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Summary

In Situ Gaseous Reduction (ISGR) is a technology currently being developed by the U.S. Department
of Energy for the remediation of soil waste sites contaminated with hexavalent chromium, Cr(V1). This
approach involves the injection of a treatment gas mixture into a subsurface zone of contamination, result-
ing in the reduction and immobilization of chromium. The primary beneficial result of treatment is the
elimination of a vadose zone source of contamination, thus potentially leading to the decline in hexavalent
chromium concentration levels in local groundwater.

Prior work suggests that a candidate for application of this approach isthe 183-DR site at Hanford,
which is associated with a significant groundwater contaminant plume and was formerly a water treat-
ment facility that utilized chromate as a corrosion inhibitor. This document presents the data collected
during the excavation of trenches and the drilling of two vadose zone boreholes (C3040 and C3041) at the
183-DR site to obtain information regarding distribution of hexavaent chromium and other chemical and
geological data that could support an ISGR demonstration. Laboratory geotechnical and treatment tests
were aso conducted to obtain information needed to support the design of an ISGR demonstration, if
undertaken at the site.

Sediment samples obtained from the trenches and from nearly continuous split spoon cores from the
boreholes were submitted for physical and chemical analysis. Although eevated total chromium was
detected in sediment collected from one of the trenches and from the first borehole (C3040) at 68 ft depth,
only trace levels of hexavalent chromium were detected in all other sediment samples. Hexavaent
chromium was detected at elevated levels in groundwater samples obtained from the boreholes, as was
expected. It isconcluded that the two boreholes missed the vadose zone contaminant source that is
responsible for the hexavalent chromium groundwater plume located downgradient of 183-DR. The well-
defined nature of the groundwater plume suggests that an active vadose zone source may still exist in the
vicinity of 183-DR, however. Borehole C3040 was completed as groundwater monitoring well
199-D2-8, which will help further define the upgradient configuration of the plume.

Further work is needed before a vadose zone source for the groundwater plume can be identified.
The ingtalation of additiona groundwater wells in the vicinity of 183-DR could help to define the source.
Split spoon core should be obtained from the vadose zone during the drilling of these wells and sediment
samples collected and anayzed for hexavalent chromium. The chromate transfer lines and drain lines
may aso be sources of hexavalent chromium contamination. 1f aregion of hexavaent chromiumis iden
tified at 183-DR, local excavation activities could be undertaken to define the source of contamination
and potentially remove it. If contamination extends to significant depths, In Situ Gaseous Reduction can
then be utilized for vadose zone treatment.
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1.0 Introduction and Objectives

This document describes field activities associated with excavation of trenches and installation of two
boreholes to evaluate the distribution of hexavaent chromium, Cr(V1), in the vadose zone at the former
location of the 183-DR facility in the 100-D/DR Area of the U.S. Department of Energy (DOE) Hanford
Site, Washington. If a source of contamination can be identified in the vadose zone at 183-DR, treatment
by injection of areactive gas has been proposed, which would chemically reduce hexavalent chromium
(Thornton et al. 2000a). This approach to remediation is referred to as In Situ Gaseous Reduction or
ISGR (see Figure 1). The ISGR technology is expected to have a significant beneficia effect on loca
groundwater by immobilizing chromium in the vadose zone and thus eliminating the source responsible
for contamination of the unconfined aquifer.

The 183-DR facility was constructed in 1950 to treat water from the Columbia River that was used
for cooling water in the 100DR Reactor (WHC 1993). Primary treatment operations included
coagulation/flocculation of sediment and chlorination (Figure 2). This facility stockpiled sodium
dichromate solution, which was delivered by rail to adichromate transfer station and transferred to
183-DR by chemical lines. Sodium dichromate was added to the processed cooling water as a corrosion
inhibitor (Richards 1953) at concentrations of severa parts per million (ppm or mg/l) after filtering and
before going into clear wells. The treatment plant was decommissioned in 1978. Thisinvolved removal
of surface structures and filling the sedimentation basins with debris and backfill. No significant contam-
ination of soil by hexavalent chromium was described in historical reports. A large groundwater chro-
mate plume presently exists downgradient of the 183-DR site, however, suggesting that the area around
183-DR is the source of the plume (Rohay et a. 1999, Thornton et al. 2000a). Thus, if a vadose zone
source of hexavalent chromium can be identified and treated at 183-DR, it is anticipated that the ground-
water plume will eventually dissipate.

The development and deployment of the ISGR technology has been funded by the U.S. Department
of Energy’s Office of Science and Technology Subsurface Contaminant Focus Area under Technical Task
Plan (TTP) RL38S$42, In Situ Chemica Treatment of Soils by Gaseous Reduction, to Pecific Northwest
National Laboratory (PNNL). This approach involves the preparation of the reactive gas mixture (diluted
hydrogen sulfide in air or nitrogen) by a skid-mounted gas treatment system and injection of the treatment
gas into chromate-contaminated soil through a borehole, asillustrated in Figure 1. The mixture is drawn
through the soil by a vacuum applied to extraction wells situated at the periphery of the flow cell. Asthe
gas mixture contacts the contaminated soil, hexavalent chromium is reduced to the trivalent oxidation
state, which results in immobilization and detoxification of the chromium. Residua hydrogen sulfide is
then scrubbed from the extracted gas mixture by the gas treatment system.

A smdll-scale field demongtration of this approach was previously completed by PNNL at a waste site
located at the U.S. Department of Defense (DOD) White Sands Missile Range, New Mexico (Thornton
eta. 1999). This pilot demonstration was effective in treating hexavalent chromium at the test site and
was successfully completed without any measurable release of treatment gas to the environment.
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Figure 1. Conceptua Mode of the In Situ Gas Treatment System and Wellfield Network

A larger scale demongtration of the ISGR technology within the 100 Areas at the Hanford Site could
be utilized to support DOE’ s remediation goals and would represent the initial deployment of the ISGR
technology at a DOE site. The need for the ISGR technology at the Hanford Site is formally recognized
in Site Technology Coordinating Group (STCG), Need #RL-SS11, Cost-Effective, In Situ Remediation of
Hexavdent Chromium in the Vadose Zone. The ISGR approach to soil remediation has been presented to
stakeholders in meetings with the Hanford STCG and the performance of a treatability test at the Hanford
Site has been endorsed by the STCG Management Council, provided a suitable demonstration site can be
identified. A draft treatability test plan has aso been prepared that describes technical activities and
requirements associated with the gas treatment demonstration if it is undertaken."

! Thornton, E.C., K.B. Olsen, T.J Gilmore, R. Schalla, K. Cantrell, SW. Petersen, and M. Oostrom.
2000. Treatability Test Plan for In Stu Gaseous Reduction at the Hanford 183-DR Ste. Unpublished
report, Pacific Northwest National Laboratory, Richland, Washington.
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Figure 2. Layout of the 183-DR Facility. Coordinate System: State Plane NAD83 (meters).

English units are used in this report because they are used by drillers and geol ogists to measure and
report depths and well construction details. The conversion to metric can be made by multiplying feet by
0.3048 to obtain meters or by multiplying inches by 2.54 to obtain centimeters.

2.0 Summary of Site Characterization Activities

V adose zone characterization has been undertaken recently at 183-DR using Geoprobe™ and cone
penetrometer equipment and by track hoe trenching (Thornton et a. 2000b). This work provided shallow

(E20 feet) gtratigraphic information, but very little hexavalent chromium contamination was identified.
However, minor levels of hexavaent chromium and high levels of total chromium (~650 ppm) were
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detected in soil samples collected in atrench on the northeastern corner of the head house and just north
of the chromate storage tanks (see Figures 2 and 3). This areawas characterized by soil discoloration
(i.e, adightly orange coloration suggestive of oxidation).

The characterization approach utilized in the evauation of hexavaent chromium in the vadose zone
at 183-DR by borehole drilling has been presented in a drilling description of work (DOW) prepared by
PNNL (Thornton et a. 2000a) and implemented under a Bechtel Hanford Inc. drilling contract. The area
of contamination north of the 183-DR head house was identified as the location for the first exploration
borehole (C3040; Figure 3) needed to determine if hexavaent chromium contamination is present deeper
in the vadose zone at 183-DR. Secondary drilling options specified by the DOW included a location near
the former 183-DR filter plant and alocation near a bend in the chromate chemical linesto the west of the
183-DR head house. Based on the results of drilling borehole C3040, which suggested that the source
could be located downgradient of C3040, it was determined to drill the second borehole, C3041, near the
bend in the chromate chemical lines (Figure 3). A detailed discussion of the criteria employed in deter-
mining the location of the second borehole is presented in the DOW. The DOW also indicated that
geophysica logging would be performed in one of the boreholes.
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Figure 3. Location of Boreholes C3040 and C3041 and Excavation Trenches



21 Sampling Summary

The top 20 feet of sediment was sampled in the vicinity of the 183-DR head house in trenching
operations conducted in January 2000 (Thornton et a. 2000b). This led to the discovery of an area of
discolored soil at the northern end of the head house. Borehole C3040 was subsequently drilled at this
location. The drilling of the two boreholes (C3040 and C3041) at 183-DR was initiated on July 20, 2000
(Table 1). Nearly continuous sediment core samples were collected from the boreholes for chemical and
physical anaysis from 20 feet to just below the water table at approximately 85 feet. The opportunity
was taken during this work to complete one of the two boreholes, C3040, as a groundwater monitoring

well, 199-D2-8.
Tablel. Drilling Summary
Ground
Finish Northing Easting Surface Totd
Well ID | Well Name | Start Date| Date (m) (m) Elevation (m) | Depth (ft)
C3040 199-D2-8 7/11/00 8/7/00 151208.864 573263.623 143.605 100.9
C3041 Abandoned 7/20/00 8/1/00 151191.699 573216.127 142.863 86.5

The boreholes were drilled from the surface to 20 feet using an air rotary drilling method and from
20 feet to the final depth using the cable tool method. The top 20 feet at the site contains areas of
concrete and debris from the demolition of the former 183-DR water treatment facility. Air rotary drilling
was determined to be the most efficient method of drilling this zone, because the debris made drilling
conditions relatively difficult. Samples were not obtained in the top 20 feet; however, this interval has
been previoudy sampled by trenching (see Thornton et al. 2000b). Continuous split spoon cores of
sediment were collected from a depth of 20 feet in the boreholes to just below the groundwater table. The
primary goal for the boreholes was to sample the unsaturated zone for chromium concentrations, but they
also provided the opportunity to obtain groundwater datain an area of high chromium concentrations.
For this reason, each borehole was advanced to approximately 10 feet into the upper unconfined aquifer.
A temporary well screen was then installed with a sand pack, and a groundwater sample collected. The
temporary well completion consisted of ingtalling a 2-inch diameter PV C wire-wrap screen with casing.
The 5-foot screen was placed approximately 5 feet below the static water level, and the annulus outside
the casing was backfilled with filterpack sand. The temporary well was then pumped with a Grundfos
Redi-Flo-2™ variable speed submersible pump until groundwater parameters stabilized. Groundwater
samples were then collected (see Section 5.0).

Based on the analytica results for chromium, it was determined that borehole C3040 be deepened and
completed as a RCRA groundwater well (199-D2-8) and C3041 be abandoned. Summary of the comple-
tion details are included in Appendixes A and B. Additiona site-specific geologic descriptions are
presented in Section 3.0.



2.2 Geophysical Logging Summary

Geophysical logging was conducted through the casing in borehole C3041 on July 25, 2000. Total
gamma-ray and neutron moisture logs are included in Appendix B.

A total gamma survey was performed using a Nal (sodium iodide) spectral logging tool, which helped
identify stratigraphic changesin the borehole. An increase in total gamma activity was detected at a
depth of about 47 feet, near the base of the Hanford formation. The gamma ray response was somewhat
erratic from a depth of 47 feet to about 60 feet. This may be a rewarked zone at the top of the Ringold
Formation and was characterized as a silty sandy gravel during geologic logging (see Section 3.0). A
more stable total gamma-ray baseline below 60 feet suggests that thisis the top of undisturbed Ringold
Formation sediments. The total gamma response was judged to be related to concentrations of natural
radionuclides.

Neutron moisture logging was also performed in borehole C3041. The neutron count rate was
relatively constant through the vadose zone, athough values decreased in a zone between 40 and 50 feet
depth. The water level in the casing was evident at a depth of 76 feet onthelog. A static water level
depth of 78.2 feet was recorded during drilling activities (Appendix B).

3.0 Site Geology

The stratigraphic units associated with the vadose zone and unconfined aquifer in the vicinity of the
183-DR site in descending order from the surface to depth are: localized Holocene surficia deposits and
backfill, the informally defined Hanford formation, and the Ringold Formation. Based on geological
logging performed during the drilling of groundwater monitoring wellsin the 100-D Area, the Hanford
formation is generally present to a depth of about 55 feet; a coarse-grained unit of the Ringold is present
from 55 to 98 feet; and a fine-grained unit of the Ringold Formation is present below 98 feet. Hanford
formation sediment consists of 2 to 11 foot-thick interbedded sand and sandy gravel layers. Coarse
grained Ringold Formation Unit E deposits underlie the Hanford formation in the vicinity of 183-DR;
these deposits consist of sandy gravels to sandy silty gravels. The Ringold Upper Mud Unit occurs
locally at a depth of about 105 feet and acts as an aguitard that forms the base of the unconfined aquifer.

The specific geology at the 183-DR site is summarized in Figures 4 and 5 and detailed geologic log
descriptions are presented in Appendixes A and B. The interval from the surface to 15 to 20 feet depth at
the site is composed of backfill material containing broken concrete, piping, and reinforcing steel near the
former location of the 183-DR facility with areas of relatively undisturbed sandy gravel, as determined by
track hoe trenching activities. 1n some areas around the demolished facility, a 3 foot-thick reinforced
concrete floor is gtill intact at a depth of approximately 23 feet. In areas away from the facility at depths
between 16 to 20 feet, the sediments consist of large cobbles in a clast-supported matrix (i.e., lacking a
finer grained matrix). Between 23 to 32 feet, the sediments are predominantly sandy gravel with alayer



Depth (ft)

Chromium (VI) (ug/Kg) Total Chromium Conc. (mg/Kg)

0 50 100 150 200 250 300 350 0 100 200 300 400 500 600 700
! |
0 T Backil 0 1 I ENENS ST (T NN AN N \1\|J||\!1|11\|1!1|\’|\»]\w\
- Sandy Gravel T
104 10 — / 10 —|
; Gravel, Large Cobbles ] ’ .
20 Silty Sandy Gravel 2 20
- I . .|
25| sandy Gravel |
3 30 7@ | 30 —
R _
|
40 —& 40 —
_oe )
\
50 \ 50 —
b \
iy o . i \ N
.. : > 60 — \ 60 —
T o o »
2 :'. - s ] \ .
50000 o o
b Seainy 70 — P 70 —
80 — 80 —
- : :
Fsoaiors ] — —&—  Hach Method 8023 - —@— EPAMethod 6010
“ .0:- 1=
4_0-23_@ 90 e - @ - EPAMethod 7196 b - - - Background Total Chromium Conc.
90 AT 5] %0 =
B
o
100 HE50

Figure 4. Generdized Geologic Logs and Cr Concentration versus Depth for Borehole C3040 and Trench



Depth (ft)

10

20

30

40

50

460

70

80

90

| Silt

Q.Gp-
'O'ﬂﬂ. ll
2pey II
Dop
%4oal |

S0 aend,
o5
0
(=)

PRI
na, %ﬂ%n_naﬁ
{0 8 3:5.:0p0 00,
‘Gﬁu(l:_)oo‘!:goa_, |
LT D=

Sandy Gravel

‘J Concrele Debris
Gravel

{Sandy Gravel to
Gravelly Sand

1Sand

& Sandy Gravel

TD=86.5 ft

Figure5.

10

20

30

40

Silty Sandy Gravel

50

Gravel w/Cobbles 60

70

80

90

Chromium (V1) Total (ug/Kg)

Total Chromium Conc. (mg/Kg)

50 100 150 200 250 300 350 0 100 200 300 400 500 600 700
e b b b P b b e e e e B b b b
B
|
10 ] |
o
|
20 — |
5@ e
| |
30 — |
o
& | 11
P
[ [
e 40 — ®
[ o
| |
50 —
) |
\ 1
| |
0 60 I .
| i
, |
70 —
| !
| —
s e
80 — ‘
—&—  Hach Method 8023 e @  EPA Method 6010
-~ @ - EPAMethod 7196 | — — - Background Conc. of Total Chromium
90 —

Generalized Geologic Logs and Cr Concentration versus Depth for Borehole C3041



of sand between 32 to 36 feet. It isthen silty sandy gravel to approximately 46 feet with a sand layer just
above the contact with the Ringold Formation at 50 feet. The Ringold Formation was differentiated from
the Hanford during logging by the higher percentages of silica-rich minerals. The sediment between

50 feet and the final depth of 100.9 feet in well C3040 was predominantly silty sandy gravel. The top of
the unconfined aquifer was located at about 80 feet below ground surface within the Ringold Formation.
The Upper Mud unit was not encountered in drilling borehole C3040 (well 199-D2-8) probably because
drilling was terminated at 100.9 feet (see Figure 4), whereas the Upper Mud unit should occur near

105 feet.

4.0 Vadose Zone Sediment Chemistry and Physical Properties

Sediment samples collected at 183-DR during trenching and borehole drilling activities were
analyzed for chemical constituents and underwent selected geotechnical tests, primarily measurement of
moisture content and performance of grain size analyses. The chemical analytical data were utilized
primarily to determine the distribution of hexavaent chromium at the site. Moisture content is useful
from the standpoint of identifying zones that may contain higher levels of saturation. The grain size
analyses are useful in providing estimates of permeability, which is an important consideration in the
design of a potentia future ISGR demonstration at the Site.

4.1 Sediment Analysis

Anaytical datafor hexavalent chromium is available for vadose zone sediment samples collected
using Geoprobe™ and cone penetrometer equipment at 183-DR from July through October 1999
(Thornton et a. 2000b). All data obtained indicated hexavalent chromium concentrations at or below
0.5 ppm. Additional sampling was undertaken in January 2000 during the excavation of the two trenches
along the head house foundation (see Figure 3). A total of 50 samples (including duplicates) were
analyzed for hexavalent chromium with generally no significant concentrations detected, though an area
of discolored soil located at the northern end of the head house contained a trace of hexavalent chromium
in one sample collected. Ten of the soil samples collected by excavation were analyzed for total metals
by x-ray fluorescence (XRF). Most were uncontaminated with atotal chromium concentration of 20 to
30 ppm (i.e., background). However, a discolored soil sample collected at the northern end of the head
house at a depth of 3 feet contained about 650 ppm total chromium, and was depleted in iron, manganese,
and calcium and dightly enriched in lead. This area could have become contaminated as the result of
drainage of water off the concrete dab associated with the chromate stock solution storage tanks.
Another sample collected north of the head house at a depth of 15 feet had similar chemical character-
istics and atotal chromium content of 43 ppm, dightly above loca background. This sample appeared to
be associated with an area of alteration around a broken drain pipe.

The high level of total chromium content of the discolored soil thus suggests that chromium-bearing
solutions may have entered the soil at the northern end of the head house, where chromate stock solution



was stored in tanks, or by leakage of subsurface drainage pipes immediately to the north of the head
house. Hexavalent chromium was apparently reduced to the trivalent oxidation state upon entering the
soil and precipitated as Cr(l11) oxyhydroxides (Ra et a. 1987) or other solid Cr(l11)-bearing phases. This
reaction could have been promoted by an acidic character of the solutions, which would have tended to
accelerate reduction by ferrous-iron or organic matter in the soil and could also account for the dight
orange-colored discoloration of the soil.

Borehole C3040 was drilled at the discolored soil location based on the evidence of release of
chromium-bearing solutions from the head house. Continuous split spoon coring was conducted from a
depth of 20 feet below the surface to 5 feet below the groundwater table in this borehole (see Figure 4 and
Appendix A). Analysis of sediment samples from these cores was conducted for a variety of constituents
asindicated in Appendix C for characterization and for waste designation purposes. In general, no
significant indication of contamination was detected. However, atotal chromium concentration of
132.8 ppm and a hexavalent chromium concentration of 130 ppb was reported for asample collected in
the depth interval of 68 to 68.5 feet in borehole C3040.

The second borehole, C3041, was located downgradient of C3040 because less than 2 ppm
hexavaent chromium was detected in a groundwater sample collected from C3040 (Section 5; Thornton
et a. 2000a). Specifically, C3041 was positioned at a bend in the chemical transfer lines coming into the
head house (Figure 3). Split spoon sampling was conducted in this borehole and the sediment samples
analyzed (Appendixes B and C). No indication of contamination was identified in the sediment samples
from C3041 and &l total chromium concentrations were near background levels (Figure 5).

4.2 Moisture Content M easurements

The moisture contents of vadose zone sediment samples obtained from cores retrieved during drilling
of boreholes C3040 and C3041 are presented in Table 2. Vaues ranged from 2.6 to 4.6 wt% and
averaged 3.3 wit% for C3040 and 3.7 wt% for C3041. No discernable trend with depth is apparent,
although the moisture content of samples collected in the interval of 41.5 through 47 feet were highest in
both boreholes. This correspondsto an interval of sand located at a depth of about 40 to 50 feet and could
reflect an increase in saturation near the contact of the Hanford and Ringold formations.

Table2. Moisture Content of Sediment Samples Collected from Boreholes C3040 and C3041

Borehole ID Depth, ft Moisture Content, wt%
C3040 245 350
C3040 46.5-47 4.40
C3040 68-68.5 2.60
C3040 80.5-81 2.60
C3041 25 340
C3041 415-42.5 4.60
C3041 61.5-62.5 3.10
C3041 77-78 3.60
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4.3 Grain Size Analyses and Estimation of Vadose Zone Per meability

Three 5-galon buckets of sandy gravel were collected at different locations during the trenching
operations in intervals that were judged to be native undisturbed sediments. Grain size analysis by
sieving (PNL 1993) was performed with this material, and the results were utilized to obtain estimates of

permesbility. Thisinformation is useful in ISGR design activities because vadose zone permeahility
determines gas flow rates.

Prior to the sieve analysis, the >3/8 inch fraction was removed from each sample and a portion of the
<3/8 inch fraction submitted for analysis. The wt% greater than and less than 3/8 inch isindicated in
Table 3 for each sample. The results of the sieve analysis for the <3/8 inch fractions is presented in
Table 4. Grain size distribution plots of the three samples are presented in Figure 6.

Table3. Weight Percent of Size Fraction Greater and Less than
3/8 inch for Excavated Sediment Samples

Sample ID Wit% > 3/8Inch [ W1t% < 3/8Inch

N130 E130, depth = 15 feet 439 56.1
N131 E130, depth = 15 feet 62.3 37.7
N136 E130, depth = 25 feet 76.7 233

Table4. Seve Anayses of Lessthan 3/8 inch Fraction for

Excavated Sediment Samples
N130 E130 N131E130 N136E130
Diameter (mm) % < diameter % < diameter % < diameter

4,000 79.46 84.66 73.68
2,000 70.49 75.93 63.78
1,000 61.56 64.87 52.09

500 31.52 26.99 22.02

250 12.46 4.62 3.27

125 7.06 259 1.78

63 3.46 141 113

45 170 0.74 0.78
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Figure 6. Grain Size Didtributions of Less than 3/8 inch Fraction of Excavated Sediment Samples

Estimates of hydraulic conductivity of the samples were obtained from the grain size analyses using
several theoretical models. An estimate of 700 m/day was obtained when the >3/8 inch fraction was
included, and 200 m/day was obtained when only the <3/8 inch fraction was considered. This corre-
sponds to intrinsic permeabilities of about 8.3 x 10™° m” and 2.4 x 10™° n’, respectively, and provides a
preliminary estimate of the range of permeabilities that could exist in the Hanford formation at the site.
This information has been utilized to support initial modeling activities in support of a possible ISGR
demondtration at 183-DR. Numerical simulations with the Subsurface Transport Over Multiple Phases
(STOMP) smulator (White and Oostrom 1996) suggest that a high flow rate should be achievable
(200 cfm at 2 psig pressure) owing to the high permesbility of the vadose zone at the site. Good gas
capture characteristics have been indicated with respect to STOMP pressure field and tracer smulations
for an extraction to injection flow rate ratio (Qou/Qn) Of 1.1 or greater.

5.0 Groundwater Chemistry and Well Development

Groundwater samples were collected from boreholes C3040 and C3041 for chemical anaysis.
Borehole C3041 was abandoned, but borehole C3040 was completed as a monitoring well. Presented
below are aspects of the groundwater chemistry, especialy chromium concentration levels, and
information associated with development of the temporary and permanent well completions.



51 Groundwater Chemistry Summary

Groundwater samples were collected from temporary completions in boreholes C3040 and C3041 and
analyzed for cations and anions and organic and radionuclide constituents. The results of these analyses
are presented in Appendix C. The only contaminant noted was hexavalent chromium, which was reported
at a concentration of 1,490 ng/L (ppb) in the sample collected from C3040 and 87 ng/L in the sample
from C3041. Total chromium concentrations of 1,600 ng/L and 93.7 ny/L were reported for the C3040
and C3041 samples, respectively. Hexavalent chromium concentrations in the 100-D Area are commonly
similar to total chromium concentrations, indicating that most of the dissolved chromium isin the
hexavalent oxidation state as the chromate anion, CrO,>.

The groundwater data for total chromium concentrations at 183-DR and other groundwater moni-
toring wells in the 100-D Area are presented in Figure 7, which illustrates the configuration of two major
chromium plumes in mid-calendar year 2000. The configuration of the plume in the vicinity of 183-DR is
generaly similar to earlier interpretations (Rohay et al. 1999 and Thornton et al. 2000a). However, this
more recent data plus the information from C3040 and C3041 indicates that the center of the plumeis
displaced dightly to the north relative to earlier work. This suggests that the vadose zone source of
hexavalent chromium at 183-DR could be associated with the chromate chemical transfer lines to the west
of the head house or a drainline located north of the head house. Analyses of soil samples collected at the
100-D Sodium Dichromate Transfer Station (Figure 7) suggest that significant concentrations of
hexavalent chromium are not present at that location (Thornton et a. 2000b).

Hexavaent chromium concentrations in the 100-D Area groundwater plumes approach maximum
values of about 2 mg/L (ppm) asindicated in Figure 7. This observation suggests that the aquifer may be
saturated with respect to a chromate mineral phase that has previoudy precipitated and is now redis-
solving (i.e., hexavalent chromium concentrations may be solubility controlled). To assess this poss-
bility, the analytical data presented for the C3040 groundwater sample was utilized to determine solution
speciation and to calculate the saturation indices for various mineral phases. The MINTEQAZ2 geochemt
ical equilibrium speciation model devel oped by EPA was employed for this purpose (Allison et a. 1991).
In these calculations, alkalinity of the sample was ca culated to be approximately 100 mg/L CaCO; based
on charge balance considerations. Results obtained by the modd indicated the sample was highly under-
saturated with respect to nine different chromate minerals. The solid phase closest to saturation was
BaCrO, (saturation index = log Q/K = -1.529). Thus, no common chromate mineral phase has yet been
recognized that could provide a solubility control for hexavalent chromium concentration levels present in
the aguifer. Solid solution of chromate in minera phases such as calcite or gypsum could provide a
solubility control but it is not possible at present to assess this potential mechanism.

52 Waeéll Development Activities

There were two stages of well development at 183-DR. Thefirst stage was to develop the well using
atemporary well screen after the borehole was advanced 10 feet into the unconfined aquifer; this activity
was undertaken for both boreholes. The second stage, installation of a permanent monitoring well, was
conducted only in borehole C3040 after the well was completed at a depth of 20 feet into the unconfined
aquifer.
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Thefirst stage of development was conducted after atemporary PV C well casing and screen were
placed in the borehole and then backfilled with filterpack sand after the borehole was advanced 10 feet
into the aquifer. The temporary steel casing was then pulled back above the water table to expose the
PVC well screen. Each well was pumped using an electric submersible pump until the groundwater
parameters specific conductance, pH, and hexavalent chromium concentrations stabilized, and turbidity
decreased to below 5 NTU. Additional groundwater samples were collected for chemical and radio-
logical analysis after the groundwater parameters stabilized (Appendix C). The results for hexavalent
chromium as determined in the field using Hach Method 8023, which is equivalent to EPA Method 7196
(EPA 1992), are shown in Figure 8. A total of 900 gallons of water were pumped in 180 minutes from
borehole C3040 during development and atotal of 583 gallons were pumped in 180 minutes from
borehole C3041. The drawdown in C3041 was 1.2 feet after 180 minutes while pumping at 3.3 gallons
per minute. Although an accurate drawdown was not measured in C3040, it can be qualitatively stated
that the drawdown was less in C3040 in comparison to C3041 even while pumping at a higher discharge
rate of 5 gpm. Thisindicated borehole C3040 was a better water producer.
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Figure 8. Cr(VI) Concentration in Development Water from Boreholes C3040 and C3041
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Owing to its higher potential flow rates, borehole C3040 was completed as a permanent groundwater
monitoring well. The hole was deepened to 100.9 feet to accommodate a 20-foot well screen. The well
was again developed after the final completion with stainless stedl well casing and screen. During this
second stage of development, sand was placed around the screen, and the well was initialy devel oped
using a bailer to settle the sandpack. After the annulus was backfilled with bentonite and grout to the
surface, the well was developed using an electric submersible pump. A total of 1,882 galons of water
were pumped in 174 minutes. The total drawdown after 174 minutes of pumping at 10.8 gpm was
12 feet. The development proceeded in steps where the flow rate was sowly increased to 10.8 gallons.
At thisflow rate the water level was approximately 1 foot above the pump intake. The pumping con-
tinued until the groundwater temperature, pH, specific conductance, and the concentration of hexavalent
chromium stabilized and the turbidity decreased to below 5 NTU. The well fully recovered to static water
level approximately 30 minutes after the pump was turned off.

6.0 Laboratory Treatment Tests

A number of laboratory treatment tests have been conducted to date that indicate diluted hydrogen
sulfide is very efficient in reducing hexavalent chromium in soil. However, it isimportant to conduct
Ste-specific treatment tests for each location where ISGR may be applied. The objectives of these site-
specific treatment tests are to verify that an acceptable level of reduction can be achieved and to obtain an
estimate of treatment gas consumption that is expected as hydrogen sulfide interacts with site sediment.
These tests typicdly involve packing contaminated soil into columns and passing a diluted hydrogen
sulfide gas mixture through the column at a known flow rate and concentration. Treatment progress can
be monitored by recording the concentration of hydrogen sulfide at the column exit (i.e., the degree of
breakthrough achieved). After trestment is complete, leaching of the column is undertaken and the mass
of hexavaent chromium recovered is determined by analysis of leachate samples. An untreated soil
column is aso leached to determine the total mass of hexavalent chromium originally present. Compar-
ison of the mass of hexavaent chromium recovered from the two columns provides a basis for deter-
mination of the degree of immobilization achieved during the gas treatment test.

Early experimenta activities conducted during the development of the ISGR approach included
treatment of sediments from the Hanford formation that were spiked with hexavalent chromium at the
200 ppm level (Thornton and Jackson 1994). Treatment with 2,000 and 100 ppm hydrogen sulfide
trestment gas mixtures were undertaken and the treated soil columns leached with groundwater. Leachate
analyses indicated that 94.6% and 98.4% immobilization of chromium was achieved, respectively. More
recently, a sample of soil from the 183-KW site at Hanford has been tested that contains about 203 ppm
hexavalent chromium, as determined by leaching of an untreated soil column. Leaching of the soil after
treatment with a 200 ppm hydrogen sulfide mixture indicated essentially 100% reduction of hexavalent
chromium in the soil. The higher degree of immobilization observed in this test compared to earlier tests
can be attributed to alonger period of treatment. These results thus indicate that a minimum of 95%
immobilization should be achievable by gas treatment at 183-DR under ideal conditions. Treatment
operations may be less effective in the field in many cases, depending on gas flow characteristics and the
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extent of stratigraphic heterogeneity. Asindicated in Section 4.3, however, the high permeability of this
site makesit an idea candidate for the ISGR approach.

Drilling activities at several Hanford Site locations have indicated that generation of hydrogen gas
can occur (e.g., Bjornstad et al. 1994). This appears to result from the reduction of water. This may be
attributed to the breakage of basalt cobbles, with resulting exposure of ferrous-iron bearing surfaces, or by
introduction of metal shavings from adrill bit or drive casing. It has been suggested that hexavalent
chromium in the vadose zone at Hanford may be reduced during drilling as the result of hydrogen gener-
ation or by direct reduction by basalt or shavings. The split spoon sediment sampling undertaken in the
vadose zone a 183-DR was conducted ahead of the cable tool drive casing, however, and thus reduction
of hexavaent chromium by broken rock or metal shavings would not be expected. However, the potential
for the diffusion of hydrogen ahead of the drive casing should be considered as a possible mechanism for
reduction of hexavalent chromium. To test this hypothesis, two more columns were packed with the
Cr(VI1)-contaminated soil collected at the 183-KW site. One of these columns was treated with a mixture
of 4% H, in N, at aflow rate of 100 cc/min for more than 29 hours. The treated and untreated columns
were then leached with deionized water and the leachate samples analyzed for hexavalent chromium. No
significant difference in hexavalent chromium concentrations were observed between the two sets of
leachate samples, indicating that H, did not reduce any of the chromate present in the treated column.
Thus, it is concluded that hydrogen generation by drilling is probably not an important process for
reducing hexavalent chromium in the vadose zone. It is concluded that the cored sediments recovered at
183-DR were probably not significantly atered by drilling activities.

Gas treatment tests have aso been completed on the <3/8 inch fraction of soil collected during the
trench excavations (Section 4.3). The purpose of these tests was to determine the extent of treatment gas
consumption by the soil matrix and to obtain information regarding the specific reactions between H,S/N,
and H,S/air gas mixtures and soil components. Mixtures of 200 ppm hydrogen sulfide in nitrogen and in
air were employed in two column treatment tests. Both tests were run until a high degree of breskthrough
was achieved (C/C, > 0.8). The consumption ratio of hydrogen sulfide to soil by mass was determined to
be 1.0 x 10° for the H,S/N, test and 0.3 x 10° for the H,S/air test. However, asindicated above, the
>3/8 inch fraction of the soil was removed before packing into the columns. This gravel-sized material
would likely consume less hydrogen sulfide on a mass basis owing to the lower specific surface area. A
breakthrough of less than 80% should aso be adequate for reduction of hexavalent chromium by
hydrogen sulfide at the Site, since the rate of this reaction appears to be fast (i.e., most of the treatment gas
is consumed by dlower reactions of hydrogen sulfide with soil iron oxides). Thus, a consumption ratio of
about 1 x 10™* should be adequate for the application of ISGR at 183-DR.

The time required to achieve treatment during an ISGR demonstration at 183-DR can be estimated on
the basis of the mass associated with the trestment zone, the mass of hydrogen sulfide required per unit
mass of soil, and the concentration and flow rate of treatment gas through the site flow cell. Assuming
the zone targeted for treatment is 15 feet thick and 60 feet in diameter, the volume of soil involved is
42,412 cubic feet. Based on abulk density of about 100 Ib/ft> measured in laboratory column tests,
approximately 4.24 x 10° pounds of soil is located in the treatment interval. Asindicated above, agas
consumption ratio of 1 x 10* should be adequate to treat hexavalent chromium within the flow cell.

Thus, approximately 424 pounds of hydrogen sulfide will be needed to treat the zone. If the treatment gas
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isinjected into the site as a 200 ppm hydrogen sulfide mixture at a flow rate of 200 cfm, the time required
to achieve amoderate level of breakthrough is expected to be roughly 78 days. However, because the
treatment time required is inversely proportional to gas concentration and flow rate, the time associated
with amount of time needed for treatment could be reduced by increasing the hydrogen sulfide concen
tration of the injection gas stream or by injecting at a higher flow rate.

7.0 Conclusions and Recommendations

Characterization activities conducted at 183-DR in the course of this study did not locate the vadose
zone source of hexavaent chromium that has contaminated the underlying aquifer. Thus, it is not
possible to proceed with an ISGR demonstration at 183-DR at thistime. However, the groundwater data
collected from boreholes C3040 and C3041, combined with that available from other monitoring wells in
the area, has provided a better understanding of the geometry of the groundwater plume. The chromate
chemical transfer lines located to the west of the 183-DR head house or a drainline north of the head
house could be areas for future site investigations and a potential ISGR deployment.

Additional upgradient groundwater monitoring wells could help to identify the vadose zone source of
hexavalent chromium at 183-DR. In particular, completion of a monitoring well near the former 183-DR
filter plant would be useful in helping to establish the upgradient configuration of the plume. It is recom-
mended that split spoon sampling of vadose zone sediments be undertaken as described in this study
during ingtalation of wells and sediments be analyzed for hexavalent and total chromium in the event that
the source is encountered during drilling.

One or more vadose zone sources of hexavaent chromium may be discovered in the future at
183-DR. If aregion of hexavadent chromium is identif ied, excavation can be undertaken to define the
source and potentially removeit. Application of ISGR can then be considered for remediation of
hexavaent chromium contamination if it is present above action levels at significant depths in the vadose
zone.
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Appendix A

Well Construction Summary Report and Borehole L og
for Borehole C3040



WELL CONSTRUCTION SUMMARY REPORT

Start Date: July 11, 2000

Finish Date: August 7, 2000

Page_1_of _1

Specification No.: IRev. No.: Well Name: 199-D2-8 Temp. Well No.: 3040
ECNs: N/A Approximate Location: Near demolished 183DR Facility, D Area
Project: In Situ Gaseous Reduction Other Companies: Pacific NW Nationai Laboratory and Bechtel
Drilling Company: Resonant Sonic International Geologist(s): Tyler Gilmore, Ron Schalla, Ed Thornton
Driller: Morris Wraspir
" TEMPORARY GASING AND DRILL DEPTH , .. . DRILLING METHOD/HOLE DIAMETER .
*Size/Grade/Lbs. Per Ft. Interval Shoe O.D./l.D. |Auger: Diameter From to
Nominal 14-in. Steel surface ~ 20 ft Cable Tool: 20 ft - 104.7 (TD) 11” Diameter From _20 to 100.9
Nominal 11-in. Steel __20ft—-100.9ft Air Rotary: Surface - 20 ft 14" Diameter From _ 0 to 20
- A.R. w/Sonic: Diameter From to ___ |
Temporary PVC 2-in. casing +5.4 ft - 89.2 ft DiameterFrom___ to __ |
Temporary PVC 2-in. screen 69.1 ft - 89.2 ft Diameter From to |
*Indicate Welded (W) - Flush Joint (FJ) Coupled (C} & Thread Design Diameter From to |
Note: Temporary PVC casing used to obtain water samples and then
removed. Final Stainless Steel casing placed after removing PVC
casing and drilling an additional 15.5 ft
Drilling Fluid: Water
Total Drilled Depth: 100.9 ft Hole Dia @ TD: 11-in. Total Amt. Of Water Added During Drilling: ~130 galions
Well Straightness Test Results: Static Water Level: 81.25 Date: July 18, 2000
GEOPHYSICAL LOGGING
Sondes (type) Interval Date Sondes (type) Interval Date
No Geophysical Logging - - -
COMPLETED WELL
Size/Wt./Material Depth Thread | Slot Size Type Annual'g::"rmler Pack Volume N:zs:
316 Stainless Steel (SS) tail pipe|__100.1 - ___97.08 N/A Natural Fill 100.9 - __100.25| 0.5 ft® N/A
{sump).
316 SS screen; 20 siot wire 97.08 - 771 20 slot |Silica Sand; 10-20 mesh _100.25 - 71.66]31.03 fi*| 10-20
wrap
316 SS casing 20 ft (3 pieces) 774 -___17.06 N/A Bentonite Crumbles __71.66- 10.0| 41.89 ft*
304 SS casing 20 ft (1 piece) 17.06 - _ +2.96 N/A Cement Grout __10.0 - _surface|10.69 ft*
S e s o " OTHERACTIVITIES g
Aquifer Test: (2) Development Tests; one after Date:July 26, 2000 |Well Abandoned: Yes: No: X Date:
temporary PVC installed, and one after final
stainless steel casing installed.
Description: PVC development; Pumped 900 gallons in 180 minutes; Description:
Sampled for Cr(VI) In time series; Stainless steel development, pumped
1882 gal in 174 minutes.
T .. WELL SURVEY DATA
Date: Protective Casing Elevation:
Washington State Plane Coordinates: Brass Cap Elevation:
U o o . CCOMMENTS/REMARKS &
Well completed as a RCRA well
Reported By: Tyler Gilmore Reported By:
Title: Senior Resear; Scierﬁt< / Date: August 22, |{Title: Date:
Vi 2000
Sigpatres, W W Signature:
7
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welllD: (3040 WellName: 149 -Da - ¢
Location: 1o DAven  necw clewmolishod 183 DR Project: Ty 4o, (rasenus RedueLima
Prepared By: v (oplunpve |Date; A“%}& 20pp|Reviewed By:Ron,gL\(ﬁ Schalla IDate: & ~3[-2qm0
Signaturgi 4 [ — Signature:
v 6ONSTRGCTION DATA GEOLOGIC/HYDROLOGIC DATA
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DAILY

Pacific Northwest
Natlonal Laboratory

BOREHOLE LOG

BoringWellNo:  C 3p40

199 ~n2. ~€

|fcation: ; ) so D

Depth:
Project:

Sheet _1_’3,__ of 273

TSGR,

Loggedby -1 §[§g: ‘ Qé; gﬂu /N

. Ll

Date % [3/00

Drilling Contractor _ Resmpnt Sanpr

Reviewed by Scialla K Date 2-3|~2.000 | Driller _ Moveig 4"'k(’ln e
Lithologic Class. Scheme Procedure Rev Rig/Method P(MN, R,‘?,
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point VV\A/\J Sue \(a,,p
L MENTS
DEPTH| TIME ShpLES CONTAMNATION l\{_lgrl{ss- GR{\:&HC (particle :&ngggﬁgnfssg:::;f?::neralogy, r\vsgég CASING (drilling?'aﬂtle,l. g:?mct?rr:,nilow counts,
TYPE| 1D NUMBER |INSTR.| READING roundness, color, reaction to HC, etc.) water level, drill fluld, etc.)
6700 Wik 4 St wp Wl We({ Dove b pransnt [ 5t s
Aeveln vgww‘\' test A Dore
Pican Todake ot 3Ly
A‘L\' (n.}um —’kmu 0“' M(‘
Qevean ~ Vwomsdmis, ok
~ 25 ol battow (obpe
T\)w.d\‘l\) VLYY
Dw= €.9¢€ -21965 = lols T=n
T-‘/Oﬂl‘ﬁf{mw/ = LA Fal
e secoves 4o sladte,
12 - 59065 = g4.935 T 3endn Ay doct
L. 82 Ve s ducens Dl ’/Iam,\s
Q.0 295> 85,0065 T=(
L i Mool Flny vade 2 534( /M‘L/L} ‘éw/gi)
A T=(8 SW\P \(/\dv\ W‘G’FL) BA) fLﬂN\ 49 o) ‘\‘L‘\' ARSI l‘x&{:\m(k*iﬁ_@_ﬂ&{)
%) M_GLQ {R"" T‘"- 14 49 M| 10 awad ﬁo}a (omr(rp\i\ ‘m(m? \I(m.) welo, Mm%e
_Clmais}_sbmkw a\h\s«/ NN ‘C(mb e v

W = Wet, M = Moist, D = Dry



Pacific Northwest DAILY Boring/Well No: C3040 Cqu -Da- VX Depth: __D&«fe(‘nww" Sheet 23 of 23
National Laboratory BOREHOLE LOG L°°""}'7 /00D, 153 DE. Project: ( Ts6 e

Logged by 'ﬁ;k,/ /P:_\_fhw (N ///n,w ’/ Z/ g™~ pate__§/ ?100 Drilling Contractor __Respmand Stz
Reviewed by Rema ], Solaulle 1/, 00" 80,00, Date £= 312000 Driller __as . tndesphs

Lithologic Class. Scheme Procedure Rev Rig/Method e

Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point M

Qv

SAMPLES CONTAMINATION Mois-| GraPHIC LITHOLOGIC DESCRIPTION WATER DRILLING COMMENTS
DEPTH| TIME TuRe|  LoG (particle size distributlon, sorting, mineralogy, ADDED CASING (drilling rate, down time, blow counts,
TYPE| 1D NUMBER |INSTR.| READING roundness, calor, reaction to HCI, etc.) water level, drill fluld, etc.)
15\ [ Dw=a3dl, = 29¢5 = 0,495 T=2%
Terwns = 2.220
DUl 9345%-a%s= 0.0l T=14o T=0 15,20
Trams 303 ‘ , Sh, a0, 0, R0, 100 120
300 Ac T=100 (odte sumls
ey Ll ) - Wodew tewvned L
30\ ) 905 — 29652 43085 o v, ( I
s 0.(5A v JApd 10,9 £
131% D) 95.45-396% = 91,483

Toowas 112

4lp T ¥ Corpueny Dide
| Wie va Chook wnlye bank all !

valps Sl done (ovbes Llee s

\I\o\é»c‘d‘oz
\
Dw 4ag -2265> g1 51 7= 5  Fecyuey
Tiows 241 ,
405 —23u8 = Rlpds T-13
L Teoans 15 HRK
1) | Boimpwad An S¥die ~ T3 Euddest

W = Wet, M = Moist, D = Dry



GROUNDWATER SAMPLE REPORT

Project: 183-DR GW, Drilling Samples, July Date: Page 1 of 1
Task Order/Month: JULY 2000 QC Type: Calculations:
Well Number. C3040-GW A |
Total Purge Volume (gal): Purge Flow Rate (gal/min):
9 gal) 5 o0 g g 6 a
Pump Type: Time on: |Water: |[Purge:  |Samp.:Y|Off:
Red:{(n)
SAMPLES COLLECTED
BOYNS8 Severn Trent Incorporated COC No.: X00-021-1
1;500mL;G/P  7196_CRS: Hexavalent Chromium (1) (Cool 4C)
BOYN89 Severn Trent Incorporated COC No.: X00-021-2
1;20mL;P Activity Scan (None)
1;4000mL;G/P GAMMA_GS: List-1 (9) (HNO3 to pH <2)
1,1000mL;P 9310_ALPHABETA_GPC: Alpha + Beta (2) (HNO3 to pH <2)
BOYN92 Severn Trent St. Louis COC No.: X00-021-5
1;20mL;P Activity Scan (None)
1,500mL;G 7470_HG_CVAA: Mercury (1) (HNO3 to pH <2)
1;500mL;P 6010_METALS_ICP: List-1 (19) (HNO3 to pH <2)
Total No. Bottles: 7 Containment Code: Collector:
FIELD MEASUREMENTS
Water Level (TOC): Drawdown (TOC): Qil Sheen Yes O N O
Prev. pH: Prev. DTW: E-Tape No.:
Time
pH
Temp. (°C)
Cond. (us/cm) {50
Turb. (NTU)
D. O. (mg/L)
FIELD OBSERVATIONS

Weather: Ha‘l“

Field Comments:

Pre Check: Post Check:

Comments: GROUNDWATER - C3040

Well capped and locked: (] Yes [ No Logbook/Pgi# :
Samples Surveyed for Gamma Radiation by RPTs:

Data Recorded by:

Dale8 - 3 ] _

Print and sn ame ) B Date

Data Checked by:




LY

DICPOSITION

C.0.C. #
PNNL CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST X00-021-2
Page 1 of 1
Collector . Contact/Requester [Telephone No. MSIN FAX
[yl G s DL STEWART (509) 3765056
ISAF No. / Sampling Origin Purchase Order/Charge Code
X00-021 HANFORD SITE
Project Title Logbook No. o~ / / Ice Chest No. Temp.
- i ¥.2000 Eeold bees Higloo C %
IShipped To (Lab) Method of Shinment 0 Bill of Lading/Air Bill No.
GOVT. YEHICLE

Protocol Data Turnaround OfTsite Property No.
|__Other 45 Days
POSSIBLE SAMPLE HAZARDS/REMARKS PECIAL INSTRUCTIONS Hold Time Total Activity Exemption: Yes W Noll |

A Batch ali samples submitted under this SAF into one SDG, not to exceed SDG closure of 14 days. Submit invoices & deliverables to

DL Stewart, PNNL.

Sample No. LabID . Date Time No/Type Container Sample Analysis Preservative
BOYN89 w 1x1000-mL P 9310_ALPHABETA_GPC: Alpha + Beta (2) HNO3 to pH <2
BOYNSY w 1x4000-mL G/P GAMMA_GS: List-1'(9) HNO3 to pH <2
BOYN89 w 1x20-mL P Activity Scan None

L M
Relinquished By Print D tx?( ab Received By Print Sign Date/Time Matrix *
I 20:50 s, = DS - Dm Solid
inqui: i R i SE = Sediment = Drum Liqui
Relinquished By Date/Time Received By Date/Time S0 - Solid T =~ Tissee
SL = Sludge Wl = Wipe
W = Water L = Liquid
Relinquished By Date/Time Reccived By Date/Time o = Qi V = Vegetation
A = Air X = Other
Relinquished By Date/Time Received By Date/Time
FINAL SAMPLE | Disposal Method (e.g., Return to customer, per lab procedure, used in process) Disposed By Date/Time




Cr Vi
Gw—uu--'\dwem
7/!8/00 (‘l?u,-v.n‘o Teat ¢ Rede

4»'-?2:\3 ron 05wmgll coul sdl — vesd 0.4% NJ/Q

A3 To  (Cldeced) 0.0l we/l CrVi
N hee s
'.S_?Q Q) OAQL] Tg n( \t(xt-A 20.66 \Mcr//os
.ﬁx!h’-
T 1o Js Ledton 0.lo x lo = 1.6 me/l ¢ yj
) 4 £: ] teved
BLESIN Tio 5% dolukin g2ev g - |40 mg/] V|
0.29x & = .45
£l dered
7i300m T20  =x Jlubon 0.2 ¥ S = ].3BO
. twrbzoos s |dered
”'4{?“* " Tao ‘i—i ds Lo fom O0.2bn—5S = 130
0.21%xS5 = (.35
e Treved
200 Qv Tés 55X A fudion 0.29%5 = l.40
£31aned
220Pwm T&0  sX ﬁwm v.20x5 = .50
. 40 Tioo 2@ X ?,,,Qtﬂ,u:ncm .30 x 3 152
£k .
55 m T120 E * s Ldies 032 % 2L = |45
— & 1 Loned
Clogm [ 140 ?’f s IudS on 0.3 X 5 = |.bo
1:45pm 45 5% dniuhion 0.32 X 5= .60
1:55 pm IS0 selaed., 022 % 5= 16o

A.28



62’V

- ~ |coc.H
PNNL - -
CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST X00-021-1
Page 1 of 1
Collector [Contact/Requester Telephone No. MSIN FAX
-I"V (41/ 6/9 L.M}mef DI STEWART (509) 376-5056
SAF No. |Sampling Origin Purchase Order/Charge Code
X00-021 HANFORD SITE

Project Title Logbook No. i / / Ice Chest No. Temp.
|__183-DR GW. Drilling Samples. July 2000 Field noles  Hiflon C304p
Shioned To (Lab) Method of Shipment Bill of Lading/Air Biil No.
|__Severn Trent Incorporated GOVT. VEHICLE
Protocol Data Turnaround OfTsite Property No.
| Qther 45 Days
POSSIBLE SAMPLE HAZARDS/REMARKS PECIAL INSTRUCTIONS Hold Time Total Activity Exemption: Yes ¥ Noll |

A iR Batch all samples submitted under this SAF into one SDG, not to exceed SDG closure of 14 days. Submit invoices & deliverables to

DL Stewart, PNNL,

Sample No. Lab ID * Date Time No/Type Container Sample Analysis Preservative
BOYN8S w 1x500-mL G/P 7196_CR6: Hexavalent Chromium (1} Cool 4C
)
o
Relinquished By Sign )J /J V"V \ ﬂDatc/Time Received By Print Sign Date/Time Matrix *
Ty 9 v
{04/61 IMAMA p~ 4& il ~6\D S = Sail DS = Drum Solid

Relinquished BY Date/Time Received By Date/Time SE = Sediment DL = DrumLiqui
S0 = Solid T = Tissue
SL = Sludge WI = Wipe
W = Water L = Liquid

Relinquished By Date/Time Received By Date/Time o = Qi V = Vegetation
A = Air X = Other

Relinquished By Date/Time Received By Date/Time

FINAL SAMPLE | Disposal Method (e.g., Return to customer, per lab procedure, used in process) Disposed By Date/Time

DISPOSITION




oe'v

C.O.C.#

PNNL CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST X00-021-5
Page 1 of 1
Collector 61 I (Contact/Requester ITelephone No. MSIN FAX
I l‘\/ DI STEWART. {509) 376-5056
ISAF No. Sampling Origin Purchase Order/Charge Code
X00-021 HANFORD SITE
Project Title Logbook No. / Ice Chest No. Temp.
- v 2000 1/18 od C50¢0
|Shipped To (Lab) Method of Shioment IBill of Lading/Air Bill No.
GOVT, VEHICLE

Protocol Data Turnaround Offsite Property No.
| Other 43 Days T
POSSIBLE SAMPLE HAZARDS/REMARKS PECIAL INSTRUCTIONS Hold Time Total Activity Exemption:  Yes W Noll

bt ad Batch all samples submitted under this SAF into one SDG, not to exceed SDG closure of 14 days. Submit invoices & deliverables to

DL Stewart, PNNL.

Sample No. LabID * Date Time No/Type Container Sample Analysis Preservative
BOYN92 w 1x500-mL P 6010_METALS_ICP: List-1 (19) HNO3 to pH <2
BOYN92 w 1x500-mL G 7470_HG_CVAA: Mercury (1) HNO3 to pH <2
BOYN92 w 1x20-mL P Aclivity Scan None
Relinquished By ﬁ\ Dalefl' ime Received By Print Sign Date/Time Matrix *

Tyle, G\ {A/V\Mﬁ—\ I~q '\% S = Soil DS = Drum Solid
Relinquished dy 1 Date/Ti ﬂne Received By Date/Time SE = Sediment DL = Drum Liqui
SO = Solid T = Tissue
SL = Sludge Wl = Wipe
W = Water L = Liquid
Relinquished By Date/Time Received By Date/Time 0o = Qi YV = Vegetation
A = Air X = Other
iinquished By Date/Time Reccived By Date/Time
Disposal Method (¢.g., Retum to customner, per lab procedure, used in process) Disposed By Date/Time

F' AL SAMPLE
DiPOSITION




Appendix B

Well Construction Summary Report, Borehole L og, and
Geophysical Logsfor Borehole C3041



WELL CONSTRUCTION SUMMARY REPORT

Start Date: July 20, 2000

Finish Date: August 1, 2000

Page _1

of

1

Specification No.:

IRev. No.:

Well Name: N/A

Temp. Well No.: C3041

ECNs: N/A

Approximate Location: Near demolished 183DR Facility, D Area

Project: In Situ Gaseous Reduction

Other Compariies: Pacific NW National Laboratory and Bechtel

Drilling Company: Resonant Sonic International

Driller: Morris Wraspir

Geologist(s): Tyler Gilmore, Ron Schalla

' TEMPORARY CASING AND DRILL DEPTH

. DRILLING METHOD/HOLE DIAMETER

*Size/Grade/Lbs. Per Ft. Interval Shoe 0.D./.D. Auger: Diameter From to

Nominal 14-in. Steel surface — 20 ft Cable Tool: 20 ft - 86.5 (TD) 11" Diameter From _20 to 86.5
Nominal 11-In. Steel __20ft-87.36 ft Air Rotary: Surface - 20 ft 14" Diameter From _0  to 20

- A.R. w/Sonic: Diameter From to ]
Temporary PVC 2-in. casing +3 ft — 76.1 ft Diameter From to |
Temporary PVC 2-in. screen 761 ft-86.42 ft Diameter From to ___ |
*Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Diameter From to _____ |
Note: Temporary PVC casing used to obtain water samples and then
removed

Drilling Fluid: Water
Total Drilled Depth: 86.5 ft Hole Dia @ TD: 11-in. Total Amt. Of Water Added During Drilling: 30 gallons
Weli Straightness Test Results: Good Static Water Level: 78.2 Date: July 26, 2000
GEOPHYSICAL LOGGING
Sondes (type) Interval Date Sondes (type) Interval Date
Relative Moisture (Nuetron) __0-76 7/25/00 -
Total Gamma-Ray __0-84 7/25/00 —
\ . GOMPLETED WELL
Size/Wt./Material Depth Thread | Slot Size Type Annual'g::",';la‘ir pack | VOlume hg?:eh
N/A - N/A -
. e : | OTHERACTVITIES . . Sk
Aquifer Test: Development Test Date:July 26, 2000 |Well Abandoned: Yes: X |No: Date:August 1,
2000

Description: Pumped 577 gallons in 180 minutes; Sampled for Cr(Vl) in

time series

Description: Abandoned after development test. Borehole was
never completed as a well. Sand (from PVC casing) 86.5-74.6 ft;
Bentonite crumbles 74.6-9.3 ft; and Cement Grount 9.3 ft-surface.

e

WELL SURVEY DATA

Date:

Protective Casing Elevation:

Washington State Plane Coordinates:

Brass Cap Elevation:

Well abandoned

777
—
Reported By: Tyler Gilg;\ A(‘\ %}'\_ﬁ Reported By:
Title: Senior Research Scie%s/ IAugust 23,2000 Title: Date:
Signature: Signature:

B.

1




Page 1 of

WELL SUMMARY SHEET Date: Ay 33, 2200
WellID: @ 3p 4} Well Name: ¢ 3pd| ’
Location: oo D Avea  Abay demolished 193 D& |Profect TuSitu, Gasesus Reduetima

Prepared By: 7\‘1 lev &30 Lonnve lDate: August 22 JapiReviewed By: R ov\a.\& SC—L\.n.‘ |4 [Date: @ <3| -20v0,
W \Y
Sorsns 1o L e Sgnature: 12,00 .0, 00,
CONSTRUCTION DATA Deoth GEOLOGIC/HYDROLOGIC DATA
epth in
Description Diagram Feet Gﬁ;));lc Lithologic Description

T{mv‘awa«/y 4" QvaM S(»u\ 1 s o 6&‘(“‘ 0-a.% "C‘\’

Castune  Suvdors = 2nls g g Soma(lv éwmt&( - 18

%"

3.4

Gt ww\)e“c\ {'M\ %vnuw'(\/

'Tew\hwrwv n' Cw'cm«’a#etl
easias dolt - $2.36 %4
(V‘CMAAQOQA Lonn %r&um‘}

C¢‘N\Q~\¥ Gronk 0(5“\- *6ur‘m_zg
Bondouile Crumbles 34.6-93 {4
A0 Me bS -3

Bme\f\n A MOAAAOV\&C‘K

A“ J&(\;jt('\ﬁ wea:‘wuveJ *(:/avw
Gwmwc( SKV'(nCe_

N
\

\

\
WY
b A S WY

Cont vole c{&L)v:s 15 -0

Gv:w&\

- o~

3]

<\Q‘M(\l Gvode‘ +o

lee,«;e.lly Saund_25-33

Soned 20 - 40

?oss;‘h')\e K‘\\I\(\"jnu Cﬁy\&af" ri( 31

Cuovel 56 -bn Wil 0ololles

;
H va o
Tt 5
.~ 1

35 —
| Sovd €3 - €6.5
@S T 1D 80,8
WL, = 790 Xl 2mo

B.2



€4

Pacific Northwest
National Laboratory

DAILY
BOREHOLE LOG

Boring/Well No:
Location:
It *_loo D_Aveo

C 34 |
193 DR,

Depth: 0 — M -L%—

Project:

Sheet / of_%

156K

Logged by Tyl (aclune.

/N

Reviewed by_[Qainald Sc:‘f\m( le. 7/ “71»«:6—; VG0

Date ﬂaa [2!2

Date ¥-3/~ 200

Drilling Contractor Resm,& Snie
pritier _kce [y Cpwder
I

Lithologic Class. Scheme Procedure Rev Rig/Method Dreswv X1 oF A‘: Edh%(
Steel Tape/E-Tape !/ Field Indicator Equip. 1) 2) Depth Control Point { ;‘m mé’ g .,,&g
DEPTH | TIME SAMPLES CONTAMINATION ’.#SEE' anglc (particle :llzeHg:l?lgﬁgnE,sssg::g?nr:neraIogy, ‘A’gggg CASING (driIlingEE:;Léﬁgnchggﬁ?counts,
TYPE| ID NUMBER |INSTR| READING roundness, color, reaction to HC, etc.) water level, drill fluid, etc.)
0 e DIZH (OLA'('(‘M ) O& bozelw(e, RL} R‘MMMH’%_&L
. ' ‘ , drild
Ay tia nim‘\m ew‘oov\\m 1€3 DR,
P& N /0/ 0. l(«mm Cgs,(m .
7dn Abjw'(' /D“(‘-F R\A (Mcw( n,uMﬂ(M whede, JJ,/,{,/JA c /ur é,o
U //7/ AddL C(!‘u‘A{ﬁ T
4r C\[C(JM ‘Lj {Ecuc‘: &A€+66!11w
Sy (cs LM A olry np
Concrete g c‘(e!m,l‘s Lot s, '(m«/
o il il (e du-1n 0" Gumdiup Sed ot Lvm\/v- A&/\‘e\/ SﬂJA‘m..‘\L_ Woen pre s
| Sauple 10 Pon fhoh b0 less o acled |
|_and o visclalo o
t5 |14 ol |C3a4t- 15" Crmued Sl ek closts o d 505t ot 127 Apille
2. VI Hod are u{m(é,' Green, 4'(4&\{&4 ot VJ\r‘(a(A“ be Caccuele
Sruple (325 5| AL cpsia 57
201405l |Cattl=~20 Corank = 1o esbbles greov. coby |
Ghene et — Concnle a\nrou m‘»w\
cl\h& Oid‘&t\I\QAI
P 4
Wi depy dgw oo By oul -57] Take 57 okt o { of
naove_Ca Bedan) e St i,

W = Wet, M = Moist, D = Dry



v'4g

Pacific Northwest DAILY Boring/Well No: C‘,&»d ({ Depth: A Anl = 2% Sheet 2} of _ﬁ
National Laboratory BOREHOLE LqG ,Loc/ation: _Joo D 13 DR Project: T34 P 17
Logged by T(ﬂv é [ = ~ Date ?/al/m Drilling Contractor Pgm‘,c(‘ﬁwz,
Reviewed by {2 ni . \ﬁﬁ g &t L,t N LT ();"_,()_ \)_(_,Q‘_Q,Q Date ¥~ 7] ~2.000 Drilter Movvis .,,(. gl
Lithologic Class. Scheme Procedure Rev Rig/Method 5“:3“‘”5/ Em'E &2!42
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point [a,@m& 5;, :(9 @&
SAMPLES CONTAMINATION LITHOLOGIC DESCRIPTION DRILLING COMMENTS
D T T oo o] scmoma] | 106 | (ilesisdeibuionsogmberonn | ppep | CASNG | (eligrale v e b s
0L M?\ta - w.\k weed 40 Lo done 8 O)N' MM@_Q‘,JL
a8 up / need 4o dadl m&~(a&s£a_h?;
c1% ,DZ,H fﬂ% - be Q\\Je ngm( N Deley o dles tney duilar woyoik
Clecun_gid Casing, »\\%A W 20" -Wew\/me wede S do
g’
(}mw‘iﬁ Caadaso, m‘(’ A Cosilrg,
A% b - st ol ol Meotsuwe DB = (A 2t
[l ad Sedtoncit ot bnse ok Cow Sctup & Splibspmn
[ &:ww\ ) g '
ﬂ;;fl.s Sllesu- , | Sl ¢ Guowel 497 el 45254 deove Sp(dsmmn 19-215
(’4\({" Covo i _LQZ_MMJ_W(S hkom,mw((ai Uut (0(;1) C{nm/\.'\'
’ st Lt \.J/ quodile
wf ol 1'G (A 1"
Muw 757, Racoyeny need (" durl\ slondlr ot & ~ 2257
faon (25,5125 180\ Coot-als ol ( Sk becuens 23.5-25 55 (Lampr
(D) oA - PhsA| Bl ok o Yo Cnueg) ~25% ot
AT | ({5 cehrie
(‘\\ t)/ & Ce4¢\l~n &D‘:M_LLQL
(N Cotre A rasdne il 25" bale
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Appendix C

Sediment and Groundwater Sampling and Analysisfor
183-DR Boreholes C3040 and C3041

C.1 SampleCollection

Core Samples— Drilling of the characterization boreholes at the 183-DR site began on July 20, 2000.
Drilling was initiated by air rotary, but sampling was conducted while drilling with a cable tool rig. Pre-
drilling characterization was conducted at the C3040 borehole site previously (Thornton et a. 2000) to a
depth of 20 feet below ground surface (bgs). Sampling during C3040 borehole ingtalation was initiated
at 20 feet bgs and continued to 5 feet below the water table. Sampling during C3041 borehole installation
was initiated at 10 feet bgs and continued to 5 feet below the water table. All core samples were collected
with a 2 feet by 4 inch diameter split spoon sampler equipped with either 6-inch or 12-inch long lexan
liners and were collected ahead of the driven casing. Upon insertion of the split spoon sampler to its full
length into the undisturbed subsurface sediment sampling interval, the sampler was removed from the
borehole and opened. The lexan liners were transferred to a worktable and screened with a portable
beta/lgamma meter. If a sediment volatile organic sample was to be collected from a specific core-
segment, the 1 to 5 gram sample was collected immediately from the core with a stainless steel spatula
and deposited into a pre-weighed 40 ml volatile organic analysis (VOA) vid containing 10 ml of purge
and trap grade methanol stored at or below 4°C. Immediately after sampling, the vials were stored into an
ice chest with blueice. Thelexan liner core samples were capped and placed in an ice chest with ice
bags. At the end of the day, the VOA via and core samples were placed into awalk-in cooler at 4°C.
Coreswere stored at 4°C at all times, except when being processing.

Groundwater Samples— Groundwater samples were collected from atemporary well completion
within the boreholes. The temporary well completion consisted of installing a 2-inch PV C liner with a
5-foot screened interval 5 feet below the groundwater table. Sand was backfilled around the screened
interval and the wells pumped with a Grundfos Redi-Flo-2 variable speed submersible pump. Each well
was purged for several hours until pH, conductivity, and hexavalent chromium concentrations stabilized
and turbidity decreased to below 5 NTU. Groundwater samples were collected for VOA, filtered metals,
hexavaent chromium, anions, gross apha and beta, and gamma scans.

C.2 Sample Analysis

Table C.1 identifies the number of samples analyzed, the congtituents analyzed, analytical methods
used, and the laboratory conducting the analysis for the sediment and groundwater samples collected.

C.1



TableC.1. Groundwater and Sediment Analysis Associated with Borehole
Instalations at the 183-DR Site

Number of Analytical
Sample Type Samples Constituents Laboratory Laboratory Method
Borehole 10 NA STL EPA Method 1311
Sediments TCLP Leaching
TCLP 10 Metals STL EPA Method 6010
Leachate
TCLP 10 Mercury STL EPA Method 7470
Leachate
TCLP 10 Volatile STL EPA Method 8260
L eachate Organics
Borehole 66 Chromium In-House Hach Method 8023
Sediments \4)
Borehole 66 PH In-House Electrometric
Sediments
Borehole 7 Anions In-House PNL Method IC-1
Sediments
Borehole 10 Chromium STL EPA Method 7196
Sediments D)
Borehole 10 Total Metals KLM KLM-XRF
Sediments Procedure XRF-1
Borehole 4 Soil VOA In-House PNL Method VOA-3
Sediments
Borehole 10 Alpha, Beta, STL STL-RC-5014
Sediments and Gamma STL-RC-5017
Groundwater 2 Alpha, Beta, STL STL-RC-5014
and Gamma STL-RC-5017
Groundwater 2 Metals STL EPA Method 6010
Groundwater 2 Anions In-House PNL Method IC-1
Groundwater 2 VOA In-House PNL Method VOA-3
Groundwater 2 Chromium STL EPA Method 7196
(V1)
In-House = Pacific Northwest National Laboratory, Richland, Washington.
KLM = KLM Analytica Laboratory, Richland, Washington.
STL = Severn Trent Laboratory, Richland, Washington.

Upon receipt of the sediment samples in the laboratory, hexavalent chromium analysis was conducted
on aliquoted core samples at 2-foot intervals. These samples were leached with a sediment/distilled water
ratio of 1:10. Extraction was accelerated with the aid of microwave heating. After cooling the leachate
was analyzed for hexavalent chromium according to Hach Method 8023, which is based on EPA
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Method 7196 (EPA 1992). pH was measured on each sample electrometrically. Anions were measured
in the leachate solutions from 7 of the leachate samples according to procedure PNL-1C-1. This method
is based on EPA Method 300.0 (EPA 1992).

After al sampling was completed from boreholes C3040 and C3041, core segments were selected and
prepared for subsequent analysis. Each selected core segment was sieved through a 2 mm stainless stedl
sieve. The <2 mm sieved fraction was aiquoted into three sub-samples. One 500 ml aliquot was
prepared for STL Laboratory for TCLP leaching, chromium(V1), and radiologica analysis. In addition,
two 60 ml diquots were also prepared. One aliquot was sent for total meta analysis by x-ray
fluorescence. The second 60-ml aliquot was retained as an archive sample for follow up analysis, if

necessary.

Groundwater samples were collected in the field following development of the temporary wells.
Filtered samples were collected for metals analysis. The remainder of the samples was collected
unfiltered. PNNL conducted analysis for anions and volatile organic compounds. Severn Trent
Laboratory conducted the remainder of the anaysis.

Presented below is a summary of each anaytical procedure used for the analysis of sediment and
groundwater samples.

Sediment TCLP Leaching: The Toxicity Characteristic Leaching Procedure (TCLP) isatest
designed to simulate the leaching a waste will undergo if disposed of in a sanitary landfill. The extraction
fluid employed is a function of the alkalinity of the solid phase of the waste. A subsample of awaste is
extracted with the appropriate buffered acetic acid solution for 18 + 2 hours, as prescribed in EPA
Method 1311 (EPA 1992). A solid/leachate ratio of 1:20 is used for the extraction. The extract obtained
from the sediment material is then analyzed to determine if any of the thresholds values established for
the 40 Toxicity Characteristic (TC) constituents have been exceeded or if the treatment standards
established for the congtituents specified by the Land Disposal Redtrictions (LDR) program have been
met. If the TCLP extract contains any one of the TC constituents in an amount equal to or exceeding the
concentrations specified by the LDR program, the waste possesses the characteristic of toxicity andisa
hazardous waste. The resulting TCLP extracts in this study were analyzed for RCRA Metals according to
EPA Method 6010 (ICAP analysis), volatile organic compounds according to EPA Method 8260, and
mercury according to EPA Method 7470. A total of ten sediment samples underwent TCLP leaching and
subsequent analysis at Severn Trent Laboratory.

Sediment VOA: Refrigerated methanol preserved VOA samples were alowed to warm to room
temperature. The 40-ml via was centrifuged to settle the particles and a 0.5 ml aliquot was removed and
diluted to 40 ml with boiled Mill-Q water in aVOA vial. The sample was then analyzed according to
PNL Method VOA-3. PNL Method VOA -3 is based on EPA Method 502.2, which measures atota of
58 volatile and semi-volatile compounds using a tandem photoionization and e ectrolytic conductivity
detector in series. A totd of eight samples and two duplicates samples were analyzed from selected core
segments at PNNL.



Sediment X-Ray Fluorescence: A sample aiquot was removed from the core segment and sieved to
obtain the <2 mm fraction. An aliquot of this fraction was dried at 105°C, coned and quartered, and
ground in amortar and pestle. A 600-mg sample was analyzed using iron, zirconium, and silver second-
ary sources according to KLM procedure XRF-1 (KLM 2000). A tota of 31 elements were reported for
each sample analyzed. KLM Analytical Laboratory, Richland, Washington, analyzed atotal of ten
samples by XRF corresponding to the same samples submitted to STL for TCLP anaysis.

Sediment Chromium (VI): A sample aiquot was removed from the 500 ml aliquoted prepared for
STL Laboratory for TCLP leaching. The sample was leached using a 1:10 sediment/distilled water ratio.
The samples were analyzed according to EPA Method 7196 as independent verification of PNNL’s
in-house hexavaent chromium measurement. A total of ten samples corresponding to the same samples
submitted for TCLP leaching were analyzed at Severn Trent Laboratory for hexavaent chromium.

Sediment Alpha, Beta, and Gamma: Sediment analysis for alpha, and beta emitting radionuclides
were analyzed according to STL's method RC-5014. Sediment samples were digested with nitric acid
and the digestates analyzed for apha and beta radionuclides using appropriate a pha and beta counting
techniques. Analysis of gamma emitting radionuclides was conducted according to STL’s method
RC-5017. Gamma emitting radionuclides were measured directly on aiquots of the sediment samples
using high-resolution gamma-ray spectroscopy. A total of ten samples corresponding to the same
samples submitted for TCLP leaching were analyzed at Severn Trent Laboratory for apha, beta, and
gamma.

Sediment PCB Screening: Screening of selected sediment samples was conducted using the SDI
EnvironGard PCB test kit. This screening test is based on enzyme immunoassay that enables sediment
samples to be screened reliably. The test method measures the concentrations of Aroclors 1016, 1242,
1248, 1254, and 1260 to 1 ppm in sediment. Sediment samples are extracted with methanol at a 1:1
soil/methanol volume ratio. An aiquot of the extract is exposed to a treated test tube, which is activated
with an enzyme conjugate. The concentration is determined colorimetricaly by comparing the absorption
of the sample tube to known concentrations of PCBs. A tota of ten samples corresponding to the same
samples submitted for TCLP leaching were analyzed at PNNL for PCBs.

Groundwater Metalsand Radiological Analysis: Groundwater samples were analyzed for filtered
metal concentrations according to EPA Method 6010. Analysis of groundwater samples for alpha and
beta emitting radionuclides were measured according to STL’s method RC-5014. Analysis of gamma
emitting radionuclides was conducted according to STL’s method RC-5017. A tota of two water
samples were analyzed at Severn Trent Laboratory.

Groundwater Anions: Groundwater samples were analyzed for fluoride, chloride, bromide, nitrate,
phosphate, sulfite, sulfate, formate, and oxalate anions according to PNL Method IC-01. Thisanaysisis
based on ion chromatograph separations of anions according to EPA Method 300.0 (EPA 1992). Two
groundwater samples were analyzed at PNNL.

Groundwater VOA: Groundwater samples were analy zed for volatile organic compounds according
to PNL Method VOA-3. PNL Method VOA -3 is based on EPA Method 502.2 (EPA 1992), which
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measures atotal of 58 volatile and semi-volatile compounds using a tandem photoionization and e ectro-
lytic conductivity detector in series. Two groundwater samples were analyzed at PNNL.

C.3 SampleResults

Table C.2 contains field-screening results for selected C3040 and C3041 borehole sediment samples
that were water leached and analyzed for hexavaent chromium, pH, and anion concentrations. Table C.3
contains the results of the TCLP leachate analysis for volatile organic compounds, TCLP RCRA metals,
PCBs, total metal concentrations of the sediment samples by XRF for arsenic, chromium, lead, and
selenium, and analysis of selected sediment samples for hexavalent chromium. Table C.4 contains the
groundwater analytical results for anions, apha, beta, and gamma emitting radionuclides, VOC, and
filtered metal concentrations collected from borehole C3040 and C3041.

Reviewing the data present in Table C.2 revealed no hexavaent chromium to be present in any of the
sediment samples. pH ranged from 8.8 to 9.2 in the sediment |leachate samples. Anion anaysis of
selected sediments samples identified the presence of formate and oxaate. Other common anions identi-
fied in the leachate solutions included fluoride, chloride, nitrate, phosphate, sulfate, and traces of sulfite
identified in one sample.

The TCLP leachate data presented in Table C.3 indicates that no volatile organic compounds were
present above the detection limit of the method. This result was expected because of the sample prepara
tion activitiesinvolved. In anticipation of this problem, sediment samples were aso collected in the field
using the methanol preservation method (Liikalaet al. 1996). The results of this anaysis found trichloro-
ethylene (TCE), chloroform (CCl;H), benzene, toluene, o-xylene, and ethylbenzene present in the
samples. In al cases except for chloroform, there was a significant blank problem within the methanol
used to extract the samples. A “B” identifies analyte compounds suspected of have a significant blank
contribution. There was a trace of chloroform identified in the methanol but this did not contribute
significantly to the high concentrations measured in several samples. The high chloroform concentrations
appear to berea. However, if 100% of the chloroform was extracted into the TCLP leachate solution, its
concentrations would only be 1900 ppb, significantly below the alowable limit of 6,000 ppb for the
TCLP leachate solutions.

Results of the RCRA metals analysis of the TCLP leachate solutions found all the target metals below
the TCLP action levels. The results of the XRF analysis found total arsenic and selenium at or below the
detection limit of the method. Total chromium and lead concentrations were observed at typical Hanford
background concentrations for sediment samples with the exception of 132.8 ppm chromium found in
sample C3040 68-68.5. This sample also had 130 ppb of Ieachable hexavaent chromium. All other
hexavaent chromium concentrations were below the method detection limit.

Results of radiochemical analysis on the sediments found norma Hanford background activities.
Tota apha activity ranged from below the method detection limit to 11 pCi/g. Beta activity ranges from
12910 31.9 pCi/g. All the cobat-60 and cesium-137 concentrations were below the method detection
limits. Potassium-40 ranged from 10.1 pCi/g to 21.9 pCi/g, which is normal for Hanford sediments.



TableC.2. Chromium (V1), pH, and Anion Results for Water Leachates of Sediment
Samples Collected from Boreholes C3040 and C3041

Sediment

[Cr+6] Fluoride Chloride Bromide Nitrate Phosphate Sulfite Sulfate Formate Oxalate
Sample ID _Depth (ft) (opm) pH (ppm) (ppm)  (ppm) (ppm)  (ppm)  (ppm) (ppm)  (ppm)  (ppm)
C3040 24.5 0.00 9.1 25 11.3 0.2 7.5 0.3 nd 59 24 10.6
C3040 24.5dup 0.00 9.1
C3040 26.5-27 0.00 8.9
C3040 29-29.5 0.00 9.1
C3040 31.5-32 0.00 9.0
C3040 32-33 0.00 9.0
C3040 34-35.1 0.00 9.1
C3040 35.5-36.8 0.00 9.0
C3040 39-39.5 0.00 9.1
C3040 40.5-41 0.00 9.1
C3040 42-42.5 0.00 9.1
C3040 44-44.5 0.00 9.0 0.8 104 <0.05 5.2 <0.05 <005 16 1.2 3.7
C3040 46.5-47 0.00 9.0
C3040 48-48.5 0.00 8.9
C3040 48-48.5dup 0.00 8.8
C3040 50-50.5 0.00 9.0
C3040 52-52.5 0.00 9.0
C3040 54-54.5 0.00 9.0
C3040 56.5-57 0.00 8.9
C3040 58-58.5 0.00 9.0
C3040 60-60.5 0.00 9.0
C3040 62-62.5 0.00 8.9
C3040 62-62.5dup 0.00 9.0
C3040 64.5-65 0.00 9.1 1.2 141 <0.05 3 <005 <005 227 0.9 0.4
C3040 64.5-65dup 0.00 8.9
C3040 66.5-67 0.00 8.8
C3040 68-68.5 0.00 8.8
C3040 70.5-71 0.00 8.8
C3040 72-72.5 0.00 8.8
C3040 74-74.5 0.00 8.8
C3040 75.5-76 0.00 8.8
C3040 77.5-78 0.00 8.8
C3040 79-79.5 0.00 8.8
C3040 80.5-81 0.00 89 0.16 112 <005 045 <0.05 0.03 3.42 0.1 0.03
C3040 82.5-83 0.00 9.2
C3040 86 0.00 9.3
C3040 88-87.5 0.00 8.9
C3040 88.5-90 0.00 9.1
C3041 10-AR 0.00 9.2
C3041 15-AR 0.00 9.2
C3041 20-AR 0.00 9.0
C3041 20 0.00 8.9
C3041 25 0.00 8.9
C3041 25dup 0.00 8.9
C3041 27-27.5 0.00 8.9
C3041 29.5-30.5 0.00 9.0
C3041 32-33 0.00 8.9
C3041 35-35.5 0.00 9.0
C3041 34-34.5 0.00 9.0
C3041 36.5-37.5 0.00 9.0
C3041 39-40 0.00 9.0
C3041 39-40dup 0.00 9.0
C3041 41.5-42.5 0.00 9.0 0.7 6.3 <0.05 35 0.6 <005 91 0.3 nd
C3041 44-45 0.00 9.0
C3041 46.5-47.5 0.00 9.1
C3041 49-50 0.00 9.1
C3041 51.5-52.5 0.00 9.1
C3041 54-55 0.00 9.3
C3041 56.5-57.5 0.00 9.0
C3041 58-59 0.00 9.0
C3041 61.5-62.5 0.00 9.0 14 6.7 <0.05 2.7 0.8 <005 11.7 0.7 0.4
C3041 71-72 0.00 9.0

C3041 73.5-74.5 0.00 89
C3041 73.5-74.5 0.00 88

C3041 77-78 0.00 91 13 18.8 <005 32 0.7 <005 88 4.3 0.2
C3041 79.5-80.5 0.00 88
C3041 82-83 0.00 89
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TableC.3. Analytical Results for Sediment Samples Collected from 183-DR Boreholes C3040

and C3041
TCLP Volatiles
Vinyl Carbon Chloro-
Chloride 1,1 DCE 2-Butanone Chloroform Tetrachloride 1,2 DCA Benzene TCE PCE benzene| PCBs
Sample ID Depth (ft) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) _ (ppb)  (ppb) (ppm)
Action Levels 200 700 6000 500 500 500 500 700 100,000
C 3040 24-245 <14 <12 <25 <8.2 <12 <9.8 <13 <12 <15 <17 |<1ppm
C 3040 44.0-44.5 <14 <12 <25 <8.2 <12 <9.8 <13 <12 <15 <17 |<1ppm
C 3040 68-68.5 <14 <12 <25 <82 <12 <9.8 <13 <12 <15 <17 |<1ppm
C 3040 80.5-81.5 <14 <12 <25 <82 <12 <9.8 <13 <12 <15 <17 [<1ppm
C 3040 82-82.5 <14 <12 <25 <8.2 <12 <9.8 <13 <12 <15 <17 |<1ppm
C 3041 24-24.5 <14 <12 <25 <8.2 <12 <9.8 <13 <12 <15 <17 |<1ppm
C 3041 41.5-42.5 <14 <12 <25 <8.2 <12 <9.8 <13 <12 <15 <17 |<1ppm
C 3041 61.5-62.5 <14 <12 <25 <8.2 <12 <9.8 <13 <12 <15 <17 |<1ppm
C 3041 77-78 <14 <12 <25 <82 <12 <9.8 <13 <12 <15 <17 |<1ppm
C 3041 84.5-85.5 <14 <12 <25 <82 <12 <98 <13 <12 <15 <17 ]<1ppm
TCLP Metals X-Ray Fluorescence
Total
Mercury  Arsenic Barium Cadmium Chromium Lead Selenium Silver As Total Cr Total Pb Total Se| Cr+6
(ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) | (ppm) (ppm) _ (ppm) __ (ppm) (ppb)
Action Levels 200 5,000 100,000 1.000 5.000 5.000 1.000 5.000
C 3040 24-24.5 0.75B <49 63.2B <20 <27 33.1B <46 <80 | <35 40.8 15.9 <2.6 <54
C 3040 44.0-44.5 0.54B <49 279B <20 <27 41.0B <46 <80 | <36 415 9.7 <27 <54
C 3040 68-68.5 0.58 B <49 1080 <20 328B 68.4B <46 <8.0 | <31 1328 8 <24 130
C 3040 80.5-81.5 0.60B <49 1210 <20 <27 48.8B <46 <8.0 | <32 51.6 10.8 <24 <54
C 3040 82-82.5 0.75B <49 403 B <20 <27 195B <46 <8.0 3.9 334 9.9 <2.0 <54
C 3041 24-24.5 0.49B <49 245B <20 <27 69.5B <46 <8.0 | <36 37.3 5.2 <26 <54
C 3041 41.5-42.5 0.50 B <49 302B <20 <27 68.5 <46 <8.0 | <36 29 5.3 <2.6 <54
C 3041 61.5-62.5 0.66 B <49 387 8B <20 <27 101B <46 <80 | <35 36.6 57 <25 <54
C 3041 77-78 15 <49 481B <20 <27 108 B <46 <8.0 | <35 30 133 <25 <54
C 3041 84.5-85.5 0.75B <49 280B <20 358 208 B <46 <80 | <27 35.8 15.7 <2.0 <54
TCE = Trichloroethylene
PCE = Tetrachloroethylene
1,1 DCE = 1,1 Dichloroethyene
1,2 DCA = 1,2 Dichloroethane
B = Target Analyte found in blank
Soil VOA Radiochemical Analysis
Gamma
Ethyl-
TCE CClsH Benzene Toluene O-Xylene  benzene| Alpha Beta |Co-60 Cs-137  K-40
(nglg) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g) | (pCilg) (pCi/g) | (pCilg (pCilg)  (pCilg
C 3040 24-245 129B 4246 289 B 414B 358B 111B <7.73 173 <0.08 <0.08 15.6
C 3040 44.0-44.5 91B 888 182B 319B 488B 93B <8.02 131 <01 <0.08 10.9
C 3040 68-68.5 132 B 1151 313B 509B 12.3B 168 B <714 217 <0.09 <0.09 15.3
C 3040 68-68.5 Dup 139B 1171 296 B 473B 139B 163 B NM NM NM NM NM
C 3040 80.5-81.5 167B 2360 374B 569B 1598 206 B <7.76 203 <01 <0.09 14.1
C 3040 80.5-81.5Dup] 257B 2286 533B 842B 17.2B 303B NM NM NM NM NM
C 3040 82-82.5 NM NM NM NM NM NM 11.3 23.1 <0.1 <0.09 16.8
C 3041 24-245 <29 38458 2342 B <29 <29 <29 <8.85 157 <01 <0.09 10.1
C 3041 41.5-42.5 <41 1286 < <41 <41 <41 <9.73 12.9 <0.1 <0.08 11.6
C 3041 61.5-62.5 <63 519 63B <63 <63 <63 <871 15 <0.08 <0.07 111
C 3041 77-78 NM NM NM NM NM NM <8.01 141 <01 <0.08 11.2
C 3041 79.5-80.5 <34 396 297B <34 <34 <34 NM NM NM NM NM
C 3041 84.5-85.5 NM NM NM NM NM NM <9.74 31.9 <0.1 <0.07 21.9

TCE = Trichloroethylene

CClI3H = Chloroform

B = Target Analyte found in blank
NM = Not Measured



TableC.4. Results for Groundwater Samples Collected from 183-DR Boreholes C3040 and C3041

Anions Gamma

Fluoride Chloride Bromide Nitrate Phosphate Sulfite Sulfate Formate Oxalate | Alpha Beta | Co-60 Cs-137 K-40
Sample]| (ppm)  (ppm)  (ppm)  (ppm) (ppm) (ppm) _ (ppm) _ (ppm) _ (ppm) J(pCi/l) (pCi/L)] (pCi/lL) (pCi/ll) (pCi/L)

C3040 0.1 12.5 0.12 48.7 0.03 nd 113 nd nd 2.88 577 <328 <416 <91

C3041] 012 11.3 0.11 46.4 0.02 nd 959 0.01 nd 416 738 | <558 <518 <130

Filtered Metals

Hg Al Sb Ca Co Cu Fe Mg Mn
Sample| (ppb)  (ppb) (ppb) Ba (ppb) Be (ppb) Cd(ppb) (ppm) Cr+6 Cr(ppb) (ppb) (ppb) (ppb) (ppm) (ppb)

C3040| <020 181B <39 67.9B <0.6 <28 76.7 1490 1600 <46 <64 269 18.4 65.5

C3041] <0.20 2500 <39 103 <0.6 <28 71.6 87 937 65B <64 3950 17.3 184
Filtered Metals Volatiles _Organics
Na CCIsH |Benzene
Sample | Ni (ppb) K (ppm) Adg (ppb) (ppm)  Sr (ppb) V(ppb) Zn(ppb)]| (ppb) ( ppb)
C3040 | <133 5.7 <7.4 10.4 441 125B <4.2 9.33 0.05
C3041] 156 8B 7.8 <74 13.7 417 173B 1038B 1.01 <0.05

Reviewing the groundwater data presented in Table C.4 indicates elevated nitrate and background
concentrations of the other common anions. Tota alpha and beta activity were at background levels for
the Hanford Site. Cobalt-60, cesium-137, and potassium-40 were al below the method detection limits.
Results from filtered metals analysis found elevated chromium in the groundwater from C3040 and
dightly elevated chromium in groundwater from C3041. The hexavalent chromium concentrations
measured in the groundwater from both wells strongly suggest most if not all of the chromium measured
by EPA Method 6010 was hexava ent chromium. Comparing the auminum, iron, and manganese results
from both groundwater samples suggest there may have been some fine particulate matter (sediment)
present in the sample from C3041. Those aforementioned elements were significantly higher in C3041.
Of the 58 volatile and semi-volatile compounds measured in two groundwater samples only chloroform
and atrace of benzene were found in the samples.
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