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1 Introduction 

This report summarizes the characterization activities conducted during drilling of boreholes C5515, 
C5570, and C5571 at the 216-A-2 and 216-A-21 Cribs. The cribs are located south of the Plutonium
Uranium Extraction (PUREX) Plant in the Hanford Site's 200 East Area. Figure 1-1 shows the locations 
of the C5515, C5570, and C5571 boreholes with respect to the 216-A-2 and 216-A-21 Cribs. This report 
presents geologic and geophysical data to refine the conceptual contaminant distribution model associated 
with these crib waste sites. Activities conducted at boreholes C5515, C5570, and C5571 were performed 
in accordance with the Sampling and Analysis Plan for Supplemental Remedial Investigation Activities at 
the 216-A-2 Crib and the 216-A-21 Crib (DOE/RL-2006-77), which provides the detailed sampling 
design for characterizing the chemical and radioactive contamination and the physical conditions beneath 
the waste sites. Data collection activities and results presented in this report will be used in the 
200-MW-1 Miscellaneous Waste Group Operable Unit (OU) remedial investigation and feasibility study. 

All three boreholes were decommissioned after characterization activities were completed. During 
decommissioning, a subsurface electrical resistivity electrode was installed in borehole C5515 at 44.1 m 
(144.8 ft) below ground surface (bgs). This electrode probe will be available for measuring subsurface 
sediment electrical resistivity properties. 
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Figure 1-1. Borehole Locations 
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1.1 Background 

1.1.1 216-A-2 Crib 
The 216-A-2 Crib is an inactive liquid waste disposal site that operated from January 1956 to 
January 1963. Approximately 230,000 L (60,760 gal) of liquid waste effluent from the PUREX Plant was 
discharged to the 216-A-2 Crib. The crib was deactivated by removing a section of effluent piping when 
the specific retention capacity was reached. The unit was replaced by the 216-A-31 Crib. The 216-A-2 
Crib, previously included in the 200-PW-3 Process Waste Group OU, was reassigned to the 200-MW-1 
OU during the supplemental data quality objectives process described in sampling and analysis plan 
(SAP) (DOE/RL-2006-77). 

This drain-field-type crib has two 15 cm (6-in.)-diameter, 6.1 m (20-ft) lengths of perforated vitrified clay 
discharge pipelines that form a cross pattern horizontally 6.4 m (21 ft) below grade. A section of coarse 
rock, approximately 1.8 m (6 ft) thick, is found at the bottom of the crib. The crib has a volume of 140 m3 

(5,000 ft3) and it is overlain by sand and gravel backfill. The side slope from grade to 6.4 m (21 ft) is 
1:1.5 and from 6.4 to 8.2 m (21to27 ft) is 1:2. Only a green, flanged pipe riser (previously used for 
a vent connection) is visible above the stabilized gravel surface. Figure 1-2 provides a construction sketch 
of the 216-A-2 Crib. The crib is located within a larger, surface-stabilized underground radioactive 
material area, known as the "200-E-103 PUREX stabilized area," and is marked with concrete posts. 

1.1.2 216-A-21 Crib 
The 216-A-21 Crib is an inactive liquid waste disposal site that operated from October 1957 to June 1965 
and received 77.9 million L (20.6 million gal) of liquid waste effluent from the PUREX Plant. The 
216-A-21 Crib replaced the 216-A-4 Crib. When the effluent flow exceeded design capacity, the site was 
deactivated by sealing the end of the effluent pipeline. The waste stream was rerouted to the 216-A-27 
Crib. The 216-A-21 Crib is assigned to the 200-MW-l OU. 

The crib's drain field has lateral dimensions of approximately 18.3 m by 4.9 m (60 ft by 16 ft) and 
a thickness of 4 m (13 ft), with a side slope of 1:1.5. Before June 1958, effluent was discharged to the unit 
using a 15.2 cm (6-in.) clay distribution pipe, which failed and was replaced in December 1958 with the 
existing 10 cm (4-in.) stainless-steel perforated pipe. The effluent pipe is placed horizontally along the 
length of the unit, 4.3 m (14 ft) below grade. A 680 m3 (24,000-ft3) section of coarse rock is found at the 
bottom of the crib. The crib rock is overlain with backfill gravel that extends to the surface. Figure 1-3 
provides a construction sketch of the 216-A-21 Crib. The site is located inside the 200-E-103 PUREX 
stabilized area, south of the 216-A-4 Crib, and is marked and posted with underground radioactive 
material area signs. 

1.2 Summary of Drilling and Sampling Activities 
This section discusses the technical data collected during drilling and decommissioning of boreholes 
C5515, C5570, and C5571. Table 1-1 summarizes general drilling information for the three boreholes. 
The drilling and sampling depths in this report are provided in both meters and feet. Tables that present 
borehole data indicate depths in feet only, which was the unit that was used for measurement in the field. 
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Figure 1-2. Construction Sketch of the 216 A-2 Crib 
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Figure 1-3. Construction Sketch of the 216 A-21 Crib 
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Table 1-1. Borehole Drilling Summary 

Dates Civil Survey Data for Borehole Location 

Northing8 Easting8 Elevationb Total Depth 
Borehole Area Start Finish (m) (m) (Brass Cap) (m) (ft bgs) 

C5515 200 East 614107 4/1/08 135530.89 575180.05 218.13 325.0 

C5570 200 East 512107 4/1/08 135530.51 575180.02 217.99 35.8 

C5571 200 East 7/12/07 914107 135465.01 575216.27 218.41 60.0 

a. Measured at the center of the borehole/well in Washington State Plane Coordinates, NAD83(91) (North 
American Datum of 1983). 

b. Measured at the brass survey marker associated with the borehole/well in NAVD88 (North American Vertical 
Datum of 1988). 

bgs = below ground surface 

1.2.1 Borehole C5515 
Borehole C5515 penetrated the 216-A-2 Crib and was drilled to a total depth (TD) of99.l m (325.0 ft). 
Drilling began on June 4, 2007. During advancement of the borehole, drill cuttings and samples were 
surveyed for the presence of radionuclides as part of environmental monitoring (Section 2.5.2). 
Additionally, the general work area was monitored for volatile organic compounds (VOCs). 

Originally, 11 split-spoon soil samples were planned (Figure 1-4); however, 12 split-spoon soil samples 
were retrieved at modified depths during drilling activities (Section 2.4.1 ). Ten of the split-spoon soil 
samples were collected and submitted to laboratories for analysis. One of the 10 samples was submitted 
only for a radiological activity scan. Two of the targeted split-spoon sample intervals did not recover the 
quantity of sediment required for analyses; therefore, no samples were obtained. Additionally, 120 grab 
soil samples were collected during drilling of borehole C5515. Grab samples were submitted to analytical 
laboratories for analysis. One groundwater sample was collected near the water table, from the bottom of 
the cased borehole, for laboratory analysis. As described in the SAP (DOE/RL-2006-77), duplicate and 
split soil samples and liquid quality control (QC) samples (equipment and field blanks) also were 
obtained for laboratory analysis. 

Because the 216-A-2 Crib is known to be radioactively contaminated, full-time radiological monitoring 
was conducted during borehole activities in the upper portion of the vadose zone. Several different 
radiation detectors were used for monitoring (see discussion in Section 2.5.2.1). Section 2.6 provides 
details on the geophysical logging survey conducted at borehole C5515. 

Borehole C5515 was decommissioned from TD to ground surface on April 1, 2008. During 
decommissioning, a high-resolution resistivity electrode was installed from 43.6 m to 44.1 m (143 ft to 
144.8 ft) bgs. Section 2.1 provides details of the electrode installation. 

Appendices A and B include the well summary sheet and the well construction summary report, 
respectively. Appendix C provides the borehole log, and Appendix D includes the full geophysical log 
data report. 
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1.2.2 Borehole C5570 
As planned in SAP (DOE/RL-2006-77), borehole C5570 was installed within the northeast portion of the 
216-A-2 Crib (Figure 1-1) using direct-push technology (DPT) to a TD of 10.9 m (35.8 ft) bgs. 
Installation began on May 2, 2007. The borehole was advanced using single-walled casing with 
a removable drive-point tip. Soil samples were not collected, and drill cuttings were not returned during 
borehole advancement. Section 2.6 provides details on the geophysical logging survey conducted in 
borehole C5570. 

Following the geophysical logging event, the casing was backpulled to 10.6 m (34.7 ft) bgs, and the 
drive-point tip was removed from the temporary casing. A planned soil vapor sample was then collected 
from the bottom of borehole C5570 (Section 2.3). This soil vapor sample was analyzed using field 
screening instruments. 

Because the 216-A-2 Crib is known to be radioactively contaminated, full-time radiological monitoring 
was conducted during vapor sampling and borehole decommissioning activities. Several different 
radiation detectors were used as part of the monitoring activities and are discussed in Section 2.5.2. 

The removable drive-point tip was left in the ground at TD, and borehole C5570 was decommissioned 
from ground surface to 10.8 m (35.3 ft) bgs in April 2008. Section 2.1.2.2 provides details on the 
decommissioning. 

Appendices E and F include the well summary sheet and the well construction summary report, 
respectively. Appendix G provides the borehole log. A borehole log was not completed because this is 
a DPT borehole and soil samples could not be collected for lithologic observation. 

1.2.3 Borehole C5571 
Borehole C5571 was installed using DPT within the 216-A-21 Crib (Figure 1-1) to a TD of 18.3 m 
(60.0 ft) bgs. Installation began July 12, 2007. Originally, four split-spoon soil samples were planned 
(Figure 1-5); however, five split-spoon soil samples were collected at modified depths during drilling 
activities, as described in Section 2.4.2. During sampling, the soil was monitored for the presence of 
radionuclides (Section 2.5.2.3). All five of the split-spoon soil samples were submitted to the analytical 
laboratories for analysis. 

Because the 216-A-21 Crib is known to be radioactively contaminated, full-time radiological monitoring 
was conducted during sampling and decommissioning. Several different radiation detectors were used 
during monitoring activities and are discussed in Section 2.5.2.3. Section 2.6 provides details about the 
geophysical logging survey conducted at borehole C5571. The borehole was decommissioned from 
ground surface to the TD in September 2007. 

Appendices H and I include the well summary sheet and the well construction summary report, 
respectively. Appendix J provides the borehole log. Appendix K includes the full geophysical log data 
report. 
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2 Technical Data 

This chapter describes the drilling, sampling, waste management, environmental monitoring, and 
decommissioning activities. Work was performed under the guidelines and requirements presented in 
Fluor Hanford, Inc. (FH) procedures. Decommissioned borehole C5515, which contains the resistivity 
electrode, conforms to resource protection well standards as defined in Washington Administrative Code 
(WAC) 173-160, "Minimum Standards for Construction and Maintenance of Wells." 

2.1 Drilling 

This section provides technical details on the drilling or push methods used. Descriptions of the 
decommissioning process for boreholes C5515, C5570, and C5571, as well as the electrode installation at 
borehole C5515, are included in this section. General borehole information is presented in Table 1-1. 
Additional decommissioning information is located in Appendices A and B (borehole C5515), 
Appendices E and F (borehole C5570), and Appendices Hand I (borehole C5571). 

2.1.1 Drilling Methods 

2.1.1.1 Borehole C5515 
All drilling operations were conducted under medium- to high-risk radiological conditions. Drilling was 
initiated on June 4, 2007. A Bucyrus-Erie1 cable-tool drill rig was used to drive a single-wall temporary 
casing with an outside diameter (OD) of 27.6 cm (10.9 in.) and an inside diameter (ID) of 24.4 cm 
(9.6 in.). The OD casing was advanced to a final depth of 25.6 m (84.0 ft) bgs on July 26, 2007. 
Following completion of geophysical logging within the first string of casing, drilling operations resumed 
using a downsized, single-wall temporary casing with an OD of 21.9 cm (8.6 in.) and an ID of 19.4 cm 
(7 .6 in.). The OD casing was advanced to a final depth of 98.1 m (322.0 ft) bgs on August 22, 2007. 
The borehole was drilled beyond the bottom of the casing to a TD of99.l m (325.0 ft) bgs on 
August 22, 2007. The borehole would not remain open below a depth of97.5 m (320.0 ft) bgs due to 
minor heaving conditions. A second round of borehole geophysical logging was completed on 
August 23 and 28, 2007, to obtain data for the deeper interval of the borehole. A water sample was 
collected from TD with a bailer in accordance with the SAP (DOEIRL-2006-77). 

2.1.1.2 Borehole C5570 
All drilling (casing advancement) operations were conducted under low radiological-risk conditions since 
the drive tip was kept in place. Installation began on May 2, 2007. A Foremost AP-10002 diesel-hammer 
drill rig was used to drive a single-wall temporary casing with an OD of 16.9 cm (6.6 in.) and an ID of 
13.7 cm (5.4 in.). The DPT method included a removable and expendable tip attached to the bottom of the 
temporary casing. The removable tip was kept in place until the collection of a vapor sample at TD. On 
May 2, 2007, the OD casing was advanced to a final cased depth of 10.8 m (35.5 ft) bgs, and borehole 
geophysical logging was completed in the cased borehole. The casing was backpulled on May 3, 2007, to 
10.6 m (34.7 ft) bgs, and the removable tip was pushed out below the bottom end of the casing tol0.9 m 
(35.8 ft) bgs. A vapor sampling interval was taken from 10.6 to 10.8 m (34.7 to 35.5 ft) bgs. 

1 Bucyrus-Erie® is a registered trademark of Bucyrus International, Inc., South Milwaukee, Wisconsin. 
2 Foremost™ and AP-1000™ are trademarks of Foremost Industries, LP, Calgary, Alberta, Canada. 
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2.1.1.3 Borehole C5571 
All drilling operations were conducted under low radiological-risk conditions. Installation began 
July 12, 2007. A Foremost AP-10002 diesel-hammer drill rig was used to drive a single-wall temporary 
casing with an OD of 17.9 cm (7.1 in.) and an ID of 14.9 cm (5.9 in.). The DPT method also included an 
inner string of drill rod with a removable tip attached at the bottom in the drive shoe of the temporary 
casing. This removable tip remained in the drive shoe during drilling, except when it was removed for 
the collection of split-spoon soil samples. The OD casing was advanced to TD of 18.3 m (60.0 ft) bgs 
on July 21, 2007. Borehole geophysical logging was completed in the cased borehole from 
August 1 to 6, 2007. 

2.1.2 Borehole Decommissioning 

2.1.2.1 Borehole C5515 
Borehole C5515 was decommissioned from TD to ground surface. During the decommissioning process, 
a high-resolution subsurface resistivity electrode was installed from 43.6 to 44.1 m (143.0 to 
144.8 ft) bgs, with the associated electrode cables leading to the ground surface. Decommissioning of this 
borehole was performed between September 12, 2007, and April l, 2008, in accordance with a facility 
modification package3. Electrode installation and decommissioning summary data are provided in 
Table 2-1. 

The borehole was decommissioned by removing all temporary casing and concurrently emplacing two 
intervals of 10/20-mesh Colorado silica sand4

, two intervals of 1.0 cm (0.4-in.) bentonite-chip seal, and 
a concrete-aggregate seal and surface pad. Table 2-1 lists the associated fill intervals. Additionally, a short 
section of stainless-steel protective casing was installed at the surface to protect the electrode cables, and 
four protective bollards were installed in the ground, out from the four comers of the concrete surface 
pad. A brass survey marker was installed in the surface pad and lists the borehole number and the 
completion date of decommissioning (April l, 2008). 

2.1.2.2 Borehole C5570 
Borehole C5570 was decommissioned from TD to ground surface. Decommissioning of this borehole was 
carried out from January 8 to 15, 2008, and on April I, 2008. Table 2-2 provides decommissioning 
summary data. 

The borehole was decommissioned by removing all temporary casing and concurrently emplacing 
a 1.0 cm (0.4-in.) bentonite-chip seal from 0.2 to 10.8 m (0.5 to 35.3 ft) bgs and a concrete aggregate seal 
from ground surface to 0.2 m (0.5 ft) bgs. A brass survey marker was installed in the concrete aggregate 
seal and lists the borehole number and the completion date of decommissioning (April 1, 2008). 

2.1.2.3 Borehole C5571 
Borehole C5571 was decommissioned from borehole TD to ground surface. Decommissioning of this 
borehole was carried out from August 28 to September 4, 2007. Decommissioning summary data are 
provided in Table 2-2. The well summary sheet and the well completion summary report, which both 
contain details for the decommissioned borehole, are presented in Appendices H and I, respectively. 

3 Facility modification package HNF-FMP-07-35734-RO. 
4 Colorado silica sand® is a registered trademark of Oglebay Norton Industrial Sands, Inc., Pittsburgh, Pennsylvania. 
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Table 2-1. Electrode Installation and Decommissioning Summary for Borehole C5515 

Fill Material 

Upper 
Lower Sand Lower Electrode Bentonite Electrode 

Waste Site Pack8 Bentonite Sand Pack8 Sealb Concrete Installation 
Operable Date Interval Sealb Interval Interval Interval Seale Interval Interval Surface 

Borehole Unit Decommissioned (ft bgs) (ft bgs) (ft bgs) (ft bgs) (ft bgs) (ft bgs) Completion 

6-in. stainless-steel 
+0.3 (above protective casing and 308.5 to 150.0 to 141.6to 0.2 to 143.0 to C5515 200-MW-1 4/1/08 ground concrete surface pad c 320.0 308.5 150.0 141.6 144.8 surface) to 0.2 with brass survey 

marker 

a. Sand pack consists of 10/20 mesh Colorado silica sand® (registered trademark of Oglebay Norton Industrial Sands, Inc., Pittsburgh, Pennsylvania.). 

b. Bentonite seal consists of 0.4-in. bentonite chips. 

c. Concrete seal and surface cap consist of pre-mixed concrete aggregate. 

bgs = below ground surface 

en 
G) 
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Table 2·2. Decommissioning Summary for Direct-Push Technology Boreholes C5570 and C5571 

Fill Material 
Waste Site 
Operable Date Sand Packa Bentonite Sealb Concrete Sealc,d Surface 

Borehole Unit Decommissioned Interval (ft bgs) Interval (ft bgs) Interval (ft bgs) Completion 
-

C5570 200-MW-1 4/1/08 N/A 0.5 to 35.3 0.0 to 0.5 Concrete surface cape with brass survey 
marker 

C5571 200-MW-1 9/4/07 N/A 0.5 to 60.0 0.0 to 0.5 
Concrete surface capd with brass survey 
marker 

NOTE: Expendable drive tip left in ground at C5570 from 13.9 to 10.9 m (35.3 to 35.8 ft) bgs. 

a. Sand pack consists of 10/20 mesh Colorado silica sand® (registered trademark of Oglebay Norton Industrial Sands, Inc., Pittsburgh, Pennsylvania). 

b. Bentonite seal consists of 0.4-in. bentonite chips. 

c. Concrete seal and surface cap at C5570 consist of pre-mixed concrete aggregate. 

d. Concrete seal and surface cap at C5571 consist of field-mixed concrete aggregate. 

bgs = below ground surface 

N/A = not applicable 

CJ) 
G) 
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The borehole was decommissioned by removing all temporary casing and concurrently emplacing 
a 1.0 cm (0.4-in.) bentonite chip seal from 0.2 to 18.3 m (0.5 to 60.0 ft) bgs and a concrete aggregate seal 
from ground surface to 0.2 m (0.5 ft) bgs. A brass survey marker was installed in the concrete aggregate 
seal and lists the borehole number and the completion date of decommissioning (September 4, 2007). 

2.2 Waste Management 

Waste generated by the installation of boreholes C5515, C5570, and C5571 (including drill cuttings [soil] 
and miscellaneous solid waste) was managed using the strategy documented in the Waste Control Plan 
for the 200-MW-1 Miscellaneous Waste Group Operable Unit (WMP-20205). The following non-liquid 
waste streams were generated during field operations to drill and decommission boreholes C55 l 5 and 
C5571: 

• Drill cuttings (soil) 

• Potentially contaminated miscellaneous solid waste 

• Non-contaminated solid wastes 

• Miscellaneous solid waste, which was the only waste stream generated during field operations to drill 
and decommission borehole C5570. 

Purgewater was generated during the bailing and groundwater sampling from borehole C5 515, and the 
purgewater was managed in accordance with the Strategy for Handling and Disposing of Purgewater at 
the Hanford Site, Washington (90-ERB-040). The drill cuttings (soil) and potentially contaminated 
miscellaneous solid waste streams were containerized as investigation-derived waste. 

All drill cuttings were classified as low-level waste. More detailed information is provided in the waste 
control plan (WMP-20205). Table 2-3 contains details regarding the disposition of the soil waste stream 
portion of the investigation-derived waste from boreholes C5515 and C5571. The miscellaneous solid 
waste stream portion of the investigation-derived waste is not included in Table 2-3. 

Table 2-3. Summary of Investigation-Derived Waste (Soil} from Boreholes C5515 and C5571 

Waste Container Waste Description 
Type CIN PIN Borehole Size/Type (ft bgs) 

LLW 0035262 MW1-06-050 C5515 55 gal/drum Soil, 0 to 19.5 

LLW 0035263 MW1-06-051 C5515 55 gal/drum Soil, 19.5 to 28.3 

LLW 0037709 MW1-07-002 C5515 55 gal/drum Soil, 28.3 to 29 

LLW 0040289 MW1-07-042 C5515 55 gal/drum Soil, 29 to 31.5 

LLW 0037728 MW1-07-003 C5515 55 gal/drum Soil 31.5 to 34.5 

LLW 0037708 MW1-07-004 C5515 55 gal/drum Soil, 34.5 to 37.5 

LLW 0019423 MW1-07-052 C5515 55 gal/drum Soil, 37.5 to 40 

LLW 0040515 MW1-07-006 C5515 55 gal/drum Soil, 40 to 43 

LLW 0040254 MW1-07-007 C5515 55 gal/drum Soil, 43 to 47.5 

LLW 0040514 MW1-07-008 C5515 55 gal/drum Soil, 47.5 to 52 

LLW 0040255 MW1-07-009 C5515 55 gal/drum Soil, 52 to 57 

2-5 
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Table 2-3. Summary of Investigation-Derived Waste (Soil) from Boreholes C5515 and C5571 

Waste Container Waste Description 
Type CIN PIN Borehole Size/Type (ft bgs} 

LLW 0037697 MW1-07-015 C5515 55 gal/drum Soil, 57 to 60 

LLW 0040252 MW1-07-017 C5515 55 gal/drum Soil, 60 to 67 

LLW 0040251 MW1-07-018 C5515 55 gal/drum Soil, 67 to 70 

LLW 0040249 MW1-07-020 C5515 55 gal/drum Soil, 70 to 73 

LLW 0040307 MW1-07-021 C5515 55 gal/drum Soil, 73 to 81 

LLW 0040260 MW1-07-022 C5515 55 gal/drum Soil, 81to86 

LLW 0040308 MW1-07-023 C5515 55 gal/drum Soil, 86 to 96 

LLW 0040240 MW1-07-024 C5515 55 gal/drum Soil, 96 to 103 

LLW 0040259 MW1-07-027 C5515 55 gal/drum Soil, 103 to 117.5 

LLW 0040258 MW1-07-026 C5515 55 gal/drum Soil, 117.5to 130 

LLW 0040233 MW1-07-028 C5515 55 gal/drum Soil, 130 to 145 

LLW 0040197 MW1-07-031 C5515 55 gal/drum Soil, 145 to 157.5 

LLW 0040196 MW1-07-032 C5515 55 gal/drum Soil, 157.5 to 170 

LLW 0040304 MW1-07-033 C5515 55 gal/drum Soil, 170 to 182 

LLW 0040303 MW1-07-034 C5515 55 gal/drum Soil, 182to 191.5 

LLW 0040262 MW1-07-035 C5515 55 gal/drum Soil, 191.5 - 200 

LLW 0040261 MW1-07-036 C5515 55 gal/drum Soil, 200 to 214 

LLW 0040305 MW1-07-037 C5515 55 gal/drum Soil, 214 to 230 

LLW 0040306 MW1-07-038 C5515 55 gal/drum Soil, 230 to 244 

LLW 0040290 MW1-07-039 C5515 55 gal/drum Soil, 244 to 253 

LLW 0040182 MW1-07-041 C5515 55 gal/drum Soil, 253 to 264.5 

LLW 0037281 MW1-07-043 C5515 55 gal/drum Soil, 264.5 to 275 

LLW 0036116 MW1-07-045 C5515 55 gal/drum Soil, 275.5 to 292 

LLW 0036089 MW1-07-046 C5515 55 gal/drum Soil, 292 to 300 

LLW 0040521 MW1-07-044 C5515 55 gal/drum Soil, 300 to 319 

LLW 0037340 MW1-07-847 C5515 55 gal/drum Soil, 319 to 350 

LLW 0037339 MW1-07-852 C5515 55 gal/drum Soil, 350 to 360 

LLW 0040253 MW1-07-012 C5571 55 gal/drum Soil, 0 to 60 
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Table 2-3. Summary of Investigation-Derived Waste (Soil) from Boreholes C5515 and C5571 

Waste 
Type CIN 

bgs = below ground surface 

PIN Borehole 

CIN = container identification number (scannable barcode) 

LLW = low-level waste 

PIN = primary (drum) identification number (written number) 

2.3 Field Screening 

Container 
Size/Type 

Waste Description 
(ft bgs) 

Field screening at borehole C5570 consisted of field analysis of one planned soil vapor sample. Field 
screening activities were not conducted for boreholes C5515 and C5571. 

The soil vapor sample was collected on May 7, 2007, with a displacement pump from the open interval of 
10.6 to 10.8 m (34.7 to 35.5 ft) bgs. The sample was analyzed using field screening methods (Table 2-4). 
It should be noted that the open borehole interval was isolated with an inflatable packer set at 9.9 m 
(32.5 ft) bgs. Tygon5 tubing was inserted into the borehole, attached through the inflatable packer, with 
the displacement pump located at the surface. After the Tygon tubing and the isolated portion of the 
borehole were purged for approximately 50 minutes, the soil vapor sample was captured in four 12 L 
(3 .2-gal) Tedlar6 sampling bags. 

The soil vapor sample was analyzed using the MIRAN SapphIRe ambient air analyzer7 (MIRAN 
analyzer), which identifies up to five compounds with the highest concentrations in the vapor sample 
from a library of more than 100 VOCs. Field analytical results for the soil vapor sample are provided in 
Table 2-4. 

2.4 Sampling for Laboratory Analysis 

2.4.1 Borehole C5515 
A total of 132 soil samples (12 split spoon and 120 grab) were collected from borehole C5515 for 
laboratory analysis (Table 2-5). Ten of the soil samples were collected with a 10 cm (4-in.)-diameter 
split spoon. Two additional split-spoon sampling attempts were made but a sample was not obtained due 
to the lack of an expected silt layer in either of the two split-spoon samples following retrieval. Each split
spoon sample was collected using four, 0.15 m (0.5-ft)-long, stainless-steel liners, in a 0.6 m (2-ft)-long 
split spoon (not including the drive shoe length). The remaining 120 soil samples were collected as grab 
samples from the soil brought to the surface with the drive barrel. 

5 Tygon ™ is a trademark of Norton Performance Plastics Corporation, a Saint-Gobain Company, Akron, Ohio. 
6 Tedlar® is a registered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware. 
7 MIRAN® and SapphlRe® are registered trademarks of Thermo Scientific, Waltham, Massachusetts. 
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Table 2-4. Field Screening Results for Soil-Vapor Sample from Borehole C5570 

MIRAN SapphlRe Ambient Air Analyzer'> 

Carbon 1,1- Nitrous 
Acetylene Dloxidec: Dichloroethane Oxide Toluene 

Sample Sample Sample 
(ppmv} (ppmv} (ppmv} (ppmv} (ppmv} 

Depth Start Depth End Dateand CAS# CAS# CAS# CAS# CAS# 
(ft bgs} a (ft bgs} Time 74-86-2 124-38-9 75.34.3 10024-97-2 108-88-3 

34.7 35.5 517107 8 343 1.2 2.4 11.2 13:15 

a. The upper limit of this sample interval represents the upper extent of the open-borehole below the temporary 
casing. This interval was isolated with an inflatable packer. 

b. The MIRAN SapphiRe (MIRAN® and SapphlRe® are registered trademarks of Thermo Scientific, Waltham, 
Massachusetts) ambient air analyzer identifies up to 5 compounds with the highest concentrations in the vapor 
sample. Only the compound(s) detected in the sample are included in this table. 

c. Carbon dioxide levels are baselined to zero at ambient atmospheric conditions of 360 ppmv. Values shown are 
carbon dioxide concentrations above ambient. 

bgs = below ground surface 

CAS = Chemical Abstract Service 

ppmv = parts per million by volume 

A sample for analysis ofVOCs was collected from 9 of the 10 split-spoon sample intervals. The 
remaining split-spoon soil sample was submitted only for radiological activity scan analysis. Each VOC 
sample consisted of a sub-sample collected for analysis at the low calibration range of the laboratory 
instrument (volatile organic analysis [VOA]-low), a sub-sample collected for analysis at the high 
calibration range of the laboratory instrument (VOA-high), and a methanol blank (described below). 
Methanol was added to the VOA-high sub-samples in the field to preserve them for analysis, as described 
in EPA Method 5035 (SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods). 
The sub-samples collected for analysis at the low calibration range (VOA-low) were not preserved. 
Initially, only the VOA-low sub-samples are analyzed. If the VOC concentrations in a VOA-low sub
sample exceed the calibration range, then the associated VOA-high sub-sample and methanol blank are 
analyzed. 

The QC samples were collected in the field for soil samples. Soil samples were collected at a single depth 
for duplicate analysis and at another depth for split analysis. Liquid QC samples, including one equipment 
blank, nine field blanks, and five methanol blanks, were also collected. 

Soil sample pairs to be used for duplicate analyses were taken at the depth interval of 8.8 to 9.6 m (29.0 to 
31.5 ft) bgs. Field duplicates are collected to provide a measure of the overall precision of the complete 
sampling and analysis process. The requirement in the SAP (DOE/RL-2006-77) was to collect one field 
duplicate sample set. Because one duplicate sample set was collected, the requirement was met. 

Soil samples to be used for split analyses were taken from the depth interval of9.8 to 10.5 m (32.0 to 
34.5 ft) bgs. Field split samples are collected and analyzed to detect whether analytical results are 
consistent among laboratories and analytical methods. 
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Table 2-5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

Soll Samples {132) 

81NR84 
81NRC4(VOA) No radiation detected; sample was taken outside the 

1-001 13.0 to 15.0 Split spoon 81 NRC5(VOA) 6/12/07 
81NRHO 

breakdown table. 

81NR90 

1-002 15.5 to 16.0 Grab 
81NP84 

6/12/07 
No radiation detected; sample was taken in a clean 

81NPV9 stainless-steel bowl. 

1-003 17.5 to 18.0 Grab 
81NPWO 

6/12/07 
No radiation detected; sample was taken in a clean 

81NP85 stainless-steel bowl. 
C/J 
G> 

81NPW1 No radiation detected; sample was taken in a clean 
~ 
I 

1-004 20.5 to 21.0 Grab 6/13/07 (,) 

81NP86 stainless-steel bowl. U1 
U1 
~ 

I\) 
I 1-005 25.0 to 25.5 Grab 81NP87 6/12/07 Activity scan only; sample was taken from split spoon. ~ 

co :::0 
No radiation detected; sample was taken in a clean m 

1-008 27.0 to 27.5 Grab 81NRJ2 6/18/07 < 
stainless-steel bowl. 0 

Originally planned to be taken at 24.5 to 25.0 ft. The 

81NP88 
sample was moved to this sample interval depth 

1-007 29.0 to 31.5 Split spoon 81NPW3 6/13/07 because no material could be collected at the original 
depth because of the formation characteristics. Activity 
scan taken to 222-S Laboratory on 6/28/07. 

1-009 30.0 to 30.5 Split spoon 
81NP89 

6/28/07 
Radiological screening only taken to 222-S Laboratory 

81NPW4 on 6/28/07. 

81NR86 
81 NRDO(VOA) 
81 NRD1 (VOA) Collected split sample at this depth. 

81NRH2 
1-010 32.0 to 34.5 Split spoon 81NRH3(S) 7/3/07 Activity scan taken to WSCF <.5. 

81 NRD2(S)(VOA) 40 ml TPH-gasoline, 120 ml IC anions, and 120 ml 
81 NRD3(S)(VOA) cyanide to STLSL left at site. 

81NRH3(S) 
81NR92(R) 



Table 2·5. Sample Collection Summary for Borehole C5515 
Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

1-011 31.5 to 32.0 Grab 
81NPCO 712107 Activity scan taken to WSCF <.5 
81NPW5 

-
1-012 34.0 to 34.5 Grab 

81NPC1 713107 Activity scan taken to WSCF <.5 
81NPW6 

1-013 37.0 to 37.5 Grab 
81NPC2 719107 Activity scan taken to WSCF <.5 
81NPW7 

81NPC3 
1-014 39.5 to 40.0 Grab 81NPW8 719107 Activity scan taken to WSCF <.5 (/) 

81NRP2(R) G) 

~ 
I 

81NPC4 c.:> 
1-015 42.5 to 43.0 Grab 7110107 Activity scan taken to WSCF <.5 CJ'1 

81NPW9 CJ'1 
I\) ......i 
I .J:>. ...... 

81NPC5 0 1-016 45.0 to 45.5 Grab 7/10/07 Activity scan taken to WSCF <.5 :::0 
81NPXO m 

:< 
81NR87 0 

81 NR04(VOA) 
1-017 47.5 to 49.5 Split spoon 81 NR05(VOA) 7/12/07 Activity scan taken to WSCF <.5 

81NRH4 
81NR93 

1-018 47.0 to 47.5 Grab 
81NPC6 

7/10/07 Activity scan taken to WSCF <.5 
81NPX1 

81NR88 
81 NRD6(VOA) 

1-019 50.0 to 52.5 Split spoon 
81 NRD7(VOA) 

7/16/07 No samples taken because of the absence of an 
81NRH5 organic silt layer. 
81P3J5 

81NR94(S) 

1-020 49.0 to 49.5 Grab 
81NPC7 

7/12/07 Activity scan taken to WSCF <.5 
81NPX2 



Table 2-5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

81NR95 
81NR89 

1-021 52.0 to 54.5 Split spoon 
81 NRD8(VOA) 7123107 No samples taken because of the absence of an 
81 NRD9(VOA) organic silt layer. 

81NRH6 
81P3J6 

1-022 51.5 to 52.0 Grab 
81NPC8 

7/12/07 Activity scan taken to WSCF <.5 
81NPX3 

81NRCO 
81 NRFO(VOA) (J) 

1-023 54.5 to 57.0 Split spoon 
81 NRF1 (VOA) 7124107 Samples were collected and the activity scan was taken G) 

81NRH7 toWSCF <.5 ~ 
I 

81P3J7 U) 
01 

81NR96 01 
I\) ....... 
I ~ 

....... 81NPC9 ....... 1-024 54.0 to 54.5 Grab 7123107 Activity scan taken to WSCF <.5 ::a 
81NPX4 m 

:< 
1-025 57.0 to 57.5 Grab 

81NPDO 
7124107 Activity scan taken to WSCF <.5 

0 

81NPX5 

1-026 59.5 to 60.0 Grab 
81NPD1 7124107 Activity scan taken to WSCF <.5 
81NPX6 

1-027 62.0 to 62.5 Grab 
81NPD2 7124107 Activity scan taken to WSCF <.5 
81NPX7 

1-028 64.0 to 64.5 Grab 
81NPD3 7124107 Activity scan taken to WSCF <.5 
81NPX8 

1-029 66.5 to 67.0 Grab 
81NPD4 7124107 Activity scan taken to WSCF <.5 
81NPX9 

1-030 70.0 to 70.5 Grab 
81NPD5 7124107 Activity scan taken to WSCF <.5 
81NPYO 

1-031 72.0 to 72.5 Grab 81NPD6 7125107 Activity scan taken to WSCF <.5 
81NPY1 



Table 2-5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

1-032 74.0 to 74.5 Grab 
81NPD7 7125107 Activity scan taken to WSCF <.5 
81NPY2 

1-033 77.5 to 78.0 Grab 
81NPD8 

7126107 Activity scan taken to WSCF <.5 
81NPY3 

1-034 79.5 to 80.0 Grab 
81NPD9 7126107 Activity scan taken to WSCF <.5 
81NPY4 
--

1-035 82.0 to 82.5 Grab 
81NPFO 7126107 Activity scan taken to WSCF <.5 
81NPY5 

(J) 

81NPF1 G) 

1-036 84.5 to 85.0 Grab 7126107 Activity scan taken to WSCF <.5 :;E 
81NPY6 I 

w 
CJ'1 

81NPF2 CJ'1 
1-037 86.5 to 87.0 Grab 8/1/07 Activity scan taken to WSCF <.5 -...! 

"' 81NPY7 """' I ....... 

"' :::0 
81NPF3 m 

1-038 90.0 to 90.5 Grab 81NPY8 8/1/07 Activity scan taken to WSCF <.5 :< 
81NRP3(R) 0 

1-039 92.5 to 93.0 Grab 
81NPF4 

7816107 Activity scan taken to WSCF <.5 
81NPY9 

-

1-040 94.5 to 95.0 Grab 
81NPF5 

8/6/07 Activity scan taken to WSCF <.5 
81NROO 

1-041 96.5 to 97.0 Grab 
81NPF6 816107 Activity scan taken to WSCF <.5 
81NR01 

1-042 99.5 to 100 Grab 
81 NPF7 

816107 Activity scan taken to WSCF <.5 
81NR02 

1-043 101.5to 102 Grab 
81NPF8 

8/6/07 Activity scan taken to WSCF <.5 
81NR03 

1-044 104.5 to 105 Grab 
81NPF9 816107 Activity scan taken to WSCF <.5 
81NR04 



Table 2·5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number {ft bgs) Method Number Sampled {Activity Scans Measured in mrem) 

1-045 106.5 to 107 Grab 
81NPHO 816107 Activity scan taken to WSCF <.5 
81NR05 

1-046 109.5to 110.0 Grab 
B1NPH1 816107 Activity scan taken to WSCF <.5 
81NR06 

1-047 112.5to 113.0 Grab 
81NPH2 816107 Activity scan taken to WSCF <.5 
81NR07 

1-048 114.0 to 114.5 Grab 
81NPH3 816107 Activity scan taken to WSCF <.5 
81NR08 

(/) 

81NPH4 G> 
1-049 117.0to 117.5 Grab 

81NR09 
816107 Activity scan taken to WSCF <.5 ~ 

I w 
01 

81NPH5 01 
I\) 1-050 120.0 to 120.5 Grab 816107 Activity scan taken to WSCF <.5 ....,i 

I 81NR10 -~ ....... 
w ::a 

1-051 122.0 to 122.5 Grab 
81NPH6 816107 Activity scan taken to WSCF <.5 

m 
81 NR11 :< 

0 

1-052 124.5 to 125.0 Grab 
81NPH7 816107 Activity scan taken to WSCF <.5 
81NR12 

1-053 127.0 to 127.5 Grab 
81NPH8 816107 Activity scan taken to WSCF <.5 
81NR13 

1-054 129.5 to 130.0 Grab 
81NPH9 817107 Activity scan taken to WSCF <.5 
B1NR14 

1-055 132.5 to 135.0 Grab 
81NPJO 

817107 Activity scan taken to WSCF <.5 
81NR15 

81P3J8 
81NRC1 

1-055 132.5 to 135.0 Split spoon 
81 NRF2(VOA) 817107 Activity scan taken to WSCF <.5 
81 NRF3(VOA) 

B1NRH8 
B1NR97 



Table 2-5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

1-056 132.0 to 132.5 Grab 81NPJ1 817107 Activity scan taken to WSCF <.5 81NR16 

1-057 134.5to 135.0 Grab 81NPJ2 817107 Activity scan taken to WSCF <.5 
81NR17 

1-058 137.0to 137.5 Grab 
81NPJ3 817107 Activity scan taken to WSCF <.5 81NR18 

81NPJ4 
1-059 139.5 to 140.0 Grab 81NR19 817107 Activity scan taken to WSCF <.5 

81NRP4 en 
Q 

81NPJ5 
:'§: 

1-060 142.0 to 142.5 Grab 817107 Activity scan taken to WSCF <.5 
I 

81NR20 
(,) 
01 
01 

I\) -...i 
I 81NPJ6 ~ ....... 1-061 144.5 to 145 Grab 817107 Activity scan taken to WSCF <.5 -
~ 81NR21 :::0 m 

81NPJ7 :< 
1-062 147.0 to 147.5 Grab 

81NR22 
817107 Activity scan taken to WSCF <.5 0 

1-063 149.5 to 150.0 Grab 
81NPJ8 817107 Activity scan taken to WSCF <.5 81NR23 

1-064 152.0 to 152.5 Grab 
81NPJ9 817107 Activity scan taken to WSCF <.5 81NR24 

1-065 154.5 to 155.0 Grab 81NPKO 817107 Activity scan taken to WSCF <.5 81NR25 

1-066 157.0 to 157.5 Grab 81NPK1 817107 Activity scan taken to WSCF <.5 
81NR26 

1-067 159.5 to 160.0 Grab 
81NPK2 817107 Activity scan taken to WSCF <.5 
81NR27 

1-068 162.0 to 162.5 Grab 
81NPK3 817107 Activity scan taken to WSCF <.5 
81NR28 



Table 2-5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

1-069 164.5 to 165.0 Grab 
81NPK4 818107 Activity scan taken to WSCF <.5 B1NR29 

1-070 167.0 to 167.5 Grab 81NR30 819107 No activity scans taken. 

1-071 169.5to 170.0 Grab 81NR31 819107 No activity scans taken. 

1-072 172.0to 172.5 Grab 81NR32 819107 No activity scans taken. 

1-073 174.5 to 175.0 Grab 81NR33 819107 No activity scans taken. 

1-074 177.0to 177.5 Grab B1NR34 8/9/07 No activity scans taken. 
CJ) 

1-075 179.5to 180.0 Grab B1NR35 819107 No activity scans taken. 
G) 

:? 
I 

1-076 182.0 to 182.5 Grab 81NR36 819107 No activity scans taken. 
CN 
CJ1 
CJ1 

I\) -....! 
I 1-077 184.5 to 185.0 Grab 81NR37 819107 No activity scans taken. ·""" ....... 

CJ1 ;:o 
1-078 187.0 to 187.5 Grab 81NR38 819107 No activity scans taken. m 

:< 
81NR39 0 

1-079 189.5 to 190.0 Grab 
B1NRP5(R) 

819107 No activity scans taken. 

1-080 192.0 to 192.5 Grab 81NR40 819107 No activity scans taken. 

1-081 194.5 to 195.0 Grab 81NR41 819107 No activity scans taken. 

1-082 197.0 to 197.5 Grab 81NR42 819107 No activity scans taken. 

1-083 199.5 to 200.0 Grab 81NR43 819107 No activity scans taken. 

1-084 202.0 to 202.5 Grab 81NR44 8/13/07 No activity scans taken. 

1-085 204.5 to 205.0 Grab 81NR45 8/13/07 No activity scans taken. 

1-086 207.0 to 207.5 Grab B1NR46 8/13/07 No activity scans taken. 

1-087 210.0 to 210.5 Grab B1NR47 8/13/07 No activity scans taken. 

1-088 212.0 to 212.5 Grab B1NR48 8/13/07 No activity scans taken. 



Table 2·5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

1-089 214.5 to 215.0 Grab 81NR49 8/13/07 No activity scans taken. 

1-090 217.0 to 217.5 Grab 81NR50 8/13/07 No activity scans taken. 

1-091 219.5 to 220.0 Grab 81NR51 8/14/07 No activity scans taken. 

1-092 222.0 to 222.5 Grab 81NR52 8/14/07 No activity scans taken. 

1-093 224.5 to 225.0 Grab 81NR53 8/14/07 No activity scans taken. 

1-094 227.0 to 227.5 Grab 81NR54 8/14/07 No activity scans taken. 

1-095 229.0 to 229.5 Grab 81NR55 8/14/07 No activity scans taken. (J) 
G) 

1-096 232.0 to 232.5 Grab 81NR56 8/14/07 No activity scans taken. :E 
I w 

1-097 234.5 to 235.0 Grab 81NR57 8/14/07 No activity scans taken. (J'1 
(J'1 

I\) -..J 
I 

1-098 237.0 to 237.5 Grab 81NR58 8/14/07 No activity scans taken. 
_.r:. ...... 

0) :::0 
81NR59 

m 
1-099 239.5 to 240.0 Grab 8/14/07 No activity scans taken. :< 

81NRP6(R) 0 

1-100 242.0 to 242.5 Grab 81NR60 8/14/07 No activity scans taken. 

1-101 244.0 to 244.5 Grab 81NR61 8/14/07 No activity scans taken. 

1-102 247.0 to 247.5 Grab 81NR62 8/14/07 No activity scans taken. 

81NR98 
81NRC2 

1-103 250.5 to 253.0 Split spoon 
81 NRF4(VOA) 

8/15/07 No activity scans taken. 
81 NRF5(VOA) 

81NRH9 
81P3J9 

1-104 250.0 to 250.5 Grab 81NR63 8/15/07 No activity scans taken. 

1-105 252.0 to 252.5 Grab 81NR64 8/16/07 No activity scans taken. 

1-106 254.5 to 255.0 Grab 81NR65 8/16/07 No activity scans taken. 



Table 2-5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

1-107 257.0 to 257.5 Grab 81NR66 8/16/07 No activity scans taken. 

1-108 259.5 to 260.0 Grab 81NR67 8/16/07 No activity scans taken. 

1-109 262.0 to 262.5 Grab 81NR68 8/16/07 No activity scans taken. 

1-110 265.5 to 266 Grab 81NR69 8/20/07 No activity scans taken. 

1-111 267.0 to 267.5 Grab 81NR70 8/20/07 No activity scans taken. 

1-112 269.0 to 269.5 Grab 81NR71 8/20/07 No activity scans taken. 

1-113 272.0 to 272.5 Grab 81NR72 8/20/07 No activity scans taken. (/) 

G> 
1-114 274.5 to 275.0 Grab 81NR73 8/20/07 No activity scans taken. :E 

I 
U) 
CJl 

1-115 277.0 to 277.5 Grab 81NR74 8/20/07 No activity scans taken. CJl 
-..! N 
~ I ...... 

1-116 279.5 to 280.0 Grab 81NR75 8/20/07 No activity scans taken. -..! ::0 m 
1-117 282.0 to 282.5 Grab 81NR76 8/20/07 No activity scans taken. ~ 

0 
81NR82 

81 NRF6(VOA) 

1-118 285.0 to 287.0 Split spoon 
81 NRF7(VOA) 

8/21/07 Activity scan was taken. QC equipment blank taken. 
81NRJO 

81NT09(RS) 
81P3KO 

1-119 284.5 to 285.0 Grab 81NR77 8/20/07 No activity scans taken. 

1-120 287.0 to 287.5 Grab 81NR78 8/21/07 No activity scans taken. 

1-121 289.5 to 290.0 Grab 
81NR79 

8/21/07 No activity scans taken. 81NRP7(R) 

1-122 292.0 to 292.5 Grab 81NR80 8/21/07 No activity scans taken. 

1-123 294.5 to 295.0 Grab 81NR81 8/21/07 No activity scans taken. 

1-124 297.0 to 297.5 Grab 81NR82 8/21/07 No activity scans taken. 



Table 2-5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

1-125 299.5 to 300.0 Grab 81NR83 8/21/07 No activity scans taken. 

1-126 302.0 to 302.5 Grab 81NR84 8/21/07 No activity scans taken. 

1-127 304.5 to 305.0 Grab 81NR85 8122107 No activity scans taken. 

1-128 307.0 to 307.5 Grab 81NR86 8122107 No activity scans taken. 

1-129 309.5 to 310.0 Grab 81NR87 8122107 No activity scans taken. 

1-130 312.0 to 312.5 Grab 81NR88 8122107 No activity scans taken. 

1-131 315.0 to 315.5 Grab 81NR89 8122107 No activity scans taken. en 
G) 

81NR99 ~ 
I 

81NRC3 
w 
(]1 

81 NRF8(VOA) 
(]1 

I\.) 1-132 317.0 to 319.5 Split spoon 8122107 No activity scans taken. -...! 
I 81 NRF9(VOA) .j:>. _... 

00 81NRJ1 ;:a 
81P3K1 m 

~ 

Groundwater Sample (1) 
0 

I-water 322.0 Bailer 
81PLHO 916107 
81PLF8 

Reid Blanks (9) 

1-001 13.0 to 15.0 QC 81 NRP8(FB)(VOA) 6/12/07 

81NRB5 
81 NRC6(VOA) 
81 NRC7(VOA) 

81 NRC8(R)(VOA) 

1-006 29.0 to 31.5 QC 
81 NRC9(R)(VOA) 6127107 Associated with split-spoon sample 1-007. 

81NRH1(R) 
81NT07 
81NR91 

81NRH1(R) 
81NT08 



Table 2-5. Sample Collection Summary for Borehole C5515 

Interval Sample Interval Sample HEIS Date Comments 
Number (ft bgs) Method Number Sampled (Activity Scans Measured in mrem) 

1-010 32.0 to 34.5 QC 81 NRRO(F8)(VOA) 7/3/07 

1-017 47.5 to 49.5 QC 81 NRR1 (F8)(VOA) 7110107 Activity scan taken to WSCF <.5 

1-019 50.0 to 52.5 QC 81 NRR2(F8)(VOA) 7/16/07 No QC sample taken. 

1-021 52.0 to 54.5 QC 81 NRR3(F8)(VOA) 7/23/07 No QC sample taken. (/) 

G> 
1-023 54.5 to 57.0 QC 81 NRR4(F8)(VOA) 7/24/07 Samples were collected. :E 

I 
(,) 
01 

1-055 131to131.5 QC 81 NRR5(F8)(VOA) 817107 Activity scan taken to WSCF <.5 01 
---1 I\) 
_,f::. I ...... 1-103 250.5 to 253.0 QC 81 NRR6(F8)(VOA) 8/15/07 CD ::0 
m 

1-132 317.0 to 319.5 QC 81 NRR8(F8)(VOA) 8/22/07 '.< 
0 

I-water 322.0 QC 81PLF9 916107 Collected during groundwater sampling. 

Equipment Blank (1) 

1-118 Collected QC 81 NRR7(F8)(VOA) 8/21/07 

bgs = below ground surface 

HEIS = Hanford Environmental Information System 

QC = quality control 

TPH = total petroleum hydrocarbons 

WSCF = Waste Sampling and Characterization Facility 
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An equipment rinsate water blank sample was obtained on August 21, 2007, in association with the split
spoon soil sample collected on the same day, from 86.9 to 87.5 m (285.0 to 287.0 ft) bgs. The equipment 
rinsate blank was analyzed for the same compounds as the associated soil sample to check the potential 
for sample contamination originating from the field sampling equipment or from equipment cleansing 
agents. Because no additional equipment rinsate blank samples were requested by the field geologist, as 
allowed in the SAP (DOE/RL-2006-77), this requirement for obtaining and analyzing at least one 
equipment rinsate blank sample was met. 

Field blank water samples were collected in association with each of the nine split-spoon soil samples that 
were collected and submitted for VOC analysis. Field blanks normally are obtained to determine whether 
the VOCs detected might have resulted from ambient organic vapors, such as those generated by nearby 
internal combustion engine exhaust. The SAP (DOE/RL-2006-77) required that the field blanks be 
collected with each VOC-designated soil sample collected. Because the nine field blank samples were 
collected with the associated nine VOC-designated soil samples, the requirement was met. 

As described above, methanol was added to selected soil samples in the field to preserve them for analysis 
ofVOCs. All of the VOC samples reserved for analysis at a high calibration range (VOA-high) were 
treated with methanol. Methanol blank samples were obtained as a control for contamination that might 
occur in the process of preservation or for contamination that may be present in the methanol source. The 
blank samples were prepared by injecting methanol into an empty VOA sample bottle that had been 
opened briefly in the sampling environment. Each methanol blank was collected with a specific 
VOA-high sub-sample, so each methanol blank was associated with a specific depth. A methanol blank is 
analyzed only if the associated VOA-high sub-sample is also analyzed, as previously described. 

One groundwater sample was collected from borehole C5515 for laboratory analysis (Table 2-5). This 
sample was collected after reaching TD and was taken at the final casing depth of 98.1 m (322.0 ft) bgs 
using a bailer. Table 2-5 summarizes the sample interval numbers, associated Hanford Environmental 
Information System (HEIS) database numbers, sample dates, sample depths, media sampled, and 
sampling methods employed. Laboratory analytical data for soil and groundwater samples will be 
provided in a separate report. 

2.4.2 Borehole C5571 
Five split-spoon soil samples were collected for laboratory analysis from borehole C5571 with an 
approximately 10 cm (4-in.)-diameter split spoon (Table 2-6). The split-spoon samples were collected 
using three stainless-steel liners in a 0.46 m (1.5-ft) long split spoon (not including the drive-shoe length). 
The first split-spoon sample collected, which was unplanned, was submitted to the 222-S Laboratory for 
radiological screening; the other four samples were submitted to analytical laboratories for sediment 
analysis. 

The QC samples were collected in the field as controls for analysis of the soil samples. Soil samples were 
collected at a single depth for duplicate analysis. Liquid QC samples, including one equipment blank and 
four field blanks, were also collected. 

A duplicate analysis of soil samples was to be performed on sample pairs taken at 6.4 to 6.9 m (21.0 to 
22.5 ft) bgs. However, the sample did not have a sufficient quantity of sediment to perform a duplicate 
analysis, and no other duplicate samples were planned and/or extracted. 
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Table 2-6. Sample Collection Summary for Borehole C5571 

Sample 
Interval Sample Interval Media HEIS Date 
Number (ft bgs) Sampled Method Number Sampled Comments 

Soil Samples (5) 

1-003 19.1to20.9 Soil Split spoon 
B1P3K6 7120107 Spoon was driven 7/14/07. 
81P3M3 

B1P3K4 

1-002 21.0 to 22.5 Soil Split spoon 
B1P3K7 

7/17/07 
B1P3L1 
B1P3L9 

81P3K3 

1-005 25.1to26.8 Soil Split spoon 
B1P3K8 7/19/07 
B1P3L2 
B1P3MO en 

G> 
B1P3K5 ~ 

I 

B1P3K9 c..:> 
1-007 39.0 to 40.7 Soil Split spoon 7120107 01 

B1P3L3 01 
--.! I\.) 81P3M1 _.f>. I 

I\.) ...... :::0 
B1P7Y1 m 
B1P3LO < 

1-009 58.2 to 59.9 Soil Split spoon 
B1P3L4 

7/21/07 0 

B1P3M2 

Field Blanks (4) 

1-001 Collected Water QC B1P3M4 7/17/07 

1-004 Collected Water QC B1P3M5 7/19/07 

1-006 Collected Water QC B1P3M6 7120107 

1-008 Collected Water QC B1P3M7 7/21/07 

Equipment Blank (1) 

I-EB N/A Water QC B1P3M8 7/13/07 

bgs = below ground surface N/A = not applicable 

HEIS = Hanford Environmental Information System QC = quality control 
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An equipment rinsate water blank sample was obtained on July 13, 2007, in association with the split
spoon soil sample collected on July 21, 2007, from 17.7 to 18.3 m (58.2 to 59.9 ft) bgs. The equipment 
rinsate blank was analyzed for the same compounds as the associated soil sample to check the potential 
for sample contamination originating from the field sampling equipment or from equipment cleansing 
agents. Because no additional equipment rinsate blank samples were requested by the field geologist (as 
allowed in the SAP [DOE/RL-2006-77]), the requirement for obtaining and analyzing at least one 
equipment rinsate blank sample was met. 

Field blank water samples were collected in association with each of the four split-spoon soil samples that 
were submitted for VOC analysis. The SAP (DOE/RL-2006-77) required that the field blanks be taken 
with each VOC-designated soil sample collected. Because the four field blank samples were collected 
with the associated four VOC-designated soil samples, the requirement was met. 

As described above, methanol was added to selected soil samples in the field to preserve them for VOC 
analysis. All of the VOC samples reserved for analysis at a high calibration range (VOA-high) were 
treated with methanol. Methanol blank samples were obtained as a control for contamination that might 
occur in the process of preservation or for contamination that may be present in the methanol source. The 
blank samples were prepared by injecting methanol into an empty VOA sample bottle that had been 
opened briefly in the sampling environment. Each methanol blank was collected with a specific VOA
high sub-sample, so each methanol blank was associated with a specific depth. A methanol blank was 
analyzed only if the associated VOA-high sub-sample was analyzed, as described earlier. 

The VOA-low sub-samples were analyzed and did not exceed the calibration range. Consequently, 
VOA-high sub-samples were not analyzed, and the methanol blanks were canceled. 

Table 2-6 summarizes the sample interval numbers, associated REIS database numbers, sample dates, 
sample depths, media sampled, and sampling methods employed. Laboratory analytical data for soil 
samples will be provided in a separate report. 

2.5 Environmental Monitoring 
This section describes environmental monitoring conducted during drilling and decommissioning of 
boreholes C5515, C5570, and C5571. 

2.5.1 Industrial Hygiene 

2.5.1.1 Borehole C5515 
Industrial hygiene monitoring was provided on a continuous basis during drilling activities from ground 
surface to 10.7 m (35 ft) bgs. The industrial hygiene monitoring included the soil from split-spoon 
samples during the drilling activity. Beyond 10.7 m (35 ft) bgs, industrial hygiene monitoring was 
provided on a periodic morning/afternoon basis. All readings were reported as less than detection. 

2.5.1.2 Borehole C5570 
Industrial hygiene monitoring was provided on a periodic morning/afternoon basis. Industrial hygiene 
coverage consisted of monitoring during drilling activities. All industrial hygiene soil readings were 
reported as less than detection. 
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2.5.1.3 Borehole C5571 
Industrial hygiene monitoring was provided on a periodic morning/afternoon basis during drilling 
activities and primarily consisted of a check on the soil collected during split-spoon sampling activities. 
All industrial hygiene soil readings were reported as less than detection. 

2.5.2 Radiation Control 

2.5.2.1 Borehole C5515 
Because borehole C5515 is located within an area of known radioactive contamination at the 216-A-2 
Crib, full-time radiological control technician (RCT) monitoring was provided during initial drilling 
activities in the upper portion of the vadose zone from ground surface to 49.5 m (162.5 ft) bgs, which 
ended on August 8, 2007. Beyond 49.5 m (162.5 ft) bgs, RCT coverage was provided on a periodic 
morning/afternoon basis. Radiation control monitoring included direct reading of recovered soils and 
monitoring of drilling tools, sampling tools, personal protective equipment, and soil storage drums. 

Table 2-7 lists the radiological equipment used and data recorded by onsite RCTs during drilling of 
borehole C5515. The table includes data from direct readings ofrecovered soil (as measured with the 
various meters) either from the borehole cuttings after removal from the drive barrel or from soil captured 
with a split-spoon sampler. Table 2-7 also lists the background measurements. 

Several different radiation detectors were used during drilling, including the SPA-38 and Geiger-Mi.iller 
gamma radiation meter. The SPA-3 meter is a hand-held, high-sensitivity gamma radiation meter used for 
measuring the amount ofradioactive contamination present (in counts per minute [cpm]). The Geiger
Milller meter is a hand-held gamma radiation meter used for measuring the amount of radioactive 
contamination present (in cpm). Both detectors were routinely used to detect and quantify gamma 
radiation in soil recovered from drilling activities. A Hanford Site-produced portable alpha meter also was 
used during drilling operations, which consists of a count-rate detector and a Hanford Site-produced 
50 cm2 alpha scintillation detector. The portable alpha meter was periodically used to detect the presence 
or absence of alpha radioactive contamination on equipment, personnel, personal protective equipment, 
and other related surfaces in the work area. Alpha radiation was not detected above background at this 
site. 

The Eberline R0-209 is a portable, air-filled ionization chamber rate meter used to detect beta, gamma, 
and x-ray radiation. The ionization chamber is contained within the instrument body. Indentations on the 
case indicate the center of the chamber. 

Photon-sensitive probes (e.g., Portable Gamma-2 10
) typically consist of sodium-iodide (Tl) scintillating 

crystals. As the crystal absorbs energy in the form of photon or beta radiation, electrons in the valence 
band are moved to the conduction band. When electrons in the conduction band return to the valence 
band, energy must be released. This energy is released in the form of visible light O.max=415 nm), assured 
by the thallium impurity; the amount of light is proportional to the amount of radiation originally 
absorbed. These probes are often used to perform pulse-height analysis/energy discrimination. 

Crystals come in a variety of shapes and sizes. The most common crystals at the Hanford Site are 
5 m by 5 m (2 in. by 2 in.) because they are appropriate for a wide energy range and offer relatively high 
efficiency. Larger and smaller crystals also are available. Larger crystals increase efficiency and energy 

8 SPA-3 ™ is a trademark of Thermo Electron Corporation, Waltham, Massachusetts. 
9 R0-20™ is a trademark of Eberline Instruments, a subsidiary of Thermo Fisher Scientific, Waltham Massachusetts. 
10 PG-2™ is a trademark of Eberline Instruments, a subsidiary of Thermo Fisher Scientific, Waltham, Massachusetts. 
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range. Crystal size and shape can be used as a mechanical discriminator, tuning detector response to low
energy radiation. 

2.5.2.2 Borehole C5570 
During drilling activities, RCT monitoring at borehole C5570 was not required. Additionally, no cuttings 
were retrieved from this borehole because of the sealed DPT drilling method used. Therefore, no soil
related radiological measurements were collected. 

2.5.2.3 Borehole C5571 
During drilling activities, RCT monitoring at borehole C5571 was generally provided during split-spoon 
sampling activities. For soil samples, the RCT reported values for the deep dose rate from <0.5 to 
200 mrem/hr. Gross direct contamination of the soil samples had up to 30,000 disintegrations per minute 
(dpm)/100 cm2 beta/gamma radiation, 200 dpm/100 cm2 alpha. Removable contamination was detected 
from 1,000 to 40,000 dpm/100 cm2 beta/gamma and <20 dpm2/100 cm2 alpha. Background during this 
sampling ranged from 50 to 70 cpm beta/gamma and 0 cpm alpha. The data are available in the original 
radiological survey reports. 

2.6 Borehole Geophysical Logging 
Borehole geophysical logging surveys were conducted on boreholes C5515, C5570, and C5571 by 
S. M. Stoller Corporation (Stoller). Borehole geophysical logging records the vertical distribution and the 
quantity of natural and manmade (process) gamma-emitting radionuclides in the soil next to the borehole. 
In addition, the logs assist in correlating and interpreting the subsurface stratigraphy. Borehole logging 
equipment is calibrated annually, with calibration data used to calculate casing attenuation factors that 
convert measured peak-area count rates to radionuclide concentrations. The logging system provided 
a continuous radiometric signature of the soils, measured through a single thickness of carbon-steel 
casing. 

Borehole C5515 was geophysically logged using the spectral gamma logging system, the neutron 
moisture logging system, and the passive neutron logging system. Geophysical logging occurred after the 
borehole was drilled to a depth of 26.2 m (86.0 ft) bgs in July 2007, and after the borehole was drilled to 
the TD of99.l m (325.0 ft) bgs in August 2007. Additional geophysical logging of the borehole interval 
with highly elevated radiological activity was conducted in July 2007 using a high-rate logging system 
(HRLS). 

Borehole C5570 was geophysically logged using the spectral gamma logging system and the HRLS in 
May 2007, after the borehole was advanced to the TD of 10.9 m (35.8 ft) bgs. Geophysical logging using 
the HRLS was conducted over the borehole interval and indicated highly elevated radiological activity. 

Borehole C5571 was geophysically logged using the spectral gamma logging system, the neutron 
moisture logging system, the passive neutron logging system, and HRLS. Geophysical logging was 
performed in August 2007 after the borehole was drilled to the TD of 18.3 m (60.0 ft) bgs. Geophysical 
logging using the HRLS was conducted over the borehole interval and indicated highly elevated 
radiological activity. 

Figure 2-1 shows plots of the geophysical logging results correlated with the borehole geology and 
sampling intervals for borehole C5515. The geophysical log data reports prepared by Stoller are included 
in Appendices D, G, and K. 
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Table 2-7. Radiation Control Direct Measurements from Soils at Borehole C5515 
Direct Deep 

Gross Direct Gross Direct Total Dose Direct Shallow Dose 
Contamination Background Contamination Background Contamination Measurements Measurements 
Measurements Measurements Measurements Measurements Measurements Total Contamination R0-20 R0-20 

Date Depth SPA-31 SPA-31 PG·2b PG·2b Gelger-MOiier" Measurements PAMd (mrem/hr, on (mrem/hr, on Media/ Survey 
Surveyed (ft bgs) (pycpm) (PY cpm) (pycpm) (pycpm) (py dpm/100 cm2

) (a dpm/100 cm2
) Contact) Contact) Source (RSR) Comments 

0 to 2.5 1,600 1,615 1,100 1,132 Soil/drill cuttings 
614107 GW-07-0972 Full-time RCT coverage. 

2.5 to 3.5 1,600 1,615 1,100 1,132 Soil/drill cuttings 

616107 3.5 to 5 NR NR NR NR Soil/drill cuttings NR No RSR provided. 

7 to 9 1,700 1,700 1,600 1,600 Soil/drill cuttings 

6/11/07 9 to 11 1,700 1,700 1,600 1,600 Soil/drill cuttings GW-07-1011 Full-time RCT coverage. 

11 to 13 1,700 1,700 1,600 1,600 Soil/drill cuttings 

6/12/07 
13 to 

<1,760 1,760 <1,550 1,550 Soil/drill cuttings GW-07-1025 
Full-time RCT coverage. Depths given are based on 

19.5 geologist's notes. 

19.5 to 
1,500 1,700 1,600 2,100 Soil/drill cuttings 21 

6/13/07 25 1,400 1,700 1,600 2,100 Soil/drill cuttings GW-07-1027 Full-time RCT coverage. 

27 1,600 1,700 1,800 2,100 Soil/drill cuttings 

27.5 2,700 1,700 2,300 2,100 400,000 42 <0.5 <0.5 Soil/drill cuttings 

6/14/07 
26.5 to 

30 970 
Soil/split-spoon 

GW-07-1038 
Full-time RCT coverage. Depths given are based on 

28.5 sample geologist's notes. 

Soil/small 
Full-time RCT coverage. Dose values presented were from 

activity-scan 
6/18/07 

26.5 to 
<0.5 88 sample from GW-07-1059 

the small bottled (60 ml bottle) activity scan sample 
28.5 

larger split- collected from the split-spoon soil sample collected on 

spoon sample 
6/14/07. Depths given are based on geologist's notes. 

Full-time RCT coverage. Dose values were measured 

6120107 26.5 to 
105 

Soil/cleanout 
GW-07-1071 

through the side of the drive barrel and, thus, were 
28.3 cuttings "shielded" through the steel sidewall of the drive barrel. 

Depths given are based on geologist's notes. 

Full-time RCT coverage. Dose values were measured 

6/21/07 
26.5 to 

200 1,800 
Soil/cleanout 

GW-07-1087 
directly from the borehole cleanout cuttings collected on 

28.3 cuttings 712012007 and were measured at 1 in. (not exact contact). 
Depths given are based on geologist's notes. 

Soil/cleanout 
Full-time RCT coverage. Depths given are based on 6126107 27 to 29 150 650 cuttings and drill GW-07-1101 

cuttings 
geologist's notes. 

Full-time RCT coverage. Highest dose values (reported 

6127107 29 to 
7.0 133 

Soil/split-spoon 
GW-07-1 129 

here) were measured from the soil representing an 
31 .5 sample approximate depth of 29.5 ft bgs. Depths given are based 

on geologist's notes. 

30 to Soil/cleanout 
Full-time RCT coverage. Dose values presented were from 

6128107 
30.5 1.5 48 

grab sample GW-07-1141 the grab soil sample collected from the cieanout cuttings. 
Depths given are based on geologist's notes. 

31 .5 to Soil/grab 
Full-time RCT coverage. Dose values presented were from 

712107 
32 <0.5 <0.5 

sample GW-07-1156 the grab soil sample collected from the drill cuttings. 
Depths given are based on geologist's notes. 
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Table 2-7. Radiation Control Direct Measurements from Soils at Borehole C5515 
Direct Deep 

Gross Direct Gross Direct Total Dose Direct Shallow Dose 
Contamination Background Contamination Background Contamination Measurements Measurements 
Measurements Measurements Measurements Measurements Measurements Total Contamination R0-20 R0·20 

Date Depth SPA·31 SPA-31 PG·2b PG·2b Gelger-MOiier• Measurements PAMd (mrem/hr, on (mrem/hr, on Media/ Survey 
Surveyed (ft bgs) <Pv cpm) <Pv cpm) <Pv cpm) (pycpm) <Pv dpm/1 oo cm2

) (a dpm/100 cm2
) Contact) Contact) Source (RSR) Comments 

32 to 
70,000 1,120 <0.5 2.2 

Soil/split-spoon 
34.5 sample Full-time RCT coverage. Depths given are based on 

713107 GW-07-1164 
32 to Soil/cleanout geologist's notes. 

34.5 
1.2 4.8 

cuttings 

715107 34.5 NR NR 
Soil/cleanout 

GW-07-1181 Full-time RCT coverage. cuttings 

34.5 to 
<0.5 4.0 Soil/drill cuttings 

37.5 
719107 GW-07-1191 

Full-time RCT coverage. Depths given are based on 

37.5 to geologist's notes. 

40 
<0.5 <0.5 Soil/drill cuttings 

Full-time RCT coverage. Depths given are based on 

7/10/07 
40 to 

<0.5 3.2 Soil/drill cuttings GW-07-1212 
geologist's notes, and dose measurements are corrected 

47.5 from RSR values based on geologist's notes (shallow and 
deep dose values switched on RSR). 

Soil/split-spoon 
Full-time RCT coverage. Total contamination values 

7/12/07 
47.5 to 

25,000 <100 <0.5 <0.5 
sample and 

GW-07-1224 presented were observed from the split-spoon sample at 
49.5 cleanout 

cuttings -47.5 ft bgs based on geologists' notes. 

7/16/07 
49.5to 

<5,000 <100 <0.5 <0.5 
Soil/split-spoon 

GW-07-1252 
Full-time RCT coverage. Depths given are based on 

52 sample geologist's notes. 

7123107 52 to 
100,000 120 <0.5 <0.5 

Soil/split-spoon 
GW-07-1293 

Full-time RCT coverage. Depths given are based on 
54.5 sample geologist's notes. 

54.5 to 
<5,000 <100 <0.5 <0.5 

Soil/split-spoon 
57 sample 

7124107 GW-07-1303 
Full-time RCT coverage. Depths given are based on 

54.5 to 
Soil/cleanout geologist's notes. 

71 
<5,000 <100 cuttings and drill 

cuttings 

71 <0.5 <0.5 
Soil/cleanout 

cuttings 

7125107 
73 <0.5 <0.5 Soil/drill cuttings GW-07-1319 Full-time RCT coverage. 

75 <0.5 <0.5 Soil/drill cuttings 

7126107 77 to 86 2,500 2,200 1,300 1,750 <5,000 <100 Soil/drill cuttings GW-07-1332 
Full-time RCT coverage. Depths given are based on 
geologist's notes. 

87 2,800 2,000 Soil/drill cuttings 

89 2,650 2,000 Soil/drill cuttings Full-time RCT coverage. Depth given is based on 
8/1/07 GW-07-1382 

90 2,900 2,000 Soil/drill cuttings geologist's notes. 

91.5 2,700 2,000 Soil/drill cuttings 

816107 91 .5 to 
2,900 2,300 3,100 2,300 Soil/drill cuttings GW-07-1452 

Full-time RCT coverage. Depths given are for the entire 
127.5 interval drilled based on geologist's notes. 

8nt07 
127.5 to 

2,400 2,300 1,800 1,800 Soil/drill cuttings GW-07-1424 
Full-time RCT coverage. Depths given are for the entire 

162.5 interval drilled based on geologist's notes. 
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Table 2-7. Radiation Control Direct Measurements from Soils at Borehole C5515 
Direct Deep 

Gross Direct Gross Direct Total Dose Direct Shallow Dose 
Contamination Background Contamination Background Contamination Measurements Measurements 
Measurements Measurements Measurements Measurements Measurements Total Contamination R0-20 R0-20 

Date Depth SPA-31 SPA-31 PG-2b PG-2b Gelger-MOlle,.C Measurements PAMd (mrern/hr, on (mrern/hr, on 
Surveyed (ft bgs) <Pvcpm) <Pv cpm) <Pvcpm) <Pv cpm) <Pv dpm/100 cm2

) (a dpm/100 cm2
) Contact) Contact) 

818107 
162.5 to 

2,200 2,200 
166.5 

819107 176 2,000 2,100 

8/13/07 
200 to 

2,200 1,900 
219 

222.5 2,300 2,420 
8/14/07 

244 2,300 2,420 

250 2,300 2,400 
8/15/07 

253 2,200 2,400 

8/16/07 257.5 2,100 2,100 

8/20/07 
264 to 

2,100 2,100 
285 

8/21/07 
285 to 

2,100 2,200 
304.5 

8123107 
304.5 to 

2,430 2,400 1,800 2,000 
325 

a. SPA-3 high-sensitivity gamma radiation meter. 

b. Portable Gamma-2 (PG-2) is a thin , window scintillation crystal probe that is used to detect gamma rays. 

c. Geiger-Mueller is a gas-filled radiation detection probe. It is primarily a beta ray detector. 

d. Portable alpha monitor (PAM) is used to detect alpha rays. 

a = alpha radiation 

J3 = beta radiation 

V = gamma radiation 

not measured 

bgs below ground surface 

cpm = counts per minute 

dpm = disintegrations per minute 

NR not recorded 

RCT = radiological control technician 

RSR radiological survey report 

Media/ 
Source 

Soil/drill cuttings 

Soil/dri ll cuttings 

Soil/drill cuttings 

Soil/drill cuttings 

Soil/drill cuttings 

Soil/drill cuttings 

Soil/drill cuttings 

Soil/drill cuttings 

Soil/drill cuttings 

Soil/drill cuttings 

Soil/drill cuttings 

Survey 
(RSR) 

GW-07-1432 

GW-07-1456 

GW-07-1464 

GW-07-1479 

GW-07-1498 

GW-07-1504 

GW-07-1510 

GW-07-1518 

GW-07-1538 

SGW-35574, REV. 0 

Comments 

Full-time RCT coverage. Depths given are for the entire 
interval drilled based on geologist's notes. 

RCT coverage a.m./p.m. Depth given is based on 
geologist's notes. 

RCT coverage a.m./p.m. Depths given are for the entire 
interval drilled based on geologist's notes. 

RCT coverage a.m./p.m. 

RCT coverage a.m./p.m. Depth given is based on 
geologist's notes. 

RCT coverage a.m./p.m. Depth given is based on 
geologist's notes. 

RCT coverage a.m./p.m. Depths given are for the entire 
interval drilled based on geologist's notes. 

RCT coverage a.m./p.m. Depths given are for the entire 
interval drilled based on geologist's notes. 

RCT coverage a.m./p.m. Depths given are for the entire 
interval drilled based on geologist's notes. 
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Borehole C5515 

Drill ing Information Radiological Field Data Geophysical Logging 

Sam ple Intervals Borehole Geology Gross Direct Contamination D irect Dose Rate 137 
Cs (662 Kev) Total Gamma Moisture 
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Figure 2-1. Soil-Sampling Intervals, General Lithology, Environmental Measurements, and Borehole Geophysical Logs for Borehole C5515 at the 216 A-2 Crib 
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2.7 Civil Survey 
Civil surveys of boreholes C5515 and C5570 were performed on April 2, 2008. A civil survey of 
decommissioned borehole C5571 was conducted on June 5, 2008. The results for these surveys have been 
entered into the Hanford Well Identification System database and are summarized in Table 1-1. 

2.8 Quality Assurance 
A quality assurance (QA) surveillance of activities at borehole C55 l 5 was performed by FH. The QA was 
conducted on July 23 and 24, August 8, and November 7, 2007. The QA surveillance at borehole C5515 
was an in-process surveillance during drilling that reviewed the implementation of the SAP 
(DOE/RL-2006-77). The surveillance results were both "Satisfactory" and "Unsatisfactory - Corrected 
during Surveillance." The QA surveillance report (QA-ESA-GRP-SURV-08-009, Implementation of the 
Sampling and Analysis Plan at 216-A-2 During the Drilling of C5515) contains details of this QA 
surveillance activity. The QA surveillance activities were not conducted for boreholes C5570 and C5571. 
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3 Subsurface Description 

This section provides the generalized stratigraphy in the 200 East Area, a description of the geology 
encountered in boreholes C5515 and C5571, and the hydrogeology encountered in borehole C5515. Soils 
were not observed from borehole C5570 because of the DPT drilling method. 

3.1 Geology of the 200 East Area 
Generalized stratigraphy in the 200 East Area near the 216-A-2 and 216-A-21 Cribs includes a thin 
veneer of surficial sediments consisting of unconsolidated and unweathered Holocene aeolian sands and 
loess overlying unconsolidated sediments of the Hanford formation. The Hanford formation contains 
Pleistocene-age, cataclysmic flood, and inter-flood deposits, which consist of a basal gravel-dominated 
sequence and an overlying sand-dominated sequence. Hanford formation sediments disconformably 
overlie sand and gravel of the Miocene to Pliocene Ringold Formation. Pleistocene cataclysmic flooding 
removed portions of the Ringold Formation over much of the 200 East Area. Where the entire Ringold 
Formation is present, it consists of (in descending order) the Upper Ringold Unit (primarily gravelly 
sand), Unit E of the Ringold Formation (primarily sandy gravel), the Ringold Lower Mud (primarily silt 
and fine sand), and Unit A of the Ringold Formation (primarily sandy gravel). The Ringold Formation 
overlies flood basalt flows of the Miocene Columbia River Basalt Group. Basalt flows of the Elephant 
Mountain Member of the Saddle Mountains Basalt form the base of the suprabasalt aquifer. 

3.1.1 Geology at Borehole C5515 
At borehole C5515, in situ sediments are overlain by a thin backfill layer of drill pad construction 
material consisting of crushed rock, sand, and silt extending from the surface to 0.6 m (2 ft) bgs. Another 
non-native, disturbed interval of apparent backfill material was observed from 0.6 to 6.4 m (2 to 
21 ft) bgs, likely related to past construction activities. This material consisted of fine to coarse sand with 
some gravels and cobbles to 7.6 cm (3 in.) diameter. Crib rock was seen from 6.4 to 8.2 m (21 to 
27 ft) bgs and consisted largely of small to large cobbles, with smaller fractions of gravel and boulders to 
30.5 cm (12 in.) in diameter. Silty sand was observed directly below the crib rock from 8.2 to 9.0 m (27 to 
29.5 ft) bgs. 

The overall interval from 9.0 to 84.8 m (29.5 to 278 ft) bgs generally consists of well-stratified, 
predominately fine to coarse sands belonging to the sand-dominated facies of the Hanford formation. 
Several very thin to thin interbedded silty sand and sandy silt layers were encountered at multiple depths 
within the sand-dominated facies, including at 14.2 m (46.5 ft) bgs, 15.9 m (52.0 ft) bgs, 19.7 m 
(64.5 ft) bgs, and 80.4 m (263.5 ft) bgs. 

The interval from 84.8 to 86.6 m (278 to 284 ft) bgs consists of sandy gravel with gravel to 7.6 cm (3 in.), 
and the interval from 86.6 to 92.4 m (284 to 303 ft) bgs consists of silt with slight to moderate plasticity. 
The interval from 92.4 to TD of99.l m (303 to 325 ft) bgs consists of silty sandy gravel. The gravel is 
fine to coarse, and the cobbles are up to 20.3 cm (8 in.) in diameter. 

The geologic log for this borehole was prepared in accordance with FH geologic logging procedures and 
is included in Appendix C. The log contains detailed geologic descriptions of the sediments recovered 
from borehole C5515. Figure 2-1 and Appendix B present summary sketches of the subsurface geology. 
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3.1.2 Geology at Borehole C5571 
At borehole C5571, sediments were only observed in the five split-spoon soil samples collected at the 
depths shown in Table 2-6. The intervals consisted of Hanford formation fine to coarse sand with minor 
silt. The other portions of the borehole were drilled without removing the cuttings. 

Although the DPT drilling method resulted in observation of minimal cuttings, a borehole log was 
completed and is provided in Appendix J. Appendix H provides a summary sketch of the observed 
lithology. 

3.2 Hydrogeology at Borehole C5515 

Although no perched water was encountered during drilling, several zones of soil moisture were 
observed. Intervals in which soil moisture was observed were included within the predominately sand and 
silty sand sediments from the ground surface to 5.2 m (17 ft) bgs, 8.2 to 9 m (27 to 29.5 ft) bgs, 19.7 m 
(64.5 ft) bgs, 62.5 m (205 ft) bgs, 66.9 m (219.5 ft) bgs, 76.9 m (252 ft) bgs, and 80.5 m (263.9 ft) bgs. 

Soil moisture also was observed in the sandy gravel and silt sediments from 84.8 to 86.6 m (278 to 
284 ft) bgs and at 92.4 m (303 ft) bgs. Saturated sediment was encountered at 96.2 m (315.5 ft) bgs on 
August 22, 2007. The water level was measured at 96.3 m (315.8 ft) on August 22, 2007, and at 96.0 m 
(314.7 ft) on September 5, 2007. Appendix C contains detailed soil moisture observations for the 
borehole sediments recovered. 
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Appendix C 

Borehole Log for Borehole C5515 
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C1 Borehole Log for Borehole C5515 
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01 Geophysical Log Data Report for Borehole C5515 

S t o l le r GJtl'Jhlit/KJ /{))9 

Hanfurd Office 

HG1P•LOR•090 

C551.5 
Log D-ata Report 

Borehnle Information: 

&"bole.: CS515 I Site: 216-A-2 Crib 
Coorcllwi Its rW A St Pline l I GWL'rm: Jl3.9 r GWLDatt: 08123100 

North (ro) I Easl (m) I Drill Date I 1·oc Elc~atlGn I Tota'( Dentb (ft\ I ln•e 
Nol A,•ailnblc I Not Avniht\>Ji> I 0Slll7 I Noc Available I 322 I Cnb!e 

CaA.ing Information; 
Stiekuii . Guler Inside" .. 

<:asin.e'T i•11c lrtl ' Diameter tin,\ Dlamdl!r l in.l :rhickDcss (ln.l Tonlft) Botto111 cm 
Threaded Steel 2.2 1 ¥. 9 518 91l6 2.2 85 
Not Availnb!c 4.0 a: 3/4 1~ ltl 4.0 321.9 

Borehole Notes; 

The 1-0ggin g eng i11m tue~!U:rCil tbc casing di amelen; usl ng a caliper and s teel tape. The driller provided the casi11g 
deptb. l...Qgging -data a.cquisi!ion i:s referenced to the gro1111d surfuce . 

The first casing string ( I O·in.) was logged in July 2007. The cas i g was internally contll1llinated durillg dri llin,g, To 
remove the cQnramiaalion bcfarc logging, the casiag wiu 5wabbed with \li'ct "rowels ." Ag a further precaution, IE\e 
logging sondes and oa!>lc were sleeved to prevent contaminatii::m of cqui(}ment. After rom plctic>n of loggin;g, the 
bo~hole WllS deepened wilb an 8-in. casing. Additional loggillg was conducted from lM to 322 ft during 
August 2007. 

Logging Equipment Information: 

Logg:i•ll Syslem: Camma lE I Type: SOLS (70Yo) 
SN: 34TP405f7A 

'Rftedin Callbratioa .l!ble: ()S/22/07 I Calibnalion Rcferen~c: HCIL.l'·CC·Ol6 
I Mi1rl!iftl! Proced11re: UGLJ>-MAN..()02. R.e-v 0 

Loging iiy-11nn: Qwma 4.b I Ty1ioe: 
SGI.S(6~.) 

SN: 47TP32211A 
&ffecliW! C•lilmllioD Date: 01f09XY7 I CallbratiGll Refe rence:: HGLP-CC-020 

I Lo,..,lne J.l'roeed ure: HGLP-MAN·002 Rev 0 

Lo1:Kt 1t1l Sy$li:111: GommalC j Type: l1RLs 
SN:39-AJ14 

Effeclh-c C1llbraU011 D11lei 11122/0ti I C11lilJr•tio n RtfCl'tliU : MOLP-CC-O!M 
I Lol!C!iD!! Procedutt: HGLP-:MAN-002 Rtv 0 

IAggini; Sy111cm: (l G:immo 4 H (with A1nlle sour<::e} I Trpe: 
'NMl.$ 
SN: IU107D-0352 

Ell'~live Calibratlon Dale: 1 liUl06 I Callllratioa Refcreace: HGLl'·CC-002 
I L<>itl!in~ froccdurc: ll0LP-MAK·002, ltev 0 

Lllati•g .S1m111: G G2'1t1nta 4 H (with AruBe !IOuroe) I Type:: FNLS 
SN: H3107003S2 

:€ffce1m Caljbr•lli•n Datr: NA I C..libralion IUfe ren~!'; Non' reo11in:;d. 
I L-1.!A Pr@c<01l11": HGLl'-MAN'· OOl Rev 0 
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tw1W1bul 1959 

' - .... f> .>·. .. -- .3 .. · '· 
'17/30(07 07/30f07 
Pearson Pearson Pe(ll'SOn Pe•lrSOOn 

0.0 22.0 36.tl 69.0 
22.0 37.0 8$.0 79.0 
JOO 20 JOO tOO 

1-----=~~"'----f-----R"'------t---..,-R..,..-----1----~R...__. __ -----.;R...._ __ -i 
N N N N 

NfA- MIA NIA NIA 
Pre-Vetilica1joll AEniCAB AEl27CAJ3 A£227CAB AE227CAB 

Stare file AE.227000 AE22702.J AE22W39 AE227089 
Fulish Fi le AE227022 AB227038 AE.227088 AE22709'J 

PostN e~ificiitioo hI227CAA Af.2Z7CM1 AE227CAA. A.Ell1CAA 
De · 1h Return Ern>r in. NfA ~/A NIA - l 

Comments None Deod Time ;- 4-0 % Fm:: gain sdjlllllllcn.t None 
after file •086 

.. ..,, n ;~ ;" .(._ " J2 ·'<- ' ·, :•«.'"· 
08123f07 08/'Z8f07 
Pteilr$0D Peu.rson Pea.nan 
311.0 84.0 108.0 
161.0 162.0 H .O 
100 JOO 100 
R .R R 
N l'i N 
1.0 1.0 I.I() 

NIA NIA NI.A 
Pre-Verification DL02 1CAB DLOJ ICAB DLtnLCA'B 

Start l'ilc. DLfilJ OOO DL031000 DL031079 
Finish File DIA1211 6 1 DLOS I078 .DL03 ll03 

Post-Vcrifnt:ion DL02JCAA DL031CAA DL031 CAA 
De ch Re1um Erl"Qr Ill . ) - 2.5 NIA I 

Comrucn!?I FinG gain e.djustmenc after N()ne None 
files .()JS, JOI, 135, 144 

Higll Rate Loggin¥ System CI!RUil !Log Run Information: 
_-u~~ 1.01!·Rii1t ;,"';. . k~ ·~~ .. ]5~' .<-:- . ' .· - ";6.: ... "i1·::>.s ~' i ' . . " f ;:£; ~.A;~~.!<' · · I'-•"'•.' . •.~;·· "'·.'· 

Date 07/3W<rl Q7'JQJO'I 
Lo1t1t i1k0: En1ti:n.eer Paacson l'aat'SOl:l 

Start p~pth {ft) 21.Q 2M 
Fin isb .Deolh (fl} 36.0 29.0 
C"Ol•!lt Ti~ (~O) J()() 300 

LM:/Real R R 
Shield (YIN} N y (Internal} 

MSA Interval (ft) 1 .0 0.5 
ft!min NIA NIA 

Pce-Vc:rifican~n ACl7.SCAB ACl75CAB 
Start File ACJ7SOOO ACl.75016 

Finish File ACl75015 AC17502? 
Post-Verification ACl75CAA ACl75CAA 

DC1>1fl Rctum Error (in.) - 0.5 - O.S 
Conk!Mnts: No fUllll gain Fine gain adj1,1$tn)el)! 

odiustme:nt aft.er file -0 J 8 

Page2 
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HCLP-LDR-GM 
Nrumron Mo~turs lpHil111: Sntem {NMLS) Log Run l nformarion: 

La.RH 7 - aiu .... 1 H IS 16Rt,..llt 
Do le ·1)7131/07 01131J01 O&l2&r07 llS/23/0? 08/2ill'07 

Lo•oln• Fnnnocr ..__ p...,.,,n Pnnon Pearson l'emon 
"""' De cc21iftl 0.0 ll-0 811.0 234.0 305.0 

Finish Onih Ill' !3.0 35-0 28c-4.0 m.c 2!0.0 
Coon; Time <-l JS IS I S " IS 

Ul'el'Keal R ll a R R 
Sm..ld (YJNl N N s N N 

MSA lnll:rnl (It) o. ~ 01, 0.25 iJ.:ZS 0.2.S 
l\ttaJn NIA NIA NiA !lllA NIA 

Prc-VcnflC:lllDn OH622CAB DH6'22CAB DH672CAa DH672CAB l)oj[~7lGl\tl 

S1At1Filc DH622000 DH62~ 1 DH672000 OHMl'llOO DH6'2117 
r111ill:< File 011622340 j) fl622.l81 OH672801 DHmll6 DH6&2:?l7 

P1»t•Vcri:f1Nrinn DH622CAA DH622CAA Dll682CAA DH6!2CM D.H6&2~ 
Dcnlb Return Error {ill.\ NIA 0 NIA NIA - I.$ 

Com~ No line pi ~Ii pln Nolln.ts;i' No ilnepin N.c>Jinc ill 
od1uwncni ndi:ull:Oenl ;uljus:tncc1 uillltlllcn.t a.d1USllllotnl 

Pauin Ne ytron Loggin!! Sytttm CPNl..S) Im .Run Infonnatjgn; 

•-Rn 9 10 RLne11 .. - J -
D~bl: 1)7/j 1/1)7 0113li01 I 

LD:Hin• •-~lnecr o:..... S"'1E1. 
~Dci;(hf"l 0.0 l 4.0 
FiM!i De-11thl!ll s~ . o ~01) 
Cow!t ii:no ,...,. 61) 15 

1.h'dRttl R ll 
Shield ( YI N ~ N 

M:\i1'UllcMf(flJ l.t,1 o.zs 
Mnin NIA WA 

l'n:-Vmfimrion DH631CAB DH632CAB 
St1rt:F1Jo DH63:2000 OH63W86 
Finish Flit DHmOll5 DH6321 .10 

Po~ Vcrl!lcailoc DH632CAA Oll6J2CM 
'""""' Rt1um Emir II" I NIA -1 

Commen ~6 liilt piii Pllo!i ,~tin 
adiUS!n'.ed n1fiusiment 

I An11Yst: I P.D • .Henwood ! Date: I 09/24107 G O.HGLP 1.5.3, Rev. 0 

Prc-ni1und pose-nm ~'Ctifi iion.s forthe Jo&slu y ·e were per:f'onncd be ore and a.ftu eech .day's ~ 
acqu- j1Jon, Accept cc caitma wm ct for all systems. A ca.,in correc io11 r 9"16-in.-lhick casing was applied 
to the spectral lo d:ua (SO (Uld HRLS) fl'l)IT1 tbe growd urfaicc to 8 fl. A casi~ oorrrction f. r 112·in. tb
cuing WJ 4fl'i'llccllo SGLS data.acquired below 85 ft. 

OLS end HRLS ~ ra were protes!ed In boi~b mode llSing APTEC 'UPERVISOR co ldtatif Yldi "dlllll Cllerg)' 

d detmninc: wunt rat~. Coo~u11li9r» Yi wcul.IC.'d. with EXCEL \\'OOOhllCt templates identified as 
G IEMa)'07.xls :md 04W1,1ly01 s IOr ~be LS and GICNov06 .x!s (cu tlce HRLS U$in ei.fficiency functions.Md 

P~J 
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HGLP'-LOR-090 
COrTec=ions iforcasins and dead ti me as detennined froin ann1tal calibratioas. Where di:a~ tin.; ·s ~x~ssiYe. HRL-S 
data (with and without die in1ernal shield) are substituted for the SGt.s data. Moistm-e data were converted to 
""olumoetric moist~re us.Ing calibrations acquired from 6- and 8-in. Clt$il SS· Th~refore, the data 1;;quinx! in the 10-in. 
cast11g (0 to SS ft) are not ace uratc and indicate only relative 111'0is1ure cllllnges and the data below 85 ft are based on 
c:allbmtions. There i~ no calil.>11\tiQ11 fOf p11HiV¢ ne\lltron <lal\I tli.11,1 a.rt: repllrto;d in OOU!l"ll) per S«Of d. 

Besultll anid Intcmn:tationsj 

C!-137 is detectcril in th is borehole at Che grou11d stirface and from 18: to 85 ft. The maximum 0011cOJ1tration is 
measu~ed at approxjmately 2 milJion pCifg at 27 .S ft in dep1h. How~cr, because Ille contamiuat5on appear$ to lie in 
a thin [11te,.,,11l (probabl}' O.S fl or less) th.:is assay could be si~niticant ly un<leresrmated. The calibration of the 
logging system response is based on an infinite, uniform distriboucioo thal is not consis.tcnt with thin bed responses . 
Interm1l ~asiDg contamillatioo appears to~ re1Jec1ed iu the data. Concentration data below 28 ft most likely is 
.sDlely d ue to casing co111tainination rather than contamination in the formation. 

From 21to24 ft, and again fioom 32 to 37 ft, Cs-JJ7 OOl'Jttrllr:ttionl determined from lhe SGLS an about an order of 
magnitude higiicr ttJtan those determined iby the HR.LS. In these intervals, the values a re at or be!ow the: low end of 
tbc HRLS M~~IU'elfient rMge and tlic SOLS \•afucs arc considered more reliable. 

Moisture data refi~~ 'i)m~ lilin i.ll!c:JVills-of&lightly higbec- moi&-ilU"C content. The data. trom 6&1! (O 302. ft reflcut a 
rclative.Jy lar:ge iotien•al ofhig,ber moisture that coincides with an intCJVSI ofbigfl K-40, U-238, and Th-232 
co~nmtiooi lhill ll'prCKot a litbologic cbangc. The relatively higb moisture rtl§JTCsc;ntod at app:roximat.ely 27.5 ft 
may n<>t be accurate_ The detector~ influenced by tbe extremely high gamma activity at th- deptb. Hig.h moisl.ure 
i~ indi<:lltN i111 lhi:· dl.lta ilcquired ia July nc:ar th:: bottom of the extent of tha first ca'ing; ring at approxjmatcly 85 :ft. 
It is beli1.1ved tlais moisture is the result ofattrmpts to swab lhe borehole to :remove intc:m11I contamination rather 
tl•all fo.nilotion moj&ure._ It is n<Jr lmown iftl1e rclltti.ve.ly higb moisltire bel:Wccn 85 and 92 ft iR also 1 artifllc! of 
the Swillbbing. 

Passive neutron logging was performed in the borehole. This logglug. method has bocn shown to be effective in 
qualitat ivel}' -Oetoceing =ncs ofalpha-cmittintt oontami11ants fro.DI secondary neutron flux generated by the (c:t,11) 
reaction and may indicate the presence of transuranic radionucl.i<le.s. Many transuranieo i:adic-nuclides decay 
prcdom inantl;Y by alpha particle emession and lhc p11Ssivc m:utrcm S)"stcm may be useful lo identify the c:x.istC11cc of 
thl!SC radionu.clides where no g11mrn:a emissions arc available for detection . There is no .:alibreticn for this logging 
sysiein :and Jbe data provided are to he ussd qualitatively. 

i hc p11SSive n.wtroa indicates approximat.cly JOO cps at 27-5 ft. This count rate is believed to be influenced by the 
high ganu11a aotivity at tltir. dl:Jlth raihcr than re;presenti llg the ex:iste11c:e ohlphaemlttlng oontaminants. The (X)Ullt 
rale exhibited by tbe p1$!Siveneu1r<m logging is subt~cte..J from 'the moistur-c count rate data acqnired at the same 
depths l·o bctt er approximate lbe true molsture con!cnl 

The repeat &1:i;ti1mi for th<: SGJ,S, NMLS. and PNLS indi~te good agrt:tment. 

List of Plots: 

Manmade Radionoolidcs (2 pa~es) 
Natural Gamma Lo.8$ (2 pages) 
Combination Plot (3 pates} 
Coinbin.:ation Plot (0-325 ft) (J page) 
Total Gamma, Moisture., & Passive Neu!ron (2 pages) 
Total Gamma &Dead Ti:me{2 pages) 
RcpeatofManmadc Radionuclid~ (l pag'll) 
Repeat Section ofNatura l Ga1mna Logs (1 page.) 
Repeat ofM.oi.Jt1,1~ ~ fil$SiW Neutron (1 Jiii.ili:) 
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C5515 
Manmade Rad ion uclides 
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Sto lle r 
Han fu rel Office 

zero Rer.Erence = Ground &l.ITilee 

C5515 
Manmade Radionuc lides 
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ffGLP-LM -09C 

C5515 
Natural Gamma Logs 
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C5515 
Natural Gamma Logs 
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C5515 Combination Plot 
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C5515 Combination Plot 
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C.5515 Combination Plot 
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C5515 
Totar Gamma, Moisture, & Passive Neutron 
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C5515 
Total Gamma, Moisture, & Passive Neutron 
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C5515 
Total Gamma & Dead Time 
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C5515 
Total Gamma & Dead Time 
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l-IGLP'·LDR.·090 

C5515 
Repeat of Manmade Radionuclides 

,
37Cs (662 ke'!) 

59 --..--....,..........,...., ~J ...... ~ ......... - ..,,.....,..,_r-.-"T""T"lrn- 69 

10 

71 

-------- ' ~-----------
1 
J 
I --------- -,-----------

70 

71 

---------~------------ n 

----------..:t----------

72 

74 

75 

76 

79 -

80 

' ,·-------1 ----...... 
__________ _, __________ _ 

I 
I 
I ----------, ----------
r 
I _ _ ______ . __ ...J __ 

I 
I 
I 

--------~--~----' I I -----------;----
' ' __________ _J_ __ _ 

. I 
I 
I 

---- ----- --1-
1 
I 
I 81 __ _ ________ _, __ 

83 

B!l 

I 
I 

-----------1--
1 

7l 

79 

ao 

84 

86 ....__ .....__._ ........... ~~-~~~~~~ S6 
10 1 10~ 1-01 

pGi/g 

Page 17 

D-17 



78 

86 -fif-"6'+1f-~ 

~ 
~aa 
£. 
Q. $() -Hl--*""<f!.-'- -4 

~ 

96 

00 

102 

106 

Zero Referun'".G = Ground surf<K:iO 

SGW-35574, REV. 0 

C5515 

0.0 1.0 

pCll9 

Page 18 

D-18 

HCiLP-LDR-G90 

70 

72 

74 

76 

78 

82 

88 

90 

92 

94 

100 

102 

106 

p.e· 

:5 
0.. 
Cl> c 



2fl0 

282 

264 

286 

286 

200 

300 

302 

0 

SGW-35574, REV. 0 

HGLP-Laft-otO 

C5515 
Repeat of Moisture & Passive Neutron 
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E1 Well Summary Sheet for Borehole C5570 

WELL SUMMARY SHEET 
St;u1 Oaie: c; J ~ o~ 

Ptlge _L 

] FiniSh Date: ~/, o!I. 

t.-55~ 
• Well tD : Well Namoi: A- '.). ?.,. .. ~ 

LOQIUon: ,. I r~ -A • '.l f .... \ \.. ~~- Profl!!C'!: A·"). ./ • • '.'\,,. -1"'. · -~~ ._ ""1.~. 

Prepa~ By: J . 9.-..J,....., ~A ,,. r> 1 l oate:'f/41/0, Reviewed By: 
u l oa1e: 

SIQMlufO! Al/,/J(J;. r 1 l.- r 
Slgnalure: 

CON:S~UCTIOfil DAf A GEOLOGICIHYDROLOGIC DATA 
Oep in 

!)e, i.;>1ton ~~ 
F [ Gra phlc 

Llthotoglc Dsscription .. ~ Log 
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F1 Well Construction Summary Report for Borehole C5570 

Siar! ~: 5J~ I .... :;. 

' 
WELL CONSTRUCTION SUMMARY REPORT F1n1ci oa:o: "I 1 do~ 

PaQaJ_or.J_ 

• .., .. 10! t .. c;s -.:J.o I wet Name: A..:2 P. , J A.....n-.!m;itnlocaUon: l. \i,..-A-~). I ,.:,\, .,._,.~ 

P.mw.t A. "1 r ,.:.i. !'."u. -•• d · .... ~ - ' attwGomoanilla; I .... . L. "f \"'I lti¥..Aw.. 
Drtll~~aCon"!)lilW! I • . : • /I • I J • • "T..c, . ( L .._ -.~ Gtoleghl(•): ,_) .~ .. ., 
Driller: W.\\., f:-,..,_~\· ~A11oi1 • 1 1...lt~,~ ~#:i.~ ~Jll'.l"'•~ 

TtMP<>RAR"I' CAl!ll~G AND DRI LL DEPTH ORI LLIKG METHOD HOLE DIA.METUI (In.) t jNTERVAL 1111 

' S!nlGralMJU>s. Per Ft. lm.rva l $ho• O.l>Jl.D. Auneor: - IOlarrq:or - From - IG_:=__ 

Lir,ri,,.,/~'.4. • ..... d. li_ . ..li:.L -~J;,. - C1b/eTcd: - ~:llr.&!81 From II} --
~~ ·(;..,:'\ ""·' •11/£ 1- '~ · "=: ,,] . fWI>"'--: - [Jla;:r&ef - From - "" --- All. >N/Sllr*I:: - Dilllt!d:Or -- From - ~ 

_.... 
- . ~ ~ , \ ... et Io; •• · -~ - 11. •l...wi DllfltS:Or ~ ~ From (9 • • ' II}~· 

------ n.:-~1 ~ . .... -r lliarnGCer - From _.:::__ lo· 

"lnd/~llN W•lded (i., · FliAtfl Jofnt (Fl} ~ (C) & ThnlMI ~lgtl .. \>..&..... . ~:..,,. Dllll14Cllr F t1lm _..e::...... lo....!::::::__ 

() . ,_ ~ : .. _ ,_,..,1 __ J... .-.J •• -" ....,_J,, .i ' -1...~ -
L .... - -- l , __ l- .. ~ ~ .1.-1;6.'b ' \.<.. "7· V-'>"'o tGi"I .1, \..o. _ , I .) 

~ ~. ; ;a.) ·'- '-· 
...> 

I llrlrln,a Ruld: ;.. rJ~ -
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Well Sltmial!tr.au Te~i Rea~: - ~· la. - Sta1ic \•m:or \......,. - rJ)flt - I Dab!!: 
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.t.LI OEOPHV$l¢.ll. t0401NC I 
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" IA\. O.. lr1 J lf~'i 'i • .1.3,.S ' -~ 5 l>lol- --- l 
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G1 Geophysical Log Data Report For Borehole C5570 

St o l le r ctlil.bfi1/ml 1959 

Hanford O ffice 

B9rehole 01g: 

C5570 
Log Data Report 

Oultr 
DiamelitO' I•. 

6 518 St1 

The: logging engineer measuml 1h~ ~ins diameters using 11 caliper a11d steel tape. The dril lcr pr>0vidcd the 
ca: [ng depth. L-0 ing data acqui ition i! referenced ·10 the grou:nd surface. 

J.ogging: E9uloment lnformatio.n: 

Lo;uing . )1Jem: OammnlN I Ty~: 
SOLS {60%) 
SN: 4STP22010A 

Effective Calil>ntion Date: 0212.0/07 I C•llb..-llon ReftNnce: HOLP-CC-4> LO 
I r ....... in• PnKfllurc: HGLP~fAN..tMl? RcvO 

I HRLS 
Loft 11 S)'lltm: 0 m:i IC 'fype: SN: 39.AJ 14 

U fKlitt Ca.lllbralioon Date: I lf.l2/06;...: I C.::..:l.;;:ib""ra::.:l;.,tOc=n~R:.:=d=:.:cre:.::;11c;:;;e;,;.: _ _.H;.;,G_,L_,P_.C ... :C-.·..-004..._ _____ _ _ -l 

I t.....,lair Procttlurt: HOLP-MAN-002 Rev 0 

Spectral Gamma J.ogging Svstem <SGLSl Log Run Jnforntatiom 

1 ...... Aiin :; j 2 JU.....,1 - l:-'>" 
D:ue 05102/07 ()6(()2f07 

Lou Ina 'Eni:.incC'f Spatz Soau 
Sum IDcmh (ft) 34.5 23.S 

:Finish n..nth (fl\ 2:l.5 0.5 
Count Timc (sec) 20 100 

Livc/l\c:i.I R R 
Shic Ld fY ll'IJ N N 

MSA I ntcrval (I\\ 1.0 1.0 
ft/mib NJA' NIA 

Prc.V e;rillcaJion AN052CAB ANO!i2CAB 
Sum Fi le AN052000 AN052012 

Finish File AN052011 AN05200S 
l?ost-Vetificalion AN052CAA AN052CAA 

Oeoth Return Enor{ia.) ~A .j. lf.l.25 
Cammcnt:s Hignra:e Gain 

18/Val; dead adjustmen 
llme >40% after file -027 
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HGLP-LDR-071 

High Batt Logging Sn1em CJIRLS) Log Run Information: 

1 ...... auii .. j · 4 Rt~•• -
. 

':.i::'.'.:i ~ ' ·--·.·· 
~ 

Date 05/02107 0~2/07 

Loo<>inll. "'""i:nccr Pearson Pe.arsol') 
S1azt Oeotn rm 34.5 29.5 

Finish Deoih ((\) 23.5 26.0 
Count 'rime (sec} 300 300 

LiwJRcal R R 
Slti.etd CY IN"J IN lnt emal 

SomDlc 1 n1c:rvlll ( ft) 1.0 CH 
fttmin NIA NfA 

!"re-V eri!ication AC173CAB AC173CAB 
SW1 File AC173000 AC173012 

Finish File: AC173011 AC173019 
Post-Vcri.fica1ioo AC173CAA AC 173CAA 

DeD!h Return Emir [in.} - 0.5 NJA 
Com.ments: Fhl gain Nofine g;Un 

a~.tment a tmeni 
aft.er fille -000 

iI..ogging Operation Notes: 

Logging wias c nduc1ed with a CJetltraliz.cr on each SQ11dc. Measurements an rcfefCJlced lo ground surf11cc. 

Analy1it .Nolg: 

I Analyst: I P .D. Henwood I Date: I o !03101 Refer-enc:e: GJO·HGLP 1.6.3, R.cv. 0 

Pre-run and po t-run verifications for the logging sy tems wc:rc pc:rfonncd before and after data acquisition. 
Acceptance mte:ria were m ct for all systems. 

A casing correction f()r 5/8ain.-thick casing was pplicd to the spectral log data (SOLS and HRLS). 

GL . and HRLS spectra were processed in bat.ch mode usi:n$ APTEC SUPERVlSORto identify 
i ndtvidual energy peaks nd detemtine count rates. cmcentrations were ca.lcul111ed w:ilb EXCEL 
worklhcct tempi lCS identifi«I as G1Nfeb(l)7. b f9r the SOLS and GlCNov06 Is fo the HRLS using 
efficiency functions aod conections for casing and dead time as determined from annual caJibrations. Dead 
time corrections ere applied where dead times ax:cccd .approxima1ely 11 pen:em for bolh the 501.S 1ll'd 
HRLS. Where dead ti.me is excessive HRL daui (with and without tl e intemnl shield) are substituted. 

Results and InteroapUons: 

mes is del.ccled in thi borehole from 18.S ft to the bolt.om of the borehole (34 .. S ft). The maximum 
eoncentrotion is measured at app:ro~jmately 20 millloll pCi/g at 27.5 ft in depth. However, bca1.1 enc 
co uru:nination appears to lie in a thin iJitc-rv.al (probably 0.5 ft or less), this assay could be significantly 
. l\d rerur;iated. The calibration of the logging sy~tem response js b~ on an infinite, unifonn distributioa 
that is not consistent with thin b~ responses. 

The repeat .secti 0<n for the OLS fodicates good agreement. 

2 
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List pf L2g p)ots: 

Man made Radionucl ides 
atUTlll Gamma Logs 

Com'bination Plot (0-120 ft) 
Com~ina1ion PJ01 (0-40 ft) 
Total Gamma &i. Dea~ Tune 
Repeat Section i0f 111cural. Gamma Logs 
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SGW-35574, REV. 0 

rsr@/ishrd J 959 

H(;LP-LD R-07'1 

3 

G-3 



2() 

30 

4D 

60 

- 70 Q) 
aJi e. 

80 

90 

100 

1 0 

12Q 

150 

SGW-35574, REV. 0 

<11:t1blislNYf J!l5!J 

HGLP--LDR-07:1 

C5570 
Manmade Rad ion uclides 
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C5570 
Natural Garn ma Logs 
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nti!bli1lmf 1959 

HGLP·LDR·071. 

C-5570 Combination Plot 
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C5570 
Total Gamma & Dead Time 
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H1 Well Summary Sheet for Borehole C5571 

WELL SUMMARY SHEET 
Start Date: 

Page_l_of L 

Well ID: 

Location: 2. fc, -

Signature: 

>--~~~~~~~~~~~~~~~~~~~~~--<Depthin1--~~~~~~~~~~~~~~~~~~1 

Description 

r 
I 

Diagram Feet Lithologic Description 
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11 Well Construction Summary Report For Borehole C5571 

s~ Da1e: ~Ii ). le>~ 
WELL CONSTRUCTION SUMMARY REPORT l"W.1>0*: "l;h lo l" 

F>~ I o?_j_ 

.,,...,. ,0 /,S' 5~l \l/11Q "'-'•m-rt..: -.J/11..- /A -2l ~~ t.ooroU'll:ll.tl LmQllOn ! rn ... • ~ - JI t .:. \ (, .J ?1..l! """ ~-
PNilAcl. li t.., II. . :u ..-L. '- 9 .. ~\...- " OllletC.Cmnanlts· ~"'-"' r:::..l. I.,,.._~ .... l-JI .~ 
-r ............... \_ • 11... .· ... ~- ·-"'" - /r;!1 _, ' \ I l CMlcO'lrM '»-. £...o...'-....,._; ,_, .~'ii?,~ · \~ 
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K1 Geophysical Log Da~a Report For Borehole C5571 

St 0 l le r mn'1Jid1rJ J!l.S!) 

Hanford Offia: 

Borehole Nolell: 

css·11 
L-0g Data Repi0rt 

Oaltr 
D.iam dcr l•: 

6 
41 If.! 

s 
4 114 

Silu 216-A·ll 

Tllkknns in. 

118 

HGLP-lDR-086 

The threaded 1...el cas;ing was in1cmally ooncami.naied. A PVC liner was in1roduccd inside 1he siccl casing 10 
prrwem the log Ing ~uipmcnt ITom be ng contamjnated. The PVC ~sin thie;kness was measured b-y the logging 
engineer. The sc el ing dimensions 1vere.dctcrmincd &om the dc-il.ler. Gr U!Dd su:rfoce ~ the zero ft dcp1b 
referenc.e r~r data acqui itioo. 

Logging J;ouiommt Informalion 

L.i11 Sy.ne11: ltmlma I G I T)'pt: 
SOLS :i5% HJ>Oc 
SN: l4-TP 109SIA 

Elfeetl~e Calibralio• Dale: 11122/06 I Cdlbl'lllloa Rdcmicc: HOLP.CC-ooJ 
I 1.-1.,. l'r~Hi•re: HOLP-MAN-00!. Rev. 0 

Logl111 SYJIQJ: Gamma I C r Type: 
HJU.S plmar HPOc 
SN:39A31.C 

R:lFC'Cti.-e C•libniioa Dare: I lmJ06 I C•llb ... tloa Re.lcre•cc: HGLP·CC-004 
I 1..-iH Procedure·: HGLP-MA.N..M? Rev. 0 

Logging J' lem: Gamma 4 H (wiJb AmiBc ~J'CC) I Trpe: NMLS 
SN! Hll0700351 

£ 1fcoetin Calibnilkta J)ate: 11122/06 I CaUbr1tJ.on Rdercnn: HGl.P-CC-oo2 
I L-ln1.Proc:td1n: HGLP0 1'1AN.00'.2: Rev. 0 

Loa:i•C )'llem: Gar.nma 4 H ( · thout Am.Be sourc:c) 

' 
type.: PNLS 

SN: H310i.003S2 
EIJective C.lib1111io11 iD1.te: 11121f06 I C1Hbnli011 Refcn1<e; HGt.f-C{;-002 

I 1-U.tt l?N«dare' HGLl'-l\.iAN..M'l Rev. (} 

Sneetral Gamma Lewlpg Syslem fSGLSl Log Run Inform1tjo11: 
Loe Rtl.11 ~ ' -

7 -· ' Slttoeir ~ 

Date 08/02/07 08!02J07 08/02107 OS/02107 
l~ln• EtlaiM:t: McC.lcllan McClcll1111, McCidl~ McCle'llllll 
Stut DeDlb (tl) 0.0 11.0 36.0 44.0 

Page I 
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MGl.P-UDR-086 

L02R1111 s ' 7 , 8Jle""*I 
Finish ~nth (ft) 12.0 31.0 S9.0 Sl.O 

Count Time (sec; l 200 2:0 200 200 
L.i'vc/Rc;1l R R R R 

Shield l'V IN1 N N N N 
MSA anterv<'ll Cftl 1.0 LO 1.0 1.0 

Wm in NIA NIA NIA NIA 
Pre· Verification AG131CAB AG131CAB AG131CAB AGBICAB 

Scurt File A0131000 AGl31013 AGl3J040 AGlll064 
Fini.sit FUlc AG131012 AGl31039 AGl31063 A013J07.l 

l'ost-Verification A0131CAA "\0131CAA ACiilllCAA AGJ3JCAA 
!XDth R~~rn Enor (j n.) NIA NIA NIA NIA 

Comment$ No fine 11i11 No fin.e gain No fine p in No finc&Ain 
adjustment adjustment De<lid djusttnertl adjustment 

·1ime >40% 

High Rate L:ogging System <HRLSl L9g Rum lnfqrmation: 

LctR RIUI ' I& 
. 

IJ '· ll 1.3 RtePClll 

Date 08102/07 08106/07 08(06/07 08/06/07 08/06l07 
Lo.ll.liJm Enll!:ineer Mc:Ck:llan McClc:llM ~cC!eUiin McClellan :McClellan 

Stllrt Dea111, (ft) 11 .0 14.0 19.0 23.0 19.0 
Finish Dc:nttt (ft) IS.O 20.() 2:4.0 37.'0 23.0 
(;Q\Jft! Time (~c:) 300 300 JO 300 3M 

Live/Real R R R R R 
S.bi: ld 1 YIM N N N N 'I ( intema.I) 

MSA I ntcrval (ft) 1.0 I.() u 1.0 1.0 
ftfmin NJA NII\ ~/A NIA NIA 

Pre· Verification AGl7-6C.AB A0177CAB AG1i7CA8 AG In CAB AGl77CAB 
Stort fi le: 1\0176000 1\0177000 1\0177001 AOJ77013 A<;il77028 
Finish File AG l76-004 AG l77006 AGI 71012 AGITI027 AGl.77036 

Po5t· V tri ficetion AGl7t'ICAA A<Jl77CAA i\Gl77CAA A.Gl77iCAA A017TCM 
D¢D1h Rerum Em>r tin.) 0 NIA NIA 0 0 

Cornm;n None None OC'lld Time> 40 % No i: Fin; 8:ii f\lj~ent 
after file -028 

Nemtron Mobture Logging: Sridem CNMLSl Log .Run Inform!lion; 

Lo1 R11• , J 2 Rei>t•t ~'J 
~ ,,, 

IDlllO 08/()1/07 QS/OJ/'07 
l...oo:ain-~ Enil inecr Spatz SDlll2 

S1ru1 Dclllll ({\) 0 16.0 
Fi.n ish Det>th (ft) S9.2S 26.0 
Count Time (seal 1.5 ·~ Lh·c/Rcal R R 

Shi£1d(Y IN\ 'N N 
MSA lnterva I <ft) 0.2S 0.2.S 

ft/min Nfi\ NIA 
Pre-Verifica1ion DH6<12CAB DIJ642CAB 

S:l!Jt Fih.• DH'42000 DH642238 
F"ani.$li File DH642237 DH642278 

Post• V rrification DH642CAA DH642CAA 
~oth Return Error(in.) NIA 0 

OlmmentJ NOllC! None 

Page2 
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HGLP-LDR-086 

J>ud e Neutron Louing Sntem (pNLS> Log Run Information: 

[Ml R11 3 ol Rrunt ·-· ·- ~ "'i. ;•'.:O~ 

Date OllJOl/07 ()&/Olf07 
L.oocri1uz EJ11zineer Solltl. Som 

S11111 Oemlb (ft) 0 14.0 
Finish ~Plb (ft) S9.0 23.0 
Cou ol Time (sec) 60 15 

Li\•e/Rtal R R 
Shi.eld r Y/ NI N N 

MSA lnit~I !Ill 1.0 0.25 
fttmUI NfA NIA 

Prt· Vtrificntion DH6S2CAB OH652CAB 
~ ~ 

SIMI File DH 652000 DH652060 
Finish iFile DH6520o59 OH65ZC96 

Post-Vcrific:11tiom OH652CAA Dll6S2CAA 
D:pth Rctum Enor (inJ NIA 0 

Commenrs No.n.c Nooe 

.Logging Operation Nott!I: 

Loggin was c-0nductod wilh :no centralizer on the sondes. Rcpca.1 s.cctioms wet"e acquired to evaluate system 
perfoJTlil nee 

Analysis Notes.: 

I Analyst; i He, WOQ{I Da1e: I 08/l S/07 Referepoe: GJO-HGLP 1.6.3, Rev. 0 

Prc·run and posNun verifications for the; logging ~y.stc:m:; were ptrfonncd bef< re illMI i&fter ob d11y' da~ 
aeiquisition. The acceptance crikria were meL A combined c.uiog correction for O.S-in. thick s;teet C<1$ing and l18 
in. thick PVC casing wa.s applied 10 the SptX~ml log data. Correctiom for the steel wing \\' ilS ~rived from 
calibration data. A model was developed to dcterm5ne the correctiom for the PVC casing. "There is no avai lable 
ca.libmtion fo.r this casinJ oon:figuration to corncl moiscu:re data to perctrrt volumetric moisture. Titerefore, lll data 
are reported in cou nts per second (cps). The p ssi\'e neutron data arc alS<> qualitative nd re re:ported in cps. 

SGL 11.nd HRLS pectra were processed in batch mode 1.uing APTEC UP RVT. OR to i dcntify ind ividual energy 
peaks tmd 4ctaminc co111nt rat~. Colleen tiom w~ ~9Ul!ll:Cd with EXCEL wotbhoet temp lates identified as 
0 JON0\'06.xlsand Gt CNovC6.)(I for the SOLS a11d HRLS, respcctiYely u log efficiency functions and corrcc;tions 
fo:rcning. water, d dead time as dctcrmin¢d froin anm1iaJ c1libnitiQn~. Wht'I'Cdcad limo CJCe«ds 4<Q ~ 1, 
HRLS data Me subdtiiuled for tl c GLS data. Where the HRLS d~d time exceeds 40 pe~eot, H RL data acquired 
us ing an internal shield are substitu1td. 

Results and lnternrt'tlitl!)ps: 

C 13 7 was detroted throughout tbi~ bor bol~ Dt i;Qn entn1tioll$ ranging from Q.3 10 1.3 ~lli<>n · i!g. The 
m:a.'ltimum concentration was measured at 21 A in depth. :Because there is known to be internal G::Ontamb1arion i1 this 
borehole, con.cenrration measured a1 I pCifg or less is probably not ..,.alid. 

Moisture datll indicate very little \•arilllio;n. It is not known to wh d gree the PVC casing that cont ·ns signi ficant 
h drogcn and clllorinc content ffects them urcinent, which normal ly respond to the hydrog-en content in 
91ID tiQn rnQoi~ture. Additionally, the instrument is sensitive to gamma rays when the Cs-137 contcn1 exceeds 

ap1Jroxim11tely 100 000 pCi/g so that the count rated.ala could be slightly over C$1ima;ted betwee:n 15 and 28 ft. 

The passive neutroill count race daia indicate s.light ~evation (1 .e., 2 cp ) belwee n I 5 and 28 fl. fn tile al>~e ee of die 
high gamma aotivity caused by Cs-137, clevtlled re3.ding.s could indicate the c:xincnce of a pha emitting 

· Page 3 
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rad"onuclides int.eracting; with light elements, :referred to as alpha· neutl"Qn reactions (a,r.i). Tb.ese reactions create 
nelllron activily that may re.ncct the existence of transuranic. radionuclides such as Pu-23 9. However, in high 
gamma activity zorteS, it c.annQt be .cletennined wilh certainty whether the elevated 11eulron oount rate is caused by 
these rca: tiom1 or i · ~used by tho bigh gamma activity. Logging cxperiienw :il!gg~ 1$, in th!$ case., the 11pparent 
nelrtron activity is actualJy Cllll$Cd by the gamma activity. 
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moi ture and passive neutron count rates . 
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