on relatively undisturbed samples indicate t ha t  subsurface 
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soils within the upper 15 feet have a relatively low compressibility and a 

mdium to high degree of expansion potential on addition of water. This may be 

observed on consolidation test results presented in Appendix B, Figures B-20 and 

B-21. 

B-22, is attributed to the possible sample disturbance which might have occurred 

"he collapse potential observed for one of the three sqles, Figure 

during transportation of sanples from site to our laboratory, and is not con- 

sidered to be a representative CharacterizaLion of the alluvium in view of the 

very high blow counts recorded during drilling. 

3.6 Expansion Potential, pH and Resistivity 

Ir. general, l&or,tory testi7g of selected saq-les a d  our visual observations 

indicate #at the onsite soils located within #e upper 15 feet have a medium 

to high expansion potential. 

expected to contain variable amounts of expansive clayey soils. 

soils should be tested upon completion of Grading to properly evaluate the 

expansion potential and determine the mitigative measures. 

Materials occurring at finish grade levels are 

Near-surface 

Laboratory pH testing of selected near-surface samples indicated moderately to 

highly alkaline soils with possible corrosion potential to buried utilities. 

Near-surface soils should be tested for resistivity and corrosion potential 

after completion of grading. 

3 .7  Soluble Sulfates 

Based on laboratory testing of soils located within the upper 5 feet, the near- 

surface soils exhibit low soluble sulfate content and use of "ype I1 cement may 

be adequate for concrete in contact with site soils. 

testing of near-surface soils upon completion of grading. 

This should be verified by 
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3 . 8  Liquefaction Potential  

The s i te  lies within Seismic Zone 2 of the Uniform Building Code. 

effects of seismic shaking, such a s  l iquefaction, seismically induced settlement 

and ground lurching are phenomena usually associated w i t h  r e l a t ive ly  strong 

seismic shaking, s h a l l m  ground water, and the presence of loose sandy s o i l s  or 

a l luv ia l  deposits.  

depth to ground water level ,  the liquefaction potent ia l  is considered to  be very 

low. 

Secondary 

Because of the absence of loose sandy s o i l s  and a grea t  
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

4.1 General 

Based on the results of our investigation, it is our opinion that the proposed 

development is feasible from a geotechnical viewpoint, provided the conclusions 

and recornendations of this report are incorporated in the design and construc- 

tion of the project. The conclusions and recornendations presented herein may 

be utilized for evaluating the site suitability and selecting final structure 

locations. ?he site and structure-specific recomnendations should consider the 

structure type and loading. These were not available at the time of preparation 

of t5is rcFort .  

The general recornendations for grading and foundation preparation are provided 

below. 

4.2 Recomnendations 

4.2.1 Site Preparation 

Prior to grading, the site should be cleared of all vegetation and debris which 

should bs disposed offsite. All existing abandoned utility lines and improve- 

ments should be located and removed. Excavations resulting from the removal of 

buried obstructions and utilities and from removals of any uncertified material 

should be backfil led with controlled compacted fill. 

In general, all areas receiving fill or other surface improvmnts should be 

cleared of all loose and uncontrolled fill materials. Tne surface should be 

scarified to a minimum depth of six inches, brought to near-optimum moisture 
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content ,  and compacted to  a t  least 95 percent  com2action r e l a t i v e  t o  ASTM D1557. 

For t h e  c u t  a r eas ,  t h e  exposed sur face  should be compacted with a heavy r o l l e r  

so t h a t  a t  least 95 percent compaction r e l a t i v e  t o  ASTM D 1557 is achieved to  a 

depth of one f o o t  below the grade. 

Should any loose mater ia l  be exposed i n  the c u t  areas near t h e  f i n i s h  grade,  

such mater ia l  should be removed t o  t h e  l e v e l  of competent su r face  and the  

overexcavated area replaced with compacted f i l l .  

4.2.2 Removal, Overexcavation and Recompaction 

Following the s i te  preparat ion,  t he  areas undernezth the proposed bui ld ings ,  

e f f l u e n t  pond, containment p i t  and p i t  d r a i n  l i n e  should be overexcavated to 

remove p o t e n t i a l l y  expansive clayey s o i l s  and recompacted w i t h  non-expansive 

granular  s o i l s .  

loca ted  a t  depths grea te r  than 15 t o  20 f e e t ,  and its excavat ion as  a borrow 

sgurce would not be economical. 

nu lar  s o i l s  be imported from an o f f s i t e  source. 

tested and approved by the  geotechnical  engineer prior t o  its being placed as 

f i l l .  

On s i t e  non-expansive cohesionless  s o i l s  a r e  an t i c ipa t ed  t o  be 

We the re fo re  recomend that  non-expansive gra- 

Any i n p o r t  mater ia l  should be 

Overexcavation/removal depths a r e  d i r e c t l y  propor t iona l  w i t h  the e x i s t i n g  expan- 

s i v e  s o i l  depths.  

observat ions and t e s t ing  during s i te  grading. However, f o r  planning purposes 

the following overexcavation depths may be assumed: 

?he ac tua l  depth of overexcavation should be based on f i e l d  

Building Areas 

To provide s a t i s f a c t o r y  support  f o r  t h e  foundation and slab, 
overexcavate and recompact to  such a depth t h a t  a t  least 4 f e e t  of 
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non-expansive con-pacted f i l l  w i l l  k present  below t h e  bottom of 
foo t ing .  Tne overexcavation and recompaction should extend a minimum 
of 5 f e e t  beyond the  outs ide  edges of the foot ings .  Slab-on-grade 
areas should be overexcavated and recompacted t o  a depth  of 2 f e e t  
below t h e  base of the s l a b  or to  f i rm mater ia l ,  whichever is greater. 

E f f luen t  Pond and Containment P i t  

To provide s a t i s f a c t o r y  support f o r  these  double l i n e d  r e t e n t i o n  
bas ins  overexcavate and recompact to  such a depth and e x t e n t  that  a t  
least 4 f e e t  of non-expansive compacted f i l l  w i l l  be p r e s e n t  below the 
bottom of t h e  basin.  The overexcavation should extend a t  least 5 f e e t  
beyond the perimeter of the  basin.  

P i t  Drain Line 

To provSde s u i t z b l c  s q p c r t  fo r  the dr;.in l i n e  and t o  prevent  exes- 
sii-e d r f f  crerIt iLl mc-Jemclnt clans the  ;Ilignmer.t o\:erexccyJate and recon- 
p a c t  t o  such a depth t h a t  a t  least 3 f e e t  of non-expansive compacted 
f i l l  w i l l  be present below the  bottom of t h e  proposed d r a i n  l i n e .  The 
overexcavation and backf i l l  should extend a minimum of 2 f e e t  beyond 
the o u t s i d e  edges of the d ra in  l i n e .  

4.2.3 F i l l  Placement and Compaction 

The o n s i t e  nonexpansive s o i l s  a r e  genera l ly  s u i t a b l e  f o r  u se  as compacted struc- 

t u ra l  f i l l  provided that they a r e  f r e e  of organic  material and d e b r i s ,  except i n  

the  areas d iscussed  above where non expansive f i l l  is requi red .  Any imported 

f i l l  soils  should be approved by geotechnical engineer before  fill placement. 

Imported f i l l  should cons i s t  of c lean soils with l o w  expansion p o t e n t i a l  

(p re fe rab ly  an expansion index less than 20).  All f i l l  so i l s  should be placed 

i n  ho r i zon ta l  l i f t s ,  no t  exceeding 8 inches i n  loose th ickness ,  moisture- 

condi t ioned as necessary t o  near-optimum moisture content  and compacted to  a 

minimum of 95 percent  r e l a t i v e  compaction a:; determined by ASTM Test 

Method D 1557. 
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4 . 2 . 4  Shallow Foundations 

Conventional continuous (wa l l )  and/or spread f o o t i n g s  may be used to  support the 

an t i c ipa t ed  bui ld ing  loads .  Foot ings should be founded i n  firm compacted soils. 

An allowable bear ing c a p a c i t y  va lues  of 2,000 psf and 2,400 psf may be used t o  

s i z e  wall and spread foo t ings ,  r e spec t ive ly .  The recomnended bear ing  p r e s s u r e  

value is a ne t  va lue  and t h e  weight of t h e  foundat ion and s o i l  above it may be 

neglected.  

a t  least 18 inches below lowest ad jacen t  f i n i s h  grade.  

should be embedded a minimum of 24 inches  below lowest ad jacen t  g rade  ( top of 

the f l o o r  sltb) and should be a minimum of 24 inches i n  width.  T o t a l  and d i f -  

Wall f o o t i n g s  should be a minimum of 1 2  inches  i n  width and embedded 

I n t e r i o r  spread  f o o t i n g s  

f e r e n t i a l  se t t lements  for  the above requi remenx sLould be w i t h i n  tolerable 

l i m i t s ,  (less than 1b i n c h ) .  Tne a l lowable  bear ing p r e s s u r e s  may be increased  by 

one-third for s h o r t  term wind or seismic loading cond i t ions .  

4.2.5 Floor Slabs 

Slab-on-grade may be used  for all structures. n7e foundat ion  below the slab 

should be overexcavated and recorpacted as d iscussed  above. S l a b  th i ckness  and 

r e in fo rce ren t  requirements should be provided by t h e  s t r u c t u r a l  engineer .  Where 

conventional l i g h t  f l o o r  loading  cond i t ions  exist, t h e  fol lowing recornendat ions  

should be considered f o r  minimum des ign .  

o A minimum s lab  th i ckness  of fou r  inches (nominal) .  Welded wire 
mesh ( 6  x 6 - 10/10 WF) placed a t  mid-height on t h e  slab for con- 
t r o l  of p o t e n t i a l  temperature  cracking.  

o Amois tu re  (v isqueen)  barrier placed beneath slabs c o n s i s t i n g  of a 
plastic membrane (6-mil t h i c k  minimum) and a sand b l anke t  (two-inch 
t h i c k  minimum) placed between the slab and a plastic membrane where 
mois ture-sens i t ive  f l o o r  covering is planned. 
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o A sand layer (two-inch thick minimum) placed beneath the plastic 
membrane to protect the visqueen barrier from puncturing. 

o A moisture-conditioned slab subgrade (optimum moisture content plus 
m i n i m u m  5 percent) by presoaking to a depth of a t  least  1 2  inches 
below the slab or as approved by the geotechnical engineer. 

Design parameters l i s t e d  above are based on a low expansion potential import 

so i l s  and should be confirmed by testing prior t o  construction of floor slabs. 

4.2.6 Lateral Earth Pressures 

Retaining walls ( i f  any) should be designed using the following la teral  earth 

pressures. 

and f r ee  2:airage con;it icns.  

i f  sloping backfill is used, these parameters should be reevaluated by the 

geotechnical engineer. 

These values are for a l e v e l  backfill w i th  a u n i t  weight of 120 pcf 

3.10~:: a var5ati-n i n  b z c k f i l i  matczial occur cr 

Active Equivalent F lu id  Pressure: 40 pcf 

Passive Equivalent F l u i d  Pressure: ZOO pcf 

At-Rest Equivalent Flu id  Pressure: 60 pcf 

Coefficient of Friction (Concrete on Soil):  0.3 

Allowable Bearing Capacity: 2,400 psf 

If passive earth pressure and friction are combined t o  provide required 

resistance to  lateral  forces, the value of the passive pressure should be 

reduced to two-thirds of the above recornendation. 

increased by one-third when considering loads of short duration such as w i n d  or 

seismic forces. 

These values may be 

A properly outletted subdrain system, consisting of 4-inch diameter perforated 
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pipe surrounded by a m i n i m u m  of one cubic foot (per l i n e a l  foo t )  of f i l t e r  

material  (1:l mixture of pea gravel t o  washed concrete sand, or  approved equiva- 

l e n t )  should be provided behind s t ructural  re t ra ining wal ls  t o  avoid buildup of 

hydrostatic pressure. 

4.2.7 Soi l  Corrosivity and Cement Type 

Onsite s o i l s  a r e  possibly corrosive t o  ferrous metals such as reinforcing steel 

and underground piping. 

metal l ic  and corrosive res i s tan t .  

protected against  corrosion. Corrugated metal pipe culver ts ,  i f  used, should be 

bitwLnocr coated. 

I t  is reconmended tha t  a l l  u t i l i t y  pipes be non- 

If metall ic pipes a r e  used they should be 

Based on su l f a t e  t e s t  resu l t s ,  water soluble su l f a t e s  a r e  not present i n  suf- 

f i c i e n t  quantities t o  require use of specialized cement fo r  concrete, and 

Type I1 cement may be used. 

representative samples of near-surface s o i l s  should be tes ted  and f i n a l  recom- 

mendation for cement type be provided a t  that  time. 

However, following the completion of grading the 

4.2 .8  Drainage and Erosion Prevention 

We recomnend tha t  the pad grades be designed such t h a t  a l l  surface runoff is 

directed off the si te,  toward approved drainage devices t o  the  s t r e e t ,  and away 

from the building foundation areas. S i t e  runoff should not be permitted t o  run 

over slopes. 

f i l l )  should be covered w i t h  coarse gravel and should be planted as soon as 

prac t ica l  with a drought-tolerant vegetation. 

To minimize erosion, w e  recomnend tha t  s i te slopes (both c u t  and 
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4.2 .9  Construction Observation 

The recornendations provided in this report are based on preliminary design 

information for the proposed facilities, field observations, and subsurface con- 

ditions observed and interpreted during the field and laboratory investigations. 

Subsurface conditions described are the result of interpolation between widely 

spaced brings, and should be checked in the field during construction. 

Significant differences between the described and actual subsurface conditions 

should be brought to the attention of Earth Technology. 

All foundation excavations, removals, overexcavations, fill placement and com- 

paction opcrationc shcluld !E obscrve3 ~ n . 3  teste3 by Exth T x h r o l w j  to deter- 

mine that reconinendations provided herein are incorporated during construction. 

A final as-graded geotechnical report should be prepared to summarize the con- 

ditions encountered and any field modifications to the recornendations provided 

herein. 
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5.0 LIMITATEONS 

The conclusions and recommendations presented i n  t h i s  report f o r  the proposed 

Fire  Training F a c i l i t y  S i t e  located i n  Davis-Monthan Air Force Base i n  Tucson, 

Arizona were developed by Earth Technology for Martin Marietta Energy Systems, 

Inc., Oak Ridge, Tennessee, 

geotechnica l  engineering p r i n c i p l e s  and practices. 

all other  warran t ies  e i t h e r  expressed or i m p l i e d .  

i n  accordance with gene ra l ly  accepted geologic and 

!Ibis warranty is in l i e u  of 

?"ne d a t a ,  conclusions and recomnendations contained h e r e i n  should be considered 

to relate only t o  the s p e c i f i c  p r o j e c t  and l o c a t i o n  d iscussed  here in .  

T ~ c h n o l  q y  I s  r.& ~ c s p c .  c i b l e  f c r  r..y c c . d i  s io .  s or recamc: ,Jat icf i  tl-zt may be 

Earth 

made by o the r s ,  unless we have been given an oppor tuni ty  to review such conclu- 

s i o n s  or recormendations and concur i n  wr i t ing .  

This report has not  been prepared fo r  use by p a r t i e s  o ther  than Martin Marietta 

Energy Systems, Inc.  

of o ther  p a r t i e s  or o ther  uses. 

ou t l ined  i n  t h i s  report, the conclusions and reconmendations contained i n  this 

report s h a l l  not be considered va l id  unless the changes are reviewed and the 

conclusions and recomnendations of t h i s  report are modified or approved i n  

wr i t i ng  by Earth Technology. 

I t  may not  conta in  s u f f i c i e n t  information f o r  t h e  purposes 

If any chanyes are made i n  t h e  project as 
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The Earth Exhnology Carpomt.hn 
--. EARTHQUAKE INTENSITIES REPORTED 

1852 THROUGH 1977 

ExPLARATION 
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FIELD INVESTIGATIONS 





FIELD ~ ' I W I O N S  

Location of Exploration Sites 

Boring locations w e r e  chosen by the Oak Ndge National Laboratory OR&) site 

project manager (SPM) after all u t i l i t y  l i nes  had been marked. A l l  boring loca- 

tions were approved by Air Force personnel and were surveyed before the start of 

the field investigation. fie aproximate locations of the br ings  are shown on 

the boring location plan. 

me basic components of the field investigations were: (1) soi l  b r i n g s  and 

sampling for environmental. considerations and (2 )  soil b r ings  and sampling for 

geotechnical considerations. 

Envir omental Bor iws 

Environmental b r ings  were drilled for environraental/chemical (E/C) testing as 

w e l l  as obtaining soil samples for geotechnical purposes and logging the depth 

am3 characteristics of the subsurface materials. 

drilledasing a (EIE 75 truck mounted hollow-stem auger rig prior t o  the geotech- 

nical  brings. 

Environmental b r ings  were 

To avoid the potential of cross-contamination for E/C analysis, 

a l l  drilling and sampling equipaent were demnainated prior to  the start of 

drilling and between each environmental boring. 

taminated between to each sarrpling interval. 

-ling equipment was decon- 

OR& SEm, health and safety 

officer and representatives were present at all times during field investiga- 

tions and monitored all d r i l l  holes for organic vapors and cambustable gas 

(W/CG) to  insure safe working conditions i n  accordance w i t h e  the site health 
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and safety plan and to determine if the site soils were contaminated. 

Personnel from ORNL conducted the E/C sampling. 

the hollow-stem auger was monitored using an HNU meter and recorded by an OF@& 

representative before each auger flight was added to the drill stem. 

of control decontamination area w a s  under the direction of the O m  represen- 

tative and consisted of a suitable plastic container which was utilized to con- 

tain all rinse water and material rinsed from the auger flights and other 

drilling equipnent. 

pressure ste-ot water washing with detergent followed by a potable water 

rinse, deionized water rinse and a final. rinse with pesticide grade isopropyl 

alcohol. 

hazardous material in the event that contaminated hazardous materials were 

generated. Since safe levels of contamination were found, rinse water was 

disposed of at the site. 

The OV/G in the head-space of 

*ration 

Decontamination procedures consisted of a thorough high 

Steel 55 gallon drums were brought to the site for containment of 

Field Observations 

W readings that were conducted suggested that safe levels of contamination 

were in the soil. ORNL representatives collected soil samples at designated 

intervals (every 5 feet). 

and then sealed with teflon lined tight fitting covers. 

packed and shipped to the K-25 Analytical Chemistry Division laboratory in Oak 

Ridge, Tennessee for detailed analysis. 

prepare a separate Environmental Assessment &port. 

These sanples were placed in glass j a rs  or containers 

These specimens were 

It is our understanding that ORM; will 

A-2 



Geotechnical b r i n g s  

Exploratory geotechnical b r i n g s  were d r i l l ed  for the purpose of obtaining soil 

samples and logging the depth and character is t ics  of the subsurface materials. 

Borings w e r e  d r i l l ed  using a t ruck  mounted hollow-stem auger rig.  !&e decon- 

tamination procedures described for the environmental brings were not applied 

to the geotechnical brings. 

d r i l l i n g  i n  accordance w i t h  procedures outlined i n  ASWl lkst Method D 1586. 

Standard penetration tes t ing (SET) was done during 

Sampling Methods 

Relatively undisturbed drive (D)  sanples were obtained using a 3-inch outside 

diameter California sampler lined wi th  brass rings, each one-inch long and 

2 l/Z-inch inside diameter, by conducting a penetration test . 
formed by driving the sampler using successive blows of a 140-pound hamner 

f a l l i ng  30 inches. The number of blows ( N )  required to  dr ive the sampler the 

%e test is per- 

final 12 inches are recorded on the boring logs and used t o  estimate the COR- 

sistency or re la t ive  density of the soil. 

A spli t-barrel  Sampler, 2-inch outside (1 3/8-inch inside) diameter and 27 

inches long was used to obtain s p l i t  spoon soil sanples. 

in to  the ground by a 140-pound hamner dropping i n  free fall from a height of 30 

inches. 

was recorded. 

inches was recorded as the Standard penetration resistance (N-Value) and plotted 

on the boring logs as an index of the consistency or relative density of the 

sanpled soil materials, (ASIPI D 1586). 

%e sarrp?ler was driven 

The number of blows t o  advance the sarcpler each 6 inches of penetration 

The blow counts required to dr ive the sanpler for the last 12 

A-3 



All brass rings were removed from the California drive sampler and were trans- 

ferred into a plastic tube and sealed. Split spoon samples were also sealed 

into plastic bags imnediately upon extraction from the split-barrel q l e r .  

All geatechnical sanp?les were transported to the geotechnical laboratory for 

testing, 

the analytical laboratory. 

OF@& representatives collected, sealed and shipped the E/C samples to 

The logs of environmental (BH-01 to BH705) and geotechnical (GT-1 to (2-11) 

b r i n g s  acCoF[FMny this Appendix. 

approximate boundary between predominate soil types. 

material types may be contained within the strata and a gradual transition 

Stratification lines on the logs represent the 

Minor layers of differing 

should be experienced between strata. 

material classification used on the boring logs are in accordance with the 

Unified Soil Classification System ( U S ) .  

Geologic and engineering descriptions and 

A-4 
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SAMPLE PENETRATION 

( Blom I Foot 1 

- 
r 

I+. RESISTANCE 
i: 3 "  

. '  
C 

I- - 
' L  
e 

I 

I 

I 

. " 
DESCRIPTIONS 

J IN0 groundwater found. 40 
P 



SAMPLE PENETRATION 

( B l o w  I Foot ) 

- x 
!!- RESISTANCE 
2: 
r; 

LOCATION: D-M AFB Fire Trainincr Facility 

0 

5 

10 

15 

20 

25 

30 

35 

OESCRiPTl ONS 

L t .  brown moist hard medium 
sandy clay with silt. (OL) 

9.0 
very dense 1 s i l t y  fine medium sand. ( S M )  12,0 

.. 

. -  

Lt. brown moist very dense s i l t y  
clayey medium fine sand. (SM-SC) 

19.5 
Orange brown damp very dense med. 
sand w / s i l t  6 gravel. ( S P - S M )  21-5 

clayey medium sand. (SM-SC) 

24.5 

Lt.  
dense medium sand w i t h  silt and 
gravel. ( S P - S M )  

brown damp dense to medium 

-.i--,*...- 
Becomes very dense i n  compactness. &.-A 

37.5 

Ebring terminated at 37.5 f t .  
Backfilled. 

40 No qroundwater found. 

Wf'E OF BORING: 7 " H L h l W  (SPT s&les we;= collected 
ELEVATION: 2691' 
DATE ORILLEO: 8/31/87 

Cu(rd4rd S P l l C  sppoon 5.mpl. 

2K" cmw 

Thin Waf! Tuba Sampla FIGURE A-2 . 

for E/C testing by ORNT.,) 

M.awrd In Boring 



-------.-_- 

OESC RlPTl  ONS 
SAMPLE PENETRATION 

L- 

IB 

~ t .  brown damp very stiff to hard 
medium sandy clay. (CL) 

RESISTANCE ' 
I BIow I FOM 1 

D r 0 ) O ' O Y )  

16.5 H I z o F F  ..v ..;&..2:-2; ".*. .:.. .... .--. -.. . 
~.-.-...-.-. -. .+...*. e.. Lt. brown a p  medium dense med. ....... -*.!Z- ..... . .... to coarse sand with silt and 
*-z. -.-:: 3. 
:-:.:.:z::.: gravel. (SP-SM) 

37.5 

Backfilled - 
ICATION: D-M AFB Fire Training Facility 

TYPf OF BORING: 7m,H.S.Atrw (SPT samples w e r e  collected 
ELEVATION: 2693 for E/C testing by OR)\FL) 

14Uh Hmmu.30- FmM, 
"AURodUwdTIWVdrouL 

wanr LMI ~ a u u n d  In (lorins 

10611 r.! 

E DRILLED: 9/1/87 

2x- ~ r t * r  sucrpla 

Thin Wal4 Tu- Sampk 6 fufuui (Mowcount grrat*r d m  Date: 9/17/87 

Ckdrld By: KR NR NOR-W 

UuIk S.mp(a 

AS- MW munts; e t ~ w  for ring 



5 

0 

15 

DESCRIPTIONS 

3u 

37.5 

I Boring terminated at 37.5 ft. I I Backfi l led.  





SAMPLE PENETRATION 
RESISTANCE 

( B l o w  / Foot 1 

LOCAT1ON:D-M AFB Fire TraFnincr Facility 
TYPEOF BORING: 7"HS.Augc# 
ELEVATION: 2693' 
OATE ORlLLEO: 9 14/67 

burrd.rd spirt *om S4mPl. 

2s- orhr suwk 
Eufk S ~ m p h  
Thin Waf1 Tub4 Sample 

--.---~----~-- -7- 

DESCRIPTIONS 

Lt. brown moist hard f i n e  
medium sandy clay. (CL) 

Lt. brown moist hard fine mediu! 
sandy clay. (CL) 

sand with silt. (SP-SM) 

Backfilled. 

A &xkxdblw-cumts 
e ~ ~ - f o r r i n g s a m p t e s  

14O(b H m r ,  30" Fmfd, 
" A  = Rod VudThrou~ut. 
NO R e c m W  

W.~W L ~ I  Maacund In Boring 



p g .  1 of 3 
_-___- -- --- 

SAMPLC PENETRATION I----- =- .-c 

DESCRIPTIONS 
P r  5 

C L -  Ot > 
RESISTANCE. 

( Blow I Foot 1 / Y Y  - *  
0 w w rg l0 40 m a 0  $0 Wz.??  

LOCATION: D-M 
TYPE OF 8ORlNC: 
ELEVATION: 26 
DATE DRILCEO: 

OnwnBy: BK PROJECT NO. 87-853 
Chwkrd By: k3? 

Oate: 9/17/87 

s m u d  Spflt *eon amy. 
zx"DrhrrsMwb 

" A ' W  Ih.dRicwchout 

wltu L ~ I  Meerurd In Bodn~i 

6 Refu8.l (Mowcwnr w a t e r  than 
looriL! 

NR N0RU-W 

Bulk Samela 

fhin Well Tube S 4 W h  FIGURE A-7 - 



SAMPLE PENETRATION 
RESISTANCE ' OESCRlPTlONS 
I 81om I Fout I 

LOG OF BORING 

BORINGNO. GT-2 
,thc-bdrplom(, *- 



pg. 3 of 3 

' DESCRIPTIONS 

83.0 

Lt. brown moist dense fine sandy 
silt. (HI,) 

91.0 

..- . . . - I  83.0 

Lt. brown moist dense fine sandy 
silt. (HI,) 

91.0 

. No groundwater found. 



SAMPLE PENETRATION 
RESISTANCE 

I B l o w  / Foot 1 OESCRIPTIONS 

Boring terminated a t  21.5 ft. 
Badcf illed. 

40 1 No groundwater found. 

PROJECT NO. 87-853 
ChtdrrdEys KR 

Date: 9/17/87 FIGURE A- 



*~ 
SAM P LE P E N  E TR AT1 0 N 

R E S I S T A N C E  - 8  DESCRIPTIONS 

t. brown moist hard f i n e  medium 
sandy clay with silt. (CL) 

8 . S  

,t. brown moist very dense silty 
layey medium f ine  sand. fSM-SC) 

1 2 . 0  

A. brown moist medium dense to 
lense silty medium sand. (SM) 

ICATION: D - M  AFB Fire Training Facility 
'PEOFBORING: 7'H.S.A~gff A s m  

ELEVATION: 2695' B l w a w r t s f o r r i r g ~ e s  
I4Ub. Hunmr, 30' k . . c B f t .  
'A - Rod vud ThroUgh8ut. 

DATE ORILLEO: 9/4/87 
StMdard soill * O M  bunP(. 

2s- OrfH SMlQk NR uou-w 

Thin WaIl Tub. Sample 

Becomes dense in corqRactness.2L- 

Boring terminated at 21.5 ft. 
Backfilled. 



SAMPLE PEN E T R AT1 0 N 
RESISTANCE L 

[ Blom / Foot 1 

LOCATION: D-M AFB Fire Training Facility 

L- e.. 

a a  
a u  
a=. 
0 -  

‘ 5 .  

’ 10 , 

. 15 

’ 20 

- 25 

. 30 

* 35 

- 4c 

0 ES C RI PTI 0 NS 

~ t .  
dense clayey f i n e  medium sand. 

brown moist dense to very 

Q groundwater found. 

TYPEOFBORING: 7”HS.Augw A -stancfard H~ cx)(Jnts , 

ELEVATION: 2695.5 I 

DATE DRILLEO: 9/1/87 CCUllB for 
i4ak t i a m ~ ,  30- F M ~ ,  



_1- 
I- - 

- 
E 

SAMPLE PENETRATION 

( B l o w  / Foot 1 
RESISTANCE - . 

3 

25 

30 

35 

4C 

DESCRlPTIONS 

:. brown moist hard medium 
indy clay with silt. (CL) 

8.5 

! range brown moist very dense 
ilty medim sand. (SM) . 

14.0 

,t. brown moist hard f i n e .  Sandy 
l a y .  (CHI 

18 .5  

Lt. brown moist gense sand w i t h  
(SP-SM) 21-5 silt. 

Boring terminated at 21-5 ft. 
B a c k f i l l e d .  

N o  groundwater found. 

CATION: V-H AFB F i r e  Training F a c i l i t y  
'PEOF BORING: Y"HS.Aupw A . 
iT€ DRILLED: 9/3/87 
.EVATION: 2695 ' 81mcunfsfarringsrrtples 

14Ub H m n u ,  30" M d l ,  
" A - Rod vudThmv#lout OrrwnBy: BK . PROJECT NO. 87-853 Sundud S d l r  SPM k m p l e  



SAMPLE PENETRATION li 4 0 

R -  
1 

. 15 

. 20 

L t .  brown m o i s t  very stiff  f i n e  
sandy clay with silt. (CL) 

6 . 0  

Lt. b r o w n  m o i s t  dense t o  very 
dense clayey medium sand. (SC) 

14.0 

~ t .  brown moist medium dense clay 
s i l t y  sand. (SM-SC) 

Orange brown damp to moist dense 
f i n e  to coarse sand w i t h  silt. 
(SP-SM) 

Becomes very dense i n  compactness 



pg.  2 of 3 i SAMPLE P E N E T R A T I O N  

c 

0 0  U a 

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

LOCATION: D-M AFB Fire Train* 
TYPE OF BORING: 7" f(J. Augw 
ELEVAVON: 2695 .@BlowcotnbborWs;npl 
OATE ORILLED: 912, 9/3/87. . A 

Becomes very dense in compactnes 

PROJECT NO. 87-853 
C h l d d  By: 

Date:  9/17/87 



SAMPLE PEN ETRATlON 
RESISTANCE 

u ,  0 1 (  o r  0 .  

pg. 3 of 3 

DESCRIPTIONS 

83.0 

91.5 

%ring t e rmina ted  a t  91.5 f t .  
3ackfilled. 

?o aroundwater found. 



--- 

SAMPLE PENETRATION 
RESISTANCE 

( Blow / Foot 1 DESCRIPTIONS 

fine 

ring terminated at 21.5 ft. 
ackfi l led.  1 1 .  f" ring terminated at 21.5 ft. 

. 25 - 

30 - 

. 35 - 

- No groundwater found. 40-  
LOCATION: B M  AFB Fire Trainin 
TYPE OF BORING: 7"HS.Augw 

DATE ORILLEO: 9-3-87 

Facility A & blw axntf 

l h b .  H m ,  jd" Fmfdl, 
" A "  Rod Lhul Thrw#unn 

Water Lmt M a r t u r d  an aorin~ 

EtEVAT(0N: 2694.5 0 Btawcuntsforn'ngsarQle 

Sundud SMt  Woon Srmpla 

2L" Drfwsurw 
Bulk Samota 

Thin Will Tub. Samola R A ~ ~ S . I  blowcount (Ir.at*r d m  Date: 9/17/87 

N R  N o R u ~ W  

. iowct.) 

. 25 - 

30 - 

. 35 - 

- NO groundwater found. 40-  

LOCATION: B M  AFB Fire Trainin Facility LOG OF BORINC TYPE OF BORING: 7"HS.Augw 
EtEVAT(0N: 2694.5 

A & blw axntf 
0 H a w  cunts for n'na d e 5  - A -  

~. .. - 



SAMPLE PENETRATION 
RESISTANCE - 

( B l o w  I Foot 1 

LOCATION: D-M AFB Fire Training Facility 
TYPEOFBORING: 7"HS.Auaw 
ELEVATION: 2696' 
OATE ORILLEO: 9/3/87 

- for mes A standardblw-axntr 

D ESC R I PTI 0 N S  

L t .  brown moist dense  c layey  
f i n e  sand .  (SC) 

9.: 

3range brown m o i s t  dense  f i n e  
nedium sand  w i t h  s i l t .  (SP-SM) 

13.5 

L t .  brown v e r y  m o i s t  xnery s t i f f  
f i n e  sandy c l a y  wi th  s i l t .  (CL) 

18.0 

Orange brown m o i s t  m e d i u m  dense 
medium sand w i t h  s i l t .  (SP-SM) 

21.5 

Bor ing  t e r m i n a t e d  at 21.5 f t .  
Backf i l led .  

No groundwater found. 

COG OF BORING 

BORIHGNO. Op-9 
- RYEym- e- 

h w n 8 y :  BK 
Chrcktd By: KR 

01tc: 9/17/87 FIGURE A 4 4  



DESCRIPTIONS 

Lt. brown m o i s t  very dense clayey 
f i n e  medium sand. (SC) 

9.0 

Orange brown moistyexy dense 
s i l t y  medium sand. (SN) 

14.C 

Brown very m o i s t  yery stiff fine 
.sandy clay with s i 2 t .  (Ch) 

19.c 

Orange brown damp medium dense 
f i n e  medium sand with silt. 

dense i n  cwpctness. 

mediw dense i n  conpactn 



--------- 

SAMPLE PENETRATION 
RESISTANCE 

L B l o w  I Foot 
DESC R lPTl0 NS 

(SP-SM) 



'P4- 3 of 3 

DESCRIPTIONS 

82 .5  

Lt. brown very moist very dense 
f i n e  sandy silt. (ML) 

91-5 

Boring t emina ted  at 91.5 ft. 
Backfilled, 

:ATiON: D-3A AFB Fire Training Facility 

'E ORILLEO: 9/3/87 

'E OF BORING: 7"HS. A U ~ W  A #w 
*Bkrnraxnlsforritlgsarples VATtON: 2696' 

1401b. Hmn\r. 30" W a f t ,  

LOG OF BORING 

BORING HO. GT-10 
I 
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GEDTECHNICAL 

LABORATDRY TESTING 





GEO'ECHNICAL w3OR4TQRY TESTING 

n7e results of geotechnical laboratory testing performed i n  conjuction w i t h  this 

project accompany this appendix. 

on representative samples i n  accordance w i t h  the applicable American Society for 

Testing and Materials (ASIM) latest standards. 

Tne following laboratory' tests were performed 

Moisture and I n  Place Density 

The field moisture content and i n  place dry  density determinations were per- 

formed on relatively undisturbd samples obtained from the tes t  brings.  

moisture content is obtained i n  accordance w i t h  ASIM Test Method D 2216. 

place dry density is computed using the net weight of the entire (ring) *le. 

mere applicable, only moisture content was determined from "undisturbed" or 

disturbed samples. 

%e 

The in 

Tne results of these tests are presented on Table B-1. 

Classification 

Soils were classified w i t h  respect t o  the Unified Soil Classification System 

(USCS) i n  accordance wi th  ksTM Test Methods D 2487 and D 2488. 

fication is presented i n  the test  data. 

Ihe soil classi- 

Soluble Sulfate, pH 

The concentrations of water soluble sulfate ions of selected soil sartples were 

determined in accordance w i t h  the California Division of Highways Method No. 

4l7. In addition, soi l  pEl values were also determined i n  accordance w i t h  the 

B-1 



AsrrJ! G 51. 

B-1 ( T e s t  R e s u l t s )  accompanying this appendix. 

The results of soluble su l f a t e  and p H  tes t ing  a r e  presented on Table 

Atterberg L i m i t s  

Ihe re l a t ive  p l a s t i c i t y  of a so i l ,  the  l iquid limit, the plastic l i m i t  and 

p l a s t i c i t y  index, were determined i n  accordance with ASTM T e s t  Method D 4318. 

The results a r e  presented on Table B-1 accompanying this appendix and i n  the 

test data (Figures B-1 through B-19). 

Pa r t i c l e  Size Analysis 

Grain s i z e  d is t r ibu t ion  of s o i l  samples were obtained i n  accordance w i t h  ASTM 

Test M e t h o d  D 422. 

sieve was determined by sieving. 

graphically presented on the gradations curves accompanying this appendix 

(Figures B-1 through B-19). 

The d is t r ibu t ion  of p a r t i c l e  s i z e s  retained on the No. 200 

?he results of p a r t i c l e  s i z e  analysis are 

Consolidation Tests 

The consolidation tests were performed on selected re la t ive ly  undisturbed s o i l  

samples i n  accordance w i t h  procedures outlined i n  ASTM W s t  Method D 4186. 

Samples were placed i n  a consolidometer and loads were applied incrementaly i n  

geometric progression. 

height) was permitted t o  consolidate under each load increment u n t i l  the  slope 

of the charac te r i s t ic  l inear  secondary conpression portion of the thickness ver- 

sus log of time plot was apparent. 

The s q l e  ( 2  1/2 inches i n  diameter and one inch i n  

B-2 



The percent consolidation for each load cycle was recorded as the ratio of the 

amount of vertical compression to the original one inch height. 

Hydroconsolidation (collapse) and expansion characteristics were also evaluated 

by monitoring the change in volume with the addition of water while the specimen 

was confined under an in-situ constant normal stress. The consolidation test 

results are graphically presented and included in this appendix (Figures B-20 

through 8-22), 
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TABLE 6- 1 TEST RESULTS 

NOTE 1 - SAMPLETYPE 
Augar Slmpln - A 
Bag Simple - 8 
Cora Simpla - C 
D t l v ~  Sample - D 

~ Hand Driw - H 
1 Rwmoldd Simplo - R 
' 
' Sturdud Splft BUfd - S 

Thin wall Tube h n ~ l 8  - T 

90.2 

D -  
GT- 15-16 0 117.4 

GT-2 20-21 D -  

GT-2 25-26 D 108.7 

GT-2 30-31 D -  

GT-2 35-36 0 102.0 

GT-2) 40-41 I D I - 
GT-2) 45-46 1 D 1 - 

GT-2) 55-56 1 D I - 
&2/ 60-61 1 ," /'".a 
;T-2 65-66 

+- 
- I  - 

- I  - 

NOTE 2 - ADDITIONALTEST RESULTS AlTACHED 
Consolldatlon Test - C 
DIroct S h t v  - OS 
Graddon Analytit - G 
Moisture Dtntlty (Comprttlon) - MO 
Pock8t Pmtromcter - P 

Swill - Cotisollditlon Tort - SC 
Trlrxfal Tmt - T 

Van, Sheer - V 

R - Vtlu8 Tat - R 

SO I L 'DESCRIPTION 

I 
I 

kt, brn. moist f i n e  med, sandy c l a y  (CL) - - .  
- - L t .  brn.  mois t  c iayey  med. sand. (SC) 

- - Lt. brn.  moist f i n e  med. sandy c l ay .  (CL) 

- I - kt. brn.  mois t  sand wi th  s i l t .  (SP-SM) I 
- - L t .  brn.  moist c layey  f i n e  med. sand. (SC) 

- sc Lt.  brn.  moist c l ayey  f i n e  med. sand. (SC) 

- I - br. brn.  very  m o i s t  s i l t y  med. sand. (SM) I 

- . brn.  damp-moist med. coarse san$i,&$+t 
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TABLE 6- 1 TEST RESULTS 

1 
I 

SOIL DESCRIPTION 

~~) 

- I  - Or. brn. d a m p m o i s t  med. coarse sanp sV42dt  
Or. b m .  damp-moist med. coarse sanq sim+: 
Or. brn. damp-moist med. coarse "an? SYlS Aft 
L t .  brn. moi'st fine sandy silt. (ML) 

L t .  brn. m o i s t  fine sandy silt .  (ML) 

-1- 
D lO8.B 4 . 5  

D 

D 
- 

Lt. b m .  very moist f i n e  med. sandy l&y. 
Or. brn. moist silty clayey sand. (SM-SC) 

S 

S 
- 

- I  - 

- 1 6.3 

S 

S 
- ZT-4 10-11.5 

2T-4 15-16.5 

T-4 20-21.5 

T-5 5-6 

ZT-5 i o - i i  
GT-5 15-16 

S 

D 

D 

D 

- 
- 
- 

- I -  -+ - 
sc - 
- 

Lt. brn. moist silty m e d .  sand. (SM) 

Lt. brn. moist clayey f i n e - m e d .  sand(SC) 
Lt. brn.'moiSt LO very moist 
clay w i t h  s i lt .  (CL) 
Lt. brn. moist to very  moist tl 
clay w i t h  s i l t .  (CL) 

k,t. bm,. damp med. sand with  s i l t  (SP-SM) 

--- - 
106.4  3.9 

D - 
NOTE 1 - SAMPLETYPE 
A q v r  Stmplt  - A 
Ba9 Sampln - B 
C o n  Simple - C 
Drlvt Samph - 0 
Hand Drive - H 
Rimotdrd Omple - R 
Sundud SpUt B u d  - S 
Thln Wall Tub8 Slrnpl8 - t 

NOTE 2 - ADDITIONAL TEST RESULTS AnACHED.  

Consolidatton rat - c 
D h c t  Shtar - DS 
Grrdatlon Anilyrlc - C 
Moliture D8nrlty (Cornpatdon) - MO 
Pocknt Pmrtrornater - P 
R - Value Text - R 
Swell - Conioltdhtlon Tut - SC 

Van8 Sh@sr - V 
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TABLE B- 1 T S T  RESULTS 

GT-$ 5-6.5 I S 

NOTE 1 * SAMPLETYPE 
Augw P m p l i  - A  
Bag Simpla - B 
Cora Simpla - C 
D r l v ~  Stmpla - D 
Hand Driva - H 
Rimoldd Samplt - R ' 

Strndud Spltt B v t t l  - S 

- I  - I  - 
- I  - I  - 

NOTE 2 - ADOlTlONALfESt RESULTS ATTACHED 

Contotldrtlon Tat  - C 
Olrtct Shrar - US 
Gndrtlon Anilyrfr - 0 
Molrturt Oinrlty (Compaction) - MD 
Packet Ptn-matcr - P 

Swall - Coniolldidon Tart - SC 

Vant Shsar - V 

R - V 8 h l  Tat - R 

- 

SO f L DESC RlPTl O N  
wscs) 

- 
- O r .  brn. moist s i l t y  rned. sand. (SM) 

- Lt. brn. moist f i n e  sandy clay (CHI 

Lt. brn. moist rned. sandy c l a y  with &+t. 

silt. (SP-Si) 

Lt. brn. very moist f i n e  sandy silt. (ML) 

Lt. brn. very moist fine sandy c l a y .  (CL) 

Lt. brn. very moist f i n e  sandy c l a y .  (CL) - - Lt. brn. very moist f i n e  sandy c l a y .  (CL) 



u 
SAMPLE PENETRATION 

RESISTANCE 
( B l o w  I Foot 1 OESC RlPTlONS 

Lt. brown very moist very stiff 
fine sandy clay with silt. (CL) 

Becomes hard in consistency. 

18.5 

Lt, brown moist medium dense 
medium coarse sand. with silt. 

21.5 

Boring terminated at 21.5 ft. 
Backfilled. 

* 2 5 -  

- 30 - 

No groundwater found. 
LOCATION: 
N P E O F  BORING: 7"H.S.Augsr 
ELEVATION: 2697' 
DATE ORILLEO: 9/4/87 

D-M AFB Fire Training Facility 
A sandard blW4 
a Blw axmts for ring samples - wab. HWWW, JO- Fmfdt. 

PROJECT NO. 87-853 " A "  Rod chcd T b c d W b - L  
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Page 5 of 8 
TABLE B-  1 TE!3 RESULTS 

NOTE 1 -L SAMPLETYPE 

Augi r  Slrnpln - A 
Bag Sarnplc - E 
Corn Simplc - C 
Drlvn Simple - 0 
Hand Drive - H 
Rtmoldd Simptt - R 
Swdud Sdlt Burr3 - S 

NOTE2 - AODlnONALTEST RESULTS ATTACHED 
Conrolfdrtlon T e t  - C 
Dircct Sharr - Os 
Gradation Anilyrir - G 
Molsture Oanrlty (Compactlon) - M D  
Pocknt Penmmattr  - P 
R - Value Teat - R 
Swill - Coif~lldrtlon Tnrt - SC 

Vann Shear - V 



Page 6 of 8 TABLE B- 1 TE!jT RESULTS 

- - - -  H01 35-36 D - I 
I ! I 

1 I 

I - - - - - IOm. bxn mo ist q i l t v  fill e-med sand ISq) - - - - - tt. bm moist silty caZyey fine-med sqnd(SIY'-S( 

- - - - Osn b m  dqmp sand with silt and gravel(SP-SM) 
- - - - - .L t .  brn damp med. sand w i t h , s i l t  (SP-SM) 

Lt. b m  Camp med. sand w i t h  silt (SP-SM) 

- - - - - - ,&. bm damp med. sand w i t h  silt (SP SM) I 
- 

----- ~- - - - - - e 

t I 
I I I I I I I 

NOTE 1 - SAMPLETTPE NOTE 2 - ADDITYONAL TEST RESULTS ATYACHEO 
Augir Slmplr - A 
Lg Slrnptr - 6 
Cora Samplr - C 
Orlvo Sample - 0 
Hand Dtkr  - H 
Swdd Spat 8urd - S 
Thln WaJl Tub. &mph - T 

Contolldatfon Tut - C 
Olroct Shtar - DS 
Gradation Analyrlr - G 
Molrtutr Donrlty (CompactSon) - MD 
Pockat Panrtromater - P 

Swot1 - Coniolldttlon Tort - SC 
trlrxld Tat - T 

Van0 Shaar - V 

Rbmddd SampJo - R ' R - V ~ U O  TMt - R 
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GRAIN SIZE DISTRIBUTION 
UNIFIED SOIL CLASSIFICATION SYSTEM 

I CQam I 
GRAVEL I SAN D I FINES (Silt or Clay) Fine Eoad Medium 1 Fi ne I 

r)W--gy 
*c#ponbar 

US. STANDARD SIEVE NUMBERS 

PROJECT NO.: 

87-853 
re 

H Y D R OM ETE R 

1 -~ w l o  6 0; 1 
GRAIN SIZE IN MILLIMETERS 

PLASTICITY CHART 

LIQUID LIMIT 

UNIFIED SOIL CLASSIFICATION 

B- 1 
7 8 6  FIGURE 



GRAIN SIZE CilSTRlBUTlON 

WNlUt 
W E N  U Y T  

6.4 53 

UNIFIED SOIL CLASSIFICATION SYSTEM 

I FINES (Silt or Clay) GRAVEL SAND 
Fine 1Coand M edium 1 Fi ne 

LIIIo'cuJTr rucr(cIw tQ(L 
INOEx lycE t*m 1 

28 25 Lt .  b m .  clayey f i n e  med sand 

LIQUID LIMIT 

* 
PROJECT NO.: 

I ~ r h e i 5 m 9 k d n d o g y  
' C r E O r p D n b b n  87-853 

UNIFIED SOIL CLASSIFICATION 
5 - 2  

7-66 FIGURE 
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GRAIN SIZE IN MILLIMETERS 

PLASTICITY CHART 

LNUOER ' w w e m  wwn wtcw WIT WIT moEX m 
- Lt. bm. clayey fine 

GT-2 2 10-11 N/A 47 17 30 med.  sand (SC) 

LIQUID LIMIT 

m W Z  W Ofm( N I W  UavlD 'cL ISTC ?LASTKIlY SWL 

7 8 6  FIGURE 

- R u ~ k d n d o g y  
e a q m d o n  

PROJECT NO.: 

87-853 



GRAIN SIZE DISTRIBUTION 

GRAVEL 1 SAND FINES (Silt or Clay) 

US. STANDARD SIEVE NUMBERS HY D RQM ETE R 

100 

00 

80 

70 

60 

60 
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30 

t o  

10 

0 
i o  a i 0:s O i l  0.06 0.01 0.605 O.ob1 0.6006 

GRAIN SIZE IN MlLLfMETEAS 

PLASTICITY CHART 

LIQUID LIMIT 

PROJECT NO.: 

87-853 =m-kdhdom( 
Wdaponbk, 

UNIFIED SOIL CLASSIFICATION 
8 - 4  
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GRAVEL 1 SAND FINES (Silt or Clay) 
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PLASTICITY CHART 
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B- 5 
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87-853 

I UNIFIED SOIL CLASSIFICATION 
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GT-3 2 10-11.5 5.9 - 

GRAIN SlfE IN MlLLlMETERS 

PLASTiCl7-Y CHART 

mu. 
I*cE 

Or. brn. 

LIQUID LIMIT 

l. 

a 
PROJECT NO.: - Ihc-kdndcrpy 

87-853 
w 

UNIFIED SOIL CLASSIFICATION 
8-  6 

7-86 FIGURE 
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GRAIN SIZE DISTRIBUTION 
UNIFIED SOIL CLASSIFICATION SYSTEM 

GRAVEL I SAND I FINES (Silt OF Clay) 
Fine ) c o d  Medium I Fine 1 

US. STANDARD SIEVE NUMBERS HY OR OM ETER 

100 

eo 
t- 
x. 80 

5 70 
!2 
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W M )  

40 
z, 
t- 

0 
5 30 

E 20 
Q 

10 

0 - -  
GRAIN SIZE IN MILLIMETERS 

PLASTICITY CHART 

J 

LIQUID LIMIT 

FIGURE 7 8 6  

UNIFIED SOIL CLASSIFICATION 
I 
I 8 - 7  
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GRAIN SIZE DISTRIBUTION 
UNIFIED SOIL CLASSlFlCATlON SYSTEM 

FlNES (Silt or Clay) SAND 
I Fine lCoand Medium I h 'ne 

US. STANDARD SIEVE NUMBERS HYOROMETER 

- s b  10 
GRAIN SIZE IN MILLIMETERS 

PLASTICITY CHART 

LlQUIR LIMIT 

UNI F I E 0  SOIL CLASS1 FICATION 
B-8 

1 8 6  FtGURE 



GRAVEL 1 SAND 

I" 3/8" 4 io 20 40 60 100 200 

FINES (Silt or Clay) 

GRAIN SIZE IN MILLIMETERS 

PLASTtClTY CHART 

* u k - m  bEm( NATURAL U D U O  . M T Y :  -TY SOIL 
, cIyoL - E n '  lluudpn Frm WKN LIWT u u m  (WbEX TICE 

Lt. b m .  moist sandy 
GT-5 2 10-11 3.9 43 16 27 clay w i t h  silt (a) 



GRAIN SIZE DlSTRlBUTlON 
UNIFIED SOIL CLASSlFtCATION SYSTEM 

1 CQam I 
GRAVEL 1 SAN 0 FINES (Silt or Clay) 

Fin e-r d Medium 1 h *nc 
U.S. STANDARD SIEVE NUMBERS HYDROMETER 

- d o  1'0 6 
GRAIN SIZE IN MILLIMETERS 

PLASTICITY CHART 

0 70 20 1 i o  . 60 70 80 100 

LlQUlO LIMIT 

PROJECT NO.: 

87-853 *- 

UNIFIED SOIL CLASSIFICATION 
B- 10 

7 5 6  FIGURE 
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GRAIN SIZE DISTRIBUTION 
UNIFlEO SOIL CLASSIFICATION SYSTEM 

I Coarse I 
GRAVEL I SAND FINES (Silt or Clay) 

Fine Loand Medium I Fine 

PLASTICITY CHART 

LIQUID LIMIT 

PROJECT NO.: 
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UNIFIED SOIL CLASSIFICATION 
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GRAIN SIZE DISTRIBUTION 

PROJECT NO.: 

87-853 
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UNIFIED S O I L  CLASSIFICATION SYSTEM 
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GRAIN SIZE DlSTRiBUTlON 
UNIFIED SOIL CLASS1FJCATION SYSTEM 

FINES (Silt or Clay) SAND 
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GRAIN SIZE DISTRIBUTION 

-- 
0 

UNIFIED S O I L  CLASSIFICATION S Y S T E M  

I FINES (Silt or Clay) SAND 
I Fine Coand Medium 1 f i n e  1 

u m m ~  UJYLE o m w  YATURK uov(0 CCUTK: U - ~ W  w)(L -!tamit€u C€rn W E N  U I l T  uvtt lwl€x ME 

L t .  brn.  clayey fine- 
GT-10 1 5-6.5 6 .4  47 22 25 

US. STANDARD SIEVE NUMBERS H YD ROM ETE R 

-1 ~- 
6 1 0.6 0.1 0.06 0.01 0.605 0.001 0.doos 

GRAIN SIZE IN MILLIMETERS 

PLASTICITY CHART 

LIQUID LIMIT 

87-853 

UNIFIED SOIL CLASSIFICATION 
8 -  15 

I 7 8 6  FIGURE 



GRAIN StZE DISTRIBUTION 

PLASTICITY CHART 

LIQUID LIMIT 

UNIFIED SOIL CLASSIFICATION 
B- 16 



GRAIN SIZE DISTRIBUTION 
UNIFIED SOIL CLASlFlCATLON S Y S T E M  

I SAND FINES (Silt or Clay) 
I Fine Goad Medium I Fi ne 1 

U S .  STANDARD SIEVE NUMBERS HYDROMETER 
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GRAIN SIZE UfSTRIBUTlON 
UNIFIED SOIL CLASSIFICATION SYSTEM 

I GRAVEL SAND i FINES (Silt or Clay) Coarse 1 Fine Coand M edium I Fi ne 1 
US. STANDARD SIEVE NUMBERS HY D RON ETE R 

6 
GRAIN SIZE IN MILLIMETERS 

PLASTICITY CHART 

m L  .oMm wwl.E n A m  tK)(Mt lLLJ1r WIQTI. - -'-ll WEETI V t & N  W T '  wulf M E X  m 
Lt. reddish brown moist 

BH-01 2A 6-7 -- 54 19 35 clayey med.  f i n e  sand St! 

PROJECT NO.: 
cri Ihc-l%bnobgy 

Q-- 87-853 

UNIFIED SOIL CLASSIFICATION 
8-  18 

7 8 6  FIGURE 



GRAIN SIZE DISTRIBUTION 
UNIF IED SOJL CLASSIFICATION SYSTEM 

FINES (Silt or Clay) SAND I 
US. STANDARD SIEVE NUMBERS HYDROMETER 

LIQUID LIMIT 

UNIFIED SOIL CLASSIFICATION 



COMPRESSIVE STRESS (KSF) 

0.25 0.3 0.5 1 2 3 4 6 6 7 8 9 1 0  16 32 

1- 1500 no 40 60 69 100 2Qa 309 400 5QQ 

COMPRESSIVE STRESS (kcN/m2) 

0 AT FlELO MOISTUfl€ 

AFTER ADOITION Of WATER - COMPRESSION --- REOOVNO 

CONSOLIDATION TEST 

9-86 Figure B-20  
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0 AT FIECO MOtSWRE 
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L - COMPRESSION --- REOOUNO 

CONSOLIDATION TEST 
Figure B- 21 9-86 

COMPRESSIVE STRESS (KSF) 

INITIAL INITIAL 
INITtAC 

s u r u  INTERVAL 
BORtNd SAMPLE SOlL I oRYoENSITY MOISTURE v o ( ~  

TYPE CONTENT 
FEET METERS tCF KClM’ (Xl 

fYMBOL NUMBEfl NUMBER 

1 5-6 - SC 125.6 - 0 . 5  0.342 0 GT-5 

20 40  60 80 100 200 300 400 500 

COMPRESSIVE STRESS (kN/m2)- 

INITIAC 
OECREEOF 

SATURATION 
(XI 

67.2 

* 



0 AT FIELO MO4STUflE 

AFTER AOOtTION OF WATER - COMPRESSlON 

R E O 0  UN 0 --- 
 LIDA AT ION l€!3 

1 Figure 3-22 
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