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Terms

below ground surface

Carpenter Drilling, LLC.

Cold Creek unit

CH2M Hill Plateau Remediation Company

U.S. Department of Energy

Washington State Department of Ecology

feet

gallons per minute

hydrochloric acid

Hanford Environmental Information System

Huntington Ingalls Industries

identification

horsepower

meters

Neutron Moisture Logging System

Nephelemetric Turbidity Units

operable unit

Pump and treat

Plutonium Finishing Plant

Radiological Control Technician

Ringold Formation, member of Wooded Island - lower mud unit
Ringold Formation, member of the Wooded Island - unit A
Ringold Formation, member of the Wooded Island - unit E
Spectral Gamma Logging System

total depth

Washington Administrative Code

Yellow Jacket Drilling Services
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Metric Conversion Chart

Out of Metric Units

If you know Multiply by To get If you know Multiply by To get
Length Length
inches 25.40 millimeters millimeters 0.0394 inches
inches 2.54 centimeters centimeters 0.394 inches
feet 0.305 meters meters 3.281 feet
yards 0.914 meters meters 1.094 yards
miles (statute) 1.609 kilometers kilometers 0.621 miles (statute)
Area Area
sq. inches 6.452 sq. centimeters sq. centimeters 0.155 sq. inches
sq. feet 0.0929 sq. meters sq. meters 10.764 sq. feet
sq. yards 0.836 sq. meters sq. meters 1.196 sq. yards
sq. miles 2.591 sq. kilometers sq. kilometers 0.386 sq. miles
acres 0.405 hectares hectares 2.471 acres
Mass (weight) Mass (weight)
ounces (avoir) 28.349 grams grams 0.0353 ounces (avoir)
pounds 0.454 kilograms kilograms 2.205 pounds (avoir)
tons (short) 0.907 ton (metric) ton (metric) 1.102 tons (short)
Volume Volume
teaspoons 5 milliliters milliliters 0.034 ?Il}l.lscfsliqui d)
tablespoons 15 milliliters liters 2.113 pints
?II}?Scfsliqui d) 29.573 milliliters liters 1.057 ?Saét ? liquid)
cups 0.24 liters liters 0.264 (gsl.lé).l,liiqui d)
pints 0.473 liters cubic meters 35.315 cubic feet
?Sagt ? liquid) 0.946 liters cubic meters 1.308 cubic yards
(gle}l.lg.r,lsliqui d) 3.785 liters
cubic feet 0.0283 cubic meters
cubic yards 0.764 cubic meters
Radioactivity Radioactivity
picocurie 37 millibecquerel millibecquerel 0.027 picocurie

vi
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1 Introduction

This report presents field-generated records and summarizes field activities performed during the
installation of two injection wells in the 200-ZP-1 groundwater Operable Unit (OU). As an ongoing effort
under the remedial design/remedial action work plan, 200 West Area 200-ZP-1 Pump-and-Treat Remedial
Design/Remedial Work Plan (DOE/RL-2008-78), the two new injection wells expand the existing well
network for the 200-ZP-1 OU pump and treat (P&T) system. Field activities carried out during the
installation of the two new injection wells included drilling, soil and groundwater sampling, well
construction, and development.

The 200-ZP-1 OU underlies the northern portion of the 200-West Area, which is on the western end of
the Columbia Plateau, located in the western portion of the Hanford Site, approximately 25 miles
north-northwest of Richland, Washington. The 200-ZP-1 OU underlies the Z Plant and T Plant facilities,
located in the northern half of the 200-West Area.

In 1995, a 200-ZP-1 OU interim P&T system was brought on-line to remove carbon tetrachloride,
chloroform and trichloroethylene from groundwater. According to the Treatability Test to Remove
Technetium-99 from the 200-ZP-1 Groundwater Unit, Hanford Site (DOE/RL-2008-25), the interim P&T
system was incapable of extracting technetium-99 found to exist within the influence of the P&T system.
To meet corrective measure standards and timelines, a new P&T system was devised under the Record of
Decision, Hanford 200 Area, 200-ZP-1 Superfund Site, Benton County, Washington (EPA et al. 2008) as
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980-approved remedial
action for the 200-ZP-1 OU. The remedial action P&T system was set forth in concurrence with the
Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1989) and other vested
regulatory parties associated with cleanup at the Hanford Site.

Drilling and construction activities occurred from April 10, 2018 to September 6, 2018 and was
performed by Yellow Jacket Drilling Services (Yellow Jacket) and its’ subcontractor Carpenter Drilling
(Carpenter) under the direction of CH2M HILL Plateau Remediation Company (CHPRC). Well
development occurred from August 14, 2018 to August 29, 2018 and was performed by Yellow Jacket at
C9880 and Carpenter at C9878. Freestone Environmental Services Inc., provided well site geology and
well construction documentation services. Technical Solutions, a division of Huntington Ingalls Industries
(HIID) provided geophysical logging services.

1.1 Purpose and Scope

This document summarizes the observations and measurements made during the drilling and installation
of two injection wells in the 200-ZP-1 OU. This summary report includes copies of the field notes and
forms prepared during the drilling, sampling, construction, and drilling of the wells. Additional
information provided in this report includes geologic observations, geophysical log data reports, results
of the well location and elevation civil survey, descriptions of the management and disposition of
drilling-derived waste, and a summary of the well acceptance activity.

Technical requirements, applicable CHPRC procedures, and other supporting information were
summarized in SGW-61325, Description of Work for the Installation of Two Injection Wells in the
200-ZP-1 Groundwater Operable Unit, FY2018 (C9878 and C9880). Soil and groundwater samples were
collected as described in DOE/RL-2010-72, Sampling and Analysis Plan for the Remediation Wells in the
200-ZP-1 Operable Unit (TPA-CN-0818).

Appendices A (C9878) and B (C9880) contain the Well Summary Sheet, borehole geologic log, drill
cutting photographs, Well Development and Testing Data, Log Data Report, and Well Survey Data

1-1
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Report for each respective well. The well construction variance for greater than 5 feet of filter pack above
the screen at both wells can be found in Appendix C.

All drilling data are reported in the original units recorded at the time of measurement. Table 1-1 lists the
wells’ identification numbers and names, and Figure 1-1 presents the well locations. The two injection
wells will hereafter be referred to in the text by the borehole identification number (e.g. C9878).

Table 1-1. Identification and Location of New Wells in the 200-ZP-1 Operable Unit

Elevation of
Brass
Survey
Northing® | Easting® Marker® Field Activity Dates
Borehole Ecology Initiate Conclude Field
ID Well Name | Tag ID meters Drilling Work
C9878 699-47-78 | BKG 077 | 137800.71 | 566045.53 209.005 June 13, 2018 | September 6, 2018
C9880 | 699-47-78C | BKG 079 | 138045.76 | 566046.21 207.904 April 10,2018 | August 24, 2018¢

a. Final survey coordinates are in Washington State Plane South (FIPS 4602) using the North American Datum of 1983 (NAD83).
b. Elevation values are based on North American Vertical Datum of 1988 (NAVD88).

c. This date does not include installation of well pad and posts.

Ecology
ID

= Washington State Department of Ecology.

= identification.

1-2
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Figure 1-1. New Well Locations in the 200-ZP-1 Operable Unit
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2 Drilling, Sampling, and Well Construction Activities

This section summarizes field activities associated with two injection wells. Drilling, sampling, well
construction, and development details common to all the wells are summarized in Section 2.1 and
well-specific information is presented in Section 2.2.

2.1  General Information

The new wells were constructed in compliance with WAC 173-160, Minimum Standards for Construction
and Maintenance of Wells except where noted. Well construction and development activities were
recorded, and borehole geology was logged in accordance with applicable procedures.

21.1 Drilling, Sampling, and Borehole Logging

The boreholes were advanced to depths between 457.1 and 475.6 feet below ground surface (ft bgs),
extending between 216.4 and 237.4 ft below the static water level. Boreholes were drilled using a
DR-24HD Dual Rotary drill rig (Figure 2-1). Two strings of temporary welded carbon steel casing with
outer diameters of 16-in. and 14-in. were used to ensure the annulus has a “minimum of four inches
greater in dimeter than the nominal size of the permanent casing”, in accordance with WAC 173-160.

T =]
———

m

Figure 2-1. Yellow Jacket DR-24HD Dual Rotary Drill Rig.

Archive grab samples were collected from the drill cuttings at each borehole at 5-ft intervals and at
changes in lithology. Samples were placed in labeled one-pint glass jars and sequential chip tray
compartments for archive storage. Scaled digital photographs of drill cuttings were taken during archive
sample collection to accompany the field descriptions. Borehole geologic logs and drill cutting
photographs for each borehole are presented in Appendices A and B.

Sediment samples were collected for sieve analysis throughout the saturated zone every 5 ft and
subsequently composited over 20-ft intervals. A sieve analysis was performed on each composite sample
and results were used to determine the appropriate screen slot size for each completed well.
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Sediment samples were collected using split-spoon sampler at each of the boreholes to characterize the
geochemistry of the sediments and associated pore water. Split spoon samples were collected from the
aquifer at approximately 240, 340, 410, 430, 450, and 470 ft bgs. Split spoon samples were collected by
driving a decontaminated 4-in. diameter split-spoon sampler with four separate polycarbonate liners,
2.5 ft through the sampling interval or until refusal. Split spoon sample depths and associated Hanford
Environmental Information System (HEIS) numbers are included in Section 2.2.

During drilling, depth-discrete groundwater samples were collected using a plastic bailer or a
3-horsepower (hp) Grundfos temporary submersible pump. Samples were submitted for laboratory
analysis to determine the vertical profile of groundwater contamination and subsequent plume
characterization. Groundwater samples were collected by CHPRC nuclear chemical operators after a
minimum of one borehole volume had been purged and field parameters (temperature, pH, conductivity,
dissolved oxygen, turbidity, and oxidation-reduction potential) stabilize within 10 % of variance over
three consecutive measurements. Final groundwater samples were also collected at the end of well
development for laboratory analysis. All groundwater sample depths and associated HEIS numbers are
included in Section 2.2.

Each borehole was logged using HII’s Spectral Gamma Logging System (SGLS) and Neutron Moisture
Logging System (NMLS) to identify natural and man-made gamma-emitting radionuclides and moisture
levels in near-borehole sediments. Before temporary casing was down-sized and after total depth (TD)
was achieved prior to well construction, the temporary casing strings were logged individually to produce
a geophysical log of the entire length of the borehole. Log Data Reports of all geophysical logging results,
provided by HII, are presented in Appendices A and B.

21.2 Health and Safety Screening

A radiological control technician (RCT) performed radiological surveys of the drill cuttings, geologic
samples, temporary drive casing, and drillers’ control station using standard field screening instruments.
The boreholes were surveyed every morning and afternoon. The field screening instruments were used to
detect and measure alpha, beta, and gamma radiological contamination, if present. No field measurements
above background levels were reported during drilling activities.

Air quality monitoring was performed by an industrial hygiene technician using a hand-held multi-gas
meter and a photoionization detector. Monitoring was performed at least twice daily of the drillers’
breathing zone near the wellhead, any fresh drill cuttings, geologic samples, and any other areas of
potential concern. No measurements above background levels were reported during drilling activities.

2.1.3 Well Construction and Development

The wells were constructed using 8-in. nominal diameter, Schedule 10S, Type 304/304L stainless steel
casing, 75-slot (0.075-in.) screen with an additional 10.0 ft of 70-slot (0.070-in.) screen in C9878, and
sump with end cap. The primary filter pack consists of 6-9 mesh silica sand extending from below the
well sump to between 9.5 and 10.0 ft above the top of the screen. A variance was issued on

March 7, 2018, to allow for the two 200-ZP-1 OU wells to have more than 5 feet of sand filter pack
installed and extending above the screened interval (Appendix C). Following the placement of each 10-ft
interval of filter pack within a saturated zone, the filter pack was surged using a dual surge block in 10-ft
increments until measured settling met CHPRC well development specifications (i.e. less than 0.1 ft of
settling in 15 minutes of surging). Annular seal materials include 1/4-in. bentonite pellets, 3/8-in.
bentonite chips, and type I/II/V cement grout. Well specific installation and construction depths are
presented in Section 2.2 and in Table 2-1.
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The surface completion consists of a stainless steel protective casing, a 4- by 4-ft concrete pad, and

a protective cap with locking hasp. Four painted 3-in. diameter steel posts were installed at each corner
of the cement pad, extending 3 ft above the ground surface. Well tags with unique Ecology identification
numbers were affixed to the protective casing of each well. These identification numbers are found in
Table 1-1.

Well development occurred at each well following placement of the filter pack. Development was
performed in four intervals using a 40-hp Grundfos motor and Grundfos submersible pump. Each interval
was pumped until water was less than 5.0 nephelometric turbidity units (NTU) and additional water
quality parameters (conductivity, pH, and temperature) stabilized. The water level was monitored using
an In-Situ Inc., Level TROLL! 700 pressure transducer accompanied by an electronic depth sounder and
Rugged Reader?. Final development data is summarized in Table 2-2

2.2 Well-Specific Information

This section summarizes borehole drilling, sampling, geophysical logging, well construction, and well
development activities specific to each well. Well construction information for each well is summarized
in Table 2-1. Well development information for each well is summarized in Table 2-2.

1 Level TROLL® Instrument is a registered trademark of In-Situ, Inc., Fort Collins, Colorado.
2 RuggedReader® Handheld Computer is a registered trademark of In-Situ, Inc., Fort Collins, Colorado.

2-3
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221 Well 699-47-78 (C9878)

Borehole C9878 was drilled from June 13, 2018 through July 23, 2018 to a TD of 457.1 ft bgs. The
borehole was drilled using 16-in. diameter welded carbon steel casing to a depth of 235.4 ft bgs and 14-in.
diameter welded carbon steel casing to a depth of 447.2 ft bgs. To prevent interconnection between the
unconfined and confined aquifer the 14-in. temporary casing was backpulled to 441.0 ft bgs and the
borehole was sealed with 10.7 ft of 3/8-in. bentonite chips. Drilling continued with the inner drill rods
with a 12 3/8-in. bit to a TD of 457.1 ft bgs. Approximately 186 gallons of water was added to the
borehole during drilling operations in the vadose zone to aid in advancement of the borehole and provide
dust suppression.

Four split spoon soil samples were collected in the aquifer and are detailed in Table 2-3. Eight
groundwater samples were collected and are summarized in Table 2-4. On June 27, 2018 a maintenance
issue occurred with a valve on the pump line requiring the first groundwater sample to be collected with a
bailer. The last groundwater sample was collected during the final interval of well development.

Following placement of the 16-in. temporary casing, the borehole was logged by HII using SGLS and
NMLS. SGLS logging occurred on June 21, 2018 from ground surface to 234.0 ft bgs, and NMLS
logging occurred on June 22, 2018 from ground surface to 235.0 ft bgs. Following placement of the 14-in.
temporary casing, the borehole was logged using SGLS on July 18, 2018 from 233.0 to 466.0 ft bgs and
NMLS on July 18, 2018 from 234.0 to 243.5.0 ft bgs.

A borehole straightness test was successfully performed on July 31, 2018. Well construction took place
from July 24, 2018 through September 6, 2018. The well was constructed as an 8-in. nominal diameter
well with 241.99 ft of stainless steel blank casing, 10.00 ft of 70-slot (0.070-in.) screen, 180.03 ft of
75-slot (0.075-in.) screen, and a 10.00 ft sump with end cap. The well was placed at 440.12 ft bgs,
extending 1.90 feet above ground surface. Stainless steel centralizers were installed above and below the
screen every 40 ft. From TD to surface, the annulus was filled with a 14.0-ft interval of medium bentonite
chips, 212.5-ft interval of 6-9 mesh sand, 4.6-ft interval of 1/4-in. bentonite pellets, 216.1-ft interval

of 3/8-in. medium bentonite chips, and 9.9-ft interval of cement grout. All temporary casing was removed
during well construction. The protective casing was installed on September 6, 2018. Well construction
information is summarized in Table 2-1 and documentation is provided in Appendix A.

Table 2-3. C9878 Split Spoon Samples

Sample Depth
Interval Sample Recovery
Date Sample Interval (ft bgs) Method Media % HEIS Number
06/27/2018 1-005 246.0 — 248.5 | Split spoon Soil 100 B3JHN3
07/01/2018 1-008 336.4 —338.9 100 B3JHN4
07/10/2018 1-010 417.1-419.6 100 B3JHN5
07/13/2018 1-012 436.0 - 438.5 100 B3JHNG6

ft bgs = feet below ground surface.

HEIS = Hanford Environmental Information System.
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Well development occurred from August 28, 2018 through August 29, 2018 using a 40-hp Grundfos

submersible pump. Static water level was measured before well development at 240.7 ft bgs on

August 28, 2018. Well development is summarized in Table 2-2.

Table 2-4. C9878 Groundwater Sample Collection Summary

Date

Sample
Interval

Sample
Depth
(ft bgs)

Sample
Method

Pump
Rate

(gpm)

Volume
Purged
(gallons)?

Turbidity
(NTU)

D.O. at
Sample
Collection
(mglL)

HEIS
Number

06/27/2018

1-004

242.5

Bailer

N/A

N/A

279

7.38

B3JHPO,
B3JHP1,
B3JHP2,
B3JHP3,
B3JHP4,
B3JHPS5,
B3JK50

06/28/2018

260 Water

254.8

06/29/2018

I-006

294.9

07/02/2018

1-007

336.1

07/10/2018

1-009

415.9

07/12/2018

1-011

435.8

Submersible
Pump

365

19.4

6.20

B3JVJ4,
B3JVJ5,
B3JVJ6,
B3JVJ7,
B3JVJ8,
B3JVJ9

18

1,512

8.32

6.59

B3JHRA4,
B3JHRS,
B3JHRG,
B3JHR?,
B3JHRS,
B3JHR9

16

2,112

6.88

5.49

B3JHTT,
B3JHTZ,
B3JHTS3,
B3JHT4,
B3JHTS,
B3JHT6,
B3JK52

10

2,272

22.3

4.24

B3JHTS,
B3JHT9,
B3JHVO,
B3JHV1,
B3JHV2,
B3JHV3,
B3JK77

15

2,386

24.9

2.54

B3JHW4,
B3JHWS5,
B3JHWG,
B3JHW?7,
B3JHWS,
B3JHW9
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Table 2-4. C9878 Groundwater Sample Collection Summary

D.O. at
Sample Pump | Volume Sample
Sample Depth Sample Rate Purged | Turbidity | Collection HEIS
Date Interval (ft bgs) Method (gpm) | (gallons)? (NTU) (mg/L) Number
B3JHYO,
B3JHY1,
B3JHY2,
07/23/2018 1-015 457.0 15 1,997 421 2.66 B3JHY3,
B3JHY4,
B3JHY5
B3JJ04,
Post B3JJ05,
07/29/2018 Development 255.1P 80 3,200 3.0 6.09 B3JJ06,
B3JJ07,
B3JJ08

a. Total gallons pumped calculated based on duration and average flow rate unless otherwise noted.

b. Sample collected during last well development interval.

D.O. = dissolved oxygen.

ft bgs = feet below ground surface.

gpm = gallons per minute.

HEIS = Hanford Environmental Information System.
mg/L = milligrams per liter.

NTU = nephelometric turbidity unit.
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2.22  Well 699-47-78C (C9880)

Borehole C9880 was drilled from April 10, 2018 through June 6, 2018 to a TD of 475.6 ft bgs. The
borehole was drilled using 16-in. diameter welded carbon steel casing to a depth of 222.3 ft bgs and 14-in.
diameter welded carbon steel casing to a depth of 463.7 ft bgs and inner drill rods with a 12 3/8-in. bitto a
TD of 475.6 ft bgs. Approximately 1,561 gallons of water was added to the borehole during drilling
operations in the vadose zone to aid in the advancement of the borehole and provide dust suppression.

Five split spoon soil samples were collected in the aquifer and are detailed in Table 2-5. Eight
groundwater samples were collected and are summarized in Table 2-6. The last groundwater sample was
collected during the final interval of well development.

Following placement of the 16-in. temporary casing, the borehole was logged by HII using SGLS and
NMLS. SGLS logging occurred on April 27, 2018 from ground surface to 221 ft bgs, and NMLS logging
occurred on April 26, 2018 and April 27, 2018 from ground surface to 222.0 ft bgs. Following placement
of the 14-in. temporary casing, the borehole was logged using SGLS on June 13,2018 and June 14, 2018
from 220 to 466 ft bgs. NMLS logging occurred on June 14, 2018 from 221.0 to 239.0 ft bgs.

A borehole straightness test was successfully performed on July 12, 2018. Well construction took place
from July 13, 2018 through August 24, 2018. The well was constructed as an 8-in. nominal diameter well
with 242.05 ft of stainless steel blank casing, 220.00 ft of 75-slot (0.075-in.) screen, and a 10.01 ft sump
with end cap. The well was placed at 470.09 ft bgs, extending 1.97 feet above ground surface. Stainless
steel centralizers were installed above and below the screen every 40 ft. From TD to surface, the annulus
was filled with a 245.5-ft interval of 6-9 mesh sand, 4.4-ft interval of 1/4-in. bentonite pellets, 215.4-ft
interval of 3/8-in. medium bentonite chips, and 10.3-ft interval of cement grout. All temporary casing was
removed during well construction. From approximately 460.4 ft to 470.4 ft bgs, 10 ft of 1-in. galvanized
steel tremie remains in the borehole. The protective casing was installed on August 24, 2018. Well
construction information is summarized in Table 2-1 and documentation is provided in Appendix B.

Well development occurred from August 14, 2018 through August 15, 2018 using a 40-hp Grundfos
submersible pump. Well development information is summarized in Table 2-2. Static water level was
measured before well development at 238.7 ft bgs on August 14, 2018.

Table 2-5. C9880 Split Spoon Samples

Sample Depth
Interval Sample Recovery
Date Sample Interval (ft bgs) Method Media % HEIS Number
05/07/2018 1-005 255.2 - 257.2 | Split spoon Soil 100 B3JJ16
05/16/2018 1-008 344.6 — 335.1 75 B3JJ17
05/22/2018 1-010 415.3 -417.6 100 B3JJ18
05/29/2018 1-012 437.1-439.6 100 B3JJ19
05/31/2018 1-014 456.5 — 459.0 100 B3JJ20

ft bgs = feet below ground surface.

HEIS = Hanford Environmental Information System.
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Table 2-6. C9880 Groundwater Sample Collection Summary

D.O. at
Sample Pump | Volume Sample
Sample Depth Sample Rate Purged | Turbidity | Collection HEIS

Date Interval (ft bgs) Method (gpm) | (gallons)? (NTU) (mgl/L) Number

Submersible B3JJ35,
Pump B3JHV4,
B3JJ23,
B3JJ24,
B3JJ25,
B3JJ26,
B3JK79,
05/08/2018 1-004 255.3 3 988 32.3 7.09 B3JJ27,
B3JJ29,
B3JJ30,
B3JJ31,
B3JJ32,
B3JJ33,
B3JJ34,
B3JK80

B3JJ87,
B3JJ88,
Optional B3JJ89,

Water 274.8 10 940 8.41 8.49 B3JJ90.
B3JJ91,
B3JJ92

05/09/2018

B3JJ36,
B3JJ37,
B3JJ38,
B3JJ39,
B3JJ40,
B3JJ41

05/10/2018 1-006 295.3 10 1,040 6.27 8.90

B3JJ43,
B3JJ44,
05/16/2018 1-007 335.3 13.6 1,169 3.51 8.09 B3JJ45,
B3JJ46,
B3JJ47

B3JJ49,
B3JJ50,
B3JJ51,
05/23/2018 1-009 415.3 13.6 3,019 6.85 6.95 B3JJ52,
B3JJ53,
B3JJ54,
B3JK82

B3JJ64,
B3JJ65,
B3JJ66,
B3JJ67,
B3JJ68,
B3JJ69,
B3JJ70,
B3JJ71

05/30/2018 1-011 435.6 13.3 2,314 8.30 6.85
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Date

Sample
Interval

Sample
Depth
(ft bgs)

Sample
Method

Pump
Rate

(gpm)

Volume
Purged
(gallons)?

Turbidity
(NTU)

D.O. at
Sample
Collection
(mg/L)

HEIS
Number

06/04/2018

1-013

455.3

08/15/2018

Post
Development

276.5°

13.6

2,298

6.47

6.23

B3JJ72,
B3JJ73,
B3JJ74,
B3JJ75,
B3JJ76,
B3JJ77,
B3JJ79

125

12,625

4.56

9.00

B3JJ94,
B3JJ95,
B3JJ96,
B3JJ97,
B3JJ98

a. Total gallons pumped calculated based on duration and average flow rate unless otherwise noted.

b. Sample collected during last well development interval.

D.O.
ft bgs
gpm
HEIS
mg/L
NTU

= dissolved oxygen.

= gallons per minute.

= milligrams per liter.

= feet below ground surface.

= nephelometric turbidity unit.

= Hanford Environmental Information System.
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3 Geologic Observations

This section summarizes the general geology in the 200-West Area near the new well locations, and
presents the stratigraphy encountered during the drilling of each well.

3.1 Geology of the 200-ZP-1 Operable Unit

The major stratigraphic units encountered during drilling in the 200-ZP-1 OU are sand and gravel of the
Hanford formation and/or surficial deposits, sand and gravel of the Cold Creek unit (CCU), sand and
gravel of the Ringold Formation, member of the Wooded Island - unit E (Rwie), clay and silt of the
Ringold Formation, member of Wooded Island - lower mud unit (RLM), sand and gravel of Ringold
Formation, member of the Wooded Island - unit A (Rwia), and basalt.

Holocene eolian deposits at the surface are considered recent deposits and are present across most of the
Hanford Site. These deposits consist of a discontinuous veneer of silty sand or backfill mixtures of sand
and gravel. The Hanford formation underlies any anthropogenically-disturbed sediment and largely
consists of cataclysmic flood deposits related to episodic ice dam failures at glacial Lake Missoula that
resulted in varying grain size from high-energy gravel rich deposits to low-energy silts and sands.
Floodwaters scoured hundreds of miles of the Columbia River Flood basalts, resulting in sediments
predominately composed of sandy gravel or gravelly sand lithology, and occasionally finer lithology
formed from slackwater facies. The sand fraction consists of loose, fine-to-course-grained sand,
composed of, on average, 50% mafic-rich minerals and 50% silicates. This gives many of the Hanford
formation sediments a “salt and pepper” appearance (DOE/RL-2002-39, Standardized Stratigraphic
Nomenclature for Post-Ringold Formation Sediments Within the Central Pasco Basin).

The CCU disconformably underlies the Hanford formation within the area. The CCU is generally
fine-grained calcareous sediments and represent mainstream alluvial, calcic paleosol, side stream alluvial,
colluvial, and overbank-aeolian environments.

Disconformably underlying the CCU is the Ringold Formation. The Ringold Formation, in the project
area, comprises the deepest portion of the sedimentary sequence and consists of (in descending order):
semi consolidated fluvial silt, sand, and mostly gravels of Rwie; paleosol and lacustrine clay and silt

of the RLM; and quartz-feldspar-lithic gravel, sand, and paleosols of the basal Rwia. The RLM underlies
sediments of the Rwie and consists of fluvial overbank sediments, paleosols, lacustrine silt and clay
deposits, and minor sand and gravel lenses. The RLM extends under the south, west, and central portion
of the 200 West Area. However, the RLM is eroded away along the northern border of the 200 West Area
and is absent in a north-south oriented channel extending from the coal plant to the northeast corner of the
200 West Area. The RLM is the base of the unconfined aquifer and was only encountered at C9878. The
Rwia underlies sediments of the RLM in various thicknesses and extends to the top of the Columbia River
Basalt Group.

Underlying the 200-ZP-1 OU is the Elephant Mountain Member of the Saddle Mountains Basalt. The
uppermost surface of the Elephant Mountain Member basalt is considered the base of the suprabasalt
aquifer system (bedrock) because of its low permeability relative to the overlying sediments.

3.2 Borehole Geology

The following discussion focuses on the geologic conditions encountered at individual boreholes. Copies
of the original borehole logs are presented in Appendices A and B.

Stratigraphic unit contacts included in this document are based on field drill cuttings examination
(i.e., lithology, texture, color, reaction to 10% dilute hydrochloric acid [HCI], etc.) and drilling
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observations (i.e., drill rate) in the field. As such, the unit contacts included herein should not be
considered final. It should be noted that geologic field descriptions of Air Rotary drill cuttings may not
be completely representative of the geologic formation due to sorting, crushing, and binding as the
cuttings exit the borehole. Final stratigraphic unit contact depths will be determined during data review
and will incorporate the field observations, borehole geophysical logging information, and regional
stratigraphic interpretations. The basis for the field stratigraphic unit contacts is included in the individual
borehole summaries below.

3.21 Borehole Geology for C9878 (699-47-78)

Stratigraphic units encountered during drilling of C9878 were the Hanford formation, Rwie, RLM, and
the Rwia. Recovered sediments from C9878 are primarily gravelly sand, sandy gravel, sand, gravel, and
silt.

The sediments encountered from ground surface to 30.0 ft bgs consist of Hanford formation gravelly
sand, gravel, and sandy gravel. Gravelly sand is present from ground surface to 20.0 ft bgs with gravel
present from 20.0 to 45.0 ft bgs. The gravelly sand is composed of 20% gravel, 75% sand and 5% silt.
The gravel fraction is moderately sorted, angular clasts ranging from medium to very fine pebbles that
are 80% mafic in composition. The sand within the sandy gravel is moderately sorted, coarse to very fine
grained, and is 85% mafic in composition. Gravel present from 20.0 to 25.0 ft bgs contains 5% sand and
trace silt. The gravel is made up of moderately sorted, subangular to angular clasts ranging from coarse
to very fine pebbles that are 80% mafic in composition. Sand content in the sediment increases at

25.0 ft bgs and sandy gravel is present until 30.0 ft bgs. The sandy gravel consists of 55% gravel,

45% sand, and trace silt. Within the sandy gravel, the gravel fraction is composed of subround to angular
clasts ranging from coarse to very fine pebbles. The gravels consist of 60% mafic minerals. The sand
fraction is very coarse to medium grained consisting of 70% mafic grains. The Hanford formation
sediments have no reaction to HCI and are olive brown (2.5Y 4/3) in color.

The Hanford formation to CCU contact is interpreted to be at 30.0 ft bgs where there is an increase of silt
and carbonate cementation. The CCU extends to 107.0 ft bgs and consists of silty gravel, silty sandy
gravel, gravelly sandy silt, gravel, slightly silty gravelly sand, sandy gravel, slightly silty sandy gravel,
slightly silty sand, sandy silt, and sand. The sediments in the CCU displayed a weak to strong reaction

to HCl and are predominately light olive brown (2.5Y 5/4) to olive brown (2.5Y 4/4) in color

The silty gravel that ranges from 30.0 to 45.0 ft bgs is composed of 50% gravel, 10% sand, and 40% silt.
The gravel fraction consists of poorly sorted, subround, coarse to very fine pebbles that are 35% mafic in
composition. The sand fraction ranges from fine to very fine grains and is well sorted. The silt within the
silty gravel has a medium plasticity and the sediments have a strong reaction to HCI. From

45.0 to 52.0 ft bgs silty sandy gravel is encountered and consists of 60% gravel, 20% sand, and 20% silt.
Within the silty sandy gravel, the max gravel clast size increases to range from very coarse to very fine
pebbles, and the mafic content increases to 70%. The sand grain size increases in the silty sand gravel

to include very coarse to very fine grains with a 60% mafic composition. From 52.0 to 54.0 ft bgs the silt
content increases to 60% and gravelly sand silt is present consisting of 10% gravel, and 30% sand. The
gravel clast size decreases within the gravelly sandy silt, and predominately very fine pebbles with a

95% mafic composition are encountered. At 54.0 ft bgs the silt content in the sediment decreases to trace
amounts and gravel is present extending to 57.0 ft bgs. The gravel consists of subround to subangular
clasts ranging in size from medium to very fine pebbles. Very coarse, angular, well sorted sand comprises
10% of the gravel and has an 80% mafic composition. From 57.0 to 75.0 ft bgs alternating layers of
slightly silty gravelly sand and sandy gravel are encountered. The slightly silty gravelly sand occurs from
57.0 to 60.0 ft bgs and 67.0 to 70.0 ft bgs, and consists of 10% gravel, 70 to 75% sand, and 15 to 20% silt.
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The sandy gravel occurs from 60.0 to 67.0 ft bgs and 70.0 to 75.0 ft bgs, and consists of 40% gravel,
50% sand, and 10% silt. The gravel content in the sediment decreases to 5% at 75.0 ft bgs where slightly
silty sand is encountered and is composed of 75% sand, and 20% silt. At 77.0 ft bgs the gravel content
increases and sediments reaction to HCI changes from strong to moderate. From 77.0 to 82.0 ft bgs sandy
gravel is present and is composed of 65% gravel, 30% sand, and 5% silt. At 82.0 ft bgs sandy silt is
encountered and extends to 87.0 ft bgs. The sandy silt is composed of 40% sand, 60% silt, and trace
gravels. The sand fraction is well sorted, medium to very fine grained sand. Sand with 10% silt begins

at 87.0 ft and continues to 125.0 ft bgs. The sand increases to 100% at 97.0 ft bgs and the reaction to HCI
changes from a moderate to a weak reaction. The sand is well sorted medium sand that is 25% mafic in
composition.

The CCU to Rwie contact is interpreted to be at 107.0 ft bgs where there is no longer carbonate
cementation and the sediments have no reaction to HCI. The sand continues in the Rwie to 125 ft bgs
where sandy gravel is encountered. Alternating layers of sandy gravel and gravel continue until

230.0 ft bgs with a layer of silty sandy gravel present from 200.0 to 205.0 ft bgs. The sandy gravel is
present from 125.0 to 135.0 ft bgs, 140.0 to 145.0 ft bgs, 155.0 to 200.0 ft bgs, and 205.0 to 215.0 ft bgs.
The gravel is present from 135.0 to 140.0 ft bgs, 145.0 to 155.0 ft bgs, and 215.0 to 230.0 ft bgs. Within
the sandy gravel the gravel ranges from 40 to 75% and sand ranges from 25 to 60%. The silt within the
sandy gravel ranges from 5 to 10% at 205.0 to 210.0 ft interval and is trace elsewhere in the sandy gravel.
The gravel fraction consists of poorly sorted, subangular clasts ranging in size from very coarse to very
fine pebbles. The sand fraction consists of moderately sorted sand that ranges in size from very coarse
to very fine grained with an average coarse to medium grain size. Within the gravel intervals the gravel
is composed of 80 to 98% gravel, 2 to 20% sand, and trace silt. The gravel fraction consists of poorly
sorted, subangular clasts that range from very coarse to very fine pebbles in size. The sand fraction
consists of very coarse to medium grained sand with trace fines. The sandy gravel and gravel intervals
are predominately olive brown in color (2.5Y 4/4) with a light olive brown (2.5Y 5/4) color from

189.0 to 200.0 ft bgs. The silty sandy gravel that is present from 200.0 to 205.0 ft bgs is dark yellowish
brown (10YR 4/4) in color and consists of 55% gravel, 30% sand, and 15% silt. The gravels in the Rwie
from 107.0 to 230.0 ft bgs decrease in mafic composition from 80% to 35%, and the mafics in the sands
decrease from 65 to 25%. The gravels at 215.0 ft bgs have a weak reaction to HCI which becomes a
strong reaction at 220.0 ft bgs. At 225.0 ft bgs the gravels have no reaction to HCL

From 230.0 to 360.0 ft bgs alternating layers of silty sandy gravel and sandy gravel are present with one
layer of gravelly silty sand encountered from 255.0 to 260.0 ft bgs. The silty sandy gravel is present from
230.0 to 240.0 ft bgs, and 250.0 to 255.0 ft bgs. The sandy gravel is encountered at 240.0 to 250.0 ft bgs,
and 260.0 to 360.0 ft bgs. The silty sandy gravel is composed of 30 to 40% gravel, 30 to 55% sand, and
15 to 25% silt. The gravel fraction consists of well sorted, subangular to angular clasts ranging from fine
to very fine pebbles that have a 20 to 30% mafic composition. The sand fraction is coarse to very fine
grained with a fine average grain size. The sand is moderately sorted with a 25% mafic composition. The
silt is nonplastic and the silty sandy gravel is light olive brown (2.5Y 5/4) in color from

230.0 to 240.0 ft bgs and olive brown (2.5Y 4/4) in color from 250.0 to 255.0 ft bgs. The sandy gravel
interval from 240.0 to 250.0 ft bgs is composed of 35%gravel, 65% sand, and trace silt. The sandy gravel
in this interval is light olive brown (2.5Y 5/4) in color and has a moderate reaction to HCI. The gravelly
silty sand interval is composed of 10% gravel, 30% sand, and 25% silt. The gravel fraction consists of
well sorted, angular clasts ranging in size from fine to very fine pebbles that have a 30% mafic
composition. The sand fraction consists of very fine, well sorted sand with 20% mafic grains. The
gravelly silty sand has a strong reaction to HCI and is olive brown (2.5Y 4/4) in color. The sandy gravel
encountered at 260.0 ft bgs is composed of 75% gravel, 20%sand, and 5% silt. The sandy gravel in this
interval is olive brown (2.5Y 4/4) in color and has a moderate reaction to HCI until 280.0 ft bgs where the
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sandy gravel has no reaction to HCI. The gravel fraction within the sandy gravel decreases with depth
from 75 to 30%. The gravels consist of round to subrounded clasts that range in size from very

coarse to very fine pebbles with occasional small cobbles present at 350.0 ft bgs. The mafic composition
of the gravel fraction varies from 30 to 60%. The sand fraction within the sandy gravel increases with
depth from 20 to 65% and consists of predominately medium grained sand that can vary in size from very
coarse to very fine grained. The mafic composition of the sand fraction varies from 15 to 50%. The color
of the sandy gravel changes to light olive brown (2.5Y 5/4) at 320.0 ft bgs and to dark yellowish brown
(10YR 4/6) at 355.0 ft bgs.

From 360.0 to 440.0 ft bgs alternating layers of gravelly sand and sandy gravel are present. The gravelly
sand occurs from 360.0to 365.0 ft bgs, 410.0 to 415.0 ft bgs, and 420.0 to 425.0 ft bgs. The sandy gravel
occurs from 365.0 to 410.0 ft bgs, 415.0 to 420.0 ft bgs, and 425.0 to 440.0 ft bgs. In the gravelly sand
intervals, the gravel fraction ranges from 20 to 25%, the sand ranges from 70 to 75%, and the silt content
ranges from trace to 10%. In the sandy gravel intervals, the gravel fraction ranges from 40 to 70%, the
sand ranges from 25 to 60%, and the silt content ranges from trace to 5%. Overall the gravels from
360.0 to 440.0 ft bgs consist of poorly to moderately sorted, round to subangular clasts that range in size
from very coarse to very fine pebbles. The gravels are medium to fine pebbles on average and have a
mafic composition ranging from 30 to 65%. The sand fraction consists of predominately moderately
sorted, very coarse to very fine grained sand. The average grain size of the sand changes from medium
to very coarse with depth and the mafic composition varies from 15 to 40%. The color of the sediment
from 360.0 to 440.0 ft bgs is light olive brown (2.5Y 5/6) with a yellowish brown (10YR 5/6) color from
400.0 to 405.0 ft bgs.

At 440.0 ft bgs the silt content in the sediment increases and silty gravel is encountered. The silty gravel
is composed of 30% gravel, 30% sand, and 40% silt. The gravel fraction consists of moderately sorted,
subangular to angular clasts ranging in size from coarse to very fine pebbles. The sand fraction consists
of predominately very fine grained sand. Clay nodules are present in the silty sand and range in size from
10 to 40 mm nodules and have a medium dry strength. The silty gravel extends to 445.0 ft bgs and is
interpreted as the transition zone from the Rwie to the RLM. The contact between the Rwie and RLM was
encountered at 445.0 ft bgs where silt is present until 447.0 ft bgs. The silt is composed of

5% medium to very fine pebbles, 15% fine to very fine sand, and 80% silt. The clay nodules that range

in size up to 40 mm continue through the silt until 447.0 ft bgs. The sediments encountered from

440.0 to 447.0 ft bgs are light olive brown (2.5Y 5/6) in color and have a weak reaction to HCI.

The transition from the RLM to the Rwia is interpreted to start at 447.0 ft bgs where silty sandy gravel
is encountered. The silty sandy gravel is composed of 50% gravel, 30% sand, and 20% silt. The gravel
fraction consists of moderately sorted, coarse to very fine pebbles, that are 40% mafic in composition.
The sand fraction consists of medium to very fine sand that is 20% mafic in composition. The sediments
are light olive brown (2.5Y 3/6) in color and have occasional weak reactions to HCI. Drilling continued
in the silty sandy gravel until TD was reached at 457.1 ft bgs.

3.2.2 Borehole Geology for C9880 (699-47-78C)

Stratigraphic units encountered during drilling of C9880 were the Hanford formation, Rwie, Rwia, and
the Columbia River Basalt. Recovered sediments from C9880 are primarily gravelly sand, sandy gravel,
sand, gravel, and basalt.

The sediments encountered from ground surface to 50.0 ft bgs consist of Hanford formation gravelly sand
and sandy gravel. Gravelly sand is present from ground surface to 20.0 ft bgs with sandy gravel present
from 20.0 to 40.0 ft bgs. Within the gravelly sand interval, the gravel fraction varies from 10 to 20% and
is poorly sorted, subangular to angular clasts ranging from medium pebbles to very fine pebbles. Gravels

3-4



SGW-62791, REV. 0

within the gravelly sand consist of 75% mafic minerals and the very coarse to very fine grained sand
consists of 75% mafic grains. The sandy gravel present from 20.0 to 40.0 ft bgs and consists of 42 to 55%
gravel, 35 to 50% sand, and 5 to 10% silt. Within the sandy gravel, the gravel fraction is composed of
angular clasts ranging from coarse pebbles to very fine pebbles. The gravels consist of 85 to 90% mafic
minerals. The sand fraction is very coarse to very fine grained consisting of 75% mafic grains. The
Hanford formation sediments had no reaction to HCI and were predominately olive brown (2.5Y 4/3) in
color.

The Hanford formation to CCU contact is interpreted to be at 40.0 ft bgs where there is an increase of silt
and carbonate cementation. The CCU extends to 120.0 ft bgs and consists of slightly silty gravelly sand
to 50.0 ft bgs, gravelly silty sand from 50.0 to 76.0 ft bgs, slightly silty sand from 76.0 to 85.0 ft bgs,
gravelly sand from 85.0 to 100.0 ft bgs, sand from 100.0 to 105.0 ft bgs, and sandy gravel from

105 to 120 ft bgs. The sediments in the CCU displayed a weak to moderate reaction to HCl and are
predominately light olive brown in color (2.5Y 5/4).

The slightly silty gravelly sand that ranges from 40.0 to 50.0 ft bgs is composed of 15% gravel, 70% sand,
and 15% silt. The gravel fraction consists of well sorted, subrounded to angular, very fine pebbles. The
sand fraction ranges from coarse to very fine grains consisting of 65% mafic grains. At 50.0 ft, silt
content increases and gravelly silty sand is present until 76.0 ft bgs. The gravelly silty sand is composed
of 15% gravel, 55% sand, and 30% silt. The gravel fraction is primarily made of moderately sorted,
subround to angular fine to very fine pebbles that are 60% mafic in composition. The sand fraction is
moderately sorted, primarily medium sand that is 65% mafic in composition. The silt is nonplastic. The
slightly silty sand present from 76 to 85 ft bgs is composed of 85% sand,15% silt, and trace fine to very
fine pebbles. The sand fraction is well sorted predominately medium grained sand that is 50% mafic in
composition. The silt is nonplastic. At 85.0 ft bgs there is an increase in gravels and a decrease in silt
where gravelly sand is present until 100.0 ft bgs. The gravelly sand is composed of 10% gravel,

80% sand, and 10% silt. The gravel fraction is moderately sorted, subangular, coarse to very fine pebbles
that are 80% mafic in composition. The sand fraction is predominately well sorted, very coarse to coarse
grained sand that is 60% mafic in composition. As the silt decreases at 105.0 ft, sandy gravel is present
until 120.0 ft bgs. At 115.0 ft bgs the color changes to dark olive brown (2.5Y 3/8). Within the sandy
gravel interval, the gravel fraction varies from 35 to 55% and is moderately sorted, subrounded to angular
clasts ranging from coarse to medium pebbles. The pebbles consist of 80% mafic minerals. The sand
within the sandy gravel varies from 40 to 60% and is moderately sorted predominately coarse grained
sand that is 70% mafic in composition. From 120.0 to 125.0 ft bgs sand is encountered and is composed
of 95% sand, 5% silt, and trace very fine pebbles. The sand ranges from very fine to coarse grained but
is predominately medium grained with a 70% mafic composition. The sand has no reaction to HCI.

The CCU to Rwie contact is interpreted to be at 125.0 ft bgs where gravel increases to 55% and sandy
gravel, olive brown (2.5Y 4/4) in color, is present. The sandy gravel extends to 140.0 ft bgs. The gravel
fraction of the sandy gravel varies from 35 to 55% and is primarily made up of subround to subangular
medium to very fine pebbles that are 50 to 60% mafic in composition. The sand fraction ranges from

40 to 60% and is moderately sorted predominately medium grained sand that is 50 to 55% mafic in
composition. Silt comprises 5% of the sandy gravel and is nonplastic. From 140.0 to 145.0 ft bgs the
gravel content decreases to 5% in the sediment and sand is encountered. The very coarse to very fine
grained sand is predominately medium to coarse grained and is subangular with a 50% mafic
composition.

Gravel increases to 10% at 145.0 ft bgs and dark grayish brown (2.5Y 4/2) gravelly sand is present until
155.0 ft bgs. Gravel content continues to increase to 40% and sandy gravel present until 170.0 ft bgs. The
gravelly sand present from 145.0 to 155.0 ft bgs is composed of 10% gravel, 85% sand, and 5% silt. The
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gravel fraction consists of moderately sorted, subangular to angular, medium to very fine pebbles that are
60% mafic in composition. The moderately sorted sand fraction ranges from very coarse to very fine
grains consisting of 50% mafic grains. The sandy gravel present from 155.0 to 170.0 ft bgs is composed
of 40% to 55% gravel, 45 to 55% sand, and up to 5% silt. The poorly sorted gravel of the sandy gravel is
made up of coarse to very fine pebbles that are subangular to angular and are 40% mafic in composition.
The sand fraction consists of moderately sorted very coarse to very fine sand that is predominately
medium grained and is 30% mafic in composition. The sandy gravel is light olive brown (2.5Y 5/3) in
color. At 170.0 ft bgs gravelly sand is encountered and is very dark grayish brown in color (2.5Y 3/2)
until 175 ft bgs where the color changes to olive brown (2.5Y 4/4). The gravelly sand is composed of
20% gravel, 75% sand, and 5% silt. The gravel fraction consists of subround to angular, medium to very
fine pebbles that are 60% mafic in composition. The sand fraction is made up of primarily medium
grained sand that varies from very coarse to very fine and is 60% mafic in composition. As the silt content
increases to 15% with depth and the color changes to light olive brown (2.5Y 5/4), slightly silty gravelly
sand is present from 180.0 to 185.0 ft bgs and silty sandy gravel is present until 200.0 ft bgs. The slightly
silty sandy gravel is composed of 10% gravel, 75% sand, and 15% silt. The gravel fraction is poorly
sorted, subround to subangular, coarse to very fine pebbles that are 40% mafic in composition. The sand
fraction is fine grained, well sorted, with a 30% mafic composition. The silty sandy gravel present from
185.0 to 200.0 ft bgs consists of 45 to 55% gravel, 30 to 40% sand, and 15% silt. Within the silty sandy
gravel, the gravel fraction is composed of subangular to angular clasts ranging from very coarse pebbles
to very fine pebbles. The gravels consist of 35% mafic minerals. The sand fraction is medium to very fine
grained consisting of 30% mafic grains.

From 200.0 to 255.0 ft bgs alternating layers of sand and sandy gravel are present with one layer of
gravelly sand. The sand is encountered from 200.0 to 205.0 and 210.0 to 215.0 ft bgs and is very coarse
to very fine grained containing 2 to 5% medium to very fine pebbles. The sand from 200.0 to 205.0 ft bgs
is light yellowish brown (2.5Y 6/4) in color. The color changes to light olive brown (2.5Y 5/4) at

205 ft bgs where sandy gravel is present. Sandy gravel encountered from 205.0 t0210.0 and

225.0 to 255.0 ft bgs is composed of 55 to 70% gravel, 25 to 45% sand, and up to 5% silt. The gravel
fraction, within the sandy gravel, is poorly sorted, subround to angular, medium to very fine pebbles that
are 30 to 40% mafic in composition. The sand fraction is predominately medium to fine grained,
moderately sorted, with a 15% mafic composition. The layer of gravelly sand encountered from

215.0 to 225.0 ft bgs is composed of 20% gravel, 75% sand, and 5% silt. The sediment had a moderate
reaction to HCl at 250.0 ft bgs. At 255.0 ft bgs gravel is encountered and continues to 265.0 ft bgs. The
gravel consists of round to angular, very coarse to very fine pebbles that are poorly sorted and 40% mafic
in composition. The gravel contains 15% angular, coarse grained sand that is 30% mafic in composition
and trace silt. The gravel displayed no reaction to HCI.

From 265.0 to 315.0 ft bgs sandy gravel is present with a layer of silty sandy gravel from

290 to 295 ft bgs. Within the sandy gravel interval, the gravel fraction decreases from 75 to 30%, with
depth, and is poorly sorted, consisting of round to angular clasts ranging from very coarse to very fine
pebbles that are 40 to 65% mafic minerals. The sand fraction of the sandy gravel is composed of coarse
to very fine grained sand that is moderately sorted and has a 30 to 60% mafic composition. The silty
sandy gravel encountered from 290.0 to 295.0 ft bgs consists of 55% gravel, 30% sand, and

15% nonplastic silt. At 315.0 ft to 335.0 ft bgs gravelly sand is present and consists of 15% gravel,
80% sand, and 5% silt. Within the gravelly sand interval, the gravel fraction is composed of moderately
sorted, round to subround, coarse to medium pebbles that are 25% mafic in composition. The sand
fraction is medium to very fined grained, well sorted, sand that is 90% mafic.

At 335.0 ft bgs the gravel content in the sediment increases and an olive brown (2.5Y 5/6) sandy gravel
is encountered. The sandy gravel continues to 464.0 ft bgs with a layer of gravelly sand encountered from
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385.0 to 390.0 ft bgs. The contact between the Rwie and the Rwia is interpreted to be at 390.0 ft bgs
where there is an increase in quartz-feldspar-lithic gravels and a decrease in drilling rate. Prior to

390.0 ft bgs the drilling rate was approximately 30 minutes per 5 feet of drilling. At 390.0 ft bgs the
drilling rate decreased to approximately 60 to 90 minutes per 5 feet of drilling. The gravelly sand interval
is composed of 15% gravel, 80% sand, and 5% silt and is light olive brown in color (2.5Y 5/4). The sandy
gravel interval has localized strong reactions to HCl at 335.0 ft bgs and a weak reaction to HCI from
335.0 ft to 345.0 ft bgs. The gravel fraction within the sandy gravel varies from 35 to 65% and is made up
of poorly sorted, round, small cobbles to very fine pebbles. The sand fraction varies from 30 to 55% and
is predominately medium grained, well sorted sand. The basalt content in the sediment increases with
depth and the mafic content of the gravel fraction increases from 35 to 85%, and the mafic content in the
sand fraction increases from 45 to 85% with depth. With the increase in mafic content the color of the
sediment changes with depth. Light olive brown (2.5Y 5/4) color is present from 385.0 to 447.0 ft bgs,
dark gray (2.5Y 4/1) is present from 447.0 to 450.0 ft bgs, and grayish brown (2.5Y 5/2) is present from
450.0 to 464.0 ft bgs.

The contact between the Rwia and the Basalt was encountered at 464.0 ft bgs. The basalt is black
(10YR 2/1) in color and shows no apparent weathering. The basalt was broken from drilling into angular,
2 to 30 mm sized cuttings. Drilling in the basalt continued until TD was reached at 475.6 ft bgs.
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4 Waste Management

Waste generated during the activities described in this document were managed in accordance with
DOE/RL-2009-124, 200 West Pump and Treat Operations and Maintenance Plan (TPA-0794)
(Appendix B, “Waste Management Plan for the 200 West Pump and Treat”) and was characterized to the
extent necessary to meet the requirements of DOE/RL-2009-80, Investigation Derived Waste Purgewater
Management Work Plan, and DOE/RL-2011-41, Hanford Site Strategy for Management of Investigation
Derived Waste.

All vadose zone drill cuttings from above the historic high water mark were placed on sheets of plastic

to dry. Cuttings were surveyed by RCT and Industrial Hygiene personnel and were determined to meet
Return to Earth criteria. These cuttings were then spread around the well location at the completion of
well activities. Miscellaneous solid waste associated with vadose zone cuttings, including nitrile gloves,
plastic bags, and other waste associated with sampling activities, were contained in black plastic bags and
placed in the designated roll off box.

All drill cuttings collected at or below the water table were released into tip dumpsters, dewatered, and
placed in designated waste roll off boxes. Dewatered fluid was treated as purgewater. Water-absorbing
crystals were spread over the dewatered drill cuttings to absorb free liquids, allowing the waste container
to be designated as solid waste. All waste was managed as investigation-derived waste and surveyed by
RCTs and industrial hygiene personnel prior to transfer and disposal at the Environmental Restoration
Disposal Facility.

Purgewater and decontamination fluids were collected and contained at the well head until it was
transported to the Modular Storage Unit.

4-1
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5 Civil Survey

The well locations were surveyed in accordance with applicable procedures. Vertical survey data were
recorded using North American Vertical Datum of 1988 (NAVD88) and the horizontal coordinates were
recorded using the Washington State Plane (South Zone) North American Datum of 1983 (NAD83), with
the 1991 adjustment for horizontal coordinates. Surveyed coordinates and elevation for each well are
presented in Table 1-1 and survey data reports are included in Appendices A and B, for each respective
well.
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6 Well Acceptance

Well acceptance is the final step in the well construction process and represents confirmation of meeting
requirements of the work scope. Well acceptance also serves as the contractual completion of the finished
product.

Representatives from CHPRC and Yellow Jacket (drilling contractor) participated in the acceptance
inspection for C9880 on August 29, 2018 and C9878 on September 10, 2018. Final well acceptance was
documented by completion of a checklist and signatures from representatives of the drilling contractor
and CHPRC. A Quality Assurance Work Site Assessment is conducted for each well.
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Appendix A

Well Documentation for C9878 (699-47-78)
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WELL SUMMARY SHEET

Page 1 of 5

Well ID : C9878

Well Name: 699-47-78

Start Date: 6-13-2018

Project: 2 Injection Wells in the 200-ZP-1 OU

Location: East Boundary of 200-W-33

Finish Date: 9-06-2018

CONSTRUCTION DATA Deoth i GEOLOGIC/HYDROLOGIC DATA
pthin ;
Description Diagram Feet Gﬁ’;m Lithologic Description (ft bgs)
Concrete Pad: 0.50 ft
above ground surface (ags) g | 553 0.0-20.0 Gravelly Sand (g5)
L ») 7
10-in, Protective Casing— | | £S5
2.90 ft ags - 2.10 ft ¢ Po2s
below ground surface (bgs) BE55Y
INAYAYA
INAYINIAY
Type I/II Portland Cement Grout: /| A N
0.0-9.9 ftbgs R
. * AAIA NAIAN
(NATAYA INAIATAY
o
A A
INATAA AAYATAY
A
8-in. LD. Schedule 10, Type 304/304L, | XY Al 2002 G i)
Stainless Steel Blank Casing: m MAA
1.90 ft ags - 240.09 ft bgs NAAA M ;
A A :~] 25.0 - 30.0 Sandy Gravel (sG)
A RAA .
NARA AN
NAAA R 30.0 - 45.0 Silty Gravel (mG)
NAAA MAA
NAAA A
NAA NN
N A
(INAINA NAVAVAY
Stainless steel centralizer % m
installed above and below v PARA
NN NAA
screen and every 40 ft NAAA M
NAAA NAAA
O RO
O BN
A NAAA q 45.0-52.0 Silty Sandy Gravel (msG)
IATAYAYA INAAIAY
O I
IANAAA AAAA
Medium Bentonite Chips: NAAA % 52.0-54.0 Gravelly Sandy Silt (gsM)
99-260ftbgs A 7| 54.0-57.0 Gravel (G)
AN 57.0-60.0 Slightly Silty Gravelly
1 Sandy ((o)gS)
A 60.0- 67.0 Sandy Gravel (sG)
NAA
A
A
NAIA e
VA 67.0-70.0 Slightly Silty Gravelly
AR : Sandy ((m)gS)
Reported By: g
Tracy Mallgren Geologist _ 9-10-2018
Print Name Title 1gnature Date

eviewed
8 o Jedn.fcﬂ-» (Kd/\aﬂ,‘f’ We | (ssedisatoe (L/W U8

Print Name

Title

Szgnuture Date

For Office Use Only

OR Doc Type:

WMU Code(s):

A-ANNR-A43 (REV N
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WELL SUMMARY CONTINUATION SHEET Page 2 of 5
Well ID: C9878 Well Name: 699-47-78 Project 2 Injection Wells in the 200-ZP-1 OU
CONSTRUCTION DATA Bepibii GEOLOGIC/HYDROLOGIC DATA
Description Diagram Feet G‘ff;ic Lithologic Description (ft bgs)
W g [
AR NAA ] 70.0 - 75.0 Sandy Gravel (sG)
VATA AT
) A ] 75.0-77.0 Slightly Silty Sand ((m)S)
NATATA YA
RS 2:/,3/; 80 77.0 - 82.0 Sandy Gravel (sG)
A
AR ARA — g
MAA A ] 1 82.0 - 87.0 Sandy Silt (sM)
NAAL A
AAAA AAA —
SN 4] | 90 87.0-125.0 Sand (S)
AAAA AAAA —
8-in. 1.D. Schedule 10, Type 304/304L, | 24 R/ .
Stainless Steel Blank Casing: N A |
1.90 ft ags - 240.09 ft bgs N POA B
AAVVA ANAA
N R 10—
NN W |
A RAAA T
MO N
o o |
A VAAYA |
] N
VA -
A A [ 120—
A NAA —
A R —
A A — ;
A AAA ] 125.0 - 135.0 Sandy Gravel (sG)
AR RAAA
Medium Bentonite Chips: g hoa] [ 180—
AR MV
9.9-2260 ft bgs \f\\é\\\g\ 52;3 =
NAAA NARNA | 135.0-140.0 Gravel (G)
ATATA AT AT ]
AN RAAA
ANTATAYA
AN NI 140.0 - 145.0 Sandy Gravel (sG)
NAATA FAVATA
o R
A INATATA
Y
AT ARA
A RAAA 145.0 - 155.0 Gravel (G)
NAAY MAAA =
% ‘f//?:jxf 155.0 - 215.0 Sandy Gravel (sG)
AVAVA NN
AU
A A
A AAA

A-ANNA-992 (Rav 2N
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WELL SUMMARY CONTINUATION SHEET Page 3 of 5
Well ID: C9878 Well Name: 699-47-78 Project 2 Injection Wells in the 200-ZP-1 OU
CONSTRUCTION DATA : GEOLOGIC/HYDROLOGIC DATA
Depth in -
Description Diagram Feet |TPhic Lithologic Description (ft bgs)

170

155.0 - 215.0 Sandy Gravel (sG)

Medium Bentonite Chips:
9.9 -226.0 ft bgs

8-in. .D. Schedule 10, Type 304/304L,
Stainless Steel Blank Casing:
1.90 ft ags - 240.09 ft bgs

4 215.0 - 230.0 Gravel (G)

1/4-in. Coated Bentonite Pellet Seal: 5
226.0-230.6 ftbgs ~ ——m

230.0 - 240.0 Silty Sandy Gravel (msG)

172400 - 250.0 Sandy Gravel (sG)
Depth to Water: 240.7 ft bgs (08-28-2018)

8-in. LD. Schedule 10, Type
304/304L, 70-slot (0.070 in.) Stainless
Steel Screen: 240.09 - 250.09 ft bgs

250.0 - 255.0 Silty Sandy Gravel (msG)

8-in. L.D. Schedule 10, Type
304/304L, 75-slot (0.075 in.) Stainless
Steel Screen: 250.09 - 430.12 ft bgs

255.0 - 260.0 Gravelly Silty Sand (gmS)

260.0 - 360.0 Sandy Gravel (sG)

6-9 mesh Premier

Silica Filter Pack Sand:
230.6 - 443.1 ft bgs

A-6006-992 (Rev 2)
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WELL SUMMARY COglgTINUATION SHEET Page 4 of 5
Well ID: C9878 Well Name: 699-47-7€ 3oy, | Project 2 Injection Wells in the 200-ZP-1 OU
CONSTRUCTION DATA . GEOLOGIC/HYDROLOGIC DATA
Depth in
Description Diagram Feet Lithologic Description (ft bgs)

6-9 mesh Premier
Silica Filter Pack Sand:
230.6 - 443.1 ft bgs

8-in. LD. Schedule 10, Type
304/304L, 75-slot (0.075 in.) Stainless

Steel Screen: 250.09 - 430.12 ft bgs

270

{ 260.0 - 360.0 Sandy Gravel (sG)

-1 360.0 - 365.0 Gravelly Sand (gS)

365.0 - 410.0 Sandy Gravel (sG)

A-4

A-6006-992 (Rev 2)
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WELL SUMMARY CONTINUATION SHEET Page 5 of 5
Well ID: C9878 Well Name: 699-47-78 Project 2 Injection Wells in the 200-ZP-1 OU
CONSTRUCTION DATA Deptivin GEOLOGIC/HYDROLOGIC DATA
Description Diagram Feet |C7Phc Lithologic Description (ft bgs)
40 | 365.0-4100 Sandy Gravel (sG)
380
6-9 mesh Premier
Silica Filter Pack Sand:
230.6 - 443.1 ft bgs
8-in. LD. Schedule 10, Type
304/304L, 75-slot (0.075 in.) Stainless 400
Steel Screen: 250.09 - 430.12 ft bgs
410 ——
A 410.0 - 415.0 Gravelly Sand (gS)
[ 415.0-420.0 Sandy Gravel (sG)
420 —
420.0 - 425.0 Gravelly Sandy (gS)
1 425.0 - 440.0 Sandy Gravel (sG)
8-in. L.D. Schedule 10, Type 304/304L, 430
Stainless Steel Sump:
430.12 - 440.12 ft bgs
440.0 - 445.0 Silty Gravel
Medium Bentonite Chips: e )
443.1 - 457.1 ft bgs 445.0 - 447.0 Silt (M)
Straightness Test: Pass, 07-31-2018 450 447.0-457.1 Bilty Sandy Gravel (msG)
Depths are in ft below ground surface.
Borehole drilled with 16-1/2-in. O.D.
casing from 0.00 - 235.4 ft bgs - 2
Borehole drilled with 14-in. O.D. | Total Depth: 457.1 ft bgs (07-23-2018)
casing from 235.4 - 447.2 ft bgs
Borehole drilled with 12-3/8-in. O.D. ]
drill bit from 447.2 - 457.1 ft bgs ]
All temporary drill :
casing was removed from the ground.

A-6006-992 (Rev 2)
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BOREHOLE LOG Dat:age “U '1%1-4’
- 14-
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BOREHOLE LOG (cont.)

PageZ of \7_
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WELL DEVELOPMENT AND TESTING DATA

welll>: 0 QRF& |We" Name: (0 4G -4-TE
L°°at‘°"iﬁas—rwm4 cﬂ? oO-L)-R

Reference Measunng Point (unless otherwise noted): TOP OF OUTER CASING (TOC)

|Da1e: - 7518

Has the well been surveyed? OYes MO Does the well have a cement pad? OYes m
Initial Conditions é
N Protective (Outer) Casing
Start of Job End of Job | T Ve
STATIC WATER LEVEL: B Ground Level or ™

] . l Pad Surface ¥Permaanent Casing
2"‘:":8'@\3 2U0.3 bg> Z90.(0 " bgg [ I

"848 |72 90 eas | 7409 "y

— DEPTH TO BOTTOM: s _ML(‘}___
| 872\& | dN0.obes| UG Alged 8= 5.0

™ 8-2918] 438G 'bes| URQ A hey| ST NI | |

Intake Depth |Specific Capacity] Troll D?E)th Turbitidy (ﬁTU) Pump Pump Pumping Rate| Maximum

(ft bgs) (gpm/ft) (ft bwt) Initial Final Start Stop (gpm) Drawdown (ft)
2BVLW V3.0 BHele [ 3222590 [\WW\S {510 [FO 523
2pSH VS Lo [33U.S .0 AT IS |52 | 8O |5.14
2433 [1(. O [2427% [11.2 [\.RR |ORIO|OBUG RO (L1849
2554 \(o-5 [250\ \&.5 |02 ([l [O45F [RO  [1.9
255\4 | NIF rsol\ [B.0 2.0 o3l (W O |NIA
2w .G (TN [NIA [N Was [\ B339 4
Total Pumped: D.%:ng\ &C\\ ma \'\'Z_L\_'\ -\252 233 \G Q¢
Pump Modet( "y 5 Afens™ AXZ2HOOG -

Troll Serial Number and Pressure Range (PSI and depth): SK{(JT\%G YN (aqz’.(.r \)Qm.e_(\(

Comments:

CGBTE_gevdlop int\ B~ 28-\%
8}?% ﬁe\se\o \r\'t%»’al—g 72? &

eveleny \ATH3I_ S 29-1]
CABIE daveldp. int Wi 2415

CaBIE Swesstest _ B0
COAETS_ Stresstes ) B2

19

[f&CS-\ MGU\}\C\( [SVAN / /h_> 2618
Print Name \3 /7 Signatup” Date
Reviewed By Q/
ainitee. (KJ‘ chart W G/ 7108
Print Name Signature " Date
For Office Use Only
OR Doc Type: WMU Code(s):
Page 1 of 1 A-6005-205 (REV 2)
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Technical Solutions

Borehole Information

699-47-78 (C9878)
Log Data Report

Log Date | 2018-07-18 Filename | C9878 HG-NM_2018-07-18 Site | 200-ZP-1
DTW! (ft) DTW Date DTW Source Drill Date Total Depth (ft) Depth Datum
242.6 07/18/18 HIT 07/18/18 447.15 Ground Surface
Casing Information
Diameter (in.)
Casing Type Drill Type Stickup (ft) | Outer Inside Thickness (in.) Top (ft) Bottom (ft)
Welded Steel Dual Rotary 1.2 16 15.26 0.370 -1.2 235.4
Welded Steel Dual Rotary 5.3 14 13.26 0.370 =53 448.96
Borehole Notes

The onsite geologist provided the total depth and casing depth. The logging engineer measured casing stick-up and
casing diameters. The maximum logging depth achieved was 446 ft. Zero reference is ground surface.

Logging Equipment Information

Logging System Gamma 5TB Type 60% Coaxial HPGe (SGLS)
Effective Calibration Date 11/28/2017 Serial No. 54-TP-13441B

Calibration Reference HGLP-CC-167, Rev. 0 Logging Procedure gﬁ;l;_:g 0-OP-33023, Rev. 0,
Logging System Gamma 5PB Type He-3 (CPN 503DR) NMLS
Effective Calibration Date 11/14/2017 Serial No. H34055445

Calibration Reference HGLP-CC-164, Rev. 0 Logging Procedure (Sjﬁ;};epg 0-OP-33024, Rev. 0,
Logging System Gamma 1LD Type 60% Coaxial HPGe (SGLS)
Effective Calibration Date 10/19/2017 Serial No. 47-TP-32211A

Calibration Reference HGLP-CC-166, Rev. 0 Logging Procedure (Sjﬁ;z-:g 0-OP-33023, Rev. 0,
Logging System Gamma 1HD Type He-3 (CPN 503DR) NMLS
Effective Calibration Date 10/16/2017 Serial No. H310700352

Calibration Reference HGLP-CC-161, Rev. 0 Logging Procedure SGRP-PRO-OP-53024, Rev. 0,

Change 2

! depth to water inside casing

Prepared by Technical Solutions
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SGLS Log Run Information

Log Run 1 2 Repeat 5 6 Repeat
HEIS Number 1020213 1020214 1020215 1020216
Date 06/21/18 06/21/18 07/18/18 07/18/18
Logging Engineer Spatz/McClellan Spatz Spatz Spatz
Start Depth (ft) 0.0 27.0 233.0 424.0
Finish Depth (ft) 234.01 50.0 446.01 446.01
Count Time (sec) 100 100 100 100
Live/Real R R R R
Shield (Y/N) N N N N
MSA Interval (ft) 1.0 1.0 1.0 1.0
Log Speed (ft/min) NA NA NA NA
Pre-Verification C9878FTB20180 | C9878FTB20180 | C9878ALD2018 | C9878ALD2018
621AV00CABI 621AVO0CABI | 0718AVOOCABI1 | 0718AV00CABI
Start File ADO000000 BD002700 AD023300 BD042400
Finish File AD023401 BD005000 ADO044601 BD044601
Post-Verification C9878FTB20180 | C9878FTB20180 | C9878ALD2018 | C9878ALD2018
621BVOOCAA1 621BVOOCAAL | 0718BVOOCAAL | 0718BVOOCAAL
Depth Return Error (in.) N/A 1.0 high N/A 2.0 low
No fine gain No fine gain No fine gain No fine gain
Comments adjustments adjustments adjustments adjustments
made made made made
NMLS Log Run Information
Log Run 3 4 Repeat 7 8 Repeat
HEIS Number 1020217 1020218 1020219 1020220
Date 06/22/18 06/22/18 07/18/18 07/18/18
Logging Engineer Felt Felt Spatz Spatz
Start Depth (ft) 0.0 190.0 234.0 238.0
Finish Depth (ft) 235.02 213.0 243.5 243.0
Count Time (sec) 15 15 15 15
Live/Real R R R R
Shield (Y/N) N N N N
MSA Interval (ft) 0.25 0.25 0.25 0.25
Log Speed (ft/min) NA NA NA NA
Pre-Verification C9878FPB20180 | C9878FPB20180 | C9878AHD2018 | C9878AHD2018
622AV00CABI1 622AV00CABI | 0718AVOOCABI1 | 0718AV00CABI
Start File AD000000 BD019000 AD023400 BD023800
Finish File AD023502 BD021300 ADO024350 BD024300
Post-Verification C9878FPB20180 | C9878FPB20180 | C9878AHD2018 | C9878AHD2018
622BVO0CAA1 622BVO0CAAL | 0718BVOOCAAL | 0718BVOOCAAL
Depth Return Error (in.) N/A 3.0 high N/A 1.0 low
Comments None None None None

Prepared by Technical Solutions
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Logging Operation Notes

A centralizer was not installed on the sondes for the first casing to 235 ft. A centralizer was installed for the
remainder of the borehole.

Analysis Notes

Analyst P.D. Henwood | Date | 07/25/18
Reference(s) | SGRP-PRO-OP-53040, Rev. 0; SGRP-PRO-OP-53051, Rev. 0

Casing corrections for a 0.370-in. thick casing were applied to the SGLS log data for the entire borehole.
A water correction was applied below 242.6 ft.

SGLS spectra were processed in batch mode in APTEC SUPERVISOR to identify individual energy peaks and
determine count rates. Concentrations for the SGLS were calculated in EXCEL templates identified

as FTB20171128 and ALD20171019 using an efficiency function and corrections for casing and dead time as
determined by annual calibrations.

An interpreted data set was created for this borehole. Depth overlaps from consecutive log runs were removed from
233 and 234 ft. This results in a data set where only one data point is presented for each depth.

Neutron moisture data are reported in counts per second (cps) as there is no calibration available to convert to
volumetric moisture for the large diameter casings.

HGU? is an empirical unit of gamma activity proposed as a means to standardize gamma log response across
multiple logging systems with different response characteristics. The HGU is defined in terms of measurements in
the Hanford Borehole Calibration Facility, and the magnitude is selected such that 1 HGU is approximately
equivalent to typical Hanford background activity, based on data from background samples as reported in
Hanford Site Background: Part 2, Soil Background for Radionuclides (DOE/RL-96-12).

Results and Interpretations

No manmade radionuclides were generally detected in this borehole. Cs-137 was detected at the ground surface at
0.8 pCi/g.

The neutron moisture log primarily responds to moisture present in the surrounding formation. In general, an
increase in count rate reflects an increase in moisture content. Moisture content may increase in sediments of
relatively high silt or clay content.

The KUT and moisture repeat plots indicate that the respective systems were working properly.

List of Log Plots

Depth Reference is ground surface.

Manmade Radionuclides (0-480 ft)
Natural Gamma Logs (0-160 ft)
Natural Gamma Logs (150-310 ft)
Natural Gamma Logs (310-470 ft)
Combination Plot (0-120 ft)
Combination Plot (110-230 ft)
Combination Plot (230-350 ft)
Combination Plot (350-470 ft)
Combination Plot (0-460 ft)

Total Gamma & Moisture (0-160 ft)

2 Hanford Gamma Unit

Prepared by Technical Solutions
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Total Gamma & Moisture (150-310 ft)
Total Gamma & Hanford Gamma Unit (0-480 ft)
Repeat Section of Natural Gamma Logs (27-50 ft)
Repeat Section of Natural Gamma Logs (424-446 ft)
Moisture Repeat Section (190-213 ft)
Moisture Repeat Section (238-243 ft)

Technical Solutions
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WELL SURVEY DATA REPORT

Project: Prepared By:
Neil P. Fastabend
Company:
CHPRC
Date Requested: Requestor:
09/11/18 Matthan G. Wilson (CHPRC)
Date of Survey: Surveyor / Company:
09/12/18 Lawrence B. Munnell (CHPRC)
Description of Work: Horizontal Datum: NAD83 (91)
Obtained final survey coordinates (C/L Vertical Datum: NAVDSS
Casing) and elevations of 200-ZP-1 Well
C9878 (6929-47-78) located on west side Units: Meters
Dayton Avenue, north of 200W Area. Hanford Area Designation: 6002

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
Washington State Reference Network

Vertical Control Monuments:
F317 (COE) and 2W-1 (CHPRC)

Wwell iD Weli Name Easting WNorthing Elevation
9878 699-47-78 566045.53 137800.71 . Center of Casing
209.712 «|Top Baseplate, N.Edge
209.682 «|Top Outer 10"Ss Casing, N.Edge
209.005 «|Brass Survey Marker
riotes:

Brass Survey Marker elevation was taken on top domed brass cap in concrete.

Equipment Used: Trimble R8 RTK GPS
Trimble DiNi 12 Level

Surveyor Statement:

I, Lawrence B. Munnell, a Professional Land
Surveyor registered in the State of Washington
(Registration No. 16216), hereby certify

this report is based on a field survey
performed by me, or under my direct
supervision.
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Appendix B

Well Documentation for C9880 (699-47-78C)



SGW-62791, REV. 0
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2 70) (o] 10 (SN e Pt B-7
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Well Develepment and Testing Data ...........o.iiiiiiiii e e e e eeer e aeae e s B-30
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Page 1 of 6

WELL SUMMARY SHEET

GEOLOGIC/HYDROLOGIC DATA

Lithologic Description (ft bgs)

-1 0.0-20.0 Gravelly Sand (gS)

-] 40.0-50.0 Slightly Silty Gravelly

Sand ((m)gS)

3 50.0 - 76.0 Gravelly Silty Sand (gmS)

=

= g 20.0 - 40.0 Sandy Gravel (sG)

oo | o0
SRS
N N
S| &
< | b
gl g
s Q
ale
2|9
S| E
n|
[32]
&
=
g
g%
NE:!
NI B8
Yiz
|
NI
90
O s
ul T
gl g
< B
ax
3| g
2 A
)
o)
o
[«
N
(=]
(=)
N
[}]
S
&
3
=
[
Q
®|E
5|2
UlS
Bl
Q
=|.L
Q|9
=&

CONSTRUCTION DATA

\LALAVAS AR LY (L5 LT N 700 > A.// LTI 7 .
Séqachv“%wmmwwwm«%m s _«.WWMMWMMW\ ¢
§ LYANN AN 00 9202000000 0020090 0020309003
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Reported By:

Geologist

9-10-2018
Date

Tracy Mallgren

Signa
el Coxdnor- '7@/4/% Yrrpe

Title

Print Name

\_Jl IR 22 «((J/la/d’

Reviewed By:

Date

Signature

Title

Print Name
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WELL SUMMARY CONTINUATION SHEET Page 2 of 6
Well ID: C9880 Well Name: 699-47-78C Project 2 Injection Wells in the 200-ZP-1 OU
CONSTRUCTION DATA Thegthisn GEOLOGIC/HYDROLOGIC DATA
Description Diagram Feet Gﬁg’ghi = Lithologic Description (ft bgs)
«\5\\2“{\ “,/*/f\\: 50.0 - 76.0 _Gravelly Silty Sand (gmS)
AR VA
% 0 76.0-85.0 Slightly Silty Sand ((m)S)
A RS |8
N AAA
AN A
N A 85.0 -100.0 Gravelly Sand (gS)
NAYAA A
8-in. LD. Schedule 10, Type 304/304L, | [0 A o
Stainless Steel Blank Casing: ol UV
1.97 ftags - 240.08 ft bgs AR A
N A
o P [—
A R
A R
o Y
N A 105.0 - 120.0 Sandy Gravel (sG)
ol O
TS P
o] A
WA R [ 120—
2 A
,':;\\Vﬁ'\; ,\{\;\\\;\ 120.0 - 125.0 Sand (S)
N NN
A N
A R 125.0 - 140.0 Sandy Gravel (sG)
AN A
Medium Bentonite Chips: ENANAA ooy | 180 —
NAYAYA AR
10.3-225.7 ft bgs Y o
VA A
] Y
I RARA
140
! o 140.0 - 145.0 Sand (5)
IO AA
| P
RARA A 145.0 - 155.0 Gravelly Sand (gS)
N #n
oA R | 10—
oA R
¥ NN
.
A ‘M
A VOA 155.0 - 170.0 Sandy Gravel (sG)
NN W\/
N NAA
AAIA
N VA
ATATATA m
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WELL SUMMARY CONTINUATION SHEET Page 3 of 6
Well ID: C9880 Well Name: 699-47-78C Project 2 Injection Wells in the 200-ZP-1 OU
CONSTRUCTION DATA Degithiii GEOLOGIC/HYDROLOGIC DATA
Description Diagram Feet Gl}_agghic Lithologic Description (ft bgs)
170 e <
_5 Q 170.0 - 180.0 Gravelly Sand (gS)
Medium Bentonite Chips: Ly —
10.3 - 225.7 ft bgs —
g D 180
| 180.0 - 185.0 Slightly Silty Gravelly
1 Sand ((m)gS)
] 185.0 - 200.0 Silty Sandy Gravel (msG)
190—
8-in. 1.D. Schedule 10, Type 304/304L, ]
Stainless Steel Blank Casing: —3— ]
1.97 ft ags - 240.08 ft bgs ]
200
] 200.0 - 205.0 Sand (S)
205.0 - 210.0 Sandy Gravel (sG)
210.0 - 215.0 Sand (S)
215.0 - 225.0 Gravelly Sand (gS)
q D

1/4-in. Coated Bentonite Pellet Seal:

225.7 - 230.1 ft bgs —

225.0 - 255.0 Sandy Gravel (sG)

8-in. LD. Schedule 10, Type

304/304L, 75-slot (0.075 in.) Stainless
Steel Screen: 240.08 - 460.08 ft bgs

6-9 mesh Premier
Silica Filter Pack Sand: i)
230.1 - 475.6 ft bgs

Depth to Water: 238.2 ft bgs (08-15-2018)

255.0 - 265.0 Gravel (G)

265.0 - 290.0 Sandy Gravel (sG)
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WELL SUMMARY CONTINUATION SHEET Page 4 of 6
Well ID: C9880 Well Name: 699-47-78C Project 2 Injection Wells in the 200-ZP-1 OU
CONSTRUCTION DATA Depth in GEOLOGIC/HYDROLOGIC DATA
Description Diagram Feet Grff ;1 5 Lithologic Description (ft bgs)
270
265.0 - 290.0 Sandy Gravel (sG)
280
6-9 mesh Premier
Silica Filter Pack Sand:
230.1 - 475.6 ft bgs 290
) "_ 290.0 - 295.0 Silty Sandy Gravel (msG)
' 295.0-315.0 Sandy Gravel (sG)
300
8-in. LD. Schedule 10, Type
304/304L, 75-slot (0.075 in.) Stainless
Steel Screen: 240.08 - 460.08 ft bgs
310
315.0 - 335.0 Gravelly Sand (gS)
320 ——
330 —
335.0 - 385.0 Sandy Gravel (sG)
340 —
350 —
360 —

A-6006-992 (Rev 2)
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WELL SUMMARY CONTINUATION SHEET

Page 5 of 6

6-9 mesh Premier
Silica Filter Pack Sand:
230.1 - 475.6 ft bgs

8-in. L.D. Schedule 10, Type

304/304L, 75-slot (0.075 in.) Stainless—
Steel Screen: 240.08 - 460.08 ft bgs

8-in. 1.D. Schedule 10, Type 304/304L,
Stainless Steel Sump:

460.08 - 470.09 ft bgs

370—

Well ID: C9880 Well Name: 699-47-78C Project 2 Injection Wells in the 200-ZP-1 OU
CONSTRUCTION DATA Depifyin GEOLOGIC/HYDROLOGIC DATA
Description Diagram Feet Gr&}})éuc Lithologic Description (ft bgs)

335.0 - 385.0 Sandy Cravel (sG)

385.0-390.0 Gravelly Sand (g5)

390.0 - 464.0 Sandy Gravel (sG)

4 ~460.4 - 4704 10-ft of 1-in. galvanized

steel tremie pipe remains in the borehole

T 464.0 - 475.6 Basalt

B-5
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WELL SUMMARY CONTINUATION SHEET Page 6 of 6
Well ID: C9880 Well Name: 699-47-78C Project 2 Injection Wells in the 200-ZP-1 OU
CONSTRUCTION DATA ) GEOLOGIC/HYDROLOGIC DATA
Depth in -
i Lithologic Description (ft bgs)

Description Diagram Feet Log

470

8—il’1. LD S(‘hedule 10, Type 304/304L, 464.0 - 475.6 Basalt
Stainless Steel Sump: ]
460.08 - 470.09 ft bgs ]

Total Depth: 475.6 ft bgs (06-06-2018)
6-9 mesh Premier ]
Silica Filter Pack Sand: 480—
230.1 - 475.6 ft bgs 1
490—
500 —
510—
520 ——
530 —
540 ——
Straightness Test: Pass, 07-12-2018 550 ——I
Depths are in ft below ground surface. —]
Borehole drilled with 16-1/2-in. O.D. ]
casing from 0.00 - 222.3 ft bgs ]
Borehole drilled with 14-in. O.D. ]
casing from 222.3 - 463.7 ft bgs 560 —
Borehole drilled with 12-3/8-in. O.D. ]
drill bit from 463.6 - 475.6 ft bgs ]
All temporary drill :
casing was removed from the ground.

A-6006-992 (Rev 2)
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Page | of [Z
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Page [© of L Z-

Date: 6 2N \g
WellID: (gg3o [Well Name: (,45- (3- T C | Location: G o’ Adcvh of 2 L0-3 3
Depth Graphic | iption; Depth of cmi%‘%ﬁﬁ Method
Tl i B e e e g e i o
255, o P 35-3 ' (e V—\:er?—bDr;\\mu withy
J @, 2% @ars ol o Sed . US4 Silv gy, \U‘!\‘S'h"ﬂcmpduu g,
| ;O__‘D wavel! vf,m <o y.cocrse pelles, H04 v ine - fwloo-770.9° e S
_ o0 n, |%0%wed, 2a ¢ acres 0, coqse. (57 &[ 25/ cacf\Y" |\=_f,““ 2718 -4 3 oy
_ ‘_O-U':QJ Povar] ypeear soct. Sxad: me.a leerse  ete UM:E;‘E el yrpds 13 M by
b it G e N0 med 304 (i, 200y L 167 comse. 557 6], |MG3AIABIT 35, b
_ SD‘, % /mm( suh cog, e Neoen et 2.5Y 51 | [qvan sorples collecred
- e [ Okw & Borown. every S'od ox r\r\mf.t&.\'\
- € o] @260 a8 Gor 2267 pmoss \ishelogu
= “oTeselaz 300y 7\,;Lz Yor fint peblales. 7-§men frec
St a()‘ﬁg" §/m‘wra /D/Ccm'&+.5/vgoﬂg
_ _,._%”9 P365" 44 56/ s:407 m: &7
_ a0 iR 0 a5t Ol evenn Lourovnd s Gpe o
- Oiﬁa S Go ("d; WL“SC:(T (207 med 20z ngu.-fni
D' e Lo tocrse
— S e ¢
230—a, Qféi C 2o’ absOL 52457 meg
. ¥
1 leys
el
s e :
_ "dr':f;; @ 235’ adEor, 5351 mesy
_ Voo Caveve): \Ouiucpen Zor e Ay enpen 20nEn
. SN2 A \oL v (:.M n;L, bl Bod medf
N g?aof{fa: Seacl: (0% U.Fm V07 Long SC% e, 207.¢, Oy
BRI, -"oc?c?é 8¢ rLel 15%mel wodgert
o IR
_ g @
- 00./3.
i N
375 ey = -
| ,OA_ L @.—5%_5—*‘\7* 2e5-390": Gmm:e\\\.r SmA (C«S\
- ~. e las =157, S- %oy ;1257 (~taue. vf\‘u—xo wred
_ b f\‘ Pebie L{hz MC “or. £ine 207 mad ooy (O
] LAY xv\od soc, Jorfel 30). we. \Cﬁ‘:ur‘d gcnc\ Med-cearse
e, : :'; Qo7 MA.WQX\bor-r 22¥A mc.‘:r Solocnr. We Noﬂm a
i L 2sY S | m\m Olive Borowa
- N
i 3.‘ 2 1290-YeY ' Scady Giravel (6 &)
) 4z GO7 5= BOL S ]

/f‘t‘«cu\ ﬂ ch\\q e / CO/CD( isT

- \Prmt Name

Title

ee /&
Dat

B-16

A-6006-993 (REV 0)




SGW-62791, REV. 0

Page !l of LT

BOREHOLE LOG (cont.)

Date: & ZU\S
WelD: (GZES — [WellName ( 9G6-03 ~ X8 [oeaton 28060" B ot 2010 25]
L Comments:
h - Sample Description: Lomments:
D;St Sample GrLaé)hlc Sediment Classification, Grain Size Distribution, Color, Moisture Content, Depth of Casing, Drilling N_!elhod.
9 Serting, Angularity, Mineralogy. Particle Size,Reaction to HCI, Other Sampling Me!{\ggéngmmpler Size, Water
8 er
#5—¢ G = |2Go-ULY"": E:COC‘\\,} Lavavel LeCas u\r erru hw‘\\\'r\(, it
| = rb" @»3‘45.3 Q4:50r, ScHST M-S (.o"l‘lb-h'“‘?{m‘bomr% Cousing
— fGQ & U i -cocrse pehble, 707V finy zorfn jo.o-ana loc.s 2
] 9) & ot m"‘.“ff‘ 2O/ cerae, 207 U _cocres Rel. Poor sert [\W" I 137" Z?\C‘ U233 he
_ = er 5/ fom - S d:v AM- 5% “eilbode £13 Yhin
oo— G q og C YA 1o7. 307, S/ conr=s had SorT U,23-435.0" ha«(:l.mb
_ e lso ', sz,!la/ma{ !Nlomc. Weq. 725V EIM fah Ohue el galleer cmeS'
ol (—.90 :a' Ca - - Cr 61 eree <n \eeholoes,
- ¢ ol @ YOO o (157 % =B07 pesi = -
TS Lo <
- 0 P
s — (-'l gc) o
I Q( f
e 9 op
- =
- Ao
= 4 '59- (1
Yo —¢ e P =
i XN
g?10 )
] v G
°‘°C_3
WS —ic, _ O RUK hB0), g Y5/ mzgy S b -vva g £ LT Sporn
=L _CzcwsAM&pgg B0 7{ peh, 20 el pe, 107, |Y1$%": Leer Sl e,
] "\ il = |eocse M,b Yor. £l be. maf :,ubcn% rganr{
| D and IO/\J-F 707 P. HO/. meff 20/, ra—fsc..m/ V. coersé
_ L ‘0"4-’ PoOC SorT 557 fel,ush, maf, subeng .
Uo—Ig, —— ° | @ yzo’ c.?»c.c/ $:287. m=5 7 e
] "U_' S qz\cm_\ (07, 8\ \yozmed Lot
i Bl
o
- g
45—, RV qt; US/. 5:607 m>5).
| =" _Sad: o7 Fg,l 20 maf
_—
_ N ¢l _
e | eC. Y20 ot 45/ 923E) wrzqrece
| _-—voo f—/(?/{tr)f.&’/ oul (szd G| Conen.
— 0"0 0
—\ ©
1 2
Reported By:
/Ff-‘x(bk MQHQM ( gcd@oﬁ? /%/% (Il
Print Name/ S Title Slonature 7~ Déte

A-60086-893 (REV 0)

B-17



SGW-62791, REV. 0

©

Pagel 2 of | T
BOREHOLE LOG (Cont.)
Date: (. (- \8
Well ID: g & O [ WellName: ()G G-¢/7- 7S¢ | Location: » G0’ Mrehr o 2oz 33
Samp cripti Comments:
Rapth Sample Graphic Sediment Classification, Gram E‘IfZ(:3 DeZtrTLut'g: Color, Moisture Content, De‘?‘“ of Casing, Drilling Method,
(ft) Log Sorting, Angularity, Mineralogy, Particle Size,Reaction to HCI, Other Sampling MeTOd' Sampler Size, Water
evel, Other
25—, :'9 . mo-qbq?%'cnd)l Crovase \_Lsf-:\ it Votare [ ling s
7 7 @ y3s’ Q= S04, 5=55/1 ,m=8) I( /lSh—rﬁgr'\ﬂar casing
_ T L.l -y cogse le. h Om;lm‘abcm
] ;Ts ° ,0[5, ~Smmt B0/ ft r w/maf, sub round: eag, poor sorT 194" “3‘“{" 21\ G- 4637
1\ ‘o | Qmd v i veonrse at0hmed willemr,  |B0F s Mﬁaﬂl "ba
Yopo—g ’Q' i *-13-7 ful, 207 med orb g Wt Mocya Hot 25V U TBE 95, b s
— Yt e Sly liche Oloe browa, S C‘((a")ﬁawlolzj Ca\la‘mcl ulal
| :09 . ) 7S % < (O Vnat 5 5'a dﬂa\u{. oo Nithelprg .
_ -7 _max g 8 o WS Y435.6°: L,\JCP"LU A‘;,cm‘\L;U
= © e o B N-U2G (02 s PVt s poon
T - F’é‘#s-‘##‘-? 53 G0/, 42407 rmzxcace
_ Tro dm\;d mof: F5) bc\_c-ah« send maf & Fo7.
e, B ° lec c,‘r\onqe 2574 derle oy
. O e
5o @ ) 1@ YS0! g Max size B SOmm  avg 10man 107
] | fBwd - GV ok w7 fel Kmorrkmap z2.sY
_ o sl Cateyizh beown
_ -2
] =
wss—lg g ol @uest > 20, fe\ BOlmal = 2ankbe\ | Boronf

“4%.5- L\S‘i-b‘?gil)\ﬁspam

JH@q+uws,b- Rso\y

ook Breelqr — N QD’R:DQ/LT o The e

Z- %MM C.nc;u\cf"

Me oseq Hel 4

loYR2/ RE cle

/:1, Mw/f@mﬂ

%///"V/Za//?

Print Napé

é :«i[ﬁl.'s ok
Title

Signafure Date

B-18

A-6006-993 (REV 0)



SGW-62791, REV. 0

ANOLS3FNS

ANOLS3FHS

ANO1S33¥d

N

l Ew

H Euw

(082

Ly

669) 08869 10} sydesbojoyd Bumng jjuq

ENJREELE] HE Ew

3 s

"ONI 'S3IOIAY3S TVLNIWNOYIANT
)
» -

dANOL1S33d4

083860 3NOLSIINA

B-19



SGW-62791, REV. 0

4 06

49

ANOLS3FNS

3NOLS3TYA

N

 Euw

(082

4 g8

Ly

669) 08869 10} sydesbojoyd Bumng jjuq

08860

3NOLS3THL

3ANOLS3Tud

ANOLS3NS

N Euw

l Euw

H Euw

ANOLSIFUA=

IANOLS3TYS  Eu

dNOlS3Td W EEuo!

Y05  aNo1s3 N B,

B-20



SGW-62791, REV. 0

U gel

L4

4 <0L

08860

08860

08869

-+ INOLS3IYA

ANOLS3TNS

ANOLS33Nd

| I wo

[T

| I wo

(082

Ly

669) 08869 10} sydesbojoyd Bumng jjuq

08860

0886 -

08860

3NOLS3FHS

.. 3NOLS33dd.

ANOLS3NS

4 sz

0L

3 66

ANOLSIFUA=

08869 INOLSTId W WMo

08860 INOLS3¥4 N EEuwo

3NOLS3TYd EE EEw

B-21



SGW-62791, REV. 0

4 081

¥ 69l

3 o051

08860

08860

08869

ANOLS3FHS

ANOLS3FHS

El z.o._.wmmxu_

N .

l Euw

. Euw

(082

Ly

669) 08869 10} sydesbojoyd Bumng jjuq

3NOLS3THS

ELJCEELE]

INOLSITTH

N Euw

l Euw

ANOLSIFUA=

ANOLS3TNS  Eu

3NOLS3TYyd N EEw

3NOLS3FYd EE EEw

B-22



SGW-62791, REV. 0

¥ 6ze

L[ %4

4 661

08860

08860

08869

ANOLS3NA

ANOLS3HS

EL[OIEERE]

| I w

Hl Euw

| I w

(082-

3 02z

3 602

4 o6l

Ly

669) 08869 10} sydesbojoyd Bumng jjuq

08869

08860

08860

3NOLS3TFHS

3NOLS3THS

ANOLS3NS

l  Euw

Hl Euw

| I wo

ANOLSIFUA=

08860 aNOIS3N  EE  EEw

08860 JNOIS3TNS W W uwo

08869 aNOLSIY  EE  EEw

B-23



SGW-62791, REV. 0

¥ 02

14

B ove

08860 | -

08860

08869

~/aNoLs33uA

ANOLSIIN

ANOLS3FNS

| I w

Hl Euw

| I wo

(082-

3 692

3 ose

3 gee

Ly

669) 08869 10} sydesbojoyd Bumng jjuq

08862

08862

08860

3NOLSTTHS

EL[JCEELE]

ANOLS3yd

| [8)

H Euw

H Ew

ANOLSIFUA=

08860 aNOls3Nd EE  EEw

08860 INOIS3TNS W WMo

08869 aNOISIRY EE  EE W

B-24



SGW-62791, REV. 0

3 Gie

3 00¢

3 o8z

08860

08860

08869

ANOLSIFNS

ANOLSITS

ANOLS3TNS

| I w

Hl Euw

| I w

(082-

Hoie

3 662

4 082

Ly

669) 08869 10} sydesbojoyd Bumng jjuq

08860

08860

08869

INOLSITHL

ELIJCEELE]

EN[OICEELE]

N Euw

Hl Euw

I Ew

ANOLSIFUA=

08860 aNOISFHY EE  EEw

08860 INOIS3TNY W W uwo

08860 aNOLSIY EE  EE W

B-25



SGW-62791, REV. 0

(082-1-669) 08869 103 sydeibojoyd Bumng jjuq

ANOLSIFUA=

3 09¢ 08869 aNols3Td HE  EEwo Y 66¢ 08860 ENCICEECER B [T aNols3I¥d HE  EEuwo

TR 08860 NOLSIN g mmuo ¥ ope 08869 Nols3zHs W CEEw aNoIs3s W WMo

|

W

¥ 0gg 08869 3NOISIIH EE  EEwo Y Ggze 08860 3NOLS3TYd HE  EEwo ENOE=ELER W

B-26



SGW-62791, REV. 0

B sop 08869 INols3TNS W EEwo
| 3

J

% 06 08869 . ANOTSIIL o
L
|

gie 08860
4 o

INOLSTIYA W Mo

(082

Ly

669) 08869 10} sydesbojoyd Bumng jjuq

u
3NOLS3THS

EL[OEELE]

EL O CEELE]

| I wo

Hl Euw

N EEuw g

ANOLSIFUA=

ENOREELE] N Euw

08860 aNolsITyd N EEwo

3NOLS3FYd N EEw

B-27



SGW-62791, REV. 0

(082-1-669) 08869 103 sydeibojoyd Bumng jjuq

ANOLSIFUA=

W vy [1]:1:{30] 3NOIS3ITYS HE EEwd | 3NOLSTTYY EE  EEwo U ovy 3NOLSTTYY EE  EEwo

ANOLSIY g o Y osy 08869 | aNoLS3F¥d EE  EEw Y Gy 08869 aNOLS3TY  EE  EEuwd

.

aNOLS3TNY EE  EE W ¥GLy 08860 INOLSTRNY W EE ¥ oLy 08860 aNOLSTaN4 N WMo
| } | é i

, ,
s - 4

B-28



SGW-62791, REV. 0

Y vy

3 09y

08860

08869

ANOLS3NS

ANO1s33Nd

Il Ew

H Euw

(081-

4 69

4 ggy

Ly

669) 0886

08860

08860

&

9 104 sydesBojoyd Bumng |juQ

"ONI ‘S3IOIAY3S TVLNIWNOYIANG

ANOLS33dd=

aNOLsI¥d  EE EEwo Y vov 08860 INOLSITNS

aNOLSTINY N EE o I 0SY 08862 , 3NOLSFFUA

B-29



SGW-62791, REV. 0

WELL DEVELOPMENT AND TESTING DATA

weiio: C A 8ZO [weilName: (04 G -4 F-FSE Fol|oae 4. 1418
Location: AGOO" Mocth of  200-L0-3™ Oyrdes

Reference Measuring Point (unless otherwise noted): TOP OF OUTER CASING (TOC)
Has the well been surveyed? OvYes Gho Does the well have a cement pad? OYes &No

Initial Conditions i
—— Protective (Outer) Casing
| Start of Job | End of Job 1 Ve
A

STATIC WATER LEVEL: B ™

. N S;guggﬂl.aecv:l or ¥ Permanent Casing
e B W] 2383 bas |7 285 s 1 |
Date: VS N
St S| 136\ ey 22,82 g
. . DEPTH TO BOTTOM:
Date: 8 \}—S" ‘E A= ____...._N k)
B 3S] YW (4.9 bes| U (0Q.Shas| B=__S.0
Date: C= N ] ]e
Intake Depth [Specific Capacity| Troll Depth Turbitidy (NTU) Pump Pump Pumping Rate| Maximum
(ft bgs) (gpm/ft) (ft bwt) Initial Final Start Stop (gpm) | Drawdown (ft)

dzy-su | o (o |H14.6 225 [N L2 |OGZ [\O5¢ | 80 |4.82
2g204 2973 1233.0|20.9 Q2R \2.2 00 V333 \26H 4"
2\e3Y| B\VS |2\ Q.79 1.9 \W35 WS\, \25 |3.Q8%F
236SY 23 [2R1.50(29.05 13,80 [ O [ 0BSRIZS YLD

k\
\X’ 1A%

Total Pumped: &/¢) 4 3O Gl
Pump Model: (—1mm(\‘€c>s AFZR6M 006

Troll Serial Number and Pressure Range (PSI and depth): Su La'j‘-éo 730m “aq 'L.Q.‘ '\/Qy\-[{d

Comments:
* F(\som 03U\ -0853 on B\S\ Gp™ wos BeOgpm b MGX

Acciodown of 10BY' -Sress TesT X (o V TO - %-st“T
CAREO. develop il B- 14 -\ CUBEO - devdcp- it - B 1SS
CG ggo_—de.udcp_ T B-\H- L
CaBBO_ Jevthed_ Ttk _B-\U-\B
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699-47-78C (C9880)

Log Data Report
Borehole Information
Log Date | 2018-06-14 Filename | C9880 HG-NM_2018-06-14 Site | 200-ZP-1
DTW! (ft) DTW Date DTW Source Drill Date Total Depth (ft) Depth Datum
239 06/13/18 HII 06/07/18 475.6 Ground Surface
Casing Information
Diameter (in.)
Casing Type Drill Type Stickup (ft) | Outer Inside Thickness (in.) | Top (ft) Bottom (ft)
Welded Steel Dual Rotary 0.9 16 151/4 3/8 -0.9 255.1
Welded Steel Dual Rotary 1.7 14 131/4 3/8 -1.7 463.7

Borehole Notes

The onsite geologist provided the total depth and casing depth. The logging engineer measured casing stick-up and
casing diameters. The maximum logging depth achieved was 466 ft, approximately two ft below reported casing
depth. Zero reference is ground surface.

This borehole was originally drilled and logged to 221 ft inside a 16-in. OD casing in April 2018. The borehole was
subsequently deepened approximately 33 ft with additional 16-in. casing to 255 ft where casing changed to 14-in.
OD casing for the remainder of the borehole. This interval (221 to 255 ft) was logged within two casings June 13,
2018.

Logging Equipment Information

Logging System Gamma 5TB Type 60% Coaxial HPGe (SGLS)
Effective Calibration Date 11/28/2017 Serial No. 54-TP-13441B

Calibration Reference HGLP-CC-167, Rev. 0 Logging Procedure 2?;11;;1’;10-0]’—53023, Rev.0,
Logging System Gamma 5PB Type He-3 (CPN 503DR) NMLS
Effective Calibration Date | 11/14/2017 Serial No. H34055445

Calibration Reference HGLP-CC-164, Rev. 0 Logging Procedure ?Zg;];-:; 0-OP-53024, Rev. 0,
Logging System Gamma 4NC Type 60% Coaxial HPGe (SGLS)
Effective Calibration Date | 12/07/2017 Serial No. 45-TP-22010A

Calibration Reference HGLP-CC-168, Rev. 0 Logging Procedure zg;l;_:? 0-OP-53023, Rev. 0,

! depth to water inside casing
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Logging System Gamma 4MC Type He-3 (CPN 503DR) NMLS
Effective Calibration Date 12/04/2017 Serial No. H340207279
Calibration Reference HGLP-CC-165, Rev. 0 e prctrell SCn PRO-OP-53024, Rev. 0,
Change 2
SGLS Log Run Information
Log Run 1 2 Repeat 6 7 8 Repeat
HEIS Number 1020198 1020199 1020200 1020201 1020202
Date 04/27/18 04/27/18 06/13/18 06/14/18 06/14/18
Logging Engineer Meisner/Felt Meisner/Felt Spatz Spatz/McClellan | Spatz/McClellan
Start Depth (ft) 0.0 199.0 220.0 415.0 440.0
Finish Depth (ft) 221.02 221.02 423.03 466.0 465.01
Count Time (sec) 100 100 100 100 100
Live/Real R R R R R
Shield (Y/N) N N N N N
MSA Interval (ft) 1.0 1.0 1.0 1.0 1.0
Log Speed (ft/min) NA NA NA NA NA
Pre-Verificati C9880FTB20180 | C9880FTB20180 | C9880FTB20180 | C9880FTB20180 | C9880FTB20180
re-ventication 427AVO0CABI | 427AVO0CAB1 | 613AVO0CABI | 614BVOOCABI | 614BVOOCABI
Start File ADO000000 BD019900 AD022000 BD041500 CD044000
Finish File ADO022102 BD022102 AD042303 BD046600 CD046501
Post-Verification C9880FTB20180 | C9880FTB20180 | C9880FTB20180 | C9880FTB20180 | C9880FTB20180
427BVO0CAA1 427BVO0CAAL 613AVO0CAAL 614CVO0CAAL 614CVO0CAAL
Depth Return Error (in.) N/A 2.0 high 1.35 ft high N/A 6 low
No fine gain No fine gain No fine gain No fine gain No fine gain
Comments adjustments adjustments adjustments adjustments adjustments
made made made made made
NMLS Log Run Information
Log Run 3 4 5 Repeat 9 10 Repeat
HEIS Number 1020203 1020204 1020205 1020206 1020207
Date 04/26/18 04/27/18 04/27/18 06/14/18 06/14/18
Logging Engineer Felt{\l/\[/[e(i:;l:rllan/ Felt/ Meisner Felt/ Meisner Spatz/McClellan | Spatz/McClellan
Start Depth (ft) 0.0 189.0 190.0 221.0 236.0
Finish Depth (ft) 190.0 222.01 212.0 239.0 238.74
Count Time (sec) 15 15 15 15 15
Live/Real R R R R R
Shield (Y/N) N N N N N
MSA Interval (ft) 0.25 0.25 0.25 0.25 0.25
Log Speed (ft/min) NA NA NA NA NA
Pre-Verification C9880FPB20180 | C9880FPB20180 | C9880FPB20180 | C9880FPB20180 | C9880FPB20180
c-venficatio 426AV00CABI1 427BVO0CABI 427BVO0CABI 614AV00CABI 614AVO0CABI
Start File AD000000 BD018900 CD019000 ADO022100 BD023600
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Log Run ‘ 3 4 5 Repeat 9 10 Repeat
Finish File ADO019000 BD022201 CD021200 ADO023900 BDO023874

C9880FPB20180 | C9880FPB20180 | C9880FPB20180 | C9880FPB20180 | C9880FPB20180
426AV00CAAL 427CVO0CAA1 427CVO0CAA1 614BVO0CAALI 614BVO0CAALI

Depth Return Error (in.) 3.0 high N/A 1.5 high N/A 0.5 low

Comments None None None None None

Post-Verification

Logging Operation Notes

A centralizer was not installed on the sondes for the first casing to 221 ft. A centralizer was installed for the
remainder of the borehole.

Analysis Notes

Analyst P.D. Henwood ‘ Date ‘ 06/22/18
Reference(s) SGRP-PRO-OP-53040, Rev. 0; SGRP-PRO-OP-53051, Rev. 0

Casing corrections for a 3/8-in. thick casing were applied to the SGLS log data from ground surface to 220 ft, 3/4-in.
from 221 to 255 ft, and 3/8 to the bottom of the borehole.

A water correction was applied below 239 ft.

SGLS spectra were processed in batch mode in APTEC SUPERVISOR to identify individual energy peaks and
determine count rates. Concentrations for the SGLS were calculated in EXCEL templates identified

as FTB20171128 and DNC20171207 using an efficiency function and corrections for casing and dead time as
determined by annual calibrations.

An interpreted data set was created for this borehole. Depth overlaps from consecutive log runs were removed from
220 and 221 ft and from 415 to 423 ft. This results in a data set where only one data point is presented for each
depth.

Neutron moisture data are reported in counts per second (cps) as there is no calibration available to convert to
volumetric moisture for the large diameter casings.

HGU? is an empirical unit of gamma activity proposed as a means to standardize gamma log response across
multiple logging systems with different response characteristics. The HGU is defined in terms of measurements in
the Hanford Borehole Calibration Facility, and the magnitude is selected such that 1 HGU is approximately
equivalent to typical Hanford background activity, based on data from background samples as reported in

Hanford Site Background: Part 2, Soil Background for Radionuclides (DOE/RL-96-12).

Results and Interpretations

No manmade radionuclides were detected in this borehole.

The neutron moisture log primarily responds to moisture present in the surrounding formation. In general, an
increase in count rate reflects an increase in moisture content. Moisture content may increase in sediments of
relatively high silt or clay content.

The KUT and moisture repeat plots indicate that the respective systems were working properly.

2 Hanford Gamma Unit
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List of Log Plots

Depth Reference is ground surface.

Manmade Radionuclides (0-480 ft)

Natural Gamma Logs (0-160 ft)

Natural Gamma Logs (150-310 ft)

Natural Gamma Logs (310-470 ft)

Combination Plot (0-120 ft)

Combination Plot (110-230 ft)

Combination Plot (230-350 ft)

Combination Plot (350-470 ft)

Combination Plot (0-480 ft)

Total Gamma & Moisture (0-160 ft)

Total Gamma & Moisture (150-310 ft)

Total Gamma & Hanford Gamma Unit (0-480 ft)
Repeat Section of Natural Gamma Logs (199-202 ft)
Repeat Section of Natural Gamma Logs (440-460 ft)
Moisture Repeat Section (190-212 ft)

Moisture Repeat Section (236-239 ft)
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HGLP-LDR-1052, Rev. 0
Page 14 of 20
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WELL SURVEY DATA REPORT

Project: Prepared By:
Neil P. Fastabend
Company:
CHPRC
Date Requested: Requestor:
08/29/18 Matthan G. Wilson (CHPRC)
Date of Survey: Surveyor/ Company:
09/04/18 Lawrence B. Munnell (CHPRC)
Description of Work: Horizontal Datum: NaD83 (91)
Obtained final survey coordinates (C/L Vertical Datum: NAVD8S
Casing) and elevations of 200-2ZP-1 Well -
C9880 (699-47-78C) located on west side Units: MeEerEs
Dayton Avenue, north of 200W Area. Hanford Area Designation: 600a
Coordinate System: Washington State Plane Coordinates (South Zone)
Horizontal Control Monuments:
Washington State Reference Network
Vertical Control Monuments:
F317 (COE) and 2W-1 (CHPRC)
Welt ID Weli Name Easting Morthing Eievation
9880 699-47-78C 566046.21 138045.76 Center of Casing
208.661 “|Top Baseplate, N.Edge
208.633 +|7op outer 10"ss C;sing, N.Edge
207.904 .|Brass surver Marker
hotes:

Brass Survey Marker elevation was taken on

Equipment Used: Trimble R8 RTK GPS
Trimble DiNi 12 Level

top domed brass cap in concrete.

Surveycr Statement:

I, Lawrence B. Munnell,

(Registration No. 16216), hereby certify
this report is based on a field survey
performed by me, or under my direct
supervisicn.

a Professional Land
Surveyor registered in the State of Washington

Page 1 of 1

A-6003-659 (REV 1)

B-51



SGW-62791, REV. 0

Appendix C

Well Construction Variance: Greater than Five Feet of Filter Pack above the Screen
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Well Construction Variance: Greater than Five Feet of Filter Pack above the Screen
March 7, 2018

Name, address, and telephone number of the person requesting the variance:
J.P. Hanson, Department of Energy-Richland Operations, Federal Building, Richland, WA 99352, (509) 373-9068
[Provided by K.M. Whitley, CHPRC, Soil & Groundwater Remediation Project, Well Coordinator, (509) 373-4929]

Address of the well sites:
Hanford Site, Richland, WA 99352

Well Name Well ID Easting Northing Operable Unit Purpose
699-47-48 C9878 566047.4 137801.02 200-ZP-1 Injection
699-47-87C 9880 566046.1 138045.91 200-ZP-1 Injection

The specific regulation(s) that cannot be followed; comparable alternative specification; and justification for the
request:

A variance is requested for constructing the 200-ZP-1 Operable Unit (OU) groundwater treatment wells listed above to
have more than five (5) feet of sand filter pack installed and extending above the screened interval. WAC 173-160-450
“What are the sealing requirements?” states, “The filter pack shall be no less than one foot or greater than five feet

above the screened interval.”

The listed wells will function as injection wells supporting the 200 West Groundwater Pump-and-Treat system. The U.S.
Department of Energy is requesting the sand filter pack extend 10 ft. above the top of the screened interval to ensure
the longevity and functionality of these wells is maintained over long-term pump and treat operations. Figure 1
illustrates the locations of the new 200-ZP-1 wells.

Figure 2 illustrates the conceptual well design for the injection wells planned for the 200-ZP-1 OU. If no Ringold Lower
Mud (RLM) is present, as shown in Figure 2, the well will be completed with the base set into basalt. The extended filter
packs are requested to account for potential settling of the filter pack sand in these wells over their duration of use.
Although the wells will be developed to the extent possible, long-term injection of treated groundwater and well
maintenance activities may induce additional settling of the filter pack sand in these wells. This settling could lead to
annular seal bentonite and/or formation silts and sands inflowing into the well screens that would reduce injection
capacity and ultimately impact the through put of the pump-and-treat system. Therefore it is prudent to extend the
sand filter packs beyond the 5 foot maximum specified in WAC 173-160-450 to accommodate the potential for future

filter pack settling.

The extent of filter pack sand above the screened interval will be determined as part of the well design process. It is
planned to have approximately 10 ft of filter pack sand extend beyond the top of the screened interval for all of the
wells listed in this variance request. Depths from the surface to groundwater range from 236 — 239 feet in the vicinity of
these wells, so the additional filter pack will not significantly reduce the overall length of the annular seal in the annulus
of the well. All other aspects of the completion for these wells will be in accordance with WAC requirements. i

This completed well design does not interconnect separate aquifers, will not impose a hazard to the environment, and is

protective of groundwater.
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Well Construction Variance: Greater than Five Feet of Filter Pack above the Screen
March 7, 2018

Concurrence & date: &ﬁ QQ;& ( HMXZV 3(7 kf K.M. Whitley,

S&GRP Well Coordinator

~\

V) : '
b 2N e
k,.dr‘/‘yt/‘ ?[ Cf//s Dwayne Crumpler
( WDOE

Nuclear Waste Program
Richland, WA 99354

Concurrence&date:% M 3B / / (?(‘ Cheryl Whalen,
[ ~ / /

WDOE, Sectior Manager
Nuclear Waste Program
Richland, WA 99354

. -
Concurrence & date: '1\ w 0(/\/}’1/\»2

J
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Well Construction Variance: Greater than Five Feet of Filter Pack above the Screen
March 7, 2018
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Figure 1. Map of 200-ZP-1 Well Locations.
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Well Construction Variance: Greater than Five Feet of Filter Pack above the Screen

March 7, 2018
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Figure 2. Proposed 200-ZP-1 Injection Well Design.
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