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ground penetrating radar
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RI Remedial Investigation
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SIR Subsurface Interface Radar

SO System Operations
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1.0 INTRODUCTION
11 PROJECT OVERVIEW

In September 1992, the Department of Energy/Rocky Flats Office (DOE/RFQ) released a final
Subsurface Internm Measure/Interim Remedial Action Plan (IM/IRAP) to investigate the removal of
VOC contamination from three areas within Operable Umit 2 (OU-2) Specifically, the Soil Vapor
Extraction (SVE) technology would be pilot tested within, or adjacent to, suspected volatile organic
compound (VOC) source areas in the 903 Pad, Mound and East Trenches The Final Pilot Test Plan
for the SVE technology was submitted to CDH and EPA in January 1993, for Pilot Test No 1 at the
East Trenches (DOE 1993 C)

In 1993, a pilot SVE unit was fabricated off site and installed at Trench T-3 located within Individual
Hazardous Substance Site (IHSS) 110 within QU-2 Pilot testing of SVE 1s scheduled for February
1994

1.2 MEMORANDUM OBJECTIVES

The purpose of this Technical Memorandum (TM) 1s to evaluate the impact of the Non Aqueous
Phase Liquid (NAPL) on the SVE pilot equipment modifications and test objectives This includes
evaluating the treatment of extracted soil gas at high organic concentrations and the potential transport
of the NAPL 1n the subsurface duning the pilot test This document 1s not mtended to provide
alternatives to address the remediation of the NAPL soil gas extracted by the SVE at IHSS 110 This
TM will utilize the information from soil gas surveys, the OU-2 remedial investigation, design
changes and engineenng evaluations to identify whether the objectives of the pilot test plan can be
achieved or if they need to be modified

- - e~ -
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13 ORGANIZATION

The following 1s a bnef discussion of the Technical Memorandum Organization

. 10 Introduction

This section will present a project overview and include the TM objectives and

organization

o 20 Site Conditions

This section will contan background information on IHSS 110 using existing data,
including the new soil gas survey data collected by others

J 30 Evaluation of Proposed Pilot Test

This section will review Data Quality Objectives (DQOs) as noted in the Final OU-2
Subsurface IM/IRA Pilot Plan including an estimate of soil gas and groundwater y
extraction rates based on available physical and chemical data.

) 40 Evaluation of the Interactive Influences between the Pilot Tests and NAPL

Transport

A simple conceptual model will be presented describing the transport of NAPL at the ,
site and the impact of this transport on the SVE test

. 50 Changes to Pilot Test Program

This section will identify and summanze 1ssues and changes to SVE pilot test |

program

(4043-110-0118-361)-{sva-4m. 13(3/1 184 10-0%am)
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20 SITE CONDITIONS

Trench T-3 (IHSS 110) 1s located north of Central Avenue, east of the inner fence, and south of South
Walnut Creek Samtary sewage sludge contaminated with depleted uranium and plutonium and
flattened drums contaminated with depleted uranium were buried at this trench This trench was used J
from 1954 to 1963 (DOE 1991a, DOE 1992a)

The following sections will discuss the geology, hydrogeology, all field investigations performed to

charactenze the trench, an evaluation of the nature and extent of contamination, the presence of i
NAPLs, and results from the geophysical survey in and beneath Trench T-3 This information will

be used 1n Sections 3 0 and 4 0 to evaluate contaminant impacts on the Pilot Test

2.1 GEOLOGY AND HYDROGEOLOGY |

The east trenches including Trench T-3 are underlamn by Rocky Flats Alluvium (RFA) which 1s the ;
topographically highest and oldest alluvial deposit beneath RFP (DOE 1993a) The RFA, in the
vicinity of Trench T-3, 1s compnsed of sandy gravel (GC and GW) with interbedded clay lenses
Grain size of the RFA ranged from fine-grained sands to cobbles The thickness of the RFA 1s
approximately 15 to 20 feet beneath the trench !

The Arapahoe Formation unconformably underlies the RFA, and 1s compnsed of sandstones,
siltstones, and claystone, as shown on Figure 2 1-1 The sandstone channel sequence of the Arapahoe
Formation beneath and around Trench T-3 1s referred to as the No 1 Sandstone This sandstone unit
1s heterogeneous, moderately to highly fnable, and has a range of grain size from very-fine to
medium-grained sand The No 1 Sandstone 1s estimated to be 1in contact with RFA (subcropping
condition) 1n the areas south and east of Trench T-3 (DOE 1993a) Based on a review of the
subsurface so1l samples collected from the SVE boreholes and wells, the No 1 Sandstone 1s estimated
to subcrop beneath RFA near the central and eastem parts of Trench T-3 However, in the western
part of the trench (near borchole 10191), the RFA and No 1 Sandstone are separated by
approximately 10 feet of claystone

The contact between the RFA and the underlying bedrock units 1s highly irregular, due to the erosion
of the top of bedrock surface Therefore, the thickness and geometry of the RFA 1s controlled by

1
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certain top of bedrock features In OU-2, prominent top of bedrock features include the north and
south paleondges and the medtal paleoscour (DOE 1993a)

The north and south paleondges are generally southwest-northeast trending bedrock high features that
are indicated by borehole control (DOE 1993a, Figures 3 5-5 and 3 5-6) Trench T-3 1s located above
the southern flank of the north paleondge The medial paleoscour 1s a bedrock trough feature that
1s believed to onginate 1n the 903 Pad Area and trends to the northeast between the paleondges This
paleoscour takes a northward bend and 1s truncated along the north-facing hillside of the South Walnut
Creck drainage Where the paleoscour intersects the hillside, a well-developed surface drainage gully
had developed (DOE 1993a, Figure 3 5-6) Groundwater has been observed to seep from the RFA
along the head of this gully duning parts of the year These geological features are shown on Figure
2122

The upper hydrostratigraphic unit (UHSU) groundwater flow system in the vicinity of Trench T-3 1s
comprised of saturated RFA and the No 1 Sandstone The medial paleoscour contains and transmits
most alluvial groundwater The geometry of the paleoscour strongly influences alluvial groundwater
flow direction, which 1s generally to the northeast The paleonidges apparently bound the lateral
extent of saturated alluvium within the paleoscour, restricting alluvial flow from occurring to the north
or south

Alluvial/colluvial potentiometnic surface maps for the first three quarters of 1992 (DOE 1993a, Figures
3 6-8 through 3 6-10) indicate that the RFA 1s saturated only duning parts of the year beneath Trench
T-3 Dunng high water penods (typically in spring and early summer), the lateral extent of saturated
alluvium extends to the southem flank of the north paleonidge, resulting in a saturated alluvial
thickness of up to 4 feet beneath Treach T-3 (DOE 1993a, Figure 3 6-3) Durning low water penods
(e g , March 1992), the alluvium 1s unsaturated beneath the trench

The estimated average hydraulic gradient for the alluvium from 1992 water level measurements 1s
0 020 feet/foot Estimated values of hydraulic conductivity for the RFA from pump tests conducted
at a well cluster compnsed of wells 05691, 11491, 20291, and 20491 range from 8 x 10 cm/s to
4 x 10° cm/s (DOE 1992a) Another pump test conducted at a well cluster including wells 1787,

(4043-110-0118-561) (sve-tm 1X2/11/54 10-03am) - - - B
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20591, and 20691 resulted 1n a range of hydraulic conductivities from 6 x 10° cm/s to 9 x 10™ cm/s
(DOE 1992) The geometric mean of values from these 1992 tests 1s 8 x 10 cm/s Trench T-3 1s
located approximately midway between the two pumping test well clusters

Groundwater flow 1n the No 1 Sandstone 1s strongly influenced by the geometry of the sandstone unit
and 1its interaction with the overlying alluvium and the South Walnut Creeks drainage The primary
direction of flow 1n the sandstone is to the north-northeast in the vicinity of Trench T-3 Under high
water conditions, the sandstone may recetve recharge from overlying alluvium 1n the Trench T-3 area
This 1s probably not a significant process in that the saturated thickness of overlying alluvium 1s
usually less than 4 feet and frequently dry The depth to groundwater in the No 1 Sandstone ranged
typically between 20 to 25 feet

The No 1 Sandstone 1s truncated along the South Walnut Creek hillside Groundwater discharges
from the sandstone along the hillside to seeps The location of sandstone seeps 1s shown in the
Phase II RFI/RI Report for OU-2 (DOE 1993a, Plate 3 6-1)

Calculated values of hydraulic conductivity for the No 1 Sandstone from 1992 pumping test
measurements from a cluster of wells (3687, 20991, 21091, and 20891) range from 3 7 x 10* to 6 2
x 10 * cm/s (DOE 1993b) These values may or may not be representative of conditions in the No 1
Sandstone beneath the trench The estimated hydraulic gradient in the No 1 Sandstone ranges from
003 to 01 feet/foot (DOE 1993a)

22 RELOCATION OF PILOT TEST FROM IHSS 111.1 TO 110

A review was performed of the onginal proposed site location for the OU-2 Soil Vapor Extraction
pilot test to recommend an alternative site  The onginal proposed pilot test site was located in Trench
T-4 (IHSS 111 1) A change n the pilot test location was recommended to Trench T-3 (IHSS 110)
based on higher reported contamination in Trench T-3 than reported in Trench T-4  The
recommendation to relocate the pilot test site was based upon the following observations

J A preliminary data search was completed to gather all available analytical data for
subsurface so1l samples collected within OU-2 These analytical data were evaluated
to identify samples with VOC concentrations detected in the unsaturated zone
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Analytical sample results from borehole 10191 had the highest VOC concentrations
than the other unsaturated borehole results Borehole 10191 1s located within Trench
T3

U The presence of VOCs in the unsaturated soils in and around Trench T-3 was
supported by a recent soil gas survey The majonty of the VOCs detected in the soil
gas survey were |,l-dichloroethane (1,1-DCA), carbon tetrachlonde (CCl,,)
trnchloroethene (TCE), and tetrachlorethene (PCE)

The supporting documentation on the site change 1s found 1n EG&G correspondence (WCFS 1993a)

23 FIELD INVESTIGATIONS

Numerous investigations have been performed at OU-2 to define the nature and extent of
contamination from past waste disposal practices The investigations have identified Trench T-3
(IHSS 110) as a source of VOCs to the surrounding subsurface soils and the UHSU groundwater
These mvestigations included the following

o Phase I Remedial Investigation (RFI/RI) conducted in 1987

o Phase II Alluvial and Bedrock RFI/RI conducted in 1991 and 1993, respectively
. Two so1l gas surveys conducted 1in 1993

. The SVE Pilot Test Implementation conducted in 1993

The Phase I RFI/RI involved dnlling and sampling of two source boreholes 1n and around Trench T-3
(BH3987 and BH4087) The Phase II (alluvial) RFI/RI included dnlling and sampling of one source
borehole (10191) and two plume charactenzation wells (02991 and 12191) south of Trench T-3 The
Phase II (bedrock) investigation included dnlling and sampling of one pilot borehole (21693) and one
lower hydrostratigraphic umit (LHSU) monitoning well (22493) north of Trench T-3 The SVE Pilot
Test Investigation consisted of dniling and sampling of two boreholes and nine wells near Trench T-3

Analyses performed included VOCs, metals, and radionuchdes The specific radionuclhide analyses

(4043-110-0118-361) Crve-um 1XT119¢ th0%am) = &5 - Tt -
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were for alpha, beta, amencium-241 (Am-241), plutonium-239/240 (Pu-239/240), strontium-89/90
(Sr-89/90), trittum, and uramum 1sotopes To date, 16 analytical sample results out of the 20
analytical samples collected have been recetved by Rocky Flats Environmental Data System (RFEDS)
Fourteen of the 16 analytical sample results received from RFEDs were analyzed for VOCs, two
metals sample results and no radionuclide results have been recetved The two soil gas surveys
included sampling of near-surface and deeper (5- to 10-foot sampling interval) subsurface soils 1n

and around Trench T-3
24 NATURE AND EXTENT OF CONTAMINATION

The following discussion provides a description of the nature and extent of contamination within
subsurface soils, so1l gas, and UHSU groundwater 1n the vicimty of Trench T-3 In general, VOC and
semi-volatile organic compound (SVOC) analytical results for these media are discussed in greater
detail than the remaining chemical groups (metals, water quality parameters, radionuchides) because
non-organic compounds are of lesser importance to this IM/IRA In addition to the discussion of
contamination by media, NAPLs are discussed separately in Section 2 4 4

24.1 Subsurface Seils

Three source boreholes, four plume charactenzation monitoring wells, and six SVE locations were
dnlled and sampled during Phase I, Phase II, and SVE investigations to charactenize the vertical extent
of contammation 1in Trench T-3 (10191, 02991, 12191, 21693, 22493, BH3987, BH4087, 24093,
24193, 24493, 24593, 24693, 24793, and 25093) The subsurface soil sample results from these
boreholes and wells were used 1n the statistical detection frequency calculations (Table 2 4-1) The
VOC, SVOC and pesticide/PCB results are shown on Figure 2 4-1

VOCs

Seventeen VOCs were detected in subsurface soi1l samples collected within Trench T-3 (IHSS 110),
as shown on Table 2 4-1 Some of these are suspected laboratory and field contaminants (see the
OU-2 Phase II RFI/RI report [DOE 1993a] for further discussion), (acetone, toluene, methylene
chlonde, and 2-butanone) Chlonnated hydrocarbons (CHCs), including 1,1,1-tnchloroethane (1,1,1-
TCA), CCl,, chloroform (CHCI,), PCE, TCE, 1,1-dichloroethene (1,1-DCE), 1,2-dichloroethene (1,2-
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DCE), and 1,2-dichloroethane (1,2-DCA) were detected at concentrations ranging from parts per
billion to parts per thousand, as shown in Figure 24-1 The vertical extent of selected CHC
contaminants are presented on Figure 2 4-2 Free product was observed in borehole 10191 at a depth
of 4 2 feet duning dnlling Borehole 10191 was being dnlled 1n December of 1991 duning the OU-2
Phase II RFI/RI alluvial program Source borehole 10191 exhibited elevated levels of 1,1,1-TCA,
CCl,, CHCI,, PCE, and TCE 1n the samples collected above the initial water at the time of dnlling
In general, the concentrations of the CHCs decreased with depth in the vadose zone in source
borehole 10191 Below the water table, concentrations increased agam, but to levels significantly
lower than those seen 1n the vadose zone, as discussed in Section 2 4 3

In addition to these CHCs, five other VOCs were detected 1n subsurface soil samples collected from
the SVE locations (2-propanoic acid, 2-methyl, ethylbenzene, methyl methacrylate, styrene, and total
xylenes)

SVOCs

Ten SVOCs were detected in subsurface soil samples collected within Trench T-3, as shown on Table
24-1 Two were phthalates, bis(2-ethylhexyl)phthalate, di-n-butyl phthalate, two were naphthalenes,
2-methylnaphthalene and naphthalene, and two were polyaromatic hydrocarbons (PAHs), phenanthrene
and n-mitrosodiphenylammne SVOCs detected, except for phthalates, are illustrated on Figure 2 4-1
(see the OU-2 Phase II RFI/RI Report [DOE 1993a] for further discussion on the phthalates presence)
Phenanthrene was detected in 1 out of 21 samples analyzed from source borehole 10191 at a depth
of 42 to 8 feet N-mitrosodiphenylamine was detected in 1 out of 21 samples analyzed at an
estimated concentration of 33 pg/kg from location BH3987 at a depth of 0 to 2 feet 2-
methylnaphthalene, 2-methylphenol, and 4-methylphenol were each detected in 1 out of 21 samples
analyzed from source borchole 10191 at a depth of 4 2 to 8 feet Hexachlorobutadiene was detected
in 1 out of 21 samples analyzed from borehole BH4087 Hexachloroethane was detected 1n 2 out of
2] samples analyzed from borehole 10191 at two depths 8 to 14 1 feet and 14 1 to 20 1 feet

esticides/PCBs

Aroclor-1254, a polychlonnated biphenyl (PCB), was detected at an estimated concentration of
6,900D pg/kg in borehole 10191 from 1 out of 21 samples analyzed, taken at the depth of 4 2 to
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8 feet, as shown on Table 2 4-1 and Figure 2 4-1 ‘%

ctals

.

Table 2 4-1 indicates that nine metals were detected at concentrations above the background upper
tolerance limits (UTLs) 1n subsurface so1l samples from Trench T-3 (DOE 1993b) Among these, \
arsenic and cadmium are considered to be OU-2 chemicals of interest (COIs) Arsenic was detected ;
above the background UTL in 5 out of 21 samples analyzed from borehole BH3987 Cadmium
exceeded the background UTL mn 9 out of 21 samples analyzed from borehole BH3987 at
concentrations within the same order of magmtude as the background UTL However, elevated
cadmium results were ubiquitous 1n the 1987 borehole data and are constant with depth As discussed

in the mtroduction of Section 4 3 of the OU-2 Phase II RFI/RI report (DOE 1993a), cadmium 1s not
considered a waste-related contammnant mm OU-2 soil, 1n general, or in Trench T-3 Due to infrequent
detections and low concentrations, banum, cobalt, copper, manganese, and zinc are not considered

to be contaminants Lead and silver may or may not be waste-related contaminants

No metals were detected above the background UTLs in the sample collected from well 24793

Radionuclides

Eight radionuchides detected at activities above the background UTLs are presented in Table 2 4-1

Am-241, plutonium-239 (Pu-239) and Pu-239/240 are OU-2 COCs Uramum-233,234 (U-233,234),
uranium-235 (U-235), and uranium-238 (U-238) are considered to be special case OU-2 contaminants
in Trench T-3 Am-241 was detected at activities above the background UTL 1n 12 out of 21 samples
analyzed The maximum activities of Am-241, Pu-239/240, U-233,234, U-235, and U-238 were found
in a sample collected at a depth of 4 2 to 8 feet from borehole 10191 The maximum activity of Pu-
239/240 (3 12 pCi/g) 1s about 100 times higher than the background UTL Elevated levels of
radionuclides are concentrated m the 4 2- to 8-foot interval of borehole 10191 and generally decrease
with depth, indicating the source of radionuchides to be within Trench T-3 Trench T-3 1s estimated
to be between 5 and 10 feet deep

Both tntium and Sr-90 were infrequently detected at activitics only slightly above the background
UTLs Therefore, their presence 1s not considered to be waste-related
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Other Analytes and Parameters

The pH of subsurface soils in Trench T-3 ranged from 6 23 to 9 17 Ammonia concentrations ranged
from 0 48 to 8 38 pug/g and nitrate/nitnite ranged 1n concentration of 0 27 to 7 18ug/g Total organic
carbon content ranged from 167 to 19,200 pg/g, the maximum concentration was found 1n a sample
from borehole 10191 collected at a depth of 4 2 to 8 feet The maximum total organic carbon result
may be associated with NAPL contamination 1n borehole 10191

Sumgg

The subsurface soil analytical data collected from Trench T-3 indicate that it 1s a source of VOC
contamination (1,1,1-TCA, CCl,, CHCl,, PCE, TCE, and 1,2-DCA) to the subsurface soil and
potentially to UHSU groundwater The concentrations of CHCs decrease with depth down to the
water table There 1s minor contamnation by PAHs and other SVOCs The presence of arsenic, lead,
and silver in this trench may be associated with waste disposal Elevated activities of Am-241, Pu-
239, Pu-239/240, U-233,234, U-235, and U-238 are also present in Trench T-3

24.2 Soil Gas

Two so1l gas surveys have been performed around Trench T-3 (IHSS 110) Both a shallow and a
decper survey have been performed The findings of the soil gas surveys are summanzed below The
shallow (near surface less than a depth of five feet) soil gas survey analyses included the following
VOCs

) 1,1-DCE
U trans-1,2-dichloroethene (trans-1,2-DCE)
. cis-1,2-dichloroethene (ci1s-1,2-DCE)

. 1,1-DCA

. 1,2-DCA

. CCl,

. PCE

] TCE

o vinyl chlonde

TN RIS IR, £, A SR s = = o
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d Total VOCs

1,1-DCE, trans-1,2-DCE, cis-1,2-DCE, and 1,2-DCA were not detected 1n the so1l vapor 1,1-DCA i
was detected 1n 16 of 35 sampling locations and concentrations ranged from 40 to 1,900 ug/l CCl,

was detected 1in 18 of the 35 sampling locations with concentrations ranging from 036 to 111 pg/l 1
TCE was detected 1n 14 of the 35 sampling locations with concentrations ranging from 1 2 to 21 ug/l
PCE was detected 1n 22 of the 35 sampling locations with concentrations ranging from 0 11 to 410
pg/l While vinyl chlonde was detected in two sampling locations at concentrations less than 23 pg/l |

N - W Y B O s .

Review of the spatial distnbution of the soil gas data in Trench T-3 indicates that CCl, may be found

only in the west end of the trench (west of borehole 10191) The PCE soil gas plume 1s located 1n ,
the west central part of Trench T-3 (located east of borechole 10191 and around the SVE wells and |
boreholes) The TCE soil gas plume 1s similar in location to the PCE plume Two elevated total '
VOC concentration areas are observed 1n and around Trench T-3 One 1s located 1n the west central |
part of Trench T-3 (around the SVE wells and boreholes) and the second 1s located on the western {
end of Trench T-3 (west of borehole 10191)

|
The decper so1l gas survey (two surveys from depths of 5 and 10 feet) analytes included 4
e 1,1-DCA |
. CCl,
. PCE .
. TCE

. Total VOCs ‘

Based on the evaluation of the soil gas obtained from the S-foot sampling ntervals, total VOCs appear {
to be concentrated on the western part of Trench T-3 (around borehole 10191) The CCl, so1l vapor
plume 1s located west of Trench T-3 boundary, while 1,1-DCA, PCE, and TCE are located at the
western end of Trench T-3

Review of the soil gas data obtained from a depth of 10 feet indicates that total VOCs, CCl,, and PCE
were observed at higher concentrations that at the 5-foot depth 1,1-DCA was not detected 1n the 10- *
foot sample and TCE was detected at relatively low concentrations

e 555 sz (4043-1 10-8118-361) (sve-am.1)(2/1 /D4 100%am)- - — b i T R RETITE ROYENL % 3
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243 Groundwater

The nature and extent of contamnation in the UHSU groundwater in the vicimty of Trench T-3 was
evaluated based on plume maps of contaminants presented in the OU-2 Phase II RFI/RI Report (DOE
1993a) In general, contamination in the saturated zone beneath the site 1s not believed to have a
significant impact on the SVE study The depth to groundwater 1s generally greater than 20 feet
beneath Trench T-3 The evaluation focused on the VOCs, which are of pnmary concern for the SVE
pilot study

Alluvial/Colluvi w.

Plume maps for OU-2 chemicals of concem 1n alluvial/colluvial groundwater indicate that VOCs with
low concentrations are detected in the Trench T-3 area As stated 1n Section 2 1, the alluvial/colluvial
component of the UHSU 1s saturated beneath Trench T-3 only under high water conditions Well
2487 was sampled duning second quarter 1992 (high water penod) Analytical results for CCl,,
CHCL,, 1,1-DCE, PCE and TCE were all reported below detection limits for that sampling event (DOE
1993a, Section 4 4)

No 1 Sandstone Groundwater

Since the groundwater in the vicinity of Trench T-3 1s pnmanly located within the No 1 Sandstone,
the distnbution of VOC contaminants will be evaluated only 1n monitorning wells completed 1n the
No 1 Sandstone, as shown on Figure 2 4-4 Isoconcentration maps were constructed to 1illustrate the
areal extent of CCl,, CHCl, and PCE The 1soconcentration maps were constructed using analytical
data obtained during the second quarter of 1992 Review of the CCl, 1soconcentration map (Figure
2 4-5) indicated that the concentrations of CCl, mcreased around Trench T-3 as observed in well
12191 (400 pg/), as well as 1n down-gradient wells 03391 (450 pg/1) and 11691 (580 pg/l) Figure
24-6 showed that CHCl, concentrations were an order of magmitude lower than the CCIl,
concentrations and ranged from 11 to 14 pug/t in these wells Review of the PCE 1soconcentration
map (Figure 2 4-7) illustrated that the concentrations of PCE were shightly lower than the CCl,
concentrations in the wells surrounding Trench T-3 The analytical data indicate that Trench T-3 1s
a source of VOC contamination to the UHSU groundwater in the No 1 Sandstone

F
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Two of the nine wells mstalled during the SVE investigation (wells 24193 and 24393) were sampled
and analyzed using both the VOA CLP and VOA 524 2 methods Since well 24193 and 24393 were
not installed until third quarter of 1993, they are not shown on the 1soconcentration maps The
analytical results obtained from the VOA CLP method were reviewed and will be discussed in this
section Nine VOCs were detected 1n the No 1 Sandstone groundwater collected from these two
wells (1,1,1-TCA, 1,1-DCE, 1,2-DCE, CCL,, CHCI,, PCE, toluene, total xylenes, and TCE)

YOC Detected Concentration Range (ug/l)
1,1,1-TCA 6-110
1,1-DCE 4-56
1,2-DCA 10
ccl, 230-3000
CHCl, 8-170
PCE 220-740
Toluene 26
Total Xylenes 3
TCE 38-65

24.4 Nonaqueous Phase Liquid (NAPL)

A free phase NAPL was observed in borehole 10191 (Phase II RFI/RI program) at a depth of
approximately 4 fect and a residual NAPL was 1dentified at approxamately 6 5 to 7 feet dunng dniling
operations The NAPL that was dnpping from the core was described to be dark-brown 1n color
Borehole 10191 was dnlled to a depth of 54 feet in three days Analytical results obtained at this
depth indicated the NAPL to contan the following chemicals 1,1,1-TCA (13,000 ug/kg or ppb),
CCl, (28,000 ug/kg), CHCI, (8,800 ug/kg), PCE (1,300,000 pug/kg), and TCE (120,000 pg/kg)
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At borehole 24793 1n the SVE Pilot Test program, two VOC samples were collected due to elevated
organic readings 1n the field by the photoionization detector (PID) and the observation of discolored
so1l 1n the borehole from the 7 7- to 8-foot sampling interval The 7 7- to 8-foot core samples were
descnbed 1n the field to be a residual of a NAPL that discolored the soil No free phase liquids were
observed for these samples Elevated PCE (1,090,000 pg/kg) and TCE (8,100 ug/kg) were detected
in these samples

Durning the numerous investigations of Trench T-3, a free phase NAPL was observed 1n one sample
from borehole 10191, and a residue NAPL was observed in the borchole from well 24793 Upon
encountenng the NAPL i borehole 24793, dnlling was stopped and the borehole was abandoned 1n
accordance with standard operating procedure (SOP) GT S, Plugging and Abandonment of Boreholes
to prevent further contaminant migration Based on the physical properties that control the migration
of NAPLs, the existence of free phase still in or beneath Trench T-3 1s unclear It 1s possible that the
free phase NAPL observed in borchole 10191 migrated vertically duning the Phase II dnlling
operations or could be still trapped 1n Trench T-3

25 GEOPHYSICAL SURVEY OF TRENCH

Geophysical methods were used to investigate the location of the trench The geophysical methods
used were chosen to allow delmeation of the trench edges and thereby optimize the positioning of the
SVE bonings The geophysical methods used were electromagnetics (EM) and ground penetrating
radar (GPR)

EM methods provide a rapid means of measunng the electncal conductivity of subsurface soil, rock,
and groundwater By measunng vanations n electnical conductivity, subsurface conditions can be
assessed, including vanations 1n so1l conditions and the presence of ferrous and nonferrous matenals
The trench was reported to likely contain metallic debris, so EM was used to identify buned metal
and thus aid 1n defining the edges of the trench A limitation of the method 1s that the EM response
1s based on sampling a volume of subsurface matenal, and thus lateral vanations in conductivity
(indicative of a trench wall) can only be resolved to within a couple of feet

EM data were collected with a Geonics EM-31 terrain conductivity entered 1n a continuous recording
fashion over the survey area 1n accordance with Rocky Flats ERM SOP GT 18, Surface Geophysical

(4043-110-0118-361) (sve-tm I)I11/04 l&.ﬁwﬂ)
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Surveys The continuous recording allowed the geophysicist to directly assess natural versus metal- :
bearing areas 1n the field Although the trench edges were generally 1dentified, more resolution was
desired, so GPR was used to augment the EM data

GPR data were collected with a Geophysical Survey Systems, Inc (GSSI) Subsurface Interface Radar
(SIR) System-3 1n accordance with Rocky Flats ERM SOP GT 18, Surface Geophysical Surveys The
system included a profiling recorder and appropnate transmitting and receiving antennas, and provided
instantaneous and continuous radar profiles

Testing of vanous GPR data acquisition parameters was conducted as part of the feasibility study
' Two antenna frequencies were available for testing, the 300 Mhz and 500 Mhz. Dunng testing, 1t was
concluded that the 300 Mhz would not provide the resolution required for discerning the targets of
l interest, so the 500 Mhz antenna was used for the survey Other data acquisition parameters were 3
tested for optimum data resolution given survey objectives The following recording parameters were 3
: tested
}

o Time range for recording

. Signal range gan

. High and low pass filter settings (given time range for recording) :
. Printer speed

. Antenna towing speed

The final data acquisition parameters allowed identification of the trench walls, and the disturbed fill
area within the trench Interpreted trench edges were then staked 1n the field to facilitate appropnate i
positioning of the SVE borings An approximate location of the trench edge 18 shown in Figure 2 5-1
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3.0 EVALUATION OF PROPOSED PILOT TEST

3.1 REVIEW PILOT TEST OBJECTIVES

The purpose of the IM/IRAP was to investigate the removal of VOC contamination in suspected
subsurface areas at RFP OU-2 using SVE technology to identify if SVE was applicable for final
remedial action The IM/IRAP 1dentified three locations to test SVE technology

. East Trenches
. Mound
. 903 Pad

The SVE pilot study to implement the IM/IRAP for the East Trenches Area was designed to select

a contaminated site based on soil gas survey data The following are overall objectives of the pilot
study

Assess the SVE technology for removal of VOCs in the Rocky Flats Alluvium (RFA)
formation

Assess the SVE technology for removal of VOCs in sandstone with groundwater
extraction

Assess active versus passive air mjection

Incorporate information imto the Corrective Measure Study/Feasibiity Study
(CMS/FS)

o Minimize adverse effects to environment duning the pilot test

In summary, the pilot study 1s to provide information concerning the removal of residual

contamination to support the CMS/FS evaluation of SVE as a remed:al action alternative in the East
Trenches Area

B oo e P clieie At g o rie SRl sasTii o,




EG&G ROCKY FLATS PLANT Manual RFP/ER-TM-94-0U 2 13
Final OU-2 Subsurface IM/IRA Revision No 00

Technical Memorandum No 1 Page 30 of 54
Organization Environmental Science and Engineenng

The pilot study modified the IM/IRAP in the following ways

J Operate vapor treatment system with two blowers operating 1n senes for negative

operating pressure

. Expect 5 gpm pumping rates instead of 1 gpm

Sample exhaust gas to venfy absence of radioactive species mnstead of downstream
from HEPA filter

Evaluate heat input from the blower injection system versus passive air injection

objectives

. Pnmary - Contaminant mass recovery rate - measuning how mass recovery rates
change with particular system configuration

o Secondary - Measunng effectiveness of off-gas treatment equipment, charactenization
of so1l samples and pumped groundwater

Analytical data collection will be made with the following requirements
. Off-gas samples analyzed for TCE, PCE, CCl, using Level II data requirements

obtaned with field or laboratory GC, a 20 ppbv Method Detection Limit (MDL),
greater than 70% data complete A hst of off-gas samples and tumaround times 1s

provided in Table 3-1
J HEPA filter media - Field measurement, bench-top alpha detector

. Soil and groundwater using Level III or IV data requirements

' The analytical data quality objectives were divided into the following primary and secondary
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TABLE 3-1
Summary of Soil Gas Sampling

Analytical Requirements
Tetal Number of
Pilot Seil Make-up Number of | Number of | Certificate of | Analysis
Test Gas Alr QA Samples || CLP Analysis | Turnaround
Number | Samples | Samples | Samples | Collected §| Samples’ Samples’ Period
i 4 1 1 6 1 5 48 hrs
2-1 16 i 2 19 5 14 48 hrs
2-2 16 1 2 19 5 14 48 hrs
2-3 16 1 2 19 5 14 48 hrs
31 16 1 2 19 h) 14 48 hrs
3-2 16 1 2 19 5 14 48 hrs
3-3 16 1 2 | 19 5 14 48 hrs
4-1 16 1 2 19 5 14 48 hrs
4-2 16 ) 2 19 5 14 48 hrs
H 4-3 16 1 2 19 5 14 48 hrs 1

5 20 1 2 23 5 18 14 days

l 6 16 1 2 19 5 14 14 days
7 16 1 2 19 5 14 14 days

8 16 1 2 19 5 14 14 days

9 16 1 2 19 s 14 14 days

29 276 71 205
seme—

Samples collected from the stack including one duplicate per run
Samples collect from the welthead(s), Blower B-300 outlet, and the GAC D-400 outlet
tncluding one duplicate per run
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The design obgectives of the pilot system test, equipment, and field installations include the following

] Draw air under the trench and laterally through the trench

] Design the sandstone well to recover free phase or perched DNAPL from the
groundwater

. Use pressure monitoring probes to collect subsurface pressure measurements to

estimate radus of influence
J Overlap cones of depression for groundwater extraction
J Ensure negative subsurface pressure when mjecting ar

The pilot test 1s divided 1nto the following separate operations to collect information on SVE system
treatment performance, operating configurations, and contaminant removal

. System Operations (SO) Testing N i
o Pilot Testing
. Sustained Operations

The main objective of the SO Testing 1s to evaluate whether the SVE system 1s operating as designed
The pilot test operations 1s divided into the following nine separate tests

. Pilot Test No 1 - Initial Vapor Treatment System Performance
. Pilot Test No, 2 - Alluvium System Performance
. Pilot Test No 3 - Sandstone System Performance
" TURTT VT SPTVERRGT, FIY TR TR T ———" i T S35 =
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. Pilot Test No 4 - Concurrent Groundwater Extraction and Sandstone System
Performance

Pilot Test No 5 - Concurrent Alluvium and Sandstone System Performance

. Pilot Test No 6 - Alluvium Passive Air Inlet Performance

. Pilot Test No 7 - Sandstone Passive Air Inlet Performance

. Pilot Test No 8 - Alluvium Forced Air Inlet Performance

J Pilot Test No 9 - Sandstone Forced Air Inlet Performance

The pilot tests are described 1n detail in the OU-2 Subsurface IM/IRA Pilot Test Plan (DOE 1993c)
These individual tests are designed to collect data for evaluation or estimating the following

. Air Permeability of individual strata. )
. Contaminant removal rates

. Time to reach steady state

. Aur injection effects

Air removal rates and radws of influence
. Vapor treatment system effectiveness

. Groundwater extraction rates and radius of influence

Table 3-2 descnibes the individual tests and the individual test objectives and operating cnitena.
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TABLE 3-2
PILOT TEST OBJECTIVES/OPERATING CRITERIA

Objective/Operating Criteria

¢ Evaluate initial performance of vapor treatment, AV1 for 4 hours at 100
mches of water column operating pressure
Venfy organics are not being discharged to atmosphere
Pressure test the system
Evaluate proper operation of equipment and instruments

Operating Criteria

¢ Gas samples to be analyzed pnor to the start of the next test
Measurements and samples to be collected are outlined 1n Table 7-2 of
the OU-2 Subsurface IM/IRA Pilot Test Plan - Pressure, temperature,
relative humudity, radiological, OVA, and gas samples

o If OVA reading at the stack 1s 10 relative units above background,
collect stack sample for immediate laboratory analyms

¢ Use a field GC for analytical testing of field samples, 2 to 4 hour tumn

around
o If vapor treatment 1s determined to be adequate, subsequent pilot tests
will be performed

2  Alluvium System Objectives
Performance o Evaluate performance of alluvium extraction vent and collect pressure

readings to estimate alluvium sir permeabihty

o Ident:ify subsequent air flow removal rates by varying operating
pressures
Identify the time to reach steady state in the alluvium
Identify contaminant removal rates for varying operating pressures and
air flow removal rates

o Identify radius of influence at varying operating pressures

¢ Identify the maximum radius of nfluence of AV]

s Collect soil gas pressure monitonng data to estimate air permeability of
the alluvium

o Test will consist of three runs at 60, 100, and 140 inches of water
column operating pressures for 8 mmnimum of 16 hours each or until
last three pressure readings at APM3 are within 5 percent of each other
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TABLE 3-2
(continued) ]
Pilot
Test Objective/Operating Criteria
3 Sandstone System Objectives
Performance o Evaluate the performance of the sandstone vapor extraction vent (SVI)

without groundwater extraction and collect pressure readings to estimate
sandstone air permeabality
Identify the time to reach steady state in the sandstone
Identify contaminant removal rates at SV1 for varying operating
pressures and air flow removal rates

¢ Identfy radwus of influence of SV1 at varying operating pressures
Identify the maximum radius of influence of SV1

T EN T N W N By e s

r o If groundwater rnises more than 30 inches, groundwater will be extracted

| to maintain the onginal level prior to vacuum extraction

¢ Test will consist of three runs at 60, 100, and 140 mnches of water
column operating pressures for a mummum of 16 hours each or until
last three pressure readings at SPM2 are withun 5 percent of each other
Vary operating pressures to identify subsequent air flow removal rates
Collect soil gas pressure monitoning data to estimate air permeability of

I the sandstone

4
1
3
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Pilot
Test

TABLE 3-2
(continued)

Objective/Operating Criteria

1 4 Concurrent
Groundwater
Extraction and
Sandstone System
Performance

Objectives

¢ Evaluate the performance of the sandstone vapor extraction vent (SVI)
with groundwater extraction and collect pressure readings to estimate
sandstone air permeability

¢ Identify contaminant removal rates for varying operating pressures and
air flow removal rates
Identify radius of influence at varying operating pressures

o Identfy the maximum radius of nfluence of SV1

¢ [dentify the time to reach steady state in the sandstone

Operating Cntena

¢ Test will consist of three runs at 60, 100, and 140 inches of water
column operating pressures for a mummum of 16 hours each or untl
last three pressure readings at SPM2 are within 5 percent of each other

s Groundwater will be extracted from SV1 and SI1 at a rate of 2 gpm, if
draw down 1s less than 10 feet after 24 hours of pumping rate will be
mncreased.

¢ Groundwater table must stabihze prior to initiation of the vacuum
extraction test

s Stabilization of the ground water level 1s defined as less than 0 1 foot
change 1n SPM1 over a 1 hour period

¢ After ground water extraction rate 1s determuned, groundwater will be
extracted for 24 hours

¢ Groundwater level will be maintained at the onginal level prior to
vacuum extraction

¢ Vary operating pressures to identify subsequent air flow removal rates

¢ Collect 303l gas pressure monmitoring data to estimate air permeabihty of
the sandstone

¢ Collect groundwater samples for laboratory testing for VOCs, metals,

and radionuclides

¥
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Pilot
Test

| 5 Concurrent Alluvium
and Sandstone
System Performance

m

TABLE 3-2
(continued)

Objective/Operating Criteria

Objectives

Test will consist of a single run to evaluate the interaction between
AV1 and SV1 when operating simultaneously and the overall system

performance

Single run for a mimmum of 16 hours or until steady state conditions

are developed as defined in Pilot Test Nos 2 and 3

AV1 will be operated at the pressure showing the highest contaminant

removal during Pilot Test No 2
SV1 will be operated at the pressure that showed the
contanunant removal during Pilot Tests Nos 3 and 4

Steady state groundwater level conditions must be attained as defined

by Pilot Test No 4

highest

6 Alluvium Passive Air
‘ Inlet Performance

¢ Evaluate AIl as a passive air injection vent and its influence on

Alluvium performance

AIl will be opened to the atmosphere

Single run for a minimum of 16 hours or until steady state conditions

are developed as defined 1n Pilot Test Nos 2 and 3

AV1 will be operated at the pressure showing the highest contaminant

removal duning Pilot Test No 2

] 7 Sandstone Passive
* Air Inlet Performance

(4043-310-0118-361) (TRL-32) (030394 3.50pm)

i s @i&&ﬁ; -

Evaluate SI1 as a passive air injection vent and its influence on

sandstone performance

SI1 will be opened to the atmosphere

Single run for 8 minimum of 16 hours or until steady state conditions

are developed as defined 1n Pilot Tests Nos 3 and 4

SV1 will be operated at the pressure showing the highest contaminant

removal duning Pilot Test Nos 3 and 4

Steady state groundwater level conditions must be attained as defined

by Pilot Test No 4
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TABLE 3-2
(continued)

, Test Objective/Operating Criteria
8 Alluvium Forced Air | Qbjective '
‘ Inlet Performance o Evaluate All as an active air injection vent and its influence on

Alluvium performance

All will be connected to air injection blower for a constant supply of
ar

All mjection rate will be between 10 to 50 percent of AV1 extraction
rate

All mjection rate will be hmited to insure a vacuum operating pressure
at APM2

Single run for a mmmum of 16 hours or until steady state conditions
are developed as defined in Pilot Test Nos 2 and 3

AV1 will be operated at the pressure showing the highest contaminant
removal duning Pilot Test No 2

9 Sandstone Forced Air
Inlet Performance ]

Y

Evaluate SII as an active air injection vent and 1ts influence on
sandstone performance

811 will be connected to air injection blower for a constant supply of
arr

SI1 njection rate will be between 10 to 50 percent of SV extraction
rate

SI1 injection rate will be limited to insure a vacuum operating pressure
at SPM2

Single run for a mummum of 16 hours or until stesdy state conditions
are developed as defined 1in Pilot Tests Nos 3 and 4

SV1 will be operated at the pressure showing the highest contaminant
removal duning Pilot Tests Nos 3 and 4

Steady state groundwater level conditions must be attained as defined
by Pilot Test No 4
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The Sustained Operations test 18 designed to conduct an extended test (6 weeks) of one pilot test
configuration that shows an overall contaminant removal rate of greater than 1 pound of VOCs per
24 hour operating penod The information gathered duning the sustamned operation penod will be used
to support the evaluation of the technology in the CMS/FS and to assess the benefit of IM/IRA
operation Contaminant removal rate versus time and radius of mfluence will provide information to
evaluate long-term performance information and estimate capital and operations and maintenance
(O&M) costs for a full-scale system

3.2 SOIL GAS EXTRACTION PRODUCTION

As noted 1n Section 2 0, two vapor extraction wells were installed for the pilot test The extraction
well installed 1n the Alluvium (AV1) has 10 feet of screened length and the well installed 1n the
sandstone (SV1) has a screened length of 50 feet A range of 20 to 40 feet of screen 1n the sandstone
would be exposed dunng dewatening An evaluation can be made on so1l gas production per unit well
screen lengths possible based on soil types and vacuum applied (EPA 1991) for purposes of refining
off-gas flow rate estimates

Based upon the descniption of soil and bedrock in Section 2 0, 1t 1s assumed that the alluvial matenal
physical properties resemble a sandy gravel and that the sandstone physical properties resemble a fine
sand It 1s assumed based on the blower manufacturers data that a maximum vacuum at each well
(P,) of approximately 10 mches of mercury vacuum 1s available P, at the more permeable AV1
should be less than the maximum vacuum However, changes in the estimate of P, would most likely
decrease predicated flow rates by no more than fifty percent Regardless, soil permeabilities are a
more significant vanable than P, n estimating soil gas extraction rates Given P,, a range of soil
permeabilities for the alluvial 18 assumed to be 10 to 12 darcies (1 darcy = 9 87x10”* cm?) and for the
sandstone 0 5 to 5 darcies (EPA 1991) Thus, a range of flow rates can be assumed from 4 5 to 25
standard cubic feet per minute (scfm) per linear foot of well screen 1n the alluvial well and 0 15 to
5 1 scfm per linear foot of well screen in the sandstone well As such, estimated flow rates for AV1
would be 45 scfm to 250 scfm Estimated flow rates from SV1 would be 3 scfm to 204 scfm
Maximum flow rates from SV1 would be halved 1if the water table 1s drawndown only 10 feet from
the onginal water table
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33 GROUNDWATER EXTRACTION

In order to evaluate the extent of groundwater drawdown duning the pilot test, an evaluation of
groundwater extraction was performed As part of the pilot test, groundwater will be extracted from
the two sandstone wells SV1 and SI1 in order to depress the water table The pumping rates and the
potential radius of influence for the pilot test are estimated based on the site specific information
obtammed from the pumping test results in the sandstone northeast of JHSS 110 (DOE 1992b) This
pumping test with a constant pumping rate of 162 gallons per minute (gpm) caused a steady
drawdown of 7 feet in the pumping well, and drawdowns of 5 7 feet, 4 3 feet and 3 S feet in the three
observation wells which are 6 feet, 11 feet and 21 feet away from the pumping well respectively The
hydraulic conductivity values estimated from the drawdown curves at these four locations did not
show significant differences Therefore an average hydraulic conductivity value of the sandstone 1n
the surrounding area of Trench T-3 was estimated at 1 5 ft/day (5 E-04 cm/s)

As the sandstone 1s under unconfined condition, Thiem-Dupuit equation was used to estimate the
pumping rates and the cone of depression based on the ideal assumptions required by analytical
solution, such as homogeneous, 1sotropic, and steady-state honzontal flow

Extraction rates were estimated for achieving a8 maximum drawdown of 30 feet and a mimmum
drawdown of 10 feet tn pumping wells, respectively Estimation was based on the following

assumptions,
. The average saturated thickness of sandstone before pumping was 30 feet
o The radus of pumping well was 2 inches
o The distance between the two extraction wells was approximately 15 feet (Figure

25-1)
A radiwus of influence under the pumping test conditions was estimated at 110 feet using the Thiem-

Dupuit equation Therefore, the radius of influence under the test conditions (10-foot drawdown and
30-foot drawdown) was assumed to be 150 feet and 200 feet, respectively

Wi en Jymdy,
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' Calculations based on these assumptions show that to obtain a drawdown of 30 feet in both pumping

wells, an equal pumping rate of 3 0 gpm for each of the two extraction wells would be required For
I a drawdown of 10 feet 1n both pumping wells, an equal pumping rate of 1 4 gpm would be required
|
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4.0 EVALUATION OF THE INTERACTIVE INFLUENCES BETWEEN THE PILOT
PUMP TESTS AND DNAPL DISTRIBUTION AND MOVEMENT IN THE NO. 1

SANDSTONE

As noted in Section 2 0, DNAPL was observed in Trench T-3 in the free-phase duning the dnlling of
borehole 10191, and in the residual-phase 1n subsurface soil samples from the borehole for nearby
well 24793 Based on the subsurface hydrogeologic conditions present in this area (discussed in
Section 2 1), and an understanding of typical DNAPL behavior in the subsurface environment, a
conceptual model has been developed to evaluate the potential presence and distnbution of DNAPL
in the subsurface in this area, and the potential for the proposed pilot pump test to affect DNAPL
distnibution 1n the Arapahoe Formation No 1 Sandstone, and for the SVE pilot treatment system to
be effected by the presence of DNAPLs

4.1 TYPICAL BEHAVIOR AND DISTRIBUTION OF DNAPL IN THE SUBSURFACE

DNAPLSs released to the subsurface typically migrate vertically downward into the underlying vadose
zone and saturated zone under the influence of gravity As the DNAPLs migrate downward, they
leave behind a trail of residual contamination as the DNAPLs are adsorbed onto soils or are left
behind as droplets trapped 1n dead-end pore spaces in the geologic matenals If the quantity of
DNAPL 1s small, or the depth to the saturated zone 1s large, the liquid-phase or free-phase DNAPL
may be held in the vadose zone by adsorption to soil or trapping in pores until only residual-phase
DNAPL remains Under this condition, the residual-phase DNAPL in the vadose zone 13 essentially
immobile under normal subsurface conditions, and further migration of the DNAPL ceases However,
this residual-phase DNAPL m the vadose zone may be dissolved by water percolating downward,
potentially affecting underlying groundwater quality on a continuing basis

If the quantity of DNAPL released to the subsurface 1s large, or the depth to groundwater 18 small,
the free-phase DNAPL will continue to migrate downward until encountening a hydraulic (i e,
capillary fringe) or lhithologic (1 ¢, fine-gramned geologic umit) barmer DNAPLs that reach the
capiliary fnnge can penetrate 1nto the saturated zone only if they can build sufficient pressure or head
to overcome the capillary pressure Likewise, DNAPLs that encounter a hithologic bamner can only
penctrate that barmer if they can overcome the increased capillary pressure in the fine-grained
materials When capillary pressure cannot be overcome, lateral spreading or pooling of the DNAPL
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on top of the capillary fringe or lithologic barner may occur In the case of a discontinuous fine-
grained lithologic barner surrounded by coarser-grained matenal (e g , a discontinuous claystone lens
in the No 1 Sandstone), lateral spreading may occur on top of the barner until the DNAPL spills over
the edge of the bamer, at which point the DNAPL may continue downward until reaching another
barner

42 POTENTIAL PRESENCE OF DNAPL IN THE VADOSE ZONE AND SATURATED
ZONE AT TRENCH T-3

As a result of the processes described above, DNAPLs in the vicinity of Trench T-3 may exist in the
vadose zone or saturated zone in the residual phase (1 ¢, adhered to soils or trapped 1n pore spaces)
They may also exist in the vadose zone or saturated zone as discrete pools of free-phase DNAPL
pooled on top of the capillary fnnge, on top of clay layers within the alluvium or No 1 Sandstone,
or on top of the claystone at the base of the No 1 Sandstone

As noted above, free-phase DNAPL was observed to flow into borehole 10191 at a depth of about
4 feet while dnilling in Trench T-3 during the OU-2 Phase II RFI/RI alluvial field program in
December 1991 At that ime, dniling was immediately halted for the day When dnlling resumed
the next day, the free-phase DNAPL was no longer present in the borehole, and dnlling of the
borehole was continued to its final depth of 54 feet Residual-phase DNAPL was observed in
collected soil samples to a depth of about 8 feet The ongin of the free-phase DNAPL and 1ts
distribution within Trench T-3 1s unknown It has been speculated that the dnll may have penetrated
a container, releasing the DNAPL into the borehole, or that the DNAPL was pooled on a hner or
other low permeability boundary within or at the base of the trench However, based on detailed
logging of the core from borehole 10191, no indications of a container or liner were 1dentified (e g,
metal shavings or plastic fragments), and 1t was not possible to identify the base of the trench
Therefore, the source of the free-phase DNAPL, or its fate following its observation in 1991 are
unknown

Dunng dnlling of the borehole for nearby well 24793 1n 1993, residual-phase DNAPL was observed
in soil samples collected from the Rocky Flats Alluvium at depths of 7 7 to 8 feet This borchole 1s
believed to be 2 feet from the north wall of Trench T-3 Based on the observations at boreholes
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10191 and 24793, 1t appears that free-phase and residual-phase DNAPL have been or are present in
and near Trench T-3

Depending on the ongmal quantity of free-phase DNAPL present n the trench, 1t may have been
adsorbed onto soils 1n the unsaturated portions of the Rocky Flats Alluvium and underlying No 1
Sandstone and exists now only in the residual-phase, or it may have migrated in the free-phase to the
underlying saturated zone m the No 1 Sandstone In either case, it could act as a continuing source
of dissolved-phase contamination in groundwater in the saturated zone of the No 1 Sandstone If
DNAPL 1s present in the free-phase 1n the saturated zone, its distnbution 1n the No 1 Sandstone could
be effected by the proposed pilot pump tests Additionally, its presence could affect the SVE pilot

treatment system

According to EPA guidance (1992), if the concentration of a compound 1n groundwater exceeds one
percent of that compound'’s solubihity in water, then its potential presence as a DNAPL 1n the saturated
zone should be considered Table 42-1 shows the companson of concentrations of several
compounds in groundwater from wells SV1 and S!1 to their respective solubihities in water Observed
PCE concentrations 1n groundwater are as high as 749 ug/l (0 5 percent of 1ts solubility in water) in
the vicinity of Trench T-3 CCl, concentrations 1n groundwater are as high as 3,000 pg/l (0 4 percent
of 1ts solubility 1n water) i the vicinity of Trench T-3 The concentrations of these compounds 1n
groundwater do not exceed one percent of their respective solubihities 1n water, but are close enough
to suggest that NAPLs are potentially present m the saturated zone Thus, an evaluation of the
potential effects of the proposed pilot pump test 1s appropnate

4.3 SVE PILOT PUMP TEST

43.1 Potential Effects of the Pilot Pump Test on the Distnibution of DNAPL in the No. 1
Sandstone

To evaluate potential effects from the pilot pump test to the distribution of DNAPL in the No 1
Sandstone, if 1t exists, four hypothetical scenanos were developed and evaluated Each scenano
assumed a certain mitial distibution of DNAPL 1n the No 1 Sandstone
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TABLE 4.2-1

GROUNDWATER CONCENTRATIONS VS. ORGANIC SOLUBILITIES

Groundwater
Groundwater concentration (as a
concentrations | Solubility limit 1% of percent of the 1%
| Organic | around JHSS 110 in water solubility hmit| solubility hmit)
| Compound ngl pe pg/t %
{ PCE 220 - 749 150,000 1,500 15 - 50
| TCE 38 - 65 1,100,000 11,000 06
[ccl, 230 - 3000 800,000 8,000 3-38
11,1-DCE 4-56 400,000 4,000 14
i cHCl, $-170 8,200,000 82,000 02
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Scenario 1 Free-phase DNAPL exusts 1n discrete pools perched on top of discontinuous claystone
lenses 1n the saturated No 1 Sandstone

¢ 02 Free-phase DNAPL exists in discrete pools of small thickness on top of the claystone
at the base of the saturated No 1 Sandstone This 1s considered a relatively unlikely

scenaro
cen 3 Residual-phase DNAPL exists 1n the saturated No 1 Sandstone

Scenano 4 Free-phase DNAPL exusts 1n discrete pools on top of the capillary finge above the
water table 1n the No 1 Sandstone

These four scenanos were then evaluated assuming a pump test was performed 1n Well 24193/SV1
The potential resulting movement of DNAPL was then assessed as descnibed below

cen 1

If free-phase DNAPL 1s perched on claystone lenses in the saturated zone in the No 1 Sandstone,
groundwater pumping could cause the free-phase DNAPL to migrate laterally toward the pumping
well As 1t migrates, the free-phase DNAPL will leave a trail of residual-phase DNAPL along the
migration pathway If the free-phase DNAPL 1s of sufficient quantity and 1s close to the well, there
is the potential for the free-phase DNAPL to reach the well and enter the filter pack or well casing
Once in the well casing or filter pack, the free-phase DNAPL could sink, particularly once pumping
has stopped Because Well 24193/SV1 1s screened across both the No 1 Sandstone and a portion of
the underlying claystones of the Lower Hydrostratigraphic Umt (LHSU), this could result n
movement of contamination into the LHSU Because the LHSU 1s composed pnmanly of claystone
at this location, the potential for subsequent movement of contamination away from the well into the
LHSU appears to be small However, this 1s a potential pathway for UHSU contamination to migrate
to the LHSU

If the free-phase DNAPL 1s further away from the pumping well or is present 1n small quantities, the
free-phasec DNAPL may not reach the well casing or filter pack before the pump test 1s discontinued,
or 1t may be held as residual-phasc DNAPL along the migration pathway If free-phase DNAPL 1s
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present at the conclusion of the test, and it has moved beyond the perching claystone layer, it may
then migrate downward even after pumping 1s discontinued

Scenano 2

If DNAPL 1s present 1n pools on top of the claystone at the base of the No 1 Sandstone, pumping
in the sandstone could induce migration of the free-phase DNAPL toward the well As for
Scenano 1, DNAPL could enter the extraction well or filter pack and sink into the LHSU, or 1t could
move toward the well without reaching 1t pnor to completion of the pump test

Scenario 3

If only residual-phase DNAPL exists 1n the saturated No 1 Sandstone, pumping will not induce
movement of the DNAPL within the sandstone However, enhanced dissolution of the residual-phase
DNAPL to the dissolved phase could occur as water 1s drawn past the residual-phase DNAPL,
potentially increasing dissolved concentrations 1n groundwater at the well

Scenano 4

If DNAPL exists 1n the free phase as small pools of hmited thickness on top of the capillary fnnge
above the water table, the lowenng of the water table in the No 1 Sandstone dunng the pilot pump
test could cause the DNAPL pools to move downward with the water table, potentially leaving a trail
of residual-phase DNAPL along the migration pathway As the water table recovers following the
test, the free-phase pools may nse with it, but the residual-phase DNAPLs will remain behind in the
saturated zone and be susceptible to dissolution As such, they will lhikely act as sources of

contamination to groundwater

Other scenanos of DNAPL distribution in the No 1 Sandstone that could be influenced by the pilot
pump test are possible Potential adverse effects from pumping-induced movement of DNAPL, if 1t
occurs, will depend on the location and quantity, as well as the thickness and the contact angle of
free-phase DNAPL 1n the No 1 Sandstone, if any, the duration and the pumping rate of the pilot
pump test, and other factors such as the degree of permeabihity in the UHSU and LHSU at this

location
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In general, 1t 1s believed that movement of potential DNAPLSs 1n the No 1 Sandstone from the hmited
duration pilot pump test should be relatively minor, resulting in little or no adverse impacts with
respect to the nature and extent of contamination An exception to this involves the potential
movement of DNAPLS or dissolved contamination into the LHSU by way of the pumping well, which
1§ screened across both the No 1 Sandstone and a portion of the LHSU Pump test procedures should
be designed to minmmize this potential

43.2 Potential Impacts to Granular Activated Carbon (GAC) Usage from the Presence of
DNAPLs

Using the so1l gas extraction rates developed in Subsection 4 3 1, an estimate can be made of granular
activated carbon (GAC) usage GAC loading estimates will be developed using total VOCs 1n so1l
gas, and calculated PCE values for saturated conditions

As noted 1n Section 2 0, the maximum total VOC concentration n soil gas adjacent to Trench T-3
18 1,000 pg/l (approximately 150 ppm v/v) at 10 feet below ground surface (bgs) Maximum PCE
concentrations at the same depth are 600 pg/l For purposes of calculating carbon usage, 1t 18
assumed that the total VOCs in the soil gas have an average GAC loading similar to PCE

In addition, 1t 1s assumed that concentrations of VOCs 1n the extracted soil gas for the pilot tests could
vary two orders of magnitude greater, 10,000 ppm v/v, than the soil gas concentrations reported
above Then using an estimated so1l gas extraction rate of 100 scfm and estimated GAC loadings of
as low as 5 percent, the first GAC unit (1,800 lbs) could be exhausted in as soon as four hours GAC
usage calculations are provided in Appendix A

High concentrations of organics in the gas stream being treated with GAC have the potental to
overheat the treatment media as a8 result of the heat of adsorption being released when organics are
adsorbed on the GAC This energy 1s typically either dissipated into the gas stream or results n
volatilization of water from the GAC media into the gas stream Excessive concentrations can
potentially elevate the bed temperature to point where 1t could damage the adsorption unit and
potentially ignite the GAC media
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A recent SVE pilot test in April 1993 at Hanford, Washington had an overheat situation in a GAC
unit used for off-gas treatment Extracted so1l gas at an inlet concentration of 28,000 ppm v/v of CCl,
clevated the GAC bed to an estimated 650°F The temperature of the GAC unit was lowered by
introducing water to the vessel (WCFS 1993b)

Due to the potential presence of DNAPL 1n the vadose zone, elevated concentrations greater than
10,000 ppm v/v potentially exist in the extracted soil gas To reduce the potential for an overheat
situation, VOC inlet concentrations should be monitored and limited The SVE unit provides for the
introduction of the necessary dilution air pnior to GAC treatment The maximum inlet concentration
to the GAC units (after dilution) will be limited to 10,000 ppm v/v at an air flow rate of 300 scfm
to prevent an overheat situation

Based on results from the mitial pilot tests, GAC usage will be estimated to complete the pilot test
and sustained operation This information will be presented in a memorandum for distnnbution
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5.0 CHANGES TO PILOT TEST PROGRAM

As noted 1n Section 1 0, a major objective of the TM was to evaluate the impact of DNAPLSs on the
SVE pilot equipment and test objectives As part of that evaluation, the following changes to the
ongnal pilot test plan and objectives have been 1dentified

J Soil gas extraction rates are modified because an exothermic reaction may be immitiated
in the GAC units and carbon usage may be excessive

The following additional changes to the pilot test plan and objectives have been 1dentified

. Given a system operating pressure of 10 mnches of Hg vacuum (approximately 136
inches of water vacuum), the maximum operating pressures for Pilot Tests 2, 3, and
4 of 140 inches of water vacuum may not be attanable

] Field GC program has been replaced with an off-site analytical laboratory Therefore,
3 to 4 hour analytical turnaround 1s not possible

In order to incorporate the general changes to the onginal pilot test plan and objectives identified
above, the following specific changes will be needed

J Field GC will be replaced with off-site analytical laboratory with 48 hour tumnaround
time on pilot test samples to demonstrate and evaluate performance

Inttiation of pilot test No 2 may not occur until rush analytical data are available
from Pilot Test No 1 to confirm the system 1s operating properly The Final OU-2
Subsurface IM/IRA Implementation Plan (EG&G, 1993d) will need to be revised to
reflect this change

. Soil gas flow rates are modified to reduce potential exothermic reactions and off- gas
carbon usage rates
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In an attempt to minimize the potential of an exothermic reaction and to prevent
exhausting the carbon units during the pilot tests, Pilot Test No 1 should start off
with a 20 scfm flow rate from AV1 PID readings of total VOCs would be taken
every fifteen minutes on the extracted soil gas The soil gas flow rate from AV1
would be increased systematically until a safety level of total VOCs 1s reached As
noted 1n Section 3 0, 10,000 pm v/v would be an appropriate cutoff value for Pilot
Test No 1 This level 1s estimated to be adequate to limit the potential of an
exothermic reaction in the GAC unit However, VOC concentrations at this level
may exhaust the GAC after the first pilot test. Based on the data obtained mn Pilot
Test No 1 a maximum flow rate would be established for the other pilot tests These
modifications for Pilot Test No 1 may extend the test from 4 to 8 hours

The following SVE monitoring changes should be made to reduce VOC loadings on
the GAC units

- Install a real tme VOC analyzer to monitor extracted so1l concentrations prior
to dilution

- Install a flow meter to monitor extracted soil gas flow rate prior to dilution
- Install thermocouples in GAC units to monitor for overheat situation

- Limit VOC loading to the GAC (less than 10,000 pm v/v) unit by controlling
the extracted so1l gas and dilution gas flow rates and monitoring the extracted
so1l gas total VOC concentrations

- The Final OU-2 Subsurface IM/IRA Implementation Plan (EG&G, 1993d)
would need to be revised to reflect this change

Operating pressures of 140 inches of water may not be possible Pilot Tests 2, 3, and
4 will be operated at up to the maximum operating pressure of the SVE pilot unit (10
inches Hg) However, no attempt should be made to increase the operating pressure

&5
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above this threshold The Final OU-2 Subsurface IM/IRA Implementation Plan would
need to be revised to reflect this change

extraction well pump should be positioned above the base of the No 1 Sandstone
This should induce an upward flow 1n the portion of the well within the LHSU,
reducing the potential for introduction of contamination

. After completion of the pilot tests and sustained operations at Site No 1, the need for
a long term monitoring program at IHSS 110 will be evaluated to monitor potential

‘ EG&G ROCKY FLATS PLANT Manual RFP/ER-TM-94-0U 2 13
Final OU-2 Subsurface IM/IRA Revision No 00
Technical Memorandum No 1 Page 52 of 54
Organization Environmental Science and Engineening
. To mmmmize the potential for introduction of contamination to the LHSU, the
I effects from the SVE pilot tests or sustained operations
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