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10 INTRODUCTION

A pre-remedial field investigation was conducted 1in September 1997 to identify and delineate the
extent of the residual volatile organic compound (VOC) nonaqueous phase hiquid (NAPL) 1n the
subsurface denived from Individual Hazardous Substance Site (IHSS) 118 1 - Multiple Solvent
Spills West of Building 730 Thus data will be used to determine whether an interim remedial

action 1s required, and how a potential remedial action would be implemented 1f one 1s necessary

While an interim remedial action will not constitute a complete source removal, 1f implemented
1t would remove some of the NAPL contributing to a plume of VOC contamination 1n
groundwater 1n this area The source area 1s ranked 8™ on the Environmental Restoration (ER)
Ranking, and the assoctated groundwater plume 1s ranked 19" [revised Attachment 4 to the
Rocky Flats Cleanup Agreement (RFCA) (DOE 1996a)] Removal of the source material 1s
consistent with the Rocky Flats Environmental Technology Site (RFETS) strategy for
groundwater, which 1s to prevent contamination of surface water by removal of contaminant

sources that impact groundwater

11 Background

THSS 118 1 15 located due north of Building 776 and near Building 730, 1n the RFETS Industrial
Area (Figure 1) This area 1s part of the Industrial Area Operable Unit (OU) IHSS 118 11s an
area of known subsurface so1l contamination resulting from leaks and spills associated with an
underground storage tank containing carbon tetrachlonide The tank was 1nstalled 1n 1957 and

was removed 1n 1981 after being replaced by an above ground tank

The 5,000 gallon capacity, underground steel tank was used to store carbon tetrachloride prior to
1ts use 1n Building 774, and had a concrete containment structure on the south side around the
itake area (Figure 2) Numerous surface spills were known to have occurred before 1970, some
potentially up to 200 gallons The intake to the tank failed 1n June 1981 and released a small
amount (volume unknown) of carbon tetrachloride 1nto the containment structure The tank was

removed along with a limited amount of so1l around the tank (DOE 1992)
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Figure 2. Cross Section of Former Carbon Tetrachloride Tank
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Retiree interviews conducted during the mnvestigation found that at least two major spills
occurred during tank filling operations In the late 1970s, the sight gauge used to indicate the
level of the contents 1n the tank malfunctioned, and showed that the tank was nearly empty The
nearly full tank was refilled, and up to 1,000 gallons of carbon tetrachloride was spilled on the
ground The spilled carbon tetrachloride flowed 1n the gutter and along the street north of
Building 774 (south of Building 701), then flowed to the north along the west side of Building
701 towards Building 771 On a later occasion, another sight gauge malfunctioned, the tank was
again overfilled and about 200 to 300 gallons of carbon tetrachloride was spilled through the
vent pipe onto the ground While the tank may have also leaked, no information has yet been
found about the condition of the tank when 1t was pulled Based on the volume of carbon

tetrachloride spilled on the surface, the spills are the most likely cause of the detected NAPL

The carbon tetrachloride tank was located immediately east of and within the excavation for a
group of four underground process waste tanks referred to as tank groups (Tanks) T-9 and T-10
(IHSS 132) These tanks were part of the original process waste system (IHSS 121) Tank T-9
consists of two 22,500 gallon concrete storage tanks Tank T-10 consists of two 4,500 gallon
concrete storage tanks Both tanks were installed 1n 1955 but are no longer used as process
waste tanks Tank T-9 1s currently being utilized as plenum deluge catch tanks for Building 776
Tank T-10 was closed as part of the Underground Storage Tank accelerated action 1n 1996
(RMRS 1996a) No releases from either set of tanks have been documented (DOE 1995)

After the steep-side pit was excavated, Tanks T-9 and T-10 were constructed in-place Based on
boreholes 1n undisturbed locations, the previous depth to bedrock was approximately six to 14
feet below ground surface The excavation 1s at least 22 feet deep, with the current bedrock
surface at that depth The engineering drawings for T-9 and T-10 show a sump beneath the tanks
at a depth of 21 6 feet and 1t 1s likely that the pit was excavated at least one foot beneath the
sump, making the depth to bedrock approximately 23 feet below ground surface Borehole log
data indicates that the backfill of the excavation was primarily previously excavated material,

along with sand, gravel, cobbles, trash and debris

There are numerous underground and overhead utilities and structures 1n this area, which

nterfered with this investigation and will have an impact on future remedial actions The
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underground utilities are generally within 6 feet of the ground surface and include vitreous clay
sanitary sewer lines, electrical lines, water lines, tunnels between buildings, building footing
drains, process waste lines and process waste tanks, and other umdentified (or classified)
utihities Information from excavations 1n other areas and interviews with workers indicate that

most of the buried utilities were backfilled using previously excavated native materials

12 Prior Investigations

During the OU 9 Phase I Remedial Investigations conducted 1n 1995, soil borings, groundwater
samples, and subsurface soil samples were collected 1n this area including soil borings drilled
near the four corners of Tanks T-9 and T-10 (DOE 1995) (Figure 1) High soil concentrations of
VOCs, but not radionuchides, were observed These data support the contention that the
observed contamination 1s due to spills from the carbon tetrachlonde tank, and not due to

leakage from Tanks T-9 and/or T-10 Concentrations above the RFCA Action Levels are shown

in Table 1 along with radionuclides above background levels

Table 1 VOCs Detected Above RECA Tier I Subsurface Soil Action Levels and Radionuchdes
Detected Above Background Concentrations 1n Previous Investigations

Carbon Plutonium-
Tetrachlonde Chloroform Americium-241 239/240

Location Depth (in fest) (mg/kg) (mg/kg) (pCvg) (pCvrg)

02695 0-05 <0012 ND 0064 0 429
63-8 3" 0 005J ND NA —
22 0-22 8* 81,000 3,800 — —

02795 0-05 <0011 ND 0185 2038
46-51* 0034 ND — —

02895 0-05* <0 011 ND 1602 7 386
46-6 9" <0012 ND — —
22 0-225* 25,000 ND — —_

02995 0-05 <0 011 ND — —
809 4* 0017 ND — —
26 0-27 8* 9,800 ND —_ —

RFCA Tier |

Subsurface Soil

Action Levels 11 152 101 562

* Sample depth below the water table

** Duplicate sample, real sample results were less than detection limits

ND Not detected
NA Not analyzed
— Result 1s below background concentrations

st B
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Water samples were collected adjacent to each borehole using a Hydropunch™ The water
sample collected from boring 2795 separated 1nto two distinct liquid phases, indicating the
presence of NAPL Analysis of the groundwater samples indicated that carbon tetrachloride was
the primary contaminant However, other VOCs were also detected in the samples, along with
low levels of radionuclides Table 2 presents the results of these groundwater samples (DOE

1995) along with the RFCA groundwater Tier I action levels

Table 2 VOCs (ug/1) and Radionuclides (pCy/1) Detected in Previous Groundwater Sampling 1n
the IHSS 118 1 Area (derived from DOE 1995

Compound Borshole | Borehole | Borehole Borehole | RFCA Groundwater
2695 2795 2895 2995 Tier | Action Level
Acetone ND 110 ND 13 365,000
Carbon Tetrachlonde 2,000 1,500 ND 390 500
Chloroform 1,200 450 ND 620 11,000
Methylene Chlonde 22 ND ND ND 500
Tetrachloroethene 12 14 ND ND 500
2-Methyinaphthalene ND ND 100 ND -
4-Methyphenol ND ND 150 ND -
Naphthalene ND ND 32 ND 146,000
Phenanthrene ND ND 12 ND -
Phenol ND ND 100 ND 2,190,000
Americium-241 0 092 0 008 0410 0539 145
Plutonium-239/-240 0 089 0 026 2 453 0 058 151
Radium-226 ND 13 29 33 2000
Tritium 115 -109 -19 -49 66,600
Uranium-233/-234 29 09 920 567 17 32 298
Uranium-235 104 040 048 053 101
Uranium-238 2073 6 87 537 17 42 76 8

ND - Compound was not detected at the method detection limit

20 RECENT INVESTIGATION

The September 1997 pre-remedial investigation was planned to obtain data for determining the

need for a remedial action As stated in the Sampling and Analysis Plan (RMRS 1997), the

investigation had the following objectives

e Better determuine the extent of the potentially recoverable NAPL,

e Determine the bedrock topography 1n the area, and

e  Obtain information for design of potential remedial actions
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Refining the extent of the known contaminated groundwater plume associated with this area, and
the potential impact to surface water was not a part of this investigation This investigation will

be accomplished at a later date

21 Planned Investigation

Eight geoprobe holes were planned 1n the area of suspected NAPL to define the extent of NAPL
and to identify depth to bedrock Soil samples were to be collected every four feet or where
there were indications of NAPL If PID readings, visible staining of the core, or the presence of
NAPL on downhole tools indicated that NAPL was present, temporary wells were to be 1nstalled
withun the NAPL interval, and water levels checked withun three days of completion If
sufficient liquid existed, a sample was to be collected, however, the well would not be purged
prior to sample collection If the recovered liquid separated 1nto distinct phases, the amount of
each phase was to be estimated, and a sample collected from each phase Boreholes where PID
readings remained near background levels, where there was no indication of free hquid, and

where the core was not stained, were to be abandoned (RMRS 1997)

In addition, if potentially recoverable NAPL was encountered, additional geoprobe holes were to
be pushed on an approximately twenty foot spacing to further define the extent of the
contamination Two additional geoprobe locations were planned, and the locations of these were
also to be dependent on the site conditions encountered such as utilities, obstructions and/or

safety concerns (RMRS 1997)

22 Implemented Investigation

Of the eight borehole locations planned, seven could not be drilled where 1nttially located due to
conflicts with utilities  Six of these borehole locations were relocated to avoid utilities and the
seventh, the planned location for 05697, was abandoned because of the number of overhead and
underground utilities At that location (between 05597 and 05797) a viable offset was
impossible This borehole number was later assigned to an additional location to offset wells
05997 and 05397 and to was located near the former carbon tetrachloride tank location to
determine the western extent of NAPL contamination 1n the subsurface (Figure 1) No other
viable offsets were possible due to the numerous buildings and utilities 1n the area One
additional location, 05997, was placed near the previously drilled borehole 2795, where NAPL
was sampled 1n 1995, but where depth to bedrock could not be determined
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Stainless steel wells were 1nstalled in every borehole except 05297, 05597, and 05797 which
were abandoned due to the as neither NAPL nor high concentrations of VOCs were observed
during coring operations A well was installed in borehole 05197 as it was downgradient of the
former carbon tetrachloride tank location and contained sufficient groundwater for continued

monitoring

23 Investigation Results
Each borehole was continuously cored, and the core was visually inspected and logged Depth to
bedrock was interpreted for each borehole, however, use of excavated bedrock as fill material,

and poor core recovery made interpretation of the bedrock contact difficult

Even with use of a core catcher, core recovery in the fill material and alluvium was poor due to
the nature of these materials, however, recovery greatly exceeded that obtained by earlier
nvestigations using auger drilling (DOE 1995) Alluwvial and fill matenial consisted of clay,
gravely to sandy clay, and iron-stained sand Asphalt fragments and cobbles were noted at
05297, 05697, 05997 and gravel lenses were noted 1n the fill material throughout the
mvestigation area Much of the core that was not recovered was probably loose, coarse material
whuch tends to fall out of core barrels Previous investigations found wood and trash within the
fill material (DOE 1995) Thus type of material, while likely present, was not recovered during
this mvestigation Wood and trash materials were probably pushed to the side rather than
recovered by the smaller size core bit and lower power drilling methods used during this

mvestigation

While coring the fill material, loose material often sloughed 1nto the borehole between core runs
Usually this material was easy to identify due to its disrupted appearance However, since
claystone was also used to backfill the excavation, loose gravel present in disrupted claystone
could also be 1n-place and required careful examunation of the core After the core was examined
and logged 1n the field, 1t was reexamined by experts knowledgeable with core at RFETS, and

changes were noted on the borehole logs

Core recovery improved once bedrock claystones were contacted The claystone was

predominantly gray to olive brown and massive, with 1ron staining and carbonaceous flecks

oty
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common The bedrock contact was difficult to determine due to reworked bedrock claystone 1n
the fill material, unusual lithologies 1n the bedrock, and poor recovery However, the bedrock
contacts selected for each location are consistent with a steep sided excavation into bedrock
Table 3 provides the depth to bedrock for each location Details for each location are provided 1n
Section 23 1

Table 3 Total Depth, Depth to Bedrock and Depth to Groundwater for each Borehole

Depth to
Total | Depthto Ground-
Depth | Bedrock | Well water
Location | (nfeet) | (nfeet) | (yesino) | (feetbgs®) | Comments
05197 280 136 yes 749 Bedrock claystone contains sandy intervals
and pebbles appear similar to fill matenal
but also correlate with bedrock at other
locations
05297 270 208 no -
05397 270 215 yes 8 50 silt and sand lenses in claystone
05497 270 221 yes 6 52
05597 120 80 no - No recovery from 6 0to 80 feet No PID
detects
05697 220 188 yes 685 Sand layer in the fill just above bedrock
surface
05797 120 58 no - No PID detects were observed
05897 240 214 yes 675
05997 300 240 yes 737

* feet bgs - measured depth in feet from the ground surface to the groundwater table
231 Drnlling Results
Following 1s a description of the investigation and results for each borehole according to the

drilling sequence

Locations 05197, 05297 and 05397 were each offset 5 feet south from the planned locations to
avoud an east-west sewer line At location 05197, bedrock claystone was observed at a depth of
13 6 feet, however, small pebbles and sandy lenses were noted 1n the claystone below that depth
These pebbles could represent a conglomeratic layer 1n the Arapahoe Formation such as 1s
occasionally present on plant site (EG&G 1995) However, 1if the pebbles and sands indicated
the presence of disturbed claystone which was returned to the excavation, the bedrock surface

may be as deep as 27 2 feet below ground surface, well below the anticipated depth of the
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excavation The core from the 24 0 to 27 2 foot interval jammed 1n the core barrel, and was

removed using a hand drill, making an interpretation difficult

Even though neither NAPL nor high concentrations of volatile organic compounds were
encountered during coring operations, a well was installed at location 05197 to monitor the
downgradient groundwater The well was intended to be screened across the bedrock contact,
and was screened from 18 to 28 feet below ground, due to the uncertainty of the bedrock contact,

and to a small VOC detection on the PID 1n this interval

Location 05297 was cored to a depth of 27 feet Neither NAPL nor high concentrations of VOCs
were observed during coring operations, and the geoprobe hole was plugged and abandoned At
location 05397, NAPL had apparently pooled on the claystone bedrock surface When drilling
operations penetrated thus surface, NAPL ran 1nto the hole, and was retrieved during the next

core run A well was installed, and a sample of the liquid coliected for analysis

Locations 05597 and 05797 were located on the road a significant distance south of the originally
planned locations due to the overhead and underground gas lines, above ground steam lines,
below ground domestic water lines, evaporation tower return lines, above and below ground
process waste line and hot laundry lines, and other utilities at these locations The plan to place a
thurd borehole on the road was abandoned for the same reasons Bedrock claystone was
encountered at shallow depths 1n both 05597 and 05797 and no VOCs were observed These
locations were outside the southern limit of the Tanks T-9 and T-10 excavation, and the geoprobe

holes were plugged and abandoned

Three boreholes were dnlled due west of Tanks T-9 and T-10 (05497, 05697 and 05997), and
wells were installed 1n each Location 05997 1s within the excavated area, and NAPL was
encountered while coring  During coring operations, an impenetrable surface was encountered
at a depth of 19 5 feet Fragments in the core shoe idicated that this material was concrete  The
concrete may be part of the footing for Tanks T-9 and T-10, or a large chunk of concrete The
borehole was offset 1 1 feet southwest, and drilled to a depth of 30 feet

Location 05497 was drilled as planned, however, a concrete structure was encountered in the

subsurface which is believed to be the stirrup supporting the northern end of the former carbon
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tetrachloride tank (Figure 2) Thus structure was encountered 1n the subsurface at depths of 7 5
to 9 feet Numerous offsets were required, and a core barrel was lost downhole, before total
depth could be reached No NAPL was encountered during drilling operations However, a well
was 1nstalled at this location because elevated PID readings and a sweet odor were noted when
dnlling at depth This well produced sufficient quantitites of NAPL during groundwater sampling
to collect both a NAPL and a NAPL duplicate sample

Location 05697 was the planned offset for 05997 and 05397 to define the western boundary of
the NAPL Although this location 18 within the current boundary of IHSS 118 1, 1t 1s beheved to
be on the west side of the former carbon tetrachloride tank A coarse, well-sorted unconsolidated
sand was encountered immediately above the claystone bedrock contact, but poor core recovery
prevented determination of thickness An offset was driven, and the sand was found to occur
from 15 2to 18 8 feet Thus sand 1s simular 1n appearance to the Arapahoe Number One
Sandstone, however, 1t 1s unconsolidated, contains up to ¥2 inch diameter pebbles, and 1s most
likely fill material A well was installed 1n this sand 1nterval and monitors the groundwater
quality within this preferential flow path immediately above the bedrock contact No NAPL was

encountered during groundwater sampling for this well

24 Contamination 1n Subsurface Soil

Soil samples were expected to be collected every four feet or where there were indications of
NAPL However, poor core recovery resulted in deviations from this plan, and samples were
collected as close to a four foot interval as was possible Where NAPL was encountered, no
additional core runs were taken as the NAPL would run into the borehole and compromuse the

ntegrity of the deeper samples

The primary contaminant detected 1n soil in the investigation area was carbon tetrachlonde,
along with lesser amounts of chloroform and methylene chlonde Both methylene chloride and
chloroform are degradation products of carbon tetrachloride, however, both chemicals were used
on site, with chioroform known to have been used 1n Butlding 776 Table 4 provides the
analytical results for the pnimary contaminants for each sample Methylene chloride was
encountered at all depths with detectable concentrations of 330 ug/kg to 2,000 ug/kg  The
highest concentrations of carbon tetrachlortde and chloroform 1n soils are found at depths greater

than 20 feet below ground surface These data agree with the previous investigation, and indicate
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that the NAPL may be present only at that depth The complete analytical results per sample are
provided 1in Appendix A

Table 4 Primary Subsurface Soil VOC Contaminants (1n ug/kg)

Depth Methylene Carbon
Location| Sample No | (ftbelowground)| Chlonide | Tetrachloride | Chloroform JComments

05197 | BH10118RM |2 0-2 3 610 J <630 <630

05197 BH10112RM |2 8-3 1 610 J <630 <630 real

05197 BH10113RM |3 1-34 540 J <630 <630 duplicate

05197 BH10120RM |54-57 560 J <630 <630

05197 | BH10116RM |6 7-7 0 580 J <630 <630

05197 BH10122BM [91-9 4 910 <630 <630

05197 | BH10126RM |14 0-14 3 950 <630 <630

05197 | BH10124RM |14 6-14 9 910 <630 <630

05197 BH10128RM {17 8-18 1 1,100 <630 <630

05197 | BH10130RM |19 1-193 1,100 <630 <630

05197 | BH10132RM J21 1-21 4 1,100 780 <630

05197 BH10134RM |26 0-26 5 1,400 12,000 50,000 E |cuttings, depth
approximate

05297 | BH10135RM |2 8-3 1 1,100 <630 320J

05297 BH10138RM |6 6-6 9 870 <630 <630

05297 BH10140RM |108-110 920 <630 <630

05297 | BH10142RM [129-132 880 <630 <630

05297 BH10144RM |16 6-16 8 990 <630 <630

05297 BH10146BM |21 0-21 2 880 6,000 <630

05297 | BH10148RM |26 2-26 4 710 570 J <630

05397 | BH10150RM [22-25 770 <630 <630

05397 BH10153RM |7 0-7 3 330J <630 <630

05397 | BH10156RM |103-105 <630 <630 <630 real

05397 | BH10155RM |105-107 <630 <630 <630 duplicate

05397 | BH10158RM {14 4-147 <630 <630 <630

05397 | BH10160RM |17 8-18 1 <630 <630 <630

05397 | BH10162RM |21 2-215 <630 8,100 270 J

05397 | BH10165RM |24 25-24 5 <630 370,000 E 2,900

05397 | BH10167RM |26 3-26 5 <630 7,200 <630

05497 | BH10227RM 1922 1,500 B 460 J <630

05497 | BH10241RM |58-6 0 1,400 B 570J <630

05497 | BH10231RM |9 0-93 1,500 B 530 J <630

05497 | BH10233BRM |13 4-137 1400 B 600 J <630

05497 | BH10235RM [195-198 300 JB 4,500 1,600

05497 BH10237RM |23 9-24 2 310 JB 3,200 2,200

05497 BH10239RM |25 7-26 O <630 51,000 E 1,800

05597 | BH10176RM |32-35 630 <630 <630

05597 BH10179RM |5 5-5 8 600 J <630 <630

05597 BH10181RM |11 1-11 4 370J <630 <630

05697 | BH10216RM |1 4-17 <630 390J <630

05697 BH10219RM ]4 8-50 1,400 B 1,200 <630

05697 | BH10221RM |8 6-8 9 1,400 B 5,400 <630 Asphalt fragments
In sample

05697 | BH10223RM |12 8-13 1 1,400 B 1,400 <630

05697 BH10225RM {19 5-19 7 1,300 B 720 <630
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Table 4 Primary Subsurface Soil VOC Contaminants (1n ug/kg) (continued)
Depth Methylene Carbon
Location |Sample No (ftbelow ground) | Chlonde Tetrachloride | Chloroform |Comments
05797 BH101698RM |3 0-3 3 <630 670 <630
05797 | BH10173RM |55-57 <630 370 J <630 duplicate
05797 | BH10171RM |57-6 0 620 J 280 J <630 real
05797 | BH10174RM |11 2-115 6104J <630 <630
05897 | BH10183RM |22-25 340J <630 <630
05897 | BH10188RM |56-58 <630 <630 <630 duplicate
05897 | BH10186RM ]58-6 1 250 J <630 <630 real
05897 | BH10189RM |8 4-8 6 260 J <630 <630
05897 | BH10191RM [123-126 270 J <630 <630
05897 { BH10193RM |16 5-16 7 <630 610 J <630
05897 | BH10195RM |20 4-20 7 790 450,000 E 71,000 E |real
05897 BH10197RM |20 7-21 0 2,000 B 1,200 250 J duplicate
05997 | BH10198RM |1 4-16 1100 B <630 <630
05997 | BH10202RM |5 8-6 1 1700 B <630 <630
05997 BH10204RM [9 1-9 4 1500 B <630 <630
05997 | BH10206RM [12 8-13 1 1400 B 1,800 1,900
05997 | BH10208RM (16 7-170 1400 B 460 J 540 J
05997 BH10212RM |20 1-20 4 <630 12,000 <630
05997 | BH10210RM |20 9-21 2 1300 B 370,000 E 730
05997 | BH10213BM_|slough ~25' 1500 B 390,000 E 35,000 E |real
05997 | BH10215RM |slough ~25’ 1400 B 140,000 E 12,000 duplicate

E - estimated value, concentration outside of calibration range
J - estimated value, concentration Is below the detection limit
B - analyte also detected in the blank analysis

As shown 1n Table 5, other contaminants were found 1n the soil samples The other contaminants
are primarily dehalogenation byproducts of carbon tetrachlonde, and even low levels of these
indicate that oxidation 1s not occurring at this location However, fifteen of the mineteen detects
were J or JB qualified indicating that these values were below the detection limat (J), or below
the detection limit and also detected in the blank analysis (JB) In addition, these contaminants
are not consistently present 1n the soil samples, and where duplicate samples were collected, do

not occur 1n both the real and duphcate samples

Only one sample yielded results for these other contaminants above the detection limuit,
tetrachloroethene at 1,800 ug/kg and carbon disulfide at 910 ug/kg However, the duplicate
sample for thus interval did not contain detectable quantities of either contaminant One detect of

napthalene was found, as this also occurred 1n the blank, 1t 1s probably not representative of the

contamination at this location

The results of the radiological samples, taken from the upper 3 feet of the core, will be provided

when these are received from the laboratory
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Table 5 Other Subsurface Soill VOC Contaminants (1n ug/kg)

Analyte Location Depth Sample No | Resultin | Comments
ug’kg
Tetrachloroethene 05897 204-207 BH10195RM | 1,800 Real sample - notin duplicate
05997 128-131 BH10206RM | 290 J
209-212 BH10210RM | 480 J
slough ~25’ | BH10213RM | 550 J Real sample - not in duplicate
Naphthalene 05197 5457 BH10120RM ] 310 J,B
Hexachlorobutadiene | 05397 24 25-245 | BH10165RM | 560 J
05497 257-26 0 BH10239RM | 900 J
05897 204207 BH10195RM | 1,500 Real sample - not in duplicate
05997 201-204 BH10212RM | 680
209-212 BH10210RM | 560 J
slough ~25° | BH10213RM | 510 J Real sample - not in duplicate
Acetone 05597 3235 BH10176RM | 260 J
05897 207-210 BH10197RM | 500 J Duplicate sample - not seen In real
Carbon Disulfide 05897 204-207 BH10195RM | 910 Real sample - not in duplicate
Hexachloroethane 05497 257-26 0 BH10239RM | 12,000 J
05897 20 4-207 BH10195RM | 31,000J | Real sample - notin duplicate
05997 201-20 4 BH10212RM 8,100 J
209-212 BH10210RM | 10,000 J | Real sample - notin duplicate
slough~25’ | BH10213RM 9,700 J

E - estimated value, concentration outside of calibration range
J - estimated value, concentration 1s below the detection limtt
B - analyte also detected in the blank analysis

25

Contamination in the Groundwater

Wells were installed at 6 locations, water levels were measured and groundwater samples were

collected Groundwater was present 6 to 9 feet below ground surface (Table 3), and the NAPL

appears to occur in a thin layer directly above the bedrock contact While 1t was possible to

collect separate groundwater and NAPL samples from 4 locations (05397, 05497, 05897 and

05997), depth to NAPL was verified with an interface probe at only one location (05497) at a

depth of 21 feet below ground surface At the other locations, the interface probe did not reach

the estimated depth of the NAPL primarily due to the well casing deviating from vertical, or the

presence of silt in the well The contaminants detected 1n the groundwater and NAPL samples

are the same as those seen 1n the soil samples, primarily carbon tetrachlonide, with lesser

amounts of chloroform and methylene chlonde Methylene chloride and chloroform are

degradation products of carbon tetrachloride, but both were also used on site
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There are dufferences 1n the NAPL analyses that were not expected because the NAPL 1s
believed to be caused by the same event(s) Because certain of the sample vials contained both
water and NAPL (see Table 6), the laboratory was requested to take the sample aliquot from
specific iquud phases For some of the sample vials, the laboratory was requested to sample both
phases However, only one sample result was received for each vial, which suggests that the
laboratory did not honor the written instructions Thus 1s most likely the reason that the NAPL
samples where the sample vial also contained the collocated groundwater have lower NAPL
concentrations than the sample vials where the NAPL completely filled the vial If the contents
of each bottle were homogenized prior to analysis, or if the aliquot was taken from both of the

discrete phases, the observed differences 1in contaminant concentrations could result

The differences 1n contaminant concentrations may be a result of sample dilution, and with
exceedances of the calibration range for the instrumentation ( as tndicated by the qualifier E)
Table 6 presents the results of the groundwater and NAPL analyses The complete analytical

results per sample are provided in Appendix B

Table 6 Groundwater/NAPL VOC Results for [HSS 118 1 Investigation (1n ug/L)

Well Sample No Methylene Carbon Chloroform Comments
Chlonde Tetrachlonde
05197 {GW10016RM 2,300 J 240,000 E 35,000 [Very silty water, possible NAPL
droplets present
05397 |GW10019RM{ 25,000 JB 680,000 26,000 J [Water layer above NAPL, very thin

LNAPL slick present

05397 [GW10022RM| < 5,000,000 120,000,000 | < 5,000,000 |NAPL sample - sample vial had up
to 40% water as a separate phase

05397 |GW10027RM <5 35J <5 Rinsate
05497 |GW10018RM 2,500,000 | 180,000,000 Ej 2,700,000 |NAPL sample (real)
05497 |GW10026RM| 3,600,000 J 130,000,000 | < 5,000,000 [NAPL sample (duplicate)

05497 |GW10023RM 180,000 1,100,000 E | < 5,000,000 {Water layer above NAPL -sample
vial had <10% separate phase
DNAPL and thin LNAPL slick

05697 |GW10017RM 190 4,8 6,600 3,500 No NAPL observed
05897 |[GW10020RM| 32,000 JB 510,000 88,000 |Water layer above NAPL
05897 |GW10025RM| 2,600,000J | 250,000,000 E| 3,800,000 J INAPL sample

05997 IGW10021RM| < 5,000,000 | 240,000,000 E| 3,600,000 J [NAPL sample

05997 |GW10024RM 13,000 J 880,000 160,000 [Water layer above NAPL - vial had
up to 25% separate phase NAPL
N/A GW10028RM <5 37J <5 Field Blank

E - estimated value, concentration outside of calibration range
J - estimated value, concentration is below the detection limit
B - analyte also detected In the blank analysis
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Groundwater concentrations observed are higher than those samples collected during the 1995
investigation Since the 1995 samples were collected using a Hydropunch, 1t 1s possible that
representative samples were not collected at that time, erther because the NAPL interface was not

reached, or that subsurface conditions precluded the acquisttion of a representative sample

The samples were also analyzed for total petroleum hydrocarbons These analyses were not
planned as part of the Sampling and Analysis Plan, however, the samples of NAPL collected
were a dark brown color which 1s not associated with carbon tetrachloride The laboratory
expected to perform these analyses sent the samples to another lab, resulting 1n exceedance of the
holding times As these analytes are not contaminants of concern, the results will be used

qualitatively

As shown 1n Table 7, the samples contatned Number 2 (No 2) diesel fuel The most likely
source of this contamination 1s spills and/or leaks trom the numerous underground and above
ground fuel o1l tanks 1n the area, most likely those north of Building 774 or south of Building
771 In Building 774, and elsewhere on site, No 2 diesel was mixed with carbon tetrachlonde
to produce a machining flmd An underground line linked the former carbon tetrachloride tank
to a mixing tank 1n Building 774 If back flow ever occurred along this line, this also could have

been a source of the No 2 diesel fuel/carbon tetrachloride mixture at this location

Table 7 Groundwater Total Petroleum Hydrocarbon Results (1n mg/kg)

Location Sample No No 2 Jet Fuel - | Motor Comments
Diesel Fuel | Kerosene | Ol

05197 GW10016RM <62 <62 <94 Very silty water, possible NAPL
droplets present

05397 GW10019RM <62 <62 <94 Water layer above NAPL, very thin
LNAPL slick present

05397 GW10022RM 1,700 <250 <250 NAPL sample - sample vial had up
to 40% water as a separate phase

05497 GW10023RM 3,200 <250 <250 Water layer above NAPL -sample
vial had <10% separate phase
NAPL and a thin LNAPL slick

05497 GW10018RM 3,100 <250 <250 NAPL (real sample)

05497 GW10026RM 3,200 <250 <250 NAPL (duplicate sample)

05697 GW10017RM <62 <62 <94 No NAPL observed

05897 GW10020RM <62 <62 <94 Water sample above NAPL

05897 GW10025RM 2,600 <250 <250 NAPL sample

05997 GW10024RM 2,700 <250 <250 Water layer above NAPL - vial had
up to 25% separate phase NAPL

05997 GW10021RBM 2,600 <250 <250 NAPL sample
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As the color of No 2 Diesel Fuel 1s a light brown, 1ts presence does not explain the dark brown
color of the NAPL. The color may be a result of one or more of the following reasons

Organic matenal 1n the fill may have been dissolved by the carbon tetrachloride,

The process waste tank may have been coated with a bituminous anti-corrosion coating

which was dissolved by the carbon tetrachloride,

Surface carbon tetrachloride spills may have dissolved the asphalt 1n the road way, and/or
e Degradation/weathering of No 2 Diesel can result in a darker brown color

In samples from most wells, the analytical results for groundwater above the NAPL layer
indicated significantly lower concentrations of fuel o1l than the underlying NAPL layer
However, groundwater samples from wells 05497 and 05997 contained similar concentrations of
fuel o1l as the underlying NAPL samples from these wells Both of these groundwater samples
also contained a NAPL as a separate phase (Table 7) Due to the similar concentrations of fuel
o1l observed 1n the NAPL and the groundwater samples trom these wells, 1t 1s likely that the

NAPL phase present in these two groundwater samples was analyzed

26 Quality Assurance

The field sampling program as outlined in the Sampling and Analysis Plan (RMRS 1997) was
90% complete with 9 out of the 10 planned boreholes completed This met the field completion
goal of 90% The appropriate number of field duplicate samples were collected (1 ¢ , one
duplicate for every 20 samples collected) In addition, rinsate samples and a field blank were
collected during the groundwater/NAPL sampling The results of the quality control samples are

discussed n the following sections

Soil Samples
Due to the small diameter of core collected, duplicate soil samples were obtamed by halving the

core (1 e, collecting one sample from a core interval and another sample from immediately below
the first sample) Table 8 provides the analytical data for detected compounds 1n the real and

duplicate soil samples

In uncontaminated intervals, there was good correlation between the duplicate and real samples
However, 1n the highly contaminated intervals, poor correlation between the real and duplicate

samples was observed and s likely attributable to the halving method used to collect the
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duplicated Specificaily, when the samples were poured from the core liner into the sample
bottle, the fluid NAPL poured out 1nto the first bottle, leaving only residual amounts of NAPL
for inclusion 1n the second sample bottle The most notable discrepancy 1s between the real
sample BH10195RM and the corresponding duplicate BH10197RM A cursory evaluation of the
correlation of the other samples indicates that the reproducibility 1s acceptable (1 e , within two

tumes the detection limit)

Table 8 Real and Duplicate Soil Sample Results (1n ug/kg)

Real | Dup | Real { Dup | Real | Dup } Real | Dup Real | Dup | Real { Dup

BH10 | BH10 { BH10 [ BH10 } BH10 [ BH10 | BH10 | BH10 | BH10 | BH10 ] BH10 | BH10
112RM | 113RM] 156RM] 155RM]171RM|173RM] 186RM| 188RM | 195RM | 197RM} 213RM | 215RM

Carbon <630 | <630 | <630 | <630 1370J ] 280 J | <630 | <630 ]450,000} 1,200 ]390,000(140,000

Tetra- E E E

chlornde

Chloroform| <630 | <630 | <630 | <630 | <630 | <630 | <630 | <630 | 71,000 | 250 J | 35,000 | 12,000
E E

Methylene | 610J | 540 J ] <630 | <630 | <630 | 620J | 2504 | <630 790 ]2,000}11,5008]1,4008

Chlonde B

Tetrachloro]l <630 | <630 | <630 | <630 ]| <630 [ <630 | <630 | <630 | 1,800 | <630 [ 550 J | <630
ethene

Hexachloro] <630 | <630 | <630 | <630 | <630 | <630 | <630 | <630 | 1,500 | <630 510J | <630
butadiene

Acetone <13,000 { <13,000 | <13,000 | <13,000 | <13,000 | <13,000 J <13,000 | <13,000 | <13,000 | 500 J | <13,000 | <13,000

Carbon <630 | <630 J <630 | <630 | <630 | <630 J <630 | <630 910 | <630 ] <630 | <630
Disulfide

Hexachloro] ND ND ND ND ND ND ND ND ]31,000f] ND ] 9,700 ND
ethane-TIC J J

E - estimated value, concentration outside of calibration range
J - estimated value, concentration 1s below the detection limit
B - analyte also detected in the blank analysis

TIC - Tentatively Identified Compound

ND - Not Detected

Groundwater/NAPL Samples
Table 9 lists the compounds detected compounds in the duphcate groundwater/NAPL samples

Real and duplicate analytical results for these samples were withun the same order of magnitude,
and precision, where calculable, 1s within 40% relative percent difference  Analytical results for
the rinsate and field blank samples indicated that netther chloroform nor methylene chloride were
detected Carbon tetrachloride was estimated 1n both samples at concentrations below the
detection limit 3 5 ug/l 1n the rinsate, and 3 7 ug/l 1n the field blank. Because concentrations
for carbon tetrachloride 1n the samples was greater than 5 times the associated blank
concentrations, these values indicate that the sampling equipment was adequately

decontaminated The associated laboratory analyses are considered acceptable
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Table 9 Groundwater/NAPL Quality Assurance Sample Results (1n ug/1)

Methylene Carbon Chloroform INo 2 Diesel |Sample Type
Sample No Chlonde Tetrachloride
Fuel
GW10027RM <5 354 <5 NA Rinsate
GW10018RM 2,500,000 { 180,000,000 E| 2,700,000 3,100 Real
GW10026RM | 3,600,000 J 130,000,000| < 5,000,000 3,200 Duplicate
GW10028RM <5 37J <5 NA Field Blank

E - estimated value, concentration outside of calibration range
NA - Not Analyzed

30 CONCEPTUAL MODEL

Borehole logs from boreholes adjacent to the investigation area indicate that the original bedrock
surface 1n the investigation area was approximately 6 to 14 feet below ground surface and was
originally overlain by Rocky Flats Alluvium Dunng installation of Tanks T-9 and T-10 1n 1955,
a pit was excavated to a depth of approximately 22 to 24 feet below ground surface The
underground carbon tetrachloride tank was installed m 1957 at the western edge of the original

excavation

Whule the areal extent of the depression was not confirmed on the west or north sides, with the
exception of the former carbon tetrachloride tank to the west, there are no other known
subsurface structures or excavations immediately to the north or west The building immediately
west of the excavation, Building 701, 1s built on a concrete slab Therefore, the excavation 1s
believed to be a closed depression 1nto the bedrock surface which may be slightly stepped down
on the west side, and steep sided on the other three stdes The bedrock sides and bottom of the
depression consist of the Arapahoe Formation claystone Groundwater 1s present 6 to 9 feet

below the ground surface (Table 3)

Due to the high concentrations of carbon tetrachloride, and the lack of radiological
contamination, the NAPL 1s assumed to be a result of spills and leaks from the carbon
tetrachloride storage tank Because both the NAPL samples and high concentrations 1n soil are
found only near the bottom of the excavation, the carbon tetrachloride 1s thought to currently
occur 1n a thin layer, approximately one foot thick, pooled on the bedrock surface at the bottom
of the closed depression The carbon tetrachloride may fill the bottom of the excavation,

including underneath Tanks T-9 and T-10 and the associated sump (Figure 3) However, there 1s
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a possibtlity that the NAPL 1s pooled at several intervals near the bottom of the excavation,
rather than a continuous shallow layer Installation of the wells could have intercepted several
small pools which then drained into the well, giving the appearance of a single pool of NAPL
Insufficient data exists to fully differentiate between these scenarios However, as the NAPL 1s
thought to occur within a one foot interval near the bottom of the excavation foot thick interval,

1t 1s ikely that the NAPL 1s perched on undisturbed bedrock claystone

The low-permeability claystone at the bottom of the excavation acts as a barrier to prevent
substantial downward magration of the carbon tetrachlonde, while the groundwater above
prevents evaporation The vertical migration of NAPL into bedrock was evaluated by an earlier
study, which concluded that there 1s no apparent threat to surface water or to deeper aquifers
(RMRS 1996b) All occurrences of the NAPL layer are at too great of depths to mugrate along
utility cornidors, or along the original bedrock surface Therefore, the only risk to surface water

1s through migration of the dissolved phase 1n groundwater

To roughly estimate the volume of NAPL that may be present, the depths to the NAPL and high
so1l concentrations were used to estimate a thickness for the NAPL Using thus information, a
conservative estimate of the volume of NAPL potentially present was calculated The following
assumptions were used for the NAPL volume calculation

e Based on the available engineering design drawings for Tanks T-9 and T-10, the bottom of
the tanks are 20 7 feet below the ground surface with a 12 foot square by 1 foot deep sump
below the tanks

¢ Based on these investigation results, the excavation depth was assumed to be 22 1 feet below
ground surface

e A NAPL thickness of 1 1 feet was estimated by subtracting depth to NAPL from the
interface probe measurement from the assumed depth of the excavation (22 1 feet)

e The area of NAPL contamination was estimated based on the wells containing NAPL
(05397, 05497, 05897, 05997) (see Figure 1) and assuming that the NAPL occurs 1n the fill
material throughout the excavation Thus results 1n an estimate of a 46 foot by 46 foot area

e The fill material contaimng the NAPL consists of unconsolidated clay, gravel, and sand, with
a porosity conservatively estimated to be between 25 and 35 percent (Freeze and Cherry,
1979)
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Accounting for the displacement of the sump, the estimated volume of NAPL that could
potentially restde 1n the fill material below the tank ranges from 4,000 and 5,700 gallons Based
on a range of conservative recovery rates of 5 to 15 percent, the recoverable volume of NAPL
could be between 200 and 850 gallons Appendix C contains the calculations and assumptions

used to generate this estumate

40 REMEDIAL ACTION CONSIDERATIONS

The quantity of NAPL estimated to be present is sufficient to consider a remedial action,
however, the number of active utilities preclude proposing a final remedial action until after
decommussioning of this area An intertm remedial action may be considered as the NAPL 1s 1n
contact with groundwater and 1s probably the principal contributor to the dissolved-phase
contamunated groundwater plume extending to the east Imitiation of NAPL removal would
reduce the source of groundwater contamination, reduce the health and safety risks to workers
removing structures and conducting the final remediation of this area, and potentially reduce the

amount of remediation ulumately required

The ease with which the NAPL phase was sampled 1n some wells suggests that partial extraction
of NAPL from the excavation may be feasible As a result, the interim measure currently under
consideration 1nvolves extraction of some portion of the NAPL 1n the area around the process
waste tanks Due to the presence of numerous utilities, Tanks T-9 and T-10, and other
obstructions, the location of the extraction system cannot be optimuzed The deepest portion of
the excavation 1s expected to be directly beneath the process waste tanks, limiting access to the
area containing the NAPL It 1s not considered feasible to drill through the previously cleaned
and foamed process waste tanks to access this area because 1t could result tn the potential
recontamination of these tanks, along with contamination and destruction of the interior foam
Usting angle drilling to access the area directly beneath the tanks 1s not recommended because of
the shallow slope requred for the boreholes, and the nature and location of the many nearby

utilities
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Removal of NAPL has the potential to increase contaminant concentrations in groundwater by
increasing the water permeability 1n areas previously saturated with NAPL  This would be a
short term effect, and groundwater quality would improve over time (Pankow 1996) However,
an increase 1n groundwater contaminant concentrations may not be seen at this location as the

NAPL pool 1s deeper than the local bedrock surface and not in the groundwater flow path
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60 ACRONYMS

ALF Action Level Framework

CDPHE Colorado Department of Public Health and Environment

CERCLA Comprehenstve Environmental Resource, Compensation, and Liability Act
DOE Department of Energy

DNAPL Dense Non-aqueous Phase Liquid

ER Environmental Restoration

HPGe High Purity Germamum

HRR Historical Release Report

IHSS Individual Hazardous Substance Site

mg/kg mulligram per kilogram
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LNAPL Light Non-aqueous Phase Liqud

NAPL Non-aqueous Phase Liqud

018 Operable Unit

pCvg picocuries per gram

pCi/1 picocuries per liter

PPM parts per million

RCRA Resource Conservation and Recovery Act

RFCA Rocky Flats Cleanup Agreement

RFETS Rocky Flats Environmental Technology Site

RFI RCRA Facility Investigation

Rl Remedral Investigation

ug/kg mucrogram per kilogram

ug/l microgram per liter

VOCs Volatile Organic Compounds




APPENDIX A

SUBSURFACE SOIL ANALYTICAL RESULTS
(DATA WILL BE PROVIDED WITH FINAL)




APPENDIX B

GROUNDWATER ANALYTICAL RESULTS
(DATA WILL BE PROVIDED WITH FINAL)




APPENDIX C

NAPL VOLUME CALCULATIONS
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