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EXECUTIVE SUMMARY 
 

This report describes the collection and analysis of data from FH-029 (Lake Henry), one of 35 Solid Waste 
Management Units (SWMUs) that are the subject of a Resources Conservation and Recovery Act (RCRA) 
Facility Investigation (RFI) at Fort Hood, Texas.  The purpose of the RFI is to determine if a release of 
contaminants has occurred, and to characterize the potential source and extent of contamination caused by 
waste disposal operations at the SWMU. 
 
FH-029 is a surface impoundment that receives wash water from vehicle wash racks and storm water runoff 
from eleven motor pools along North Avenue on the Main Cantonment.  These sources are suspected to 
contribute contaminants to surface water and sediment in Lake Henry and its system of drainage ditches.   The 
RFI consisted of sampling of surface water and sediment in both the ditches and Lake Henry.  The samples 
were analyzed for eight RCRA metals, volatile organic compounds (VOCs), and semi-volatile organic 
compounds (SVOCs).  A total of 27 surface water and 15 sediment samples were collected for the FH-029 
investigation.   
 
The sampling results were subjected to a two-part risk screening process according to guidance in the Texas 
Natural Resources Conservation Commission (TNRCC) Risk Reduction Standards (30 TAC 335 Subchapter 
S).  The RRS Number 1 screen compares sample results either to facility-wide background criteria or analytical 
practical quantitation limits (PQLs).  The RRS Number 2 screen compares the analytical results that exceed the 
RRS Number 1 values to health-based standards that are considered protective of human health and the 
environment. 
 
In pond sediments at FH-029, barium, cadmium and several organics were present in concentrations exceeding 
the TNRCC RRS Number 2 criteria.  Sediment collected at the outlet from Lake Henry had only cadmium at a 
concentration above the soil background value.  The organic compounds identified above risk criteria in pond 
sediments are known to be common laboratory analytical artifacts, and as such are not contributing to risk at 
FH-029.  Sediments in the ditches north of North Avenue and immediately surrounding Lake Henry exhibited 
cadmium at concentrations exceeding the risk values.  Cadmium in the ditches is evidently contributing to the 
cadmium occurrences in the sediment at Lake Henry and its outlet drainage. 
 
Sediment collected in the drainage ditches just north of North Avenue showed concentrations of several 
organics, as well as cadmium, chromium and lead above risk criteria.  Results of statistical evaluations indicate 
that concentrations of chromium in dry sediment at FH-029 are not significantly different from background 
chromium concentrations.  Chromium and lead were only detected above risk criteria in one sample near an 
oil/water separator that is not in the immediate vicinity of Lake Henry, and concentrations of both chromium 
and lead reach nondetectable limits in both sediment and surface water prior to reaching the inlet of Lake 
Henry. 
 
Surface water from the ditches exceeds risk criteria for organics and metals in several locations.  However, 
concentrations of these compounds in surface water diminish to undetectable quantities by the time they reach 
Lake Henry, and are not present in surface water exiting the pond.  Thus, the ditches and the pond constitute a 
properly functioning treatment unit used to remove contaminants prior to discharge to the receiving stream.  
There being no release of contaminants from Lake Henry via the surface water pathway, and no current 
exposure to Lake Henry sediments, no further action is recommended for FH-029 at this time.  
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1.0  INTRODUCTION 
 
Fort Hood is an active U.S. Army installation occupying 217,551 acres (339 square miles) in 
southern Coryell and Bell Counties in central Texas.  It is situated 60 miles north of Austin, and 
about 50 miles south of Waco.  The installation is located north of and adjacent to the city of Killeen, 
east of and adjacent to the city of Copperas Cove, and four miles south of the city of Gatesville.  A 
vicinity map is shown in Figure 1.1. 
 
Fort Hood began operations in 1942.  Robert Gray Air Field, originally operated by the Air Force as 
Robert Gray Air Force Base, was established in 1947 (U. S. Army 1996a).  Fort Hood's mission is 
training, testing, and deployment of military personnel and equipment.  The post is commanded by 
the III Corps Commander.  Currently, the post supports two full armored divisions (the 1st Cavalry 
and 4th Infantry Divisions).  Forty-three thousand military personnel are stationed there; and an 
additional 30,000 family members, civilians, volunteers, and private-sector employees also live or 
work at Fort Hood (U.S. Army 1996b).  Among the military assets of Fort Hood are approximately 
2,500 tracked vehicles, over 11,000 wheeled vehicles, six fixed wing aircraft, and 230 rotary-wing 
aircraft.  The post has 67 active firing and demolition ranges.   
 
The Fort Hood military reservation is regulated under the Resource Conservation and Recovery Act 
(RCRA) as a hazardous waste management facility.  Fort Hood has a RCRA permit to operate three 
hazardous waste storage units.  The RCRA permit requires that Fort Hood perform a RCRA Facility 
Investigation (RFI) for 40 solid waste management units (SWMUs) listed in the permit.  These 
SWMUs are distributed across the military reservation, in the main cantonment, West Fort Hood, 
and North Fort Hood.  They include former solid waste landfills and burial sites, former and inactive 
 underground storage tank locations, active wash rack/sewer systems, effluent ponds, and a sanitary 
sewer network.  An installation map is shown in Figure 1.2. 
 
This report describes the collection and analysis of data from SWMU FH-029, Lake Henry, one of 35 
SWMUs investigated during the RFI conducted November 1996 through March 1998.  FH-029 is 
located east of Clear Creek Road and north of Turkey Run Road. 
 
1.1 BACKGROUND 
 
FH-029 has a surface area of approximately 4.4 acres in size. The wash rack and storm water systems 
discharging to Lake Henry have been in operation since the 1960's. Eleven of the forty-five  wash 
racks on the main cantonment discharge effluent to Lake Henry through drainage ditches. Water that 
is discharged into Lake Henry is a combination of wash-water generated during the cleaning of 
military vehicles and storm water runoff from pavement in the motor pools. Lake Henry drains a 
watershed area of 1,100 acres during storm events. Wash-water from the vehicle wash racks passes 
through oil/water separators and into lined and unlined ditches that flow into Lake Henry. There are 
no lined ditches north of North Avenue.  
 
Lake Henry is a temporary equalization pond for Lake C (FH-061). Lake Henry discharges into a 
drainage ditch that flows into Lake C. Lake C discharges into House Creek, House Creek discharges 
into Cowhouse Creek, which in turn discharges into Belton Lake, east of Fort Hood. Lake Henry 
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discharges in all months except the driest, June, July, and August. Lake Henry is surrounded by small 
scrub brush and trees and  recreational use is prohibited. 
 
1.2 SCOPE AND OBJECTIVES  
 
The objective of the RFI at FH-029 was to determine if a release of  hazardous constituents has 
occurred and to characterize the potential source and extent of contamination.  This report 
assesses the nature of surface water and sediment contamination at Lake Henry and its drainage 
ditches and evaluates what, if any, corrective measures are needed. 
 
The specific objectives of the investigation of FH-029 were as follows: 
 
�� determine the presence or absence of contaminants in the surface water and sediments 

along the drainage system upstream of and within Lake Henry; 
�� characterize the migration potential of the contaminants identified in the surface water 

and sediments along the drainage system and within Lake Henry; 
�� evaluate the potential human health risks associated with contaminants detected in 

surface water and sediments; and, 
�� determine what, if any, corrective measures are needed to address contamination 

associated with SWMU FH-029. 
 
The approach to the RFI included field sampling and laboratory analysis of surface water and 
sediment.  The sampling and analysis program was conducted in accordance with the Final RCRA 
Facility Investigation Work Plan for Fort Hood Site FH-029 (U.S. Army Corps of Engineers 
[USACE] 1995) and the RCRA Facility Investigation Chemical Data Acquisition Plan and 
Addendum (USACE 1996).  
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2.0  ENVIRONMENTAL SETTING 

 
The material presented in this section describes the physical characteristics of FH-029 and its 
surroundings.  The geology, physiography, and climate are presented using regional and site-
specific data (where available). 
 
2.1  PHYSIOGRAPHIC SETTING 
 
Fort Hood is located within the eastern edge of the Lampasas Cut Plains region of the North-Central 
Plains physiographic province.  The topography of Fort Hood consists of small stream valleys 
separated by ridge-forming mesas.  Relief is as great as 340 feet (ft).  The Black and Blackwell 
Mountains are prominent features north of the main cantonment, as are Seven Mile Mountain at 
West Fort Hood, and the Dalton Mountains southwest of North Fort Hood.  A topographic map of 
the main cantonment of Fort Hood is provided in Figure 2.1. 
 
Local relief on the main cantonment and at West Fort Hood is generally less than 100 ft, with flat to 
gently rolling topography.  Elevations on the main cantonment range from 860 to 940 ft above mean 
sea level (msl). Lake Henry (SWMU FH-029) elevation is approximately 866 ft above msl. 
 
The rivers, streams, and creeks that constitute the main surface water pathways at Fort Hood are 
shown on Figure 2.1.  The main cantonment lies along a watershed divide between Belton Lake and 
the Leon River, downstream from the lake.  The western and north-central parts of the main 
cantonment are drained by Clear Creek, which discharges to House Creek.  House Creek is a 
tributary to the eastward-flowing Cowhouse Creek, which discharges to  Belton Lake, a man-made 
reservoir.  South Nolan Creek and North Nolan Creek both originate on Fort Hood and flow 
eastward to the Leon River, downstream of Belton Lake. 
 
2.2 GEOLOGIC CONDITIONS 
 
A summary of the geology of the Fort Hood area relevant to this RFI is adapted from the Final 
RCRA Facility Investigation Work Plan, 35 Solid Waste Management Units, Fort Hood, Texas 
(USACE 1995).  Relevant  information on the occurrences of soils and bedrock has been 
incorporated to further characterize the geology of FH-029 and its surroundings. 
 
2.2.1 Bedrock 
 
Lower Cretaceous marine sedimentary rocks make up the stratigraphy underlying Fort Hood.  The 
Fredericksburg Group consists of several stratigraphic units.  The Walnut Formation is the 
lowermost unit of the Fredericksburg Group and is the dominant stratigraphic unit in the main 
cantonment.  It consists of shales with interbedded limestone, chalky nodular limestone, and shell 
aggregates.  The fossiliferous Walnut Formation is exposed in many locations at Fort Hood.  It varies 
in thickness from 100 to 150 ft (Bureau of Economic Geology [BEGM] 1979).  The Comanche Peak 
Formation and an undifferentiated unit overlie the Walnut Formation, but are present at the surface 
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only north of the main cantonment in the Black and Blackwell Mountains, and on West Fort Hood 
on Seven Mile Mountain.   
 
Bedrock dips gently to the southeast throughout the area.  Inactive faults are present in the subsurface 
to the east of Fort Hood along the Balcones Fault Zone, which runs through Bell, McLennan, and 
Hill Counties. 
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2.2.2 Unconsolidated Materials 
 
Alluvial deposits of Quaternary age are present along stream valleys on the main cantonment, 
specifically along  South Nolan Creek on the southern edge of the cantonment (USACE 1995).  It is 
suspected that much alluvium and other natural surface deposits have been reworked throughout the 
active life of Fort Hood during construction projects. 
 
2.3 CHARACTERIZATION OF SOILS 
 
In many areas of the main cantonment, silty or sandy clay soils overlie bedrock.  In upland areas, 
these soils contain abundant rock fragments.  In general, these soils have low permeabilities (U.S. 
Department of Agriculture [USDA] 1985a,b).  They range in thickness from 15 to 20 ft.   Because 
soils have been extensively reworked for construction and landfilling in the SWMUs that were 
investigated, it is difficult to apply the USDA classification to the soils encountered on the main 
cantonment. 
 
2.4 CHARACTERIZATION OF CLIMATE 
 
The climate of the Fort Hood-Killeen area can be characterized as semi-arid continental.  Winters 
(December-March) are mild, with the average daily maximum temperature in January  (the coldest 
month) reaching 60 o F.  Below-freezing temperatures occur on an average of 23 days per year.  The 
normal daily winter temperature range is 42 to 62o F.  At times, strong northerly winds accompanied 
by sharp drops in temperature occur during the winter months.  Summers (June-September) are hot 
and dry.  The average daily maximum temperature in August, the hottest month, reaches 95.9o F.  
The normal daily temperature range for summer is 75 to 95o F.  The average daily temperature in 
Killeen is 68.1o F. 
 
Average annual rainfall in the Killeen area is 30.4 inches, and is most concentrated from September 
to May (U.S. Army 1996).  Snowfall is rare.  The average annual humidity in the region is 55 
percent.  Total rainfall for 1996 at Fort Hood was 26.7 inches.  Severe weather in the form of heavy 
rain, hail storms, and ice storms is common in the winter months. 
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3.0  UNIT CHARACTERIZATION 
 
Lake Henry is a surface impoundment that receives wash-water from the vehicle wash racks and 
storm water runoff from North Avenue and from eleven motor pools along North Avenue.  Lake 
Henry has provided a means for the collection and settling out of oils and solids that may have 
passed through the oil/water separators at the motor pools.  The oil/water separators discharge to a 
series of lined and unlined ditches along North Avenue.  Over 1,000  acres of the main cantonment 
are drained by these ditches.  Eleven vehicle wash racks are contained in this watershed and drain to 
Lake Henry. 
 
Flow into Lake Henry is very irregular as a consequence of periods of inactivity at some motor pools 
and  long intervals without rainfall.  Therefore, it is characteristic for there to be no flow out of the 
motor pools for days or weeks, followed by days of significant flow.  In the driest months, low flow 
to Lake Henry may not exceed its holding capacity and no water is discharged from the lake.  Lake 
Henry is a temporary equalization pond for Lake C and is not specifically covered in the National 
Pollutant Discharge Elimination System (NPDES) permit.  An NPDES discharge point is located 
near the outlet of Lake C. 
 
Lake Henry, as well as all other surface water SWMUs on the main cantonment, discharges 
ultimately to Belton Lake, which is used as a source of the region=s public drinking water supply.  A 
photograph of Lake Henry is shown in Figure 3.1. 
 
Little was known about the exact composition of the effluent from wash racks and of storm water 
runoff from the motor pools, roads, and driveways prior to this RFI.  However, washing of the tanks 
and other military vehicles clearly removes residues of fuels (such as JP-8, used as tank fuel), fuel 
by-products, oils and greases, metal shavings, paint, and soil particles.  Oils, hydraulic fluids, and 
other petroleum-based products are frequently spilled or dripped on motor pool pavement in small 
quantities.  These components are suspected to be present in surface water and sediments in drainage 
ditches and Lake Henry.  Operation and maintenance of the oil/water separators includes routine/scheduled 
removal of oils and/or sediments from the units.  As required under the NPDES permit for the main 
cantonment, water from the oil/water separators are regularly sampled and analyzed for indicator parameters 
such as chemical oxygen demand, biochemical oxygen demand, total suspended solids, oils and greases, and 
pH.  No exceedances of the permit limits of these parameters have been noted at the vehicle wash racks that 
ultimately discharge to Lake Henry. 



Figure 3.1  Photograph of FH-029
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4.0  CHARACTERIZATION OF UNIT CONTAMINATION 
 

The following sections describe the results of field activities and analytical procedures performed to achieve 
site specific objectives defined in Section 1.2 of this report. 
 
4.1 TECHNICAL APPROACH  

 
Twenty-seven surface water and fifteen sediment samples were collected in the locations specified in the Final 
RCRA Facility Investigation Work Plan for 35 SWMUs (USACE 1995).  The sampling effort was conducted 
in November 1996.  A site map and sampling locations are shown in Figure 4.1.  Fifteen sample locations are 
downstream of oil/water separator outfalls.  Ten locations are in unlined ditches not co-located with oil/water 
separators.  Three sample locations are within the limits of Lake Henry.  
 
All samples were analyzed for volatile organic compounds (VOCs), semi-volatile organics (SVOCs), and 
metals.  All sediment samples were also tested for moisture content to ensure that all analyses are reported on a 
dry weight basis. 
 
Contaminant concentrations will vary based on sample depth or location due to the chemical nature of the 
contaminant and the method by which the contaminant is deposited in the sediment (i.e., spills, leaks, and 
atmospheric deposition).  Concentrations in the surface water may differ greatly from sediment or  underlying 
soil levels.  These factors were considered in selecting the sample locations. 
 
Surface water constituents evaluated in drainage ditches for this RFI are likely to be representative of transient 
conditions in any given motor pool or wash rack area for a given day.  Residence time for surface water in 
ditches is almost zero, and the composition of the effluent water may change depending on what cleaning 
activities are being performed in the wash rack areas.  Sediments in drainage ditches may also possess chemical 
constituents only from the recent past, since residence time for sediments in the ditches is likely to be short.  
Analyses of Lake Henry=s water and sediment, however, may provide information on chemical constituents that 
have accumulated over a much longer time interval.  
 
4.1.1 Surface Water Sampling 
 
Three surface water samples were collected at Lake Henry.  One surface water sample (SW121) was collected 
at the inlet of the lake, one (SW122) was collected in the middle of the lake, and one (SW125) was collected in 
the ditch that drains the lake.  The remaining  24 surface water samples were collected in the outfalls of the 
oil/water separators and from each of the unlined ditches where water was present, all located north of North 
Avenue.  The locations of the sampling points are shown in Figure 4.1.  All samples were collected according 
to procedures discussed in Section 3.1 of the Final RCRA Facility Investigation Work Plan for 35 SWMUs 
(USACE 1995).  
 
Lake and ditch water samples were collected at a depth of at least six inches below the water surface.  All water 
samples from the ditches were collected by submersion of the sample containers below the water surface when 
possible, then taking off the cap and allowing the bottle to fill.  When water depth was not sufficient to allow 
the container to be submerged, then the water was dammed to concentrate the flow to a central collection point. 
 The sample container was then submerged or the flow of the water was directed into the bottle.  The samples 
were analyzed for VOCs, SVOCs, and metals.   



Bis(2-ethylhexyl)phthalate   0.011  MG/L
Cadmium                      0.022  MG/L
Lead                        0.0223  MG/L
p-Isopropyltoluene           0.019  MG/L

Cadmium                0.83  MG/KG
4-Methyl-2-pentanone  0.008   MG/L

1,2,4-trimethylbenzene  0.034  MG/L
1,3,5-trimethylbenzene  0.006  MG/L
2-Methylnaphthalene     0.017  MG/L

Cadmium         2.9  MG/KG
Chloromethane  0.01   MG/L

1,2,4-trimethylbenzene   0.032  MG/L
1,3,5-trimethylbenzene   0.009  MG/L
Cadmium                 0.0167  MG/L

4-Methyl-2-pentanone  0.005 J MG/L

1,2,4-trimethylbenzene  0.062  MG/L
4-Methyl-2-pentanone     0.18  MG/L
Benzyl Alcohol           0.02  MG/L
Cadmium                 0.019  MG/L

1,2,4-trimethylbenzene   0.016  MG/L
4-Methyl-2-pentanone     0.011  MG/L
Cadmium                 0.0208  MG/L
Lead                    0.0264  MG/L

4-Methyl-2-pentanone  0.005 J MG/L

Cadmium             0.0077  MG/L
p-Isopropyltoluene    0.01  MG/L

1,2,4-trimethylbenzene  0.038  MG/L
Trichloroethene         0.009  MG/L

Cadmium                       2.9  MG/KG
1,2,4-trimethylbenzene      0.022   MG/L
1,3,5-trimethylbenzene      0.007   MG/L
Bis(2-ethylhexyl)phthalate  0.021   MG/L

4-Methyl-2-pentanone  0.013  MG/L

2-Butanone                  0.061   MG/KG
Acetone                      0.18   MG/KG
Barium                       66.4   MG/KG
Bis(2-ethylhexyl)phthalate      1   MG/KG
Cadmium                      0.72 B MG/KG
Methylene Chloride          0.022   MG/KG

2-Butanone                   0.01   MG/KG
Acetone                     0.065   MG/KG
Barium                       38.8   MG/KG
Bis(2-ethylhexyl)phthalate   0.93   MG/KG
Cadmium                      0.62 B MG/KG

Cadmium  2.3  MG/KG

Cadmium  1.4  MG/KG

Cadmium  1.1  MG/KG

1,2,4-trimethylbenzene   0.036  MG/L
Cadmium                 0.0064  MG/L

1,2,4-trimethylbenzene  0.044  MG/L
4-Methyl-2-pentanone     0.01  MG/L

1,2,4-trimethylbenzene   0.008  MG/L
4-Methyl-2-pentanone     0.045  MG/L
Cadmium                 0.0241  MG/L
Lead                    0.0177  MG/L

1,2,4-trimethylbenzene      0.024  MG/KG
1,3,5-trimethylbenzene      0.015  MG/KG
Benzo(b)fluoranthene          3.3  MG/KG
Bis(2-ethylhexyl)phthalate     12  MG/KG
Cadmium                      41.7  MG/KG
Chromium                     29.5  MG/KG
Lead                          118  MG/KG

1,2,4-trimethylbenzene   0.007  MG/L
Cadmium                 0.0403  MG/L
Lead                    0.0413  MG/L

Arsenic 13.3 MG/KG

Arsenic 13.3 MG/L
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4.1.2 Sediment Sampling 
 
Two lake sediment samples (SD121 and SD122) and thirteen ditch sediment samples were collected in 
November 1996.  Sediment samples were collected following collection of the surface water samples, to 
prevent suspension of sediment particles that could potentially be included in the water sample.  Sampling 
began at the sampling point furthest downstream, and progressed upstream.  This prevented cross-
contamination between upstream and downstream sediment.  One discrete sample was collected from each 
location.  Sediment samples were collected from below the sediment-water interface to a maximum depth of 12 
inches.  
 
In Lake Henry, a hand core sediment sampler was used to collect sediment sample SD121.  All other sediment 
samples were collected either using a stainless steel hand auger, or stainless steel bowls and spoons.  Sediment 
collected downstream of each oil/water separator came from the unlined portions of the ditches to which they 
discharge.  
 
No native soil samples were collected beneath lake sediments at FH-029, however, soil sampling of native soil 
conducted at FH-027 and FH-028 indicated no release to soil from these units.  Since the operation of these 
units is similar to that of FH-029, results of native soil sampling at FH-027 and FH-028 provide a 
representative determination that a release of contaminants to native soil at FH-029 has not occurred.  Results 
of native soil sampling is presented in the RFI reports for FH-027 and FH-028. 
 
4.2 UNIT INVESTIGATION AND ANALYTICAL RESULTS 
 
Analytical results for surface water and sediments at SWMU FH-029 are provided in their entirety in Appendix 
A (including lab sheets and validated data tables).  Tables 4.1 and 4.2 summarize those constituents detected 
above practical quantitation limits (PQLs) in sediment and surface water, respectively.  Constituents detected 
above PQLs were screened against background and risk-based screening criteria as described in Section 4.3 
and Section 5.0. 
 
4.2.1 Sediment Analytical Results 
 
The following inorganic constituents were detected in sediment at concentrations above PQLs:  arsenic, 
barium, cadmium, chromium, lead and selenium.  Selenium was detected above the PQL in only one sample 
(SD120).  The other metals were present at concentrations above the PQL in every sample.  Concentrations 
ranged from 0.19 parts per million (ppm) cadmium in SD120 to 93.1 ppm barium in SD128.  Silver and 
mercury were not detected. 
 
VOCs were detected above PQLs at six sediment sampling locations including the two samples from Lake 
Henry.  There were six occurrences of 2-butanone, in concentrations ranging from 7 parts per billion (ppb) 
(SD101 and SD120) to 61 ppb (SD121).  Acetone was also present at five locations (four of which coincide 
with the 2-butanone detections) in concentrations ranging from 65 ppb at SD122 to 180 ppb at SD121.  There 
was one occurrence of methylene chloride above the PQL at SW121 (22 ppb).  In SD111, seven VOCs were 
identified above the PQL including 1,2,4- and 1,3,5-trimethylbenzene, naphthalene, and xylenes. 
 
SVOCs were detected at the following locations at concentrations above the PQLs:  SD107, SD111, SD118, 
SD121, and SD122.  Bis(2-ethylhexyl)phthalate was detected in five of these locations at concentrations 
ranging from 930 ppb at SD122 to 12,000 ppb at SD111.  Di-n-octyl phthalate was detected twice, at SD107 at 
490 ppb and at SD111 at 2600 ppb.  Pyrene was present at 510 ppb in SD118, and benzo(b)fluoranthene was 
present at SD111 at 3300 ppb.  No other SVOCs were present above PQLs. 
 
 
 
 
 



 

 
 

14 

4.2.2 Surface Water Analytical Results 
 
Arsenic, barium, cadmium, chromium, lead, mercury, and selenium were detected in surface water above 
PQLs.  Barium was present above the PQL in nearly every sample.  Concentrations ranged from 23.7 ppb at 
SW103 to 360 ppb at SW112.  Chromium was detected in 18 samples at concentrations ranging from 0.94 to 
18.4 ppb.  Arsenic was detected in seven samples, at concentrations from 2.7 to11.4 ppb.  Cadmium was 
present above the PQL in 17 samples at concentrations ranging from 0.74 to 40.3 ppb.  Mercury was present 
above the PQL in three samples at concentrations of 0.11, 0.15, and 0.21 ppb.  Selenium was detected in four 
samples at concentrations ranging from 3.2 to 6.7 ppb.  SW128, which is located near a wash rack north of 
North Avenue, was the locus of the largest number of maximum values for metals above the PQLs. 
 
Fifteen VOCs were detected above the PQLs at 18 locations. Concentrations ranged from 6 ppb naphthalene at 
SW128 to 360 ppb acetone at SW112.  No VOCs were detected at SW103, SW104, SW111, SW114, SW116, 
SW121, SW122, SW123, or SW125.  Samples in which more than one VOC was detected included SW102, 
SW106, SW108, SW109, SW110, SW112, SW113, SW115, SW117, SW118, SW120, SW126,  SW127, and 
SW128.  Most of these samples were collected at the outfalls of oil-water separators outside the motor pools 
along North Avenue.  No VOCs or SVOCs were detected in surface water samples from Lake Henry or its 
outlet ditch. 
 
Six SVOCs were detected above the PQLs at six locations (SW102, SW106, SW112, SW113, SW118, and 
SW127).  Bis(2-ethylhexyl)phthalate and 4-methylphenol were each detected twice.  Naphthalene, 2-
methylnaphthalene, phenol, and benzyl alcohol were each detected once.  Concentrations of SVOCs ranged 
from 11 ppb bis(2-ethylhexyl)phthalate at SW102 to 23 ppb 4-methylphenol at SW127. 
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4.2.4 Disposition of Investigation Derived Waste (IDW) 
 
No IDW was generated during the sampling of surface water as water sample containers were submerged and 
no sampling equipment was needed for the investigations for FH-029 (Lake Henry).  A small amount of IDW 
was generated when the sediment sampling equipment was decontaminated. The sediment sampling equipment 
was rinsed in the field of excess sediment, then thoroughly decontaminated at the field trailer, resulting in a 
small volume of liquid decontamination IDW. 
 
The IDW generated from decontamination in the field trailer was combined with the decontamination waste 
from other SWMUs.  This IDW is segregated into three types of waste:  (1)  potable wash/rinse water; (2) nitric 
acid/deionized water rinse; and (3) dilute methanol waste.  Each  waste stream was stored in containers in an 
accumulation area in the SAIC compound.  All containers were clearly identified with Department of 
Transportation (DOT) - approved labels indicating the drums' contents and the dates they were put into service. 
 Drums were staged in the SAIC compound pending disposition.  All IDW determined to be potentially 
hazardous was delivered to the Fort Hood Directorate of Public Works (DPW) Classification Unit with the 
accompanying characterization data. 
 
 
4.3 BACKGROUND CHARACTERIZATION AND COMPARISONS WITH WASTE UNIT 
 SAMPLING RESULTS 
 
In order to characterize naturally occurring constituents in soils at Fort Hood, samples were located and 
collected at 10 separate locations within the facility boundaries in the north, west, and main cantonments.  
Sampling locations are believed to be outside the influence of past or current industrial and/or waste activities 
at the facility.  The general background sampling locations are presented in Figure 4.2.   Background soils data 
and soil boring logs are presented in Appendices B and C, respectively.  The background criteria for soils are 
applied to all SWMU soil samples, including dry sediments, such as those collected in drainage ditches where 
water flow is irregular (see Figure 4.2). 
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Samples were analyzed for the following metals:  arsenic, barium, cadmium, chromium, lead, mercury, 
selenium, and silver.  There were only 40 valid background sample results for selenium due to quality 
assurance/quality control (QA/QC) problems with the selenium data.  A discussion of the data QA/QC is  
presented in Section 6.1.  Mercury, selenium, and silver were not detected in any of the background surface soil 
samples.  Mercury was detected in only 1 of 43 subsurface soil samples and  selenium in 2 of 40 background 
subsurface samples.  Silver was not detected in any background subsurface soil samples.   
 
Two statistical methods presented in the RFI Work Plan can be used to determine if there is a statistically 
significant difference between background soil concentrations and the concentrations of metals detected in 
SWMU samples.  The flow chart from the Final RCRA Facility Investigation Work Plan for 35 SWMUs  
(USACE 1995) used for the statistical evaluations is provided in Appendix D.  Background statistical 
calculations were determined by combining metals results from surface soils (0-2 ft) and subsurface soils (>2 ft) 
into one background data set.  The statistical methods used to evaluate the background soil results are presented 
in Section 6 of the Final RCRA Facility Investigation Work Plan (USACE 1995).  The methods include (1) a 
95% upper tolerance limit (UTL) calculation and (2) an overall data set mean background concentration.  
 
The primary statistical method for screening data is to compare SWMU data to the respective background 95% 
UTL values.  The 95% UTL is an estimate of the 95th percentile of the population of background concentrations 
such that, with a high degree of confidence, 95% of all concentrations would be less than the UTL value.  
Results of the 95% UTL calculation are presented in Table 4.3.   For inorganic parameters where there were less 
than 50% detects, and the distribution was neither normal nor lognormal, the maximum detected concentration 
was used in place of the 95% UTL. For inorganic parameters where there were no detects, the  PQLs were used 
in place of the 95% UTLs as the background comparison value.  The 95% UTL background value for soils was 
used as the primary background screening criteria for inorganics.  Appendix D contains spreadsheets that verify 
the Shapiro Wilk test on the background data for distribution, and results of the 95% UTL calculations for the 
background data. 
 
No background data set is available to further evaluate concentrations of metals in pond sediments (saturated 
sediments), however, if a metal was detected in dry sediment at FH-029 at a concentration greater than the 95% 
UTL soil background value, a second statistical method was performed to compare the data set to the 
background value.  The second statistical method to be used is either a mean comparison using the t-test, or the 
Wilcoxon (Mann-Whitney)  Test.  The use of these tests is dependent on the distribution of the data set.  The t-
test is to be used on data sets that have a normal distribution or that can be transformed to a normal distribution. 
 According to the RFI Work Plan (USACE 1995), if the data set is not normally distributed and the t-test is not 
appropriate, a nonparametric method, the Wilcoxon Test, is to be used to test the difference in the background 
versus the data set.  The flow chart from the RFI Work Plan (USACE 1995) used for the statistical evaluations 
is provided in Appendix D.  Results of calculations for the 95% UTLs, means, standard deviations, and the 
Wilcoxon Test for FH-029 data are also presented in Appendix D. 
 
Cadmium, chromium and lead were detected in dry sediment at FH-029 at concentrations greater than the 95% 
UTL soil background concentration, therefore, further statistical analysis was performed for these metals.  The 
Wilcoxon Test for cadmium and lead detected in dry sediment at FH-029 resulted in absolute Z values of 4.96 
and 2.31, respectively, versus the critical Z value of 1.645 for a one-tailed test.  This indicates there is a 
significant difference between the background soil cadmium and lead data and FH-029 dry sediment cadmium 
and lead data.  The Wilcoxon Test for chromium detected in dry sediment at FH-029 resulted in an absolute Z 
value of 1.59 versus the critical Z value of 1.645.  This indicates there is no significant difference between the 
background soil data for chromium and FH-029 dry sediment data for this metal.  Further discussion of 
statistical results is included in Section 6.2 (Investigation Results) of this report. 
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Table 4.3  Statistical Analysis of 95% UTL Concentrations 
 Background Soils 

 
 
 
Analyte (units) 

 
 

Mean 

 
 

95% UTL 

 
Maximum 

Detect 

 
Results > 

PQL 

 
Distribution 

 
Arsenic (mg/kg) 

 
4.3500 

 
9.19 

 
11.6 

 
43/43 

 
N 

 
Barium (mg/kg) 

 
30.19 

 
157.3 

 
155.0 

 
43/43 

 
L 

 
Cadmium (mg/kg) 

 
0.15 

 
0.67 

 
0.79 

 
36/44 

 
L 

 
Chromium (mg/kg) 

 
7.32 

 
24.88 

 
23.6 

 
44/44 

 
L 

 
Lead (mg/kg) 

 
5.77 

 
19.0 

 
33.20 

 
44/44 

 
L 

 
Mercury (mg/kg) 

 
0.0400 

 
0.04* 

 
0.04 

 
1/44 

 
D 

 
Selenium (mg/kg) 

 
0.345 

 
0.44* 

 
0.44 

 
2/40 

 
D 

 
Silver (mg/kg) 

 
0.218 

 
** 

 
ND 

 
0/44 

 
D 

 
Results less than the detection limit were set to 2 the reported detection limit. 
L-distribution most similar to lognormal. 
N-distribution most similar to normal. 
D-distribution not determined because fewer than five detects or less than 50% detects. 
*UTL -maximum detected 
** the 95% UTL could not be calculated due to no detects in the background data set, therefore, the PQL 
will be used as the background comparison value. 
ND - Not Detected 
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5.0  SCREENING ANALYSIS 
  
The Texas Natural Resource Conservation Commission (TNRCC) has promulgated risk reduction standards 
(RRSs [30 TAC 335, Subchapter S]) for soils and groundwater for residential and industrial land uses.  The 
TNRCC RRSs have been used to screen the data generated at FH-029 to determine whether or not constituents 
are present at the site at concentrations which may warrant further investigation.  Comparisons to TNRCC RRS 
criteria are shown in Tables 5.1 and 5.2.  The complete screening results for FH-029 are compiled in Appendix 
E. 
 
The TNRCC RRSs Number 1 are defined as UTL background concentrations or analytical PQLs, whichever are 
greater.  The TNRCC RRSs Number 1 were used to determine if there has been a release of hazardous 
constituents from the site. The TNRCC RRS Number 1 criteria are the facility-wide 95% UTL soil background 
values for metals (except for mercury, selenium, and silver, which were not detected in background soils), or the 
PQLs, for organic constituents or metals not detected in background samples.  To determine whether there has 
been a release at FH-029, dry sediment (ditch sediment) sample results were compared to the 95% UTL 
background concentration levels for combined surface and subsurface soils (TNRCC RRS Number 1 criteria for 
metals in soils).  Metals detected above background levels are considered a potential release from the unit.  
Detections of organic constituents above the analytical PQL are considered a potential release.  In surface water, 
all detections above PQLs are considered a potential release.  Organic and inorganic constituents detected above 
PQLs in sediment and surface water samples at FH-029 have been presented in Tables 4.1 and 4.2, and 
discussed in Sections 4.2.1 and 4.2.2, respectively.  Comparisons to the 95% UTL background concentration 
levels (TNRCC RRS Number 1 criteria) for metals in dry sediment (ditch sediment) are shown in Table 5.1. 
 
To determine if potential releases of metals and organics detected at FH-029 warrant further action, sample 
results that exceeded the TNRCC RRS Number 1 were screened against the TNRCC RRS Number 2 criteria.  
TNRCC RRS Number 2 criteria are health-based standards and criteria that are deemed protective of human 
health or the environment.  They are based on an ingestion of soil and inhalation of particulates and volatiles 
pathway and a soil-to-groundwater cross-media protection pathway.  No additional risk criteria are available to 
further evaluate metals detected in dry sediment above the 95% UTL soil background concentration levels 
(TNRCC RRSs Number 1), however if the concentration of a metal in dry sediment exceeds the 95% UTL soil 
background concentration, further statistical analyses are performed to determine if the metal is present at 
concentrations which are significantly different from the background concentration.  If statistical analysis shows 
that metal concentrations are not significantly different from background concentrations then a release is not 
considered to have occurred.  Statistical analyses performed may include the T-Test or the Wilcoxon  Test. 
 
Saturated sediments (pond sediments) were compared to TNRCC RRS Number 2 benchmark sediment values.  
For surface water, the TNRCC RRS Number 2 criteria are the 30 TAC 335 groundwater criteria.  Comparisons 
to TNRCC RRS Number 1 criteria (metals in dry sediment) and TNRCC RRS Number 2 criteria (organics in 
dry sediment, and organics and inorganics in saturated sediment and surface water) are shown in Tables 5.1 and 
5.2, respectively.  The complete screening results for FH-029 are compiled in Appendix E.  In Tables 5.1 and 
5.2, as well as in Appendix E, no TNRCC RRS Number 2 screening values are available for parameters whose 
screening concentrations are signified by a value of zero. 
 
In dry ditch sediments, cadmium, chromium, and lead were present above soil background concentrations.  
Cadmium was present above the soil background value in seven samples.  Chromium and lead exceeded the 
background values in SD111 only.  In saturated pond sediments (SD121 and SD122), barium and cadmium 
were present at concentrations that exceed the sediment benchmark values. 
Further evaluation of the three metals detected above soil background concentrations in dry sediments was 
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performed using the Wilcoxon Test.  Results of this evaluation indicate that concentrations of  chromium at FH-
029 are not significantly different from background chromium concentrations, however, cadmium and lead 
concentrations at FH-029 are significantly different than background soil concentrations.  Lead and chromium 
were both detected in only one sample (SD111) located near an oil/water separator, which is not in the 
immediate vicinity of Lake Henry (see Figure 4.1).  Both of these metals reach nondetectable limits in both 
sediment and surface water prior to reaching the inlet of Lake Henry. 
 
Cadmium was detected in five sediment samples (dry and saturated) collected in the immediate vicinity of Lake 
Henry at concentrations exceeding RRS Number 2 risk criteria.  Most notably, cadmium is present in dry 
sediment in the outlet drainage of Lake Henry at a concentration (1.1 ppm) above the soil background value 
(0.67 ppm). 
 
2-Butanone, acetone, bis(2-ethylhexyl)phthalate, and methylene chloride are also present at concentrations 
greater than the benchmark values in the two pond sediment samples.  These analytes are not known to be 
associated with any waste disposal practice at FH-029, and are common artifacts of laboratory analyses.  In 
SD111, 1,2,4- and 1,3,5-trimethylbenzene, as well as bis(2-ethylhexyl)phthalate, were present above the 30 
TAC 335 industrial soil criteria.  In addition, a PAH, benzo(b)fluoranthene, was present in this sample above 
the industrial soil criteria.  PAHs have been found to be widely dispersed across industrial and other facilities by 
the combustion of petroleum products, open burning, and incineration (see Appendix F). 
 
In surface water collected from the drainage ditches, cadmium and lead were identified at concentrations greater 
than the TNRCC RRS Number 2 criteria in several samples.  Both were found in SW102, SW109, SW113, and 
SW128.  Cadmium alone was present above the risk criterion at SW108, SW112, SW115, SW125, and SW126. 
 Cadmium and lead concentrations in Lake Henry surface water samples were below the risk criteria. 
 
Surface water samples from fifteen locations exhibited at least one VOC at concentrations above the TNRCC 
RRS Number 2 criteria.  Only one VOC (either 4-methyl-2-pentanone, 1,2,4-trimethylbenzene, p-
isopropyltoluene, or chloromethane) was present above the screening criteria in SW102, SW105, SW107, 
SW109, SW115, SW120, and SW126.  1,2,4-Trimethylbenzene and 1,3,5-trimethylbenzene exceeded the 30 
TAC 335 groundwater criteria in SW016, SW108, and SW118.  1,2,4-Trimethylbenzene and other compounds 
were above the risk criteria at SW109, SW112, SW113, SW117, SW126, SW127, and SW128.  Among the 
SVOCs, bis(2-ethylhexyl)phthalate, 2-methylnaphthalene, and benzyl alcohol were present above the risk values 
in four locations (SW102, SW106, SW112, and SW118).  No VOCs or SVOCs were detected in surface water 
samples from Lake Henry or its outlet ditch.  It should be noted that most of these organics (4-methyl-2-
pentanone, 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, p-isopropyltoluene, chloromethane,2-
methylnaphthalene, and benzyl alcohol) are considered to be present above screening criteria because no 
TNRCC RRS Number 2 screening values exist for these constituents.  Screening values cannot be calculated for 
these constituents because no toxicity criteria exists that are necessary to calculate the RRS 2 values. 
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6.0  INVESTIGATION ANALYSIS 
 
 
6.1 DATA QUALITY ASSURANCE/QUALITY CONTROL 
 
The Fort Hood RFI Work Plan, the contract laboratory=s Quality Assurance Plan, and U.S. Environmental 
Protection Agency (USEPA) SW-846 or other approved procedures for analytical chemistry and physical testing 
methods were followed for field and laboratory  quality assurance/quality control (QA/QC) of FH-029 samples. 
 According to the Work Plan, QA and QC samples were to be collected at a frequency of ten percent overall and 
analyzed along with the environmental samples.  Field duplicate (QC) and split (QA) samples were collected at 
FH-029.  Quality control analyses such as matrix spikes, blanks, and laboratory control samples were conducted 
by the contract laboratory as an internal control measure of the accuracy and precision of the data.  Quality 
assurance sample analyses were performed by the Army Corps of Engineers= Southwest District Laboratory as 
an external control measure of the accuracy and precision of the contract laboratory=s results and of sampling 
procedures.  The QA/QC and corresponding field sample results are reviewed by Army Corps of Engineers 
quality assurance personnel, who then issue a Chemical Quality Assessment Report (CQAR).  
 
Laboratory QC procedures as prescribed by each analytical method were followed by the contract laboratory and 
included, where applicable: gas chromatography/mass spectrometry (GC/MS) tuning, initial and continuing 
calibrations, method/extraction blanks, laboratory control samples (LCS), surrogate spikes, internal and external 
standards, duplicates, matrix spikes/matrix spike duplicates (MS/MSDs), inductively coupled plasma (ICP) and 
atomic absorption (AA) related QC procedures/samples, and spiked sample clean-up results.   
The CQAR addressed concerns with the FH-029 data.  One issue was the potential for false negatives for 
several VOCs in both surface water and sediment.  Another was the potential for false positives and high 
variability in four volatile compounds in the sediment samples SD116 and SD118. There was a potential for low 
bias in the data for chromium and lead in the sediments. The deviations did not lead to the rejection or 
requalification of the data.  Based on the CQAR findings, data are usable and have met the project data quality 
objectives (DQOs). 
 
Data QA/QC procedures included an independent data validation of ten percent of the results for compliance of 
analyses to DQOs.  All FH-029 data that were reviewed for data validation met project DQOs and are usable 
data as qualified, with the exception of  selenium results for 10 background soil samples (2 surface and 8 
subsurface).  The selenium results were rejected due to unacceptable matrix spike recoveries and were excluded 
from background calculations.  The rejected background data had no impact on the FH-029 results.   
 
6.2 INVESTIGATION RESULTS 
 
The data set for surface water and sediments at FH-029 and the quality of the data are useable to meet the 
objectives of the RFI as described in Section 1.2 of this report.  A total of 27 surface water and 15 sediment 
samples were collected from the ditches and Lake Henry, and analyzed according to the Final RCRA Facility 
Investigation Work Plan for 35 SWMUs (USACE 1995).  The number and location of the samples were 
adequate to provide information regarding the presence/absence of contamination, the characterization of the 
vertical and lateral extent of potential contamination, and the potential risks to human health.  
 
Results of the analysis of surface water and sediment at FH-029 indicate the following.  The two sediment 
samples in the pond contain barium, cadmium, acetone, 2-butanone, and bis(2-ethylhexyl)phthalate in 
concentrations exceeding the risk criteria.  One of these samples also has methylene chloride at a concentration 
greater than the risk value.  Sediment collected at the outlet from Lake Henry had only cadmium at a 
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concentration (1.1 ppm) above the risk criterion of 0.67 ppm.  The organic compounds identified above risk 
criteria in pond sediments are known to be common laboratory analytical artifacts, and as such are not 
contributing to risk at FH-029. 
 
Sediment from one location north of North Avenue (SD111) showed concentrations of several organics, as well 
as cadmium, chromium and lead above risk criteria.  This location is not in the immediate vicinity of Lake 
Henry (see Figure 4.1), and concentrations of both chromium and lead reach nondetectable limits in both 
sediment and surface water prior to reaching the inlet of Lake Henry.  In addition, results of statistical 
evaluations indicate that concentrations of chromium in dry sediment at FH-029 are not significantly different 
from background chromium concentrations.  However, cadmium and lead concentrations in dry sediment at FH-
029 are significantly different than background soil concentrations.  Although lead concentrations are 
significantly different than background soil concentrations, this constituent was only detected above risk criteria 
in one sample near an oil/water separator which is not in the immediate vicinity of Lake Henry. 
 
Sediments in the ditches north of North Avenue and immediately surrounding Lake Henry exhibited cadmium at 
concentrations exceeding the risk values.  Cadmium concentrations in these samples range from 0.83 ppm to 2.9 
ppm and are significantly different from cadmium background concentrations.  Cadmium in the ditches is 
evidently contributing to the cadmium occurrences in the sediment at Lake Henry and its outlet drainage. 
 
Surface water from the ditches exceeds risk criteria for VOCs, SVOCs, and metals in several locations.  These 
occurrences come from lined and unlined receiving ditches located along North Avenue which discharge to 
Lake Henry.  However, surface water quality at Lake Henry does not appear to be affected by these 
contaminants entering the lake.  Concentrations of VOCs, SVOCs and metals in surface water diminish to 
undetectable quantities by the time they reach Lake Henry (see Figure 4.1), and are not present in surface water 
exiting the pond.  The analytical screening results indicate that the local drainage ditches and Lake Henry are 
operating as intended and are removing contaminants from surface water prior to discharge to Lake C.  As such, 
surface water exiting Lake Henry to Lake C is not causing a release to the environment via the surface water 
pathway. 
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7.0  CONCLUSIONS AND RECOMMENDATIONS 
 
The analytical results indicate that unit FH-029 has experienced contamination of trace metals and organic 
compounds resulting from activities at 11 vehicle wash racks, and from storm water runoff from roadways and 
motor pools along North Avenue. 
 
Surface water analyses indicate that the occurrences of organic compounds, cadmium, and lead above RRS 
Number 2 criteria come from samples from the ditches along and north of North Avenue.  Since activities at the 
motor pools and vehicle wash racks in FH-029 are ongoing, these sources will continue to cause releases of 
these constituents until Fort Hood is closed.  Organics observed above risk criteria in the surface water are 
transient, and are detected at low concentrations which do not greatly exceed risk criteria.  Surface water 
constituents evaluated in drainage ditches for this RFI are likely to be representative of transient conditions in 
any given motor pool or wash rack area for a given day.  Residence time for surface water in ditches is almost 
zero, and the composition of the effluent water may change depending on what cleaning activities are being 
performed in the wash rack areas.  Sediments in drainage ditches may possess chemical constituents only from 
the recent past, since residence time for sediments in the ditches is likely to be short. 
 
No organic constituents were present above PQLs in surface water collected from Lake Henry and its outlet 
drainage.  These surface water samples also exhibited no inorganic constituents at concentrations above the risk 
criteria.  These results indicate that water collected from the ditches and exiting the pond is not causing a release 
to the environment via the surface water pathway. 
 
Organic solvents and inorganics found in the sediment in the ditches in FH-029 are evidently caused by 
activities in the motor pools and vehicle wash racks that line North Avenue.  Several of the organic 
contaminants identified as exceeding the risk criteria are known laboratory artifacts that are unrelated to  
processes at the SWMU.  The releases of cadmium and lead from the motor pools are clearly causing 
contaminant loading to Lake Henry sediments.  The source of heavy metals may be the motor pools and vehicle 
wash racks, or atmospheric deposition of vehicle exhaust along the heavily traveled North Avenue.  
Concentrations of organics above risk criteria in Lake Henry sediment are less than 1 ppm which indicates that 
the concentrations of organics do not greatly exceed risk criteria. 
 
Additionally, no native soil samples were collected beneath lake sediments at FH-029, however, soil sampling 
of native soil conducted at FH-027 and FH-028 indicated no release to soil from these units.  Since the operation 
of these units is similar to that of FH-029, results of native soil sampling at FH-027 and FH-028 provide a 
representative determination that a release of contaminants to native soil at FH-029 has not occurred. 
 
In summary, the ditches and the pond constitute a properly functioning treatment unit used to remove 
contaminants prior to discharge to the receiving stream.  There being no release of contaminants from Lake 
Henry via the surface water pathway, and no current exposure to Lake Henry sediments, no further action is 
recommended for FH-029 at this time.  However, if this unit undergoes closure activities in the future, dredging 
of the pond and removal of the sediment would be the most likely remedial action.  This would promote 
exposure to constituents in pond sediment and raise concern about releasing these constituents to the outlet 
drainage of the pond.  The current operation of the pond does not pose a risk to human health and the 
environment, however, risks associated with any future closure of the unit will need to be identified prior to 
implementation of closure activities. 
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APPENDIX A 
 
 

FH-029 Sediment and Surface Water Analytical Results 





























































































































































































































































































































































































































































































































































 

 

APPENDIX B 
 
 

Fort Hood RFI Background Soils Data 



































 

 

APPENDIX C 
 
 

Fort Hood RFI Background Soil Boring Logs 
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Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB101
(Page 1 of 1)

FHBKG : Background
Start Date : 12/10/96
End Date : 12/10/96
Northing Coord. : 3446458.08 m
Easting Coord. : 61375.50 m UTM 14 North
Total Depth of Boring : 18.5 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : 15.0 feet
Depth Drilled Into Rock: 3.5 feet
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

Topsoil. 0.0-0.5' bgs.; weathered tan limestone.
CLAY; weathered limestone fragments; damp; soft; 
moderately plastic; 10YR5/4 yellowish brown.

CLAY, fat; fewer fragments; damp; firm; highly plastic; 
mottled 10YR6/6 brownish yellow and 2.5Y7/1 light gray.

Silty CLAY; dry; firm; non-plastic; 10YR6/6 brownish 
yellow.

LIMESTONE, weathered; dry; blue-gray.

Bottom of Boring @ 18.5' bgs.

Same as above; dry.

Same as above; dry; more weathered limestone.

Same CLAY as above; more silty; interbedded with 
weathered limestone; dry.

Same as above; dry.

Same as above; interbedded with tan weathered 
limestone; dry.

REMARKS

No sample recovery.

Sample BKSB101 collected 2.0-2.5' bgs.

Description from soil cuttings.

Sample BKSB102 collected 4.0-4.7' bgs.

Description from soil cuttings.

Sample BKSB103 collected 10.5-11.0' bgs.

Description from soil cuttings.

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.
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Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB102
(Page 1 of 1)

FHBKG : Background
Start Date : 12/12/96
End Date : 12/12/96
Northing Coord. : 3446503.40 m
Easting Coord. : 613980.64 m UTM 14 North
Total Depth of Boring : 19.5 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : 16.0 feet
Depth Drilled Into Rock: 3.5 feet
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

Topsoil. 0.0-0.4' bgs.
Silty CLAY; weathered limestone fragments; dry; firm;  
non-plastic; mottled 10YR5/3 brown and 10YR8/2 very 
pale brown.

LIMESTONE, weathered, tan; and Silty Clay interbeds; 
dry.

Zones of limestone and highly indurated silty clay 
(weathered limestone?); shell fragments; roots; dry; very 
hard; 2.5Y8/2 pale yellow.

LIMESTONE, weathered; dry; blue-gray.

Bottom of Boring @ 19.5' bgs.

Same as above; dry.

Same as above; dry.

Same as above; dry.

Same as above; dry.

Same as above; dry.

Same as above; dry.

REMARKS

Sample BKSB121, duplicate BKSB202, and split sample 
BKSB302 collected 0.0-0.5' bgs.

Description from soil cuttings.

Sample BKSB122 collected 14.0-14.5' bgs.

Sample BKSB123 collected 19.0-19.5' bgs.

Description from soil cuttings.

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.
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Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB103
(Page 1 of 1)

FHBKG : Background
Start Date : 12/10/96
End Date : 12/10/96
Northing Coord. : 3447405.80 m
Easting Coord. : 606690.49 m UTM 14 North
Total Depth of Boring : 17.0 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : 15.0 feet
Depth Drilled Into Rock: 2.0 feet
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

Topsoil. 0.0-0.2' bgs.; weathered tan limestone.
Interbedded Silty and pebbly CLAY; 40% coarse sand to 
pebble sized angular to subrounded fragments; dry; 
moderately plastic; thin layers of 10YR8/4 very pale 
brown and 10YR3/2 very dark grayish brown.

Same as above; weathered, tan limestone fragments; 
dry.

Same as above; interbeds of limestone; dry.

Silty CLAY; weathered limestone fragments; damp; firm; 
moderately plastic; mottled 10YR8/2 very pale brown and 
10YR6/4 light yellowish brown.
LIMESTONE, weathered; dry; blue-gray.

Bottom of Boring @ 17.0' bgs.

Same as above; no pebbles; dry.

Same as above; dry.

Same as above; dry.

Same as above; except more medium to coarse sand; 
dry; soft; non-plastic.

Same as above; dry.

REMARKS

Sample BKSB104 collected 0.0-0.5' bgs.

Description from soil cuttings.

Sample BKSB105 collected 4.0-4.5' bgs.

Sample BKSB106 collected 9.0-9.5' bgs.

Sample BKSB107 collected 14.0-15.0' bgs.

Description from soil cuttings.

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.
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Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB104
(Page 1 of 1)

FHBKG : Background
Start Date : 12/11/96
End Date : 12/11/96
Northing Coord. : 3447780.16 m
Easting Coord. : 613523.75 m UTM 14 North
Total Depth of Boring : 24.0 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : 24.0 feet
Depth Drilled Into Rock: NA
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

Topsoil. 0.0-1.0' bgs.; weathered tan limestone.

Silty CLAY; trace organics; weathered limestone 
fragments; damp; soft; low plasticity; 2.5Y7/6 yellow.

LIMESTONE, weathered; tan.

Silty CLAY as above; dry.

Silty CLAY and weathered LIMESTONE interbeds.

Silty CLAY as above; dry.
Silty CLAY and weathered LIMESTONE interbeds.

Bottom of Boring at 24.0' bgs.

Same as above.

Same as above; no organics; dry; 10YR7/8 yellow mottle.

Same as above; slightly more silty; dry; hard; brittle.

weathered limestone as above.

Same as above; dry.

Same as above; dry.
Blue-gray weathered limestone fragments; dry.

REMARKS

Sample BKSB108 collected 0.0-1.0' bgs.

Description from soil cuttings.

Sample BKSB109 collected 4.0-5.0' bgs.

Description from soil cuttings.

Description from soil cuttings.  Hard drilling.

Sample BKSB110 collected 11.0-11.5' bgs.

Geotechnical sample collected 12.0-13.0' bgs.

Description from soil cuttings.

Sample BKSB111 collected 18.0-18.5' bgs.

Description from soil cuttings.

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.
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Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB105
(Page 1 of 1)

FHBKG : Background
Start Date : 12/11/96
End Date : 12/11/96
Northing Coord. : Not
Easting Coord. : Surveyed
Total Depth of Boring : 24.0 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : 24.0 feet
Depth Drilled Into Rock: NA
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

GRAVEL (graded area).

Silty CLAY; weathered limestone fragments; dry; firm; 
non-plastic; 2.5Y6/4 light yellowish brown.

CLAY, fat; dry; firm; highly plastic; mottled 2.5Y6/4 light 
yellowish brown and 10YR6/6 brownish yellow.
Silty CLAY and LIMESTONE interbeds; dry; firm; 2.5Y6/4 
light yellowish brown.

Same as above; more silt; dry; hard; brittle; non-plastic.
Same as above with weathered limestone interbeds.

Bottom of Boring at 24.0' bgs.

Same as above; dry.

Same as above; dry.

Same as above; dry; moderately plastic.

Same as above; dry.

Same as above; dry.

Blue-gray weathered limestone; dry; hard drilling to 24.0'.

REMARKS

Sample BKSB112 collected 1.0-1.5' bgs.

Description from soil cuttings.

Sample BKSB113 collected 4.0-5.0' bgs.

Description from soil cuttings.

Sample BKSB114 collected 11.0-12.0' bgs.

Description from soil cuttings.

Sample BKSB115 collected 15.0-15.5' bgs.

Description from soil cuttings.

Sample BKSB116 collected 22.0-22.5' bgs.

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.
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Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB106
(Page 1 of 1)

FHBKG : Background
Start Date : 12/12/96
End Date : 12/12/96
Northing Coord. : Not
Easting Coord. : Surveyed
Total Depth of Boring : 25.5 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : 25.5 feet
Depth Drilled Into Rock: NA
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

Silty CLAY; weathered limestone fragments; dry; firm; 
non-plastic; mottled 2.5Y7/6 yellow and 10YR6/6 
brownish yellow.

Same as above with weathered limestone interbeds.

Silty SAND, fine; dry; non-plastic; carbonate (HCL fizz); 
2.5Y8/4 pale yellow.

Same as above SAND, fine; except no silt.

SAND, fine; dry; soft; non-carbonate; 2.5Y8/4 pale 
yellow.

LIMESTONE, weathered; dry; tan.

Blue-gray weathered limestone; dry.
Bottom of Boring at 25.5' bgs.

Same as above; dry.

Same as above with trace sand; dry.

Same as above; dry.

Same as above except color change to 19YR8/2 very 
pale brown.

Same as above; dry.

Same as above; dry.

REMARKS

Sample BKSB117 collected 0.0-1.0' bgs.

Geotechnical sample collected 3.0-4.0' bgs.

Sample BKSB118 collected 9.0-9.5' bgs.

Description from soil cuttings.

Sample BKSB119 collected 14.0-14.5' bgs.

Description from soil cuttings.

Sample BKSB120 collected 19.0-20.0' bgs.

Description from soil cuttings.

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.
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Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB107
(Page 1 of 1)

FHBKG : Background
Start Date : 12/12/96
End Date : 12/12/96
Northing Coord. : 3438421.71 m
Easting Coord. : 612222.83 m UTM 14 North
Total Depth of Boring : 6.0 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : 1.7 feet
Depth Drilled Into Rock: 4.3 feet
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

Silty CLAY; weathered limestone fragments; dry; hard; 
non-plastic; mottled 10YR6/8 brownish yellow and 
10YR6/2 light brownish gray.

LIMESTONE, weathered, fossiliferous; Blue-Gray; 
2.5Y6/1 gray.

Bottom of Boring at 6.0' bgs.

Same as above

Same as above

REMARKS

Sample BKSB124 collected 0.0-1.0' bgs.

Description from soil cuttings.

Sample BKSB125 collected 4.0-4.5' bgs.

Description from soil cuttings.

Sample BKSB126 collected 5.5-6.0' bgs.

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.
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Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB108
(Page 1 of 1)

FHBKG : Background
Start Date : 01/14/97
End Date : 01/14/97
Northing Coord. : Not
Easting Coord. : Surveyed
Total Depth of Boring : 17.0 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : 15.0 feet
Depth Drilled Into Rock: 2.0 feet
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

Topsoil 0.0-0.4'
Silty CLAY; weathered limestone fragments; dry; firm; 
non-plastic; 10YR6/8 brownish yellow.

LIMESTONE, weathered; blue-gray.

Bottom of Boring at 17.0' bgs.

Same as above; dry.

Same as above; dry; mottled with 2.5Y7/3 pale yellow.

Same as above; dry.

Same as above; dry.

Same as above; dry.

Same as above; less silty; dry.
Same as above; dry.

Same as above; dry.

REMARKS

Sample BKSB135 collected 0.0-1.0' bgs.

Description from soil cuttings.

Sample BKSB136 collected 5.0-5.5' bgs.

Description from soil cuttings.

Sample BKSB137 collected 9.0-9.5' bgs.

Description from soil cuttings.

Sample BKSB138 collected 14.0-14.5' bgs.

Sample BKSB139 collected 16.5-17.0' bgs.

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.



10
-2

0-
19

99
t:\

go
v\

co
e\

fth
oo

d\
bo

rin
gl

og
s\

fh
bk

g\
SB

10
9.

BO
R

Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB109
(Page 1 of 1)

FHBKG : Background
Start Date : 01/15/97
End Date : 01/15/97
Northing Coord. : 3471041.79 m
Easting Coord. : 626015.26 m UTM 14 North
Total Depth of Boring : 24.0 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : Not Encountered
Depth Drilled Into Rock: NA
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

Silty CLAY; trace roots; trace rock fragments <1cm, 
angular to subrounded; damp; highly plastic; 5YR2.5/1 
black.

Silty CLAY; trace weathered limestone fragments; dry; 
stiff; non-plastic; 7.5YR6/4 light brown.

Silty SAND, fine to medium; moist; soft; moderately 
plastic; 7.5Y6/8 reddish yellow and 7.5 YR7/1 light gray.
Bottom of boring at 24.0' bgs. GRAVEL,angular;saturated

Same as above; damp.

Same as above; damp.

Some sand, fine, from 8-9' bgs.

Same as above; dry.

Same as above except rock fragments (mostly 
weathered limestone) up to 20% of total matrix.

Same as above; dry.

Same as above; with limestone fragments up to 40%; 
also 10% fine sand; dry.

Same as above; dry.

Same as above; dry.

Same as above; dry.

REMARKS

Sample BKSB140 collected 0.0-1.0' bgs.

Description from soil cuttings.

Sample BKSB141 collected 4.0-5.0' bgs.

Description from soil cuttings.

Sample BKSB142 collected 9.0-10.0' bgs.

Description from soil cuttings.

Sample BKSB143 collected 14.5-15.0' bgs.

Description from soil cuttings.

Sample BKSB144 collected 19.0-19.3' bgs.

Description from soil cuttings.

Water in hole, attempted sample, no recovery in gravel at 24'

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.
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Fort Worth, Texas
Fort Worth District

U. S. Army Corp of Engineers

Boring FHBKG-SB110
(Page 1 of 1)

FHBKG : Background
Start Date : 12/13/96
End Date : 12/13/96
Northing Coord. : 3472081.13 m
Easting Coord. : 626432.83 m UTM 14 North
Total Depth of Boring : 34.5 feet

Drilling Company : Terra-Mar
Driller : Bill Christopher
Designation of Drill : Mobile Drill B-59
Type of Drill Rig : Hollow Stem Auger
Geologist : Jeff DeVaughn
Depth to Bedrock : Not Encountered
Depth Drilled Into Rock: NA
Borehole Diameter : 8 inches
Sampling Equipment : 4.25'' Augers

: CME Sampler 5' long

Depth
in feet
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DESCRIPTION

SAND, fine to medium; some silt; damp; soft; non-plastic; 
7.5YR5/6 strong brown.

Clayey SAND; damp; firm; moderately plastic; 2.5YR4/6 
red.

Silty CLAY; trace sand; trace tan weathered limestone 
fragments; dry; hard; 7.5YR6/6 reddish yellow.

Silty SAND, fine; trace gravel and coarse sand at bottom; 
saturated; non-plastic; 7.5Y6/6 reddish yellow.
SAND, coarse, and GRAVEL, poorly sorted, angular  to 
round; saturated; 1.5 water in hole.
Bottom of boring at 34.5' bgs.

Same as above; damp to moist.

Same as above; damp.

Same as above; damp.

Same as above; damp.

Same as above; slightly less clay; dry.

Same as above; dry.

Same as above; less clay; dry; color change 5YR5/6 
yellowish red.
Same as above; dry.
Same as above; dry;

Same as above; more clay; dry.

Same as above; dry.

Same as above; dry.

Same as above; dry.

Same as above; dry.

Same as above; dry.

Same as above; with more silt; moist; softer.

Same as above; except very silty; damp; soft.

REMARKS

Sample BKSB127 collected 0.0-1.0' bgs.

Sample BKSB128 collected 4.0-6.0' bgs.

Geotechnical sample collected 8.0-9.0' bgs.

Sample BKSB129 collected 10.0-11.0' bgs.

Sample BKSB130 collected 15.0-16.0' bgs.

Sample BKSB131 collected 20.0-21.0' bgs.

Sample BKSB132 collected 25.0-26.0' bgs.

Sample BKSB133 collected 30.0-31.0' bgs.

Sample BKSB134 collected 34.0-34.5' bgs.

Soil colors from Munsell Soil Color Chart, 1992 Revised Edition.
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