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10 INTRODUCTTON 

A pre-remelal field inveshgaon was conducted 111 September 1997 to idenbfj and dehneate the 

extent of the volatde orgmc compound (VOC) nonaqueous phase liquld (NAPL) in the 

subsurface denved from Indwidual Hazardous Substance Site (IHSS) 118 1 - Mulbple Solvent 

Spills West of Budding 730, and to further characterm th~s IHSS These data WIN be used to 

detemne whether an interim remednl actton is requred, and how a potenbal remedml -on 

would be implemented if one is necessary 

W e  an mterm remedal -on wdl not consbtute a complete source removal, if implemented 

it would remove some of the NAPL contnbutmg to a plume of VOC contamnabon m 
groundwater m tlus area. The source area is rauked 8" on the Environmental Restormon (ER) 

Rankmg, and the associated groundwater plume is ranked 19" [revised Attachment 4 to the 

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

conslstent with the Rocky Flats Environmental Technology Site (RFETS) strategy for 
groundwater, whch is to prevent conkmunabon of surface water by removal of contammant 

sources that mpact groundwater 

1 1  Background 

IHSS 118 1 is located due north of Bulldug 776 and near Bwldmg 730, m the RFETS Industrial 

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

area of known subsurface sod contarmnaton resultmg from leaks and spas associated with an 

underground storage tank contamng carbon tetrachlmde The tank was rnstalled around 1963 

and was removed 111 1981 after bemg replaced by an above ground tank. 

The 5,000 gallon capacity, underground steel tank was used to store carbon tetrachlonde for use 

m Buddmg 776 The tank had a concrete contamment structure on the south side around the 

mtake area and a concrete sbmp supportmg the tank on the north end (Figure 2) Numerous 

surface spdls were known to have occurred before 1970, some potenbally up to 200 gallons The 

intake to the tank f d e d  rn June 198 1 and released a small amount (volume unknown) of carbon 
tetrachloride lnto the contauvnent structure The tank was subsecpently removed (DOE 1992) 



r. 
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Rehree interviews conducted d m g  the invesbgatton found that at least two major spills 

occurred during tank fillmg operabons In the late 1970s, the sight gauge used to indcate the 

level of the contents in the tank malfun&oned, 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 

Buildmg 776 (south of Bwldmg 701), then flowed to the north along the west side of Bmldmg 

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

agam overfilled and about 200 to 300 gallons of carbon tetrachlonde was spilled through the 

vent pipe onto the ground Whlle the tank may have also leaked, based on the volume of carbon 

tetrachlonde spded on the surface, the spills are the most likely cause of the detected NAPL 

The carbon tetrachloride tank was located m d a t e l y  east of and withm the excavabon 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 on@ 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 m 1955 but are no longer used as process 

waste tanks Tank T-9 is currently ubhzed as plenum deluge catch tanks for Buildmg 776 Tank 

T-10 was cleaned and foamed as part of the Underground Storage Tank accelerated a a o n  m 

1996 (RMRS 1996a) No releases fiom either set of tanks have been documented (DOE 1995) 

After the steep-side pit was excavated, Tanks T-9 and T-10 were constructed m-place A 

pumphouse, Buddmg 730, was constructed over the tanks and provides access Based on depth 

to bedrock m the nearest borehole rn an unchsturbed locabon (43592 - Figure l), the previous 

depth to bedrock was apprownately 8 feet below ground surface The excavatton IS at least 22 

feet deep, with the current bedrock surface at that depth. The engmeemg drawmgs for T-9 and 

T-10 show a sump beneath the tanks at a depth of 21 6 feet and it is llkely that the pit was 

excavated at least one foot beneath the sump, malung the depth to bedrock approxunately 23 feet 

below ground surface Borehole data m&cates that the excavaon was backfilled with 

previously excavated matenal, along with sand, gravel, cobbles, trash and debris 

There are numerous underground and overhead utdittes and structures m tlvs area, whlch 

mterfered with thls mvemgatton and will have an mpact on future remedtal acttons The 
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underground uttlihes are generally witlun 6 feet of the ground surface and include vitreous clay 

smtary sewer lines, electrrcal hnes, water lines, tunnels between bmldmgs, buldmg foottng 

drans, process waste lines and process waste tanks, and other umdenttfied (or classified) 

uttlihes Informahon from excavauons in other areas and interviews with workers indcate that 

most of the bmed uhlittes were backfilled using previously excavated nattve materials 

1 2 Pnor InvesQgattons 

During the 1995 OU 9 Phase I Remedal Inveshgattons, sod bormgs, groundwater samples, and 

subsurface soil samples were collected in thts area includmg sod bomgs dnlled near the four 

corners of Tanks T-9 and T-10 (DOE 1995)pigure 1) H~gh soil concentrattons of VOCs, but 

not radtonuchdes, were observed The concentr&ons for contamnants above the RFCA Amon 

Levels are shown m Table 1 along with mhonuclides above background levels These data 

support the contentton that the observed contamm&on is due to spds from the carbon 

tetrachlonde tank, and not leakage from Tanks T-9 andor T-10 Based on process waste 

contarmnant concentrahons, hgh concentrahons of amencium, and plutomum would be 

expected if the contamm&on were due to leakage from Tanks T-9 or T-10, (RMRS 1996a) 

Table 1 VOCs Detected Above RFCA Tier I Subsurface Sod Amon Levels and Rdonuchdes 
Detected Above Background Concent.c&ons m Previous Investtgattons 

** 
*** 

ND Not detected 
NA Notanalyzed - 

Sample depth below the water table 
Duplicate sample, real sample results were less than detection limits 
Action level based on presence of a single radionuclide only (presence of additional radionuclides will 
result in lower action levels) 

Result is below background concentrations 
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Water samples were collected adjacent to each borehole using a HydropunchTM (Figure 1) The 

water sample collected from boring 2795 separated into two &st.mct liqwd phases, indcatmg the 

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

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

low levels of rdonuclides Table 2 presents the results of these groundwater samples (DOE 
1995) along with the RFCA groundwater Tier I actton levels 

Table 2 VOCs ( p g )  and Rdonuchdes (pcdl) Detected in Previous Groundwater Sampling 111 

2 0 RECENT INVESTIGATION 

The September 1997 pre-remeal mVve&g&on was planned to obtm data for determmng the 

need for a remelal actton As stated 111 the Samplmg and Analysis Plan (RMRS 1997), the 

investIgatIon had the followmg Objectives 

0 

Better deterrmne the extent of the NAPL, 

D e t e m e  the bedrock topography m the area, and 

0bta.m mformmon for design of potenhal remelal acbons 
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Refimng the extent of the known contarmnated groundwater plume associated with thls area, and 

the potenhal impact to surface water was not a part of th~s iveshgahon A groundwater 

invesbgahon will be conducted at a later date, currently scheduled for 1998 

2 1 Planned Inveshgahon 

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

and to idenbfj depth to bedrock Sod samples were to be collected every four feet or where 

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

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

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

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

prior to sample collectton. If the recovered liquld separated mto dIstmct phases, the amount of 

each phase was to be estunated, and a sample collected from each phase Boreholes where PID 
readmgs remmed near background levels, where there was no mlcatton of free hqud, and 

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

In adlhon, if potenhally recoverable NAPL was encountered, addIhonal geoprobe holes were to 

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

contammatton Two addIbonal geoprobe locabons were planned, and the locattons of these were 

also to be dependent on the site conlbons encountered such as ut&tes, obstrucbons andor 

safety concerns (RMRS 1997) 

2 2 Implemented Investtgmon 

Of the eight borehole locabons planned, seven could not be W e d  where mbally located due to 

conflicts with uthbes However, the revised borehole locattons were adequate to conduct the 

mvesttgabon, and viable mformabon was obtatned SIX of the borehole locattons were relocated 

to avoid utdIhes and the seventh, the planned locahon for 05697, was abandoned because of the 
number of overhead and underground utdItIes At that locabon (between 05597 and 05797) a 

viable offset was mpossible Thls borehole number was assigned to an add~bonal locabon to 

offset wells 05997 and 05397 and was located near the former carbon tetrachloride tank locabon 

to de te rne  the western extent of NAPL contammatIon m the subsurface (Figure 1) No other 

vlable offsets were possible due to the numerous bwldmgs and ut.&bes m the area. One 
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adhbonal locatton, 05997, was placed near the previously drrlled borehole 02795, where NAPL 

stamng was observed in 1995, but where depth to bedrock could not be determned 

Stanless steel wells were installed in every borehole except 05297,05597, and 05797 whch 

were abandoned as neither NAPL nor hgh concentrahons of VOCs were observed d u g  conng 

operabons A well was installed in borehole 05 197 as it was downgrdent of the former carbon 

tetrachlonde tank locabon and contamed sufficient groundwater for contmued monttonng 

2 3 Inveagatton Results 

Each borehole was contmuously cored, and the core was visually mpected and logged Depth to 

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

and poor core recovery made interpretmon of the bedrock contact dfficult 

Even with use of a core catcher, core recovery m 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 dtrlling (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 

mveagabon area Much of the core that was not recovered was probably loose, coarse materral 

whch tends to fall out of core barrels Previous mvesttgattons found wood and trash w i t h  the 

fill matenal (DOE 1995) l U s  type of material, whrle lrkely present, was not recovered dunng 

thn mvesbgahon Wood and trash matmals were probably pushed to the side rather than 

recovered by the smaller slze core bit and lower power ddhg methods used dumg thls 

mvesttgaOon 

W e  conng the fill matenal, loose matenal often sloughed mto the borehole between core runs 
Usually thls matenal was easy to identtfy due to its hsrupted appearance However, smce 

claystone was also used to backfii the excavaon, loose gravel present m dsrupted claystone 

could also be m-place and requved careful exammatton of the core After the core was exammed 

and logged m the field, it was r e e x w e d  by experts knowledgeable with core at RFETS, and 

changes were noted on the borehole logs 
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Location 
051 97 

05297 
05397 
05497 
05597 

05697 
05797 
05897 
05997 

Core recovery improved once bedrock claystones were contacted The claystone was 

predormnantly gray to ohve brown and massive, with ron starmng and carbonaceous flecks 

common The bedrock contact was dlfficult to deterrmne due to reworked bedrock claystone in 

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

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

Table 3 provides the depth to bedrock for each locahon Detarls for each locatton are provided m 
Sechon 2 3 1 

Depth to 
Total Depth to Ground- 
Depth Bedrock Well water 

(in feet) (in feet) (yedno) (feet bgs') Comments 
28 0 13 6 Y 9s 7 49 Bedrock claystone contains sandy intervals and 

27 0 20 8 no 
27 0 21 5 yes 8 50 silt and sand lenses in claystone 
27 0 221 yes 6 52 
12 0 80 no No recovery from 6 0 to 8 0 feet No PID 

22 0 18 8 yes 6 85 Sand layer in the fill lust above bedrock surface 
12 0 58 no No PID detects were observed - 
24 0 21 4 yes 6 75 
30 0 24 0 yes 7 37 

pebbles appear similar to fill material but also 
correlate wlth bedrock at other locations 

detects 

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

2 3 1  DnllmgResults 

Followmg is a desmpbon of the mveagabon and results for each borehole accordmg to the 

drrllrng sequence At locabon 05197, the top of bedrock was encountered at a depth of 13 6 feet 

However, small pebbles and sandy lenses were noted m the claystone below that depth. These 

pebbles could represent a conglomerak layer m the Arapahoe Formatton such as is occasionally 

present on plant site @G&G 1995a), or could be brought down from further up hole If the 

pebbles and sands mhcate the presence of hsturbed claystone whch was returned to the 

excavatton, the bedrock surface may be as deep as 27 2 feet below ground surface, well below 
the anbcipated depth of the excavation. The core from the 24 0 to 27 2 foot mterval jammed m 
the core barrel, and was removed usmg a hand dnll, malung an mterpretabon afficult 

Even though neither NAPL nor hgh concentraOons of volatde orgamc compounds were 

encountered d q  cow operaQons, a well was installed at location 05197 to momtor the 
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downgrdent groundwater The well was intended to be screened across the bedrock contact, 

but was screened from 18 to 28 feet below ground, due to the uncertamty of the bedrock contact, 
and to a small VOC detecbon on the PID in tlus interval 

Locatton 05297 was cored to a depth of 27 feet, with bedrock at 20 8 feet Neither NAPL nor 

hgh Concentrations of VOCs were observed dmng coring operabons, and the geoprobe hole was 

plugged and abandoned 

At locahon 05397, bedrock was encountered at a depth of 21 5 feet, with a total depth of 27 feet 

When drrllrng operattons penetrated this surface, NAPL ran into the hole and was retrreved 

during the next core run, mdxatmg that the NAPL was apparently pooled on the claystone 

bedrock surface A well was installed and was screened from 14 5 feet to 24 5 feet 

Locattons 05597 and 05797 were located on the road a sigmficaut &stance south of the ongmally 

planned locahons due to the overhead and underground gas Imes, above ground steam h e s ,  

below ground domesbc water lines, evaporatton tower return Imes, above and below ground 
process waste lme and hot laundry Imes, and other ublibes at these locabons The plan to place a 

thwd borehole on the road was abandoned for the same reasons At locahon 05597, bedrock 

claystone was encountered at a depth of 8 feet with a total depth of 12 feet Bedrock claystone 

was encountered at 5 8 feet at locaon 05797 with a total depth of 12 feet There were no VOCs 

observed at either IocatIon These locattons were outside the southern lmut of the Tanks T-9 and 

T-10 excavabon, and the geoprobe holes were plugged and abandoned 

Three boreholes were Wed due west of Tanks T-9 and T-10 (05497,05697 and 05997), and 

wells were mtalled m each. Locahon 05997 IS Vvltlun the excavated area Dunng comg 

operabons, an mpenetrable surface was encountered at a depth of 19 5 feet Fragments m the 

core shoe mdxated that th~s material was concrete The concrete may be part of the footmg for 

Tanks T-9 and T-10, or a large chunk of concrete The borehole was offset 1 1 feet southwest, 

and drded to a depth of 30 feet Bedrock was encountered at a depth of 24 feet below ground, 

and NAPL was encountered wlule c o w  in that mterval Due to poor core recovery and the 

uncertatnty of the bedrock surface, the borehole was contmued to a depth of 30 feet below 

ground A well was installed with a screen fkom 19 to 24 feet below ground 
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Locabon 05497 was dnlled as planned, however, a concrete structure was encountered in the 

subsurface whch is believed to be the concrete sbrrup supporbng the northern end of the former 

carbon tetrachlonde tank (Figure 2) This 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 

bedrock was successfully encountered at a depth of 22 1 feet, with a total depth of 27 feet below 

ground No NAPL was encountered during dnllmg operabons However, a well was installed at 

thls loc&on because elevated PID readmgs and a sweet odor were noted when dnlling at depth 

The well was screened between 17 and 22 feet, and produced sufficient quanbbes of NAPL 

dmng groundwater sampling to collect both a NAPL and a NAPL duphcate sample 

Loc&on 05697 was the planned offset for 05997 and 05397 to define the western boundary of 

the NAPL Thls locaon is beheved to be on the west side of the former carbon tetrachlonde 

tank A coarse, unconsohdated sand was encountered me&ately above the claystone bedrock 

contact, but poor core recovery prevented d e t e m o n  of hckness An offset was dnven, and 

the sand was found to occur fiom 15 2 to 18 8 feet Thls sand is sunrlar m appearance to the 

Arapahoe Number One Sandstone, however, it is unconsolidated, contatns up to M inch hameter 

pebbles, and is most hkely fill material Bedrock was encountered at 18 8 feet, medmtely 

below the sand W e  no NAPL was encountered d u g  d d h g  operaons, a well was 

installed, with the screened mterval from 13 7 feet to 18 8 feet mediately above the bedrock 

contact, and w i t h  h s  sand mterval to test t h ~ ~  preferenbal pathway No NAPL was 

encountered dunng groundwater samphg for h s  well 

Due to nearby, abandoned process waste Imes, 05897 was drilled at the only locahon possible on 
the east side of the Tanks 9 and 10 Thls locaon was a twm of the previously W e d  02895, 

however, httle data were collected dunng the previous mvemgaon at h s  locaon Bedrock 

was encountered at a depth of 21 4 feet, and total depth was 24 feet below ground NAPL was 

seen m the core at depths below 20 feet, therefore, a well was installed The well was screened 

from 17 2 to 22 3 feet below ground surface 

2 4 Con-on m Subsurface Sod 

Sod samples were expected to be collected every four feet or where there were m&cahons of 

NAPL However, poor core recovery resulted m deviahons from t h ~ ~  plan, and samples were 

collected as close to a four foot mterval as was possible Where NAPL was encountered, no 
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addbonal core runs were taken as the NAPL would run into the borehole and compromse the 

integrity of the deeper samples 

The primary contarmnant detected in soil in the invesbgabon area was carbon tetrachloride, 

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

chloroform are degradabon products of carbon tetrachloride However, both chemcals are 

common lab contarmnants, and were also used on site, methylene chlonde and chloroform were 

both known to have been used in Bmldmg 776 Table 4 provides the analytrcal results for the 

primary contarmnants for each sample Methylene chloride was encountered at all depths with 

detectable concentrabons of 330 ug/kg to 2,000 ugkg The hghest concentrabons of carbon 

tetrachlonde and chloroform m sods are found at depths greater than 20 feet below ground 

surface These data agree with the previous inveshgatton, and mdcate that the NAPL may be 

present only at that depth. 

Table 4 Prrmary Subsurface Sod VOC Contammints (m ug/kg) 

x r c  
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Table 4 Prunary Subsurface Soil VOC Contarmnants (in ug/kg) (conhnued) 
I I Depth I Methylene I Carbon I I I 

J - estimated value, concentration IS below the detection limit 
B - analyte also detected in the blank analysis 

As shown 111 Table 5, other contanunants were found 111 the sod samples The other contarmnants 

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

mdxate that omwon is not occwng at tlus locat~on. However, fifteen of the mneteen detects 

were J or Jl3 quahfied mdrcatmg that these values were below the detecbon hmt (0, or below 

the detemon h u t  and also detected m the blank analysls (JB) In a h o n ,  these contamrnaclts 
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Real sample - not in duplicate 

Real sample - not in duplicate 

Real sample - not in duplicate 

Real sample - not in duplicate 

Duplicate sample - not seen in real 
Real sample - not in duplicate 

Real sample - not in duphcate 

Real sample - not in duplicate 

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 detechon lirmt, 

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

sample for thls interval dld not contam detectable quanhhes of either contarmnant One detect of 

napthalene was found, as thts also occurred in the blank, it is probably not representatwe of the 

c o n t m a h o n  at tins locahon 

Table 5 Other Subsurface Sod VOC Contan 
Analyte Location Depth 
Tetrachloroethene 05897 20 4-20 7 

12 8-13 1 I 20 9-21 2 
I 05997 

05497 25 7-26 0 

05897 20 4-20 7 

05997 20 1-20 4 
20 9-21 2 

I I slough -25’ 
Acetone I 05597 132-35 

05897 207-21 0 
Carbon Disulfide 05897 20 4-20 7 
Hexachloroethane 05497 25 7-26 0 

05897 20 4-20 7 

05997 20 1-20 4 
20 9-21 2 

I I slough-25’ 
E - estimated value, concentration outside of calib 

mnts (in ug, 
Sample No 

BH10195RM 

BHl0206RM 
BH10210RM 
BH10213RM 
BH10120RM 
BHl 01 65RM 

BH10239RM 

BH10195RM 

BH10212RM 
BH1021 ORM 
BH10213RM 
BH10176RM 

BH10197RM 
BH10195RM 
6H10239RM 

BHlOl95RM 

BH10212RM 
BH1021 ORM 
BH10213RM 

atton range 
J - estimated value, concentration is below the detection limn 
B - analyte also detected in the blank analysis 

The results of the racllological samples with actwiaes above background are provided m Table 6 

As descnbed m the Sampling and Analysis Plan (RMRS 1997) these samples were collected 
from the upper three feet of core The analyttcal results were compared a g m t  the background 

surface sod values of 0 066 pCdg for plutomum 239/2AO, and 0 0227 pCdg for amencium 241 

@G&G 1995b) 

.*- I 
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Table 6 Radtonuclides Detected in Pre-reme&al Amon Investrgatron Sods (pCdg) and 
Correspondmg RFCA Actron Levels 

- - Result IS not above background 
( ) - Value represents total error 
* - Action level based on presence of a single radionuclide only 

2 5 Contammaon in the Groundwater 

Wells were installed at 6 loc&ons, water levels were measured and groundwater samples were 

collected Groundwater was present 6 to 9 feet below ground surface (Table 3) The sod 

samphg data m&cate that the NAPL occurs only m the interval dtrectly above the bedrock 

contact W e  it was possible to collect separate groundwater and NAPL samples from 4 

locattons (05397,05497,05897 and 05997), depth to NAPL was vedied with an mterface probe 

at only one locabon (05497) at a depth of 21 feet below ground surface At the other locatrons, 

the rnterface probe d d  not reach the estunated depth of the NAPL pnmanly due to the well 

casmg deviatmg from verttcal, or the presence of sdt rnthe well The confarmnatlts detected m 
the groundwater and NAPL samples are the same as those seen rn the sod samples, pnmanly 
carbon tetrachloride, with lesser amounts of chloroform and methylene chlorrde Methylene 

chlonde and chloroform are degradaon products of carbon tetrachlorrde, but both were also 

used on site and are common lab contarmflitllfs Table 7 presents the results of the groundwater 

and NAPL analyses Sample results should be considered quahtattve due to the hgh 

concenmons present m the samples, req- a hgh ddubon for the analyses 
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Table 7 Groundwater/NAPL VOC Results for IHSS 118 1 Investtgabon (in ugA) 

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 

Groundwater concentrabons observed are hlgher than those samples collected durrng the 1995 

invesbgabon. Since the 1995 samples were collected usmg a HydropunchTM, it is possible that 
representattve samples were not collected at that tune, either because the NAPL interface was not 

reached, or that subsurface con&bons precluded the acqwsihon of a representabve sample 

The samples were also analyzed for total petroleum hydrocarbons These analyses were not 

planned as part of the Samphg and Analysis Plan, however, the samples of NAPL collected 

were a dark brown color which is not associated with carbon tetrachlorrde Due to the presence 

of fuel orl tanks near IHSS 118 1 , it was postulated that the color was due to the presence of 

hydrocarbons, and analyses for total petroleum hydrocarbons was requested The ongml 

laboratory sent the samples to another lab, resultmg m exceedance of the holdmg tunes Sample 

results should be considered qualitatwe due to exceedance of the h o l m  tunes, and the high 

concentrmons present u1 the samples, requmng a high drlubon for the analyses However, the 

results confirmed the presence of hydrocarbons ~fl the samples 
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As shown in Table 8, the samples contruned Number 2 (No 2) dlesel fuel The most likely 

source of thts contammahon is spills andor leaks from the numerous underground and above 

ground fuel oil tanks in the area, includmg those north of Bmldmg 776 or south of Bmldmg 771 

Table 8 Groundwater Total Petroleum Hydrocarbon Results (in mgkg) 

As the color of No 2 Diesel Fuel is a hght 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 followmg reasons 
Orgamc matenal m the fill may have been &solved by the carbon tetrachlonde, 

The process waste tank may have been coated wth a bitmunous anti-corrosion coahng 

whch was dmolved by the carbon tetrachlonde, 

Surface carbon tetrachlonde spas may have dssolved the asphalt m the road way, 

Degrad&on/weathering of No 2 Diesel can result m a darker brown color, andor 

Presence of other, unknown compounds (such as Shell Vitrea) 

2 6  QualityAssurance 

The field sampling program as outlmed m the Samphng and Analysis Plan (RMRS 1997) was 

90% complete with 9 out of the 10 planned boreholes completed l ' h s  met the field completion 

goal of 90% The appropriate number of field duplicate samples was collected (1 e , one 

duplicate for every 20 samples collected) In add~t~on, m a t e  samples and a field blank were 
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collected dmng the groundwaterMAPL sampling The results of the quality control samples are 

dtscussed in the following secttons 

Soil Samples 

Due to the small dtameter of core collected, duplicate soil samples were not true duplicates, but 
were obtamed by halvmg the core (1 e , collecbng one sample from a core interval and another 

sample from immedmtely below the first sample) Table 9 provides the analyhcal data for 

detected compounds in the real and duphcate soil samples 

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

However, m the hghly contammated mtervals, poor correlatton between the real and duplicate 

samples was observed and is hkely attnbutable to the halvmg method used to collect the 

duplicate Specifically, when the samples were removed from the core h e r  and placed mto the 

sample bottle, the flud NAPL generally poured mto the first bottle, leavmg only residual 

amounts of NAPL for rnclusion rn the second sample bottle The most notable dtscrepancy is 

between the real sample BH10195RM and the correspondmg duplicate BH10197RM An 

evaluaaon of the correlaon of the other samples mdtcates that the reproducibility is acceptable 

(1 e , withm two tunes the detectton hut) 

Acetone <13,000 43,000 43,000 ~13,000 43,000 ~13,000 <13,000 <13,000 <13,000 500 J <13,000 ~13,000 
Carbon <630 <630 <630 <630 <630 <630 <630 <630 910 <630 <630 <630 
Disulfide 
Hexachloro ND ND ND ND ND ND ND NO 31,000 ND 9,700 ND 
ethane-TIC J J 
E - esbrnated value, concenttabon o u d e  of calibration range 
J - estimated value, concentrabon IS below the detectron limit 
B - analyte also detected in the blank analysis 
TIC - Tentabvely ldentrfied Compound 
ND - Not Detected 
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Sample No 

GW10027RM 
GW10018RM 
GW10026RM 
GW10028RM 

GroundwaterNAPL SamDles 

Table 10 lists the compounds detected in the duplicate groundwaterNAPL samples Real and 

duplicate analflcal results for these samples were withtn the same order of magmtude, and 

precision, where calculable, is withtn 40% relatwe percent dlfference Analyr.mil results for the 

rinsate and field blank samples indlcated that neither chloroform nor methylene chlonde were 

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

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

for carbon tetrachlonde in the samples were greater than 5 tunes the associated blank 

concentr&ons, these values inhcate that the samplmg equpment was adequately 

decontammated The associated laboratory analyses are considered acceptable 

Methylene Carbon Chloroform NO 2 I)lesel Sample Type 
Chloride Tetrachloride 

<5 3 5 J  <5 NA Rlnsate 
File1 

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

<5 3 7 J  c5 NA Field Blank 
E - estimated value, concenttabon outsrde of calibrabon range 
NA - Not Analyzed 

3 0 CONCEPTUAL MODEL 

Borehole logs from boreholes adjacent to the mvve&gauon area m c a t e  that the onglnal bedrock 

surface mthe mvesttgmon area was apprownately 8 feet below ground surface and was 

ongmdly overlam by Rocky Flats Alluvium Dumg mstallauon of Tanks T-9 and T-10 m 1955, 

a pit was excavated to a depth of appromately 22 to 24 feet below ground surface The 
underground carbon tetrachlonde tank was installed m 1963 at the western edge of the on@ 

excavaon 

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

excepbon of the former carbon tetrachlonde tank to the west, there are no other known 
subsurface structures or excavmons m&ate ly  to the north or west The bud- unmed~ately 
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west of the excavaon, Burldmg 701, is burlt on a concrete slab Therefore, the excavaaon is 

believed to be a closed depression mto the bedrock surface The bedrock sides and bottom of the 

depression consist of the Arapahoe Formatton 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 radlological 

contarmnahon, 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 concentraaons in soil are 

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

occur in a thtn layer, approxlmately one foot h c k ,  pooled on the bedrock surface at the bottom 

of the closed depression The carbon tetrachlonde may fill the bottom of the excavabon, 

includmg underneath Tanks T-9 and T-10 and the assmated sump (Figure 3) However, there is 

a possibdity that the NAPL is pooled at several mtervals near the bottom of the excavatron, 

rather than a contmuous shallow layer Installabon of the wells could have intercepted several 
small pools whtch then dramed mto the well, gvmg the appearance of a smgle pool of NAPL 

Insufficient data exlsts to fully M e r m a t e  between these scenarios However, as the NAPL is 

thought to occur withm a one foot mterval near the bottom of the excavaon, and it is llkely that 

the NAPL is trapped on top of the udsturbed bedrock claystone 

The low-permeabdity claystone at the bottom of the excavabon acts as a bamer to prevent 

substantA downward m m o n  of the carbon tetrachlonde, whle the groundwater above 

prevents evapoWon. Dissolubon of carbon tetrachlonde mto the overlymg groundwater may be 
llrmted due to stagnant groundwater combbons, i e ,  the bottom of the depression is isolated from 

the actwe groundwater flow path 

The verlxal nugratron of NAPL mto bedrock was evaluated by an earher study, whch concluded 

that there is no apparent threat to surface water or to deeper aqwfers (RMRS 1996b) All 
occurrences of the NAPL layer are at too great of depths to mgrate along utdity comdors, or 
along the orrgmal bedrock surface Therefore, the only nsk to surface water is through m-on 

of the dlssolved phase m groundwater 
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To roughly eshmate the volume of NAPL that may be present, the depths to the NAPL and hgh 

soil concentrabons were used to e&mate a thtckness for the NAPL Using thts informahon, a 

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

assumphons were used for the NAPL volume calculahon 

Based on the avalable engineenng 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 mveshgaQon results, the excavahon depth was assumed to be 22 1 feet below 

ground surface 

A NAPL thickness of 1 1 feet was esomated by subtrachng depth to NAPL from the 

mterface probe measurement from the assumed depth of the excavabon (22 1 feet) 

The area of NAPL contammahon was estunated based on the wells contamng NAPL 

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

matend throughout the excavatton Thts results m an estmate of a 46 foot by 46 foot area 

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

a porosity mnservattvely estmated to be between 25 and 35 percent (Freeze and Cherry, 

1979) 

Based on the eshmated extent of NAPL and the pore volume, three methods were used to 

estmate the volume of free phase NAPL 

Method 1- As a conservattve assumphon, it was assumed that 50 96 of the void space IS filled 

with NAPL and 50% IS filled with water 

Method 2 - The m u m  VOC concentraons of sod samples taken from wells wth free phase 

NAPL were averaged, and the average concenWon was apphed to the calculated volume of the 

NAPL layer 

Method 3 - A range of residual s a m o n s  of 0 01 to 0 4 was denved from expenmental studles 

m sand (Pankow and Cherry 1996) and were apphed to the eshmated pore volume 

The results of these three methods are presented m Table 11 The results are reported at three 

dfferent recovery rates, 5%, 1596, and 50% ?he 5% and 50% recovery rates are considered 
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rmmmum and mmmum rates, respecttvely The 15% recovery rate is based on a petroleum 

industry rate under favorable condttons (Pankow and Cherry 1996) Because the NAPL resides 

in the bottom of an excavahon rather than as pools of NAPL on a natural bedrock surface, the 

recovery rates are expected to be hgher at IHSS 1 18 1 than at a typical NAPL site 

The volume calculatton based on the soil concentrattons (Method 2) probably does not represent 

the actual volume of NAPL present at thts site The soil concentraQons are probably residual 

concentrahons, as opposed to concentraons expected from a sample where the pore spaces are 

filled with liqwd The NAPL generally flowed out of the core dunng sampling events, leaving 

only residual amounts rn the soil 

Estimated Total 

based on residual saturation 

Appendm A contarns the calculattons and assumpttons used to generate these esbmates 

4 0 RECOMMENDATIONS FOR FUTURE ACTIONS 

An rntervn remedtal amon is bemg considered as the NAPL is m contact with groundwater and 

is probably the pmaple contnbutor to the suspected dtssolved-phase contarmnated groundwater 

plume extendmg to the east 'lhs wdl be evaluated as part of a groundwater m v m g a o n  

scheduled for 1998 'Ihs rnvesQg&on wdl also detemne if there is a plume of LNAPL 

con-on rn groundwater, this is suspected due to the No 2 fuel od dtscovered dmng th~s 
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inveshgahon Further interpretahon of the data, and evaluahon of alternaves will be developed 

as part of the Interim Measurdntenm Remedlal AcOon process 
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6 0  ACRONYMS 

ALF 
CDPHE 
CERCLA 
DOE 
DNAPL 
ER 
HPGe 
HRR 
IHSS 
m m  
LNAPL 

Acbon Level Framework 
Colorado Department of Public Health and Environment 
Comprehensive Environmental Resource, Compens&on, and Liabhty Act 
Department of Energy 
Dense Non-aqueous Phase Liqwd 
Environmental Restorahon 

Izlstorical Release Report 
Indwidual Hazardous Substance Site 
rmliigram per lulogram 
Light Non-aqueous Phase L i p d  

HlghPurlty Gemmum 
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NAPL 
ou 
Pcdg 
pcln 
PPM 
RCRA 
RFCA 
RFETS 
RFI 
RI 
ug/kg 
ugll 
vocs 

Non-aqueous Phase Liqwd 
Operable Umt 
picocurres per gram 
p i c m i e s  per Mer 
parts per mullion 
Resource Consemahon and Recovery Act 
Rocky Flats Cleanup Agreement 
Rocky Flats Envlronmental Technology Site 
RCRA Facility Invesbgabon 
Remdal Invesugabon 
rmcrogram per lulogram 
rmcrogram per hter 
Volatde Orgmc Compounds 
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NAPL VOLUME CALCULATIONS 
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Date ,- 

File Name E x l m L - m  I 

Title* IHSS 1 18.1 NAP1 Volume Estimate 

IHSS 7 7 8.7 Non-Aqueous Phase Liquid (NAPL) Volume 
Estimate 

W c t i v e ;  To estimate the range of potential volumes of subsurface free-phase 
NAPL at IHSS 11 8 1 and to  estimate a range of how much can be recovered 

thod- Two steps were taken to calculate the volumes of free phase NAPL 
and the volume of recoverable NAPL First, the volume of the NAPL layer and the 
volume of the pore space with in that layer were estimated Then three different 
methods were then used to calculate the volume of free phase NAPL present and 
the volume of NAPL that could be recovered The three methods were used to 
estimate the amount of NAPL is the saturated layer below the water table 

1) Method 2 - As a conservative estimate, it was assumed that 50% of the pore 
space was NAPL with remaining 50% being filled by water 

2) Method 2 - The highest Pre-Remedial Investigation soil concentrations from each 
boring containing free-phase NAPL were averaged and applied to  the pore space 
volume in the NAPL layer e 
3) m o d  3 - Empirically derived NAPL residual saturations were used 

The areal extent and the thickness of the NAPL layer were determined from data 
from the IHSS 118 1 Pre-Remedial Investigation The range of porosities was 
based on the different types of fill materials detected in the cores and typical 
ranges (Groundwater, Freeze, R A , and Cherry, J A , Prentice-Hall, 1979) The 
range of recovery rates was based on best professional judgment, rules of thumbs, 
and typical rates from the petroleum industry (Pankow and Cherry, 1996, p 502). 

Based on the surficial chemistry of the soil and the NAPL, the soil has a greater 
affinity for water so that though the NAPL is present in the larger pore volumes in 
the saturated layer, the smaller pores could have entrapped water 

tion of B m d  Pore Space Volarn- 

1) The areal extent of the NAPL was based on the distance between Well 05497 
and Well 05897 these wells are on opposite sides of the process waste tank and 
both contained free phase NAPL (see attached cross-section) It was assumed that @ 



Page: A 2 2  
I 

rl) 
c 0 

0 rl) F 

0 
cr) 

0 rl) cv cv 



Date Page: A m  \ 

File Name: Extent.txt & Extent.* 
Title: IHSS 1 18.1 NAP1 Volume E s m t e  

Calculations by C. D. Cowderv 
Signature Le* 
the NAPL woul 
are approximately 46 feet apart so the areal extent was estimated to  be a 46' x 46' 
square. 

Checked By IYL fi +e#. 

Date /v&/9-7 Signature *[A!& Date &@7 
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xtend this distance from the tanks but no further. These wells 

2) The thickness of the NAPL was assumed to be approximately 1 1 feet based on 
bedrock depth of 22 1 and NAPL level of 21 feet based on measurements made 
with an oil/water interface meter. 

3) The sump below the process waste tanks displaces a volume with dimensions of 
12' x 12' to  a depth of about one foot or a volume of 144 cubic feet 

41 The range of porosities was based on 25% as a low value for sand 
(Groundwater, Freeze, R A , and Cherry, J A , Prentice-Hall, 1979)to a high value 
of 35% that was a conservative estimate for the fill material at the site 

C a l c u l a w  

The bulk volume of the NAPL layer was calculated using the following equation 

Volume of the NAPL layer 
Width of NAPL Layer (46') 
Length of NAPL Layer (46') 
Thickness of NAPL Layer (1 1 I )  

Volume displaced by the Sump 

The width of the sump (1 2') 
The length of the sump (1 2') 
The thickness of the sump ( 1') 

(12')(12')(1') 
144 f t 3  
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so \iL = (46')(46')(1 1') - 144 ft3 
= 2,328 ft3 - 144 ft3 
= 2,184 ft3 

The pore space volume is calculated as follows 

VP = V,n/100% 

where, 

VP - Pore Space Volume 
n - Soil Porosity Percent (25% - 35%) 

The pore space volume was estimated at three different porosities 2 5 O / 6 ,  30%, and 
35% 

For 25% this yielded, 

VP = (2,184 ft3)(25%/1 00%) 
- - 546 ft3 

For 30% this yielded, 

VP = (2,184 ft3) (30%/100%) 
= 655 2 ft3 

For 35% this yielded, 

VP = (2,184 ft3' (35%/100%) 
= 764 4 ft3 

ethod 1 - m a t e  NAPL Volume bv A s s u m l n a t  50% of Porosity 
iLwEL 

The equation used to calculate the NAPL volume is as follows 

where, 
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VNAPL - Volume of the free phase NAPL 

XNAPL Fraction of pore space volume containing free phase NAPL 
(50%) 

The volume of recoverable NAPL is calculated as follows 

where, 

VR - Volume of Recoverable NAPL 
XI7 

- Fraction of NAPL that is recoverable 

The recovery rates were evaluated over a range of values from 5 to  50% in 5% 
increments The range of the recovery rate was based on 5% which is a rate from the 
petroleum industry to 50% which was based on professional judgement The results of this 
calculation are mesented on the attached stxeadsheet ' e  ethod 7 - Fst'mte Volume of NAPL Based on Concentrations 

In calculating the volume based on concentration data, it was assumed that all 
organic compounds besides methylene chloride, carbon tetrachloride and chloroform 
were in negligible concentrations Wells 051 97, 05297, 05597, 05697, and 
05797 were not used because NAPL was not present and because these boreholes 
are farther out from the T-9/T-10 tanks It should be noted that many soil 
concentrations were estimated because they exceeded the calibration range of the 

I gas chromatograph/mass spectrometer 

Because the NAPL is residing in fill material that represents a variety of origins and 
because measured bulk densities at RFETS have not shown much variability, the 
soil density was based on the midpoint for the range of values for silty sand and 
gravel The minimum and maximum are 89 and 146 Ib/ft3 (Lamb, T W. and 
Whitman, R V , Sod Mechanics, 1969) respectively, therefore the median dry 
density is about 117 Ib/ft3 For calculating the wet density, a porosity of 30% was 
used because it is the midpoint between the range of porosities considered (25% - 
35%). The density of the liquid was assumed to be 1 1 g/cm3 because the density 
was increased 10% over the density of water to  account for the organic fraction e I 



0 

Recovery Rate (%) 
5 

I 

Porosity (%) 
25 I 30 I 35 

1021 1231 143 

I 

NAPL Volume (gallons) 
Estimated Total I 2042 

I 

Page: BAUUL 
IHSS 118 1 DNAPL Volume Estmate - Method 1 

2450 2859 

I 

I I 1 IHSS 118.1 Estimate of Potential I 
Non-Aqueous Phase Fluid (NAPL) Recovery 

Method 1 - Assume a 50% Residual DNAPL Saturation 
IGallons) 

EXTENT3xls XIS 12/18/97 
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The well concentrations were averaged for three compounds, methylene chloride, 
carbon tetrachloride and chloroform The averages were not immediately combined 
into a single average because each of the compounds had a different density 
The following equation was used to determine the volume of the NAPL 

where, 

VNAPL - 
VL - Bulk volume of the NAPL layer 
PW 
P, 

Volume of the free phase NAPL 

- Bulk wet density of the NAPL layer 
Density of individual organic compounds 

C, - Concentration of individual organic compounds 
- 

@ The bulk wet density was calculated as follows 

where, 

- Bulk dry density of NAPL layer PI 
Density of pore space liquid PI19 

n - Percent porosity of NAPL layer 
- 

The volume of recoverable NAPL was calculated using the same equation as 
Method 1 .  The results of these calculations are presented in the attached 
spreadsheet 

Method 3 - Estimate Volume of NAPL Based on Residual Saturation 

Ass- 
The third method is based on empirically derived residual saturations (Pankow, J F 
and Cherry, J. A , Dense Chlorinated Solvents and Other DNAPLs in Groundwater, 
1996, Waterloo Press, Portland Oregon, p 98) These values are from three 0 
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Date November 17. 1997 Page: A9 af 1.Q 
File Name. m e n t . t x t  & Fxten- 
Title IHSS 1 18.1 NAP1 Volume E s w e  

~ ~~~ ~ 

Estimated Total 
Volume of NAPL 
Present (gallons) 

2042 
2450 
2859 

@ Calculations by C. D. Cowderv Checked By pl PetefiJ 
Signature- h Date/L//S/t 7Signature -f$dbm- 
different studies were all from sands and ranged from 0 01 to 0 4 The residual 
DNAPL saturation is the fraction of the total pore volume that IS taken up by 
DNAPL 

Date &!2h 
/ t -  

Estimated Volume of NAPL 
Recovered (gallons) 

Recovery Rate 
5% 15% so% 
1021 2450 8168 
122 5 294 1 9802 
1429 343 1 11435 

The volume was calculated using the following equation 

Methodology 
Method 1 - Estimate 
by Assuming that 50% of 
Porosity is NAPL 
Method 2 - Estimate Volume 
Based on Concentration 

where, 

Residual 
Saturation 

VNAPL - Volume of free phase NAPL 

SNAPL - Residual saturation of the NAPL 
- Volume of pore space in the NAPL layer VP 

41 
49 
57 

1634 
1960 
2207 

The volume of recoverable NAPL was calculated using the same equation as 
Method 1 The results of these calculations are presented in the attached 

2 0  6 1  20 4 
2 5  7 4  24 5 
2 9  8 6  28.6 

01 7 2450 8168 
980 2941 9802 

1144 3431 11435 

@ spreadsheet 

Method 3 - Estimate Volume 
Based on Residual Saturation 

I 

Porosity (%) 
25 
30 
35 

25 
30 
35 

25 
30 
35 

21 3 91 
781 041 
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IHSS 118 1 DNAPL Volume Estimate - Method 3 

IHSS 118.1 Estimate of Potential 
Non-Aqueous Phase Fluid (NAPL) Recovery 

(Gallons) 
I I I I 
I I I I I I I 

Method 3 - Use Emplrically Derived Residual DNAPL Concentrations 
I 

I I I I I I I I J 

1 EXTENT3xls XIS 1211 8/97 
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