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1 0  INTRODUCTION 

A pre-remedul field invesbgahon was conducted in September 1997 to idenufy and dehneate the 

extent of the residual volat.de orgmc compound (VOC) nonaqueous phase liquid (NAPL) in the 

subsurface derived from Indwidual Hazardous Substance Site (IHSS) 118 1 - MulQple Solvent 

Spills West of Buildmg 730 Thls data will be used to detemne whether an interim remedd 

amon is required, and how a potentd remecfial achon would be implemented if one is necessary 

Whde an interim remedml acQon will not constttute a complete source removal, if implemented 

it would remove some of the NAPL contributmg to a plume of VOC contarmnaoon in 

groundwater in th~s area The source area is ranked 8’h on the Environmental RestoraQon (ER) 

Ranlung, and the associated groundwater plume is ranked 19’h [revised Attachment 4 to the 

Rocky Flats Cleanup Agreement (RFCA) (DOE 1996a)l Removal of the source matenal is 

consistent with the Rocky Flats Environmental Technology Site (RFETS) strategy for 

groundwater, whch is to prevent contammaoon of surface water by removal of contarmnant 

sources that impact groundwater 

1 1 Background 

IHSS 118 1 is located due north of Buildmg 776 and near Buildmg 730, in the RFJZTS Industrral 

Area (Figure 1) Thls area is part of the Industrial Area Operable Umt (OU) IHSS 118 1 is an 

area of known subsurface soil contamtnauon resultmg from leaks and spills associated with an 

underground storage tank contamng carbon tetrachlonde The tank was installed in 1957 and 

was removed in 1981 dfter being replaced by an above ground tank 

The 5 ,OOO gallon capacity, underground steel tank was used to store carbon tetrachlonde pnor to 

its use in Building 774, and had a concrete contatnment structure on the south side around the 

intake area (Figure 2) Numerous surface spills were known to have occurred before 1970, some 

potenhally up to 200 gallons The intake to the tank faded in June 1981 and released a small 

amount (volume unknown) of carbon tetrachlonde into the contamment structure The tank was 

removed along with a limted amount of soil around the tank (DOE 1992) 
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Rehree interviews conducted dmng the inveshgabon found that at least two major spills 

occurred during tank fillmg operahons In the late 1970s, the sight gauge used to ind.tcate the 

level of the contents in the tank malfimchoned, 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 in the gutter and along the street north of 

Bulbng 774 (south of Builhng 701), then flowed to the north along the west side of Buildmg 

701 towards Bwldmg 771 On a later occasion, another sight gauge malfunchoned, the tank was 

agan overfilled and about 200 to 300 gallons of carbon tetrachloride was spilled through the 

vent pipe onto the ground Wtule the tank may have also leaked, no informauon has yet been 

found about the condibon of the tank when it 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 mmedlately east of and withtn the excavahon 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 onginal 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 in 1955 but are no longer used ds process 

waste tanks Tank T-9 is currently being utdized as plenum deluge catch tanks for Bwldmg 776 

Tank T-10 was closed as part of the Underground Storage Tank accelerated acbon in 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 in unbsturbed locahons, the previous depth to bedrock was approxlmately six to 14 

feet below ground surface The excavahon is at least 22 feet deep, with the current bedrock 

surface at that depth The engineermg drawings for T-9 and T-10 show a sump beneath the tanks 

at a depth of 21 6 feet and it is likely that the pit was excavated at least one foot beneath the 

sump, malung the depth to bedrock approxlmately 23 feet below ground surface Borehole log 

data indlcates that the backfill of the excavahon was pmarily previously excavated matenal, 

along with sand, gravel, cobbles, trash and debns 

There are numerous underground and overhead uhlihes and structures in thls area, whch 

interfered with th~s inveshgahon and will have an impact on future remedial achons The 
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underground uhhhes are generally withm 6 feet of the ground surface and include vitreous clay 

samtary sewer lines, electrical hnes, water lines, tunnels between buillngs, buillng foohng 

drams, process waste lines and process waste tanks, and other untdenhfied (or classified) 

uhhhes Informahon from excavahons in other areas and interviews with workers inlcate that 

most of the buried uhlihes were backfilled using previously excavated nahve materials 

1 2 Prior Inveshgahons 

During the OU 9 Phase I Remelal Inveshgahons conducted in 1995, soil borings, groundwater 

samples, and subsurface soil samples were collected in thls area inclulng soil borings drilled 

near the four corners of Tanks T-9 and T-10 (DOE 1995) (Figure 1) I-hgh soil concentrahons of 

VOCs, but not rdonuchdes, were observed These data support the contenhon that the 

observed contarmnaoon is due to spills from the carbon tetrachlonde tank, and not due to 

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

in Table 1 along with rdonuclides above background levels 

Table 1 VOCs Detected Above RFCA Tier I Subsurface Soil AcUon Levels and Rdonuchdes 
Detected Above Background Concentrahons in Previous Invesfigafions 

** 
Sample depth below the water table 
Duplicate sample, real sample results were less than detection limits 

Result is below background concentrations 

ND Not detected 
NA Not analyzed 
- 
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Water samples were collected adjacent to each borehole using a HydropunchTM The water 

sample collected from boring 2795 separated into two dishnct liquid phases, indcahng the 

presence of NAPL Analysis of the groundwater samples indicated that carbon tetrachloride was 

the primary contanant  However, other VOCs were also detected in the samples, along with 

low levels of rad.tonuclides Table 2 presents the results of these groundwater samples (DOE 

1995) along with the RFCA groundwater Tier I actton levels 

Table 2 VOCs (pg/l) and Rad.tonuc1ides (pCdI) Detected in Previous Groundwater Sampling 

ND - Compound was not detected at the method detection limtt 

2 0 RECENT INVESTIGATION 

The September 1997 pre-remedlal invesugauon was planned to obtam data for determitung the 

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

investtgauon had the following objechves 

0 

0 

Better determme the extent of the potentdly recoverable NAPL, 

Deterrmne the bedrock topography in the area, and 

Obtam in fo rm~on  for design of p0tent.d remedal achons 

in 
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Refinmg the extent of the known contammated groundwater plume associated with thls area, and 

the potenhal impact to surface water was not a part of h s  inveshgahon Thls inveshgahon will 

be accomphshed at a later date 

2 1 Planned Inveshgahon 

Eight geoprobe holes were planned in the area of suspected NAPL to define the extent of NAPL 

and to idenbfy depth to bedrock Soil samples were to be collected every four feet or where 

there were indlcahons of NAPL If PID readmgs, visible stamng of the core, or the presence of 

NAPL on downhole tools indcated that NAPL was present, temporary wells were to be installed 

withm the NAPL interval, and water levels checked withm three days of complehon If 

sufficient hquld exlsted, a sample was to be collected, however, the well would not be purged 

prior to sample collechon If the recovered hqwd separated into dlshnct phases, the amount of 

each phase was to be eshmated, and a sample collected from each phase Boreholes where PID 

readings remaned near background levels, where there was no indcahon of free hquld, and 

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

In addibon, if potenbally recoverable NAPL was encountered, addmonal geoprobe holes were to 

be pushed on an approxunately twenty foot spacing to further define the extent of the 

contammaon TWO addlhonal geoprobe locahons were planned, and the locahons of these were 

also to be dependent on the site condlhons encountered such as uhlihes, obstruchons andor 

safety concerns (RMRS 1997) 

2 2 Implemented Inveshgahon 

Of the eight borehole locahons planned, seven could not be drilled where imhally located due to 

conflicts with utdihes Six of these borehole locahons were relocated to avoid ublihes and the 

seventh, the planned locabon for 05697, was abandoned because of the number of overhead and 

underground uhlihes At that locahon (between 05597 and 05797) a viable offset was 

impossible "Ius borehole number was later assigned to an addlhonal locabon to offset wells 

05997 and 05397 and to was located near the former carbon tetrachloride tank locahon to 

detemne the western extent of NAPL contarmnahon in the subsurface (Figure 1) No other 

viable offsets were possible due to the numerous buildings and utdibes in the area One 

addlhonal locahon, 05997, was placed near the previously drrlled borehole 2795, where NAPL 

was sampled in 1995, but where depth to bedrock could not be deterrmned 
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Stanless steel wells were installed in every borehole except 05297,05597, and 05797 whch 

were abandoned due to the as neither NAPL nor hgh concentrahons of VOCs were observed 

during conng operahons A well was installed in borehole 05 197 as it was downgrdent of the 

former carbon tetrachlonde tank locaQon and contamed sufficient groundwater for conhnued 

momtonng 

2 3 Inveshgahon Results 

Each borehole was conhnuously cored, and the core was visually inspected and logged Depth to 

bedrock was interpreted for each borehole, however, use of excavated bedrock as fill matenal, 

and poor core recovery made interpretahon of the bedrock contact lfficult 

Even with use of a core catcher, core recovery in the fill matenal and alluvium was poor due to 

the nature of these materials, however, recovery greatly exceeded that obtamed by earlier 

inveshgahons using auger drtlling (DOE 1995) Alluvial and fill matenal consisted of clay, 

gravely to sandy clay, and iron-stamed sand Asphalt fragments and cobbles were noted at 

05297,05697,05997 and gravel lenses were noted in the fill matenal throughout the 

inveshgahon area Much of the core that was not recovered was probably loose, coarse material 

whch tends to fall out of core barrels Previous investtgahons found wood and trash withm the 

fill matenal (DOE 1995) Th~s type of material, whtle hkely present, was not recovered d u n g  

thls investtgahon Wood and trash materials were probably pushed to the side rather than 

recovered by the smaller size core bit and lower power drtlhng methods used during thls 

inveshg&on 

Whde conng the fill matenal, loose matenal often sloughed into the borehole between core runs 

Usually thls matenal was easy to idenhfy due to its disrupted appearance However, since 

claystone was also used to backfill the excavahon, loose gravel present in lsrupted claystone 

could also be in-place and reqwred careful exarmnahon of the core M e r  the core was exarmned 

and logged in the field, it 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 

predomnantly gray to ohve brown and massive, with Eon stamng and carbonaceous flecks 
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common The bedrock contact was difficult to detemne due to reworked bedrock claystone in 

the fill material, unusual lithologies in the bedrock, and poor recovery However, the bedrock 

contacts selected for each locaQon are consistent with a steep sided excavabon into bedrock 

Table 3 provides the depth to bedrock for each locabon Detatls for each locahon are provided in 

Secbon 2 3 1 

Location 

05197 

05297 
05397 
05497 
05597 

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

Depth to 
Total Depth to Ground- 
Depth Bedrock Well water 
(in feet) (in feet) (yedno) (feet bgs*) 

280 13 6 Yes 7 49 

270 20 8 no 
270 21 5 yes 8 50 
270 22 1 yes 6 52 
120 80 no 

05697 220 18 8 Yes 6 85 

05797 
05897 
05997 

I 

Comments 
Bedrock claystone contains sandy intervals 
and pebbles appear similar to fill material 
but also correlate wrth bedrock at other 
locations 

I 

12 0 58 no 
240 21 4 yes 6 75 
300 24 0 yes 7 37 

silt and sand lenses in claystone 

No recovery from 6 0 to 8 0 feet No PID 
detects 
Sand layer in the fill just above bedrock 1 
surface 
No PID detects were observed 

surface to the groundwater table 

2 3 1 Drilling Results 

Following is a descnpbon of the invesbgabon and results for each borehole accordmg to the 

drilling sequence 

Locabons 05197,05297 and 05397 were each offset 5 feet south from the planned locahons to 

avoid an east-west sewer line At locabon 05 197, bedrock claystone was observed at a depth of 

13 6 feet, however, small pebbles and sandy lenses were noted in the claystone below that depth 

These pebbles could represent a conglomerabc layer in the Arapahoe Formabon such as is 

occasionally present on plant site (EGBtG 1995) However, if the pebbles and sands incllcated 

the presence of dlsturbed claystone whch was returned to the excavabon, the bedrock surface 

may be as deep as 27 2 feet below ground surface, well below the antmpated depth of the 
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excavahon The core from the 24 0 to 27 2 foot interval Jammed in the core barrel, and was 

removed using a hand drill, malung an interpretahon dfficult 

Even though neither NAPL nor htgh concentrauons of volat.de orgmc compounds were 

encountered dmng coring operahons, a well was installed at locauon 05 197 to momtor the 

downgrdent 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 uncertamty of the bedrock contact, 

and to a small VOC detechon on the PID in this interval 

Locahon 05297 was cored to a depth of 27 feet Neither NAPL nor hgh  concentrahons of VOCs 

were observed dunng coring operations, and the geoprobe hole was plugged and abandoned At 

locahon 05397, NAPL had apparently pooled on the claystone bedrock surface When dnlling 

operahons penetrated th~s surface, NAPL ran into the hole, and was retrieved d u n g  the next 

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

Locahons 05597 and 05797 were located on the road a sigmficant &stance south of the originally 

planned locahons due to the overhead and underground gas lines, above ground steam hnes, 

below ground domesuc water lines, evaporahon tower return hnes, above and below ground 

process waste line and hot laundry lines, and other uhhhes at these locahons The plan to place a 

h r d  borehole on the road was abandoned for the same reasons Bedrock claystone was 

encountered at shallow depths in both 05597 and 05797 and no VOCs were observed These 

locahons were outside the southern limt of the Tanks T-9 and T- 10 excavahon, 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 in each Locahon 05997 is withm the excavated area, and NAPL was 

encountered whtle coring Dung  coring operahons, an impenetrable surface was encountered 

at a depth of 19 5 feet Fragments in the core shoe indicated that thts matenal was concrete The 

concrete may be part of the foohng for Tanks T-9 and T-10, or a large chunk of concrete The 

borehole was offset 1 1 feet southwest, and dnlled to a depth of 30 feet 

Locahon 05497 was dnlled as planned, however, a concrete structure was encountered in the 

subsurface whch is believed to be the shrmp supportmg the northern end of the former carbon 
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tetrachlonde tank (Figure 2) Ttus structure was encountered in the subsurface at depths of 7 5 

to 9 feet Numerous offsets were reqwred, and a core barrel was lost downhole, before total 

depth could be reached No NAPL was encountered d u n g  drlllmg operahons However, a well 

was installed at this locahon because elevated PID readmgs and a sweet odor were noted when 

drilling at depth ThIs well produced sufficient quantiQes of NAPL d u n g  groundwater sampling 

to collect both a NAPL and a NAPL duplicate sample 

Locahon 05697 was the planned offset for 05997 and 05397 to define the western boundary of 

the NAPL Although this location is w ihn  the current boundary of IHSS 118 1, it is believed 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 detemnatton of tluckness An offset was driven, and the sand was found to occur 

from 15 2 to 18 8 feet Th~s sand is simlar in appearance to the Arqahoe Number One 

Sandstone, however, it is unconsolidated, contans up to % inch dmneter pebbles, and is most 

likely fill material A well was installed in h s  sand interval and morutors the groundwater 

quality wihn  th~s preferenttal flow path immdately above the bedrock contact No NAPL was 

encountered dunng groundwater sampling for tlus well 

2 4 

Soil samples were expected to be collected every four feet or where there were indcabons of 

NAPL However, poor core recovery resulted in deviahons from thts plan, and samples were 

collected as close to a four foot interval as was possible Where NAPL was encountered, no 

addtional core runs were taken as the NAPL would run into the borehole and compromse the 

integrity of the deeper samples 

Contammatton in Subsurface Soil 

The primary contamnant detected in soil in the invesbgmon area was carbon tetrachloride, 

along with lesser amounts of chloroform and methylene chlonde Both methylene chlonde and 

chloroform are degradahon products of carbon tetrachlonde, however, both chemcals were used 

on site, with chloroform known to have been used in Bmldmg 776 Table 4 provides the 

analyttcal results for the pnmary contarmnants for each sample Methylene chloride was 

encountered at all depths with detectable concentrahons of 330 ugkg to 2,000 u g k s  The 

hghest concentrahons of carbon tetrachloride and chloroform in soils are found at depths greater 

than 20 feet below ground surface These data agree with the previous inveshgahon, and indcate 
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that the NAPL may be present only at that depth The complete analyt~cal results per sample are 

provided in Appendx A 

Table 4 Primary Subsurface Soil VOC Contarmnants (in ugkg) 
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As shown in Table 5, other contarmnants were found in the soil samples The other contamnants 

are primarily dehalogenabon byproducts of carbon tetrachlonde, and even low levels of these 

indcate that omdabon is not occurring at this locabon However, fifteen of the mneteen detects 

were J or JB qualified indcahng that these values were below the detechon limt (J), or below 

the detectton hmt  and also detected in the blank analysis (JB) In addhon, these contarmnants 

are not consistently present in the soil samples, and where duplicate samples were collected, do 

not occur in both the real and duphcate samples 

Only one sample yielded results for these other contarmnants above the detecbon limt, 

tetrachloroethene at 1,800 ugkg and carbon &sulfide at 910 ugkg However, the duplicate 

sample for this interval &d not contam detectable quanhbes of either contaminant One detect of 

napthalene was found, as thls also occurred in the blank, it is probably not representabve of the 

contammatton at th~s locatton 

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

when these are received from the laboratory 
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Location Depth Sample No  Analyte 

Tetrachloroethene 

Naphthalene 
Hexachlorobutadiene 

Acetone 

Result in 
uglkg 
1,800 

290 J 
480 J 
550 J 
310 J,B 
560 J 

900 J 

1,500 

680 
560 J 

Comments 

Real sample - not in duplicate 

Real sample - not in duplicate 

Real sample - not in duplicate 

05997 1128-131 I BH10206RM 
20 9-21 2 BH10210RM 

05897 20 4-20 7 BH10195RM 

05497 

05897 

05997 

05597 

05897 
05897 
05497 

05897 

05997 

25 7-26 0 BH10239RM 

20 4-20 7 BH10195RM 

20 1-20 4 BH10212RM 
20 9-21 2 BH10210RM 
slough -25’ BH10213RM 
32-35 BH10176RM 

20 7-21 0 BH10197RM 
20 4-20 7 BH10195RM 
25 7-26 0 BH10239RM 

20 4-20 7 BH10195RM 

20 1-20 4 BH10212RM 
20 9-21 2 BH10210RM 
slough-25’ BH10213RM 

8,100 J 

510 J 
260 J 

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

Real sample - not in duplicate 

2 5 

Wells were installed at 6 locahons, 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 thm layer dlrectly above the bedrock contact Whtle it was possible to 

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

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

depth of 21 feet below ground surface At the other locabons, the interface probe &d not reach 

the eshmated depth of the NAPL pnmarily due to the well casing deviahng from vefical, or the 

presence of silt in the well The contmnants detected in the groundwater and NAPL samples 

are the same as those seen in the soil samples, primmly carbon tetrachlonde, with lesser 

amounts of chloroform and methylene chlonde Methylene chloride and chloroform are 

degradabon products of carbon tetrachlonde, but both were also used on site 

Contammahon in the Groundwater 
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There are chfferences in the NAPL analyses that were not expected because the NAPL is 

beheved to be caused by the same event(s) Because certam of the sample vials contamed both 

water and NAPL (see Table 6), the laboratory was requested to take the sample ahquot from 

specific hqwd 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, whch suggests that the 

laboratory d d  not honor the wntten instrucbons Thls is most likely the reason that the NAPL 

samples where the sample vial also contamed the collocated groundwater have lower NAPL 

concentrattons than the sample vials where the NAPL completely filled the vial If the contents 

of each bottle were homogemzed prior to analysis, or if the aliquot was taken from both of the 

dscrete phases, the observed dfferences in contamtnant concentrattons could result 

The dfferences in contarmnant concentrattons may be a result of sample dlubon, and with 

exceedances of the calibrahon range for the instrumentahon ( as indcated by the qualifier E) 

Table 6 presents the results of the groundwater and NAPL analyses The complete analyt~cal 

results per sample are provided in Appendx B 

Table 6 Groundwater/NApL VOC Results for IHSS 118 1 Invesbgabon (in ugL) 

I I I I I I 

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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Motor 
011 
e9 4 

Groundwater concentrabons observed are hgher than those samples collected dmng the 1995 

inveshgatton Since the 1995 samples were collected using a Hydropunch, it is possible that 

representatwe samples were not collected at that Ume, either because the NAPL interface was not 

reached, or that subsurface condhons precluded the acquisihon of a representahve sample 

Comments 

Very silty water, possible NAPL 

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 whch is not associated with carbon tetrachloride The laboratory 

expected to perform these analyses sent the samples to another lab, resultmg in exceedance of the 

holdmg hmes As these analytes are not contamnants of concern, the results will be used 

qualitatwel y 

05197 

As shown in Table 7, the samples contamed Number 2 (No 2) desel fuel The most likely 

source of th~s contammahon is spills andor leaks from the numerous underground and above 

ground fuel oil tanks in the area, most likely those north of Buildmg 774 or south of Bmldmg 

771 In Bmldmg 774, and elsewhere on site, No 2 hesel was mxed with carbon tetrachlonde 

to produce a m a c h n g  flud An underground hne linked the former carbon tetrachlonde tank 

to a mmng tank rn Buldmg 774 If back flow ever occurred along th~s line, this also could have 

been a source of the No 2 &esel fueVcarbon tetrachlonde mxture at thls locabon 

Diesel Fuel Kerosene 
GW10016RM e62 e6 2 

Table 7 Groundwater Total Petroleum Hydrocarbon Results (in mgkg) 

05397 

05397 

05497 

I Location I Sample No I N~ 2 I Jet Fuel - 

GW10019RM e62 e6 2 

GW10022RM 1,700 <250 

GW10023RM 3,200 e250 

05497 
05497 
05697 
05897 
05897 
05997 

GW10018RM 3,100 e250 
GW10026RM 3,200 <250 
GWlOOl7RM e62 e6 2 
GW10020RM e62 e6 2 
GW10025RM 2,600 e250 
GWl0024RM 2,700 e250 

I I I 
05997 I GW10021RM I 2,600 I e250 

t droolets oresent 
Water layer above NAPL, very thin 

vial had e1 0% separate phase 
NAPL and a thin LNAPL slick 1 NAPLi,etample) ~ 

NAPL du licatesam le 
No NAPL obsewed 

19 4 Water sa  le above NAPL 
e250 I NAPLsample 
e250 I Water laver above NAPL - vial had 

I up to 25% separate phase NAPL 
e250 I NAPLsample 
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As the color of No 2 Diesel Fuel is a light brown, its presence does not explam the dark brown 

color of the NAPL The color may be a result of one or more of the following reasons 

Orgamc materral in the fill may have been dmolved by the carbon tetrachlonde, 
The process waste tank may have been coated with a biturmnous anb-corrosion coabng 
whch was dssolved by the carbon tetrachlorrde, 
Surface carbon tetrachloride spills may have dssolved the asphalt in the road way, andor 
Degradabodweathering of No 2 Diesel can result in a darker brown color 

In samples from most wells, the analyhcal results for groundwater above the NAPL layer 

in&cated sigmficantly lower concentrahons of fuel oil than the underlying NAPL layer 

However, groundwater samples from wells 05497 and 05997 contamed simlar concentrabons of 

fuel oil as the underlying NAPL samples from these wells Both of these groundwater samples 

also contamed a NAPL as a separate phase (Table 7) Due to the simlar concentrabons of fuel 

oil observed in the NAPL and the groundwater samples from these wells, it is likely that the 

NAPL phase present in these two groundwater samples was analyzed 

2 6 Quality Assurance 

The field sampling program as outlined in the Samplmg and Analysis Plan (RMRS 1997) was 

90% complete with 9 out of the 10 planned boreholes completed Thls met the field complebon 

goal of 90% The appropriate number of field duphcate samples were collected (1 e , one 

duplicate for every 20 samples collected) In addlhon, rinsate samples and a field blank were 

collected dmng the groundwater/NAPL sampling The results of the quahty control samples are 

dscussed in the following secbons 

Soil Samples 

Due to the small dameter of core collected, duplicate soil samples were obtamed by halving the 

core (1 e , collecbng one sample from a core interval and another sample from immdately below 

the first sample) Table 8 provides the analflcal data for detected compounds in the real and 

duplicate sod samples 

In uncontarmnated intervals, there was good correlabon between the duplicate and real samples 

However, in the hghly contammated intervals, poor correlabon between the real and duplicate 

samples was observed and is likely ambutable to the halving method used to collect the 
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duplicated Specifically, when the samples were poured from the core hner into the sample 

bottle, the fluid NAPL poured out into the first bottle, leaving only residual amounts of NAPL 

for inclusion in the second sample bottle The most notable dtscrepancy is between the real 

sample BH10195RM and the correspondmg duplicate BH10197RM A cursory evaluatton of the 

correlatton of the other samples indicates that the reproducibility is acceptable (1 e , withm two 

hmes the detecbon lirmt) 

E - esbmated value, concentrabon outside of calibration range 
J - estimated value, concentrahon is 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 groundwaterMAPL samples 

Real and duplicate analytxal results for these samples were withm the same order of magnitude, 

and precision, where calculable, is withm 40% relahve percent &fference Analyt~cal results for 

the nnsate and field blank samples indcated that neither chloroform nor methylene chloride were 

detected Carbon tetrachloride was esQmated in both samples at concentrahons below the 

detectton limt 3 5 ugh in the rinsate, and 3 7 ug/l in the field blank. Because concentrattons 

for carbon tetrachlonde in the samples was greater than 5 bmes the associated blank 

concentrattons, these values in&cate that the samphng eqwpment was adequately 

decontammated The associated laboratory analyses are considered acceptable 
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Sample No 

GW10027RM 
GW10018RM 
GW10026RM 
GW10028RM 

Methylene Carbon Chloroform NO 2 Diesel Sample Type 

Fuel Chloride Tetrachloride 

<5 3 5 J  <5 NA Rinsate 

2,500,000 180,000,000 E 2,700,000 3,100 Real 
3,600,000 J 130,000,000 c 5,000,000 3,200 Duplicate 

<5 3 7 J  <5 NA Field Blank 
P I I I I I 4 
E - esttmated value, concentratton outside of calibratton range 
NA - Not Analyzed 

3 0 CONCEPTUAL MODEL 

Borehole logs from boreholes adjacent to the inveshgahon area indicate that the original bedrock 

surface in the inveshgahon area was approxlmately 6 to 14 feet below ground surface and was 

onginally overlan by Rocky Flats Alluvium D u n g  installahon of Tanks T-9 and T-10 in 1955, 

d pit was excavated to a depth of approximately 22 to 24 feet below ground surface The 

underground carbon tetrachlonde tank was installed in 1957 at the western edge of the original 

excavahon 

Whde the areal extent of the depression was not confirmed on the west or north sides, with the 

excephon of the former carbon tetrachlonde tank to the west, there are no other known 

subsurface structures or excavahons immediately to the north or west The budding immediately 

west of the excavahon, Bullding 701, is bullt on a concrete slab Therefore, the excavahon is 

beheved to be a closed depression into the bedrock surface whch may be slightly stepped down 

on the west side, and steep sided on the other three sides The bedrock sides and bottom of the 

depression consist of the Arapahoe Formahon claystone Groundwater is present 6 to 9 feet 

below the ground surface (Table 3) 

Due to the hgh  concentrahons of carbon tetrachloride, and the lack of radiological 

contamnahon, the NAPL is assumed to be a result of spills and leaks from the carbon 

tetrachloride storage tank Because both the NAPL samples and hgh concentrahons m soil are 

found only near the bottom of the excavahon, the carbon tetrachloride is thought to currently 

occur in a thm layer, approxlmately one foot thlck, pooled on the bedrock surface at the bottom 

of the closed depression The carbon tetrachloride may fill the bottom of the excavahon, 

including underneath Tanks T-9 and T-10 and the associated sump (Figure 3) However, there is 
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a possibility that the NAPL is pooled at several intervals near the bottom of the excavahon, 

rather than a conhnuous shallow layer Installahon of the wells could have intercepted several 

small pools whch then dramed into the well, giving the appearance of a single pool of NAPL 

Insufficient data exlsts to fully differenhate between these scenarios However, as the NAPL is 

thought to occur w i t h  a one foot interval near the bottom of the excavahon foot h c k  interval, 

it is hkely that the NAPL is perched on undsturbed bedrock claystone 

The low-permeability claystone at the bottom of the excavahon acts as a bamer to prevent 

substanhal downward mgrahon of the carbon tetrachlonde, whle the groundwater above 

prevents evaporahon The vertwal mgrahon of NAPL into bedrock was evaluated by an earlier 

study, whch concluded that there is 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 mgrate along 

uhlity corridors, or along the onginal bedrock surface Therefore, the only nsk to surface water 

is through rmgratton of the dmolved phase in groundwater 

To roughly esttmate the volume of NAPL that may be present, the depths to the NAPL and hgh 

soil concentrations were used to eshmate a thickness for the NAPL Using ths informahon, a 

conservahve eshmate of the volume of NAPL potenhally present was calculated The following 

assumpkons were used for the NAPL volume calculahon 

Based on the avadable engineemg design drawmgs 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 inveshgabon results, the excavahon depth was assumed to be 22 1 feet below 

ground surface 

A NAPL hckness of 1 1 feet was eshmated by subtrachng depth to NAPL from the 

interface probe measurement from the assumed depth of the excavahon (22 1 feet) 

The area of NAPL contamtnahon was eshmated based on the wells contamng NAPL 

(05397,05497,05897,05997) (see Figure 1) and assurmng that the NAPL occurs in the fill 

matenal throughout the excavahon Thls results in an eshmate of a 46 foot by 46 foot area 

The fill material contamng the NAPL consists of unconsolidated clay, gravel, and sand, with 

a porosity conservatwely eshmated to be between 25 and 35 percent (Freeze and Cherry, 
1979) 
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Accountmg for the dsplacement of the sump, the esttmated volume of NAPL that could 

potenttally reside in the fill matenal 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 Appendx C contans the calculahons and assumpttons 

used to generate tlvs eshmate 

4 0 REMEDIAL ACTION CONSIDERATIONS 

The quanhty of NAPL eshmated to be present is sufficient to consider a remedal acbon, 

however, the number of acttve uthhes preclude proposing a final remedial achon unttl after 

decommssiomng of tlvs area An intenm remedal achon may be considered as the NAPL is in 

contact with groundwater and is probably the pnncipal contributor to the dmolved-phase 

contamnated groundwater plume extendmg to the east Imhatton of NAPL removal would 

reduce the source of groundwater contarmr&on, reduce the health and safety risks to workers 

removing structures and conducttng the final remedahon of thls area, and potenhally reduce the 

amount of remedation ulumately requlred 

The ease with whch the NAPL phase was sampled in some wells suggests that p m a l  extractton 

of NAPL from the excavahon may be feasible As a result, the interm measure currently under 

considerahon involves extrachon of some portton of the NAPL in the area around the process 

waste tanks Due to the presence of numerous uhlihes, Tanks T-9 and T-10, and other 

obstrucbons, the locabon of the extractton system cannot be ophmzed The deepest porhon of 

the excavaon is expected to be dlrectly beneath the process waste tanks, limttng access to the 

area contanmg the NAPL It is not considered feasible to drill through the previously cleaned 

and foamed process waste tanks to access h s  area because it could result in the potentml 

recontarmnahon of these tanks, along with contarmnauon and destrucfion of the intenor foam 

Using angle dnlllng to access the area drectly beneath the tanks is not recommended because of 

the shallow slope requtred for the boreholes, and the nature and locahon of the many nearby 

uhlihes 
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Removal of NAPL has the potenhal to increase contarmnant concentrahons in groundwater by 

increasing the water permeability in areas previously saturated with NAPL Thls would be a 

short term effect, and groundwater quality would improve over hme (Pankow 1996) However, 

an increase in groundwater contarmnant concentrahons may not be seen at thls locatton as the 

NAPL pool is deeper than the local bedrock surface and not in the groundwater flow path 
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6 0  ACRONYMS 

ALF 
CDPHE 
CERCLA 
DOE 
DNAPL 
ER 
HPGe 
HRR 
IHSS 
mg/kg 

Actton Level Framework 
Colorado Department of Public Health and Environment 
Comprehensive Environmental Resource, Compensahon, and Liability Act 
Department of Energy 
Dense Non-aqueous Phase Liquld 
Environmental Restorahon 

mstorical Release Report 
Indvidual Hazardous Substance Site 
mlligram per lulogram 

Hlghmty Germanturn 
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LNAPL 
NAPL 
ou 
PC@ 
PCfl 
PPM 
RCRA 
RFCA 
RFETS 
RFI 
RI 
ug/kg 
ugn 
v o c s  

Light Non-aqueous Phase Liquld 
Non-aqueous Phase Liquid 
Operable Umt 
picocunes per gram 
picocuries per hter 
parts per rmllion 
Resource Conservabon and Recovery Act 
Rocky Flats Cleanup Agreement 
Rocky Flats Envrronmental Technology Site 
RCRA Facihty Invesbgatton 
Remdal  Invesugabon 
rmcrogram per lulogram 
rmcrogram per hter 
Volatde Orgmc Compounds 



APPENDIX A 

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



APPENDIX B 

GROUNDWATER ANALYTICAL RESULTS 
(DATA WILL BE PROVIDED WITH FINAL) 
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APPENDIX C 

NAPL VOLUME CALCULATIONS 
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