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1 Introd tion

This report presents field-generated records and chi icles activities carried out in the
installation of three Phase 1 remedial action pump-:  -treat wells for the 200-ZP-1 groundwater
Operable Unit (OU) located in the 200 West Area in the west-central part of the Hanford Site.
Work performed on wells 299-W15-225 (C7017), 299-W14-20 (C7018) and

299-W14-73 (C7021) throughout fiscal year (FY) 2 9 is summarized herein.

Pursuant to Comprehensive Environmental Respor  Compensation Liability Act of 1980
(CERCLA) corrective measures, standards and timelines, the new wells have been installed as
part of a preferred cleanup alternative set forth in the Record of Decision, Hanford 200 Area,
200-ZP-1 Superfund Site, Benton County, Washington, (EPA et al. 2008). The record of decision
calls for a pump-and-treat system as a preferred cleanup alternative for the 200-ZP-1 OU. The
pump-and-treat system with associated extractiona  injection wells will serve to fulfill the
record of decision remedial objectives to:

1. extract and treat groundwater in which to reduce cc  minant levels
2. monitor attenuation of contaminants

3. to provide-flow-path control to prevent the spread of contaminants.
1.1 Purpose and Scope

The purpose of this document is to compile and archive records based on observations and
measurements associated with the installation of w« 5 299-W15-225 (C7017),
299-W14-20 (C7018) and 299-W14-73 (C7021). This document chronicles the following:

e Documentation of drilling activities
e Sample collection activities

e Well construction activities

e And well development activities

Additional information presented in this document includes:

Environmental Monitoring
Management of Drilling-Derived-Waste
Geophysical logging results

Civil survey results

Well Acceptance criteria and findings

e And subsurface geologic descriptions

All data in this document are reported in English standard units in which they were recorded in
the field.
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1.2 Background

In response to the Declaration o, e Interim Record of Decision for the 200-ZP-1 Operable Unit
(EPA/ROD/R-10-95/114), anini mn pump-and-treat system was brought on line in 1995 to
remove carbon tetrachloride, anc ice amounts of chloroform and trichloroethylene from the
groundwater of the 200-ZP-1 OU.

According to D( /RL-2008-25, eatability Test to Remove Technetium-99 from the 200-ZP-1
Groundwater Unit, Hanford Site YOE/RL-2008-25, 2008), in 2005 it was discovered that
groundwater concentrations of technetium-99 within the influence of the pump-and-treat system
began to rise. This was attributec ) the presence of technietium-99 in wells connected to the
interim pump-and-treat system of which the system was not designed to extract

(DOE/RL 2008-25).

In fiscal year 2007 an ion-excha  -treatability test using Purolite resin was brought on line to
test Purolite resin ion exchange as a potential remedial remedy to remove technetium-99 and
other contaminants from the groi  vater within the 200-ZP-1 OU (DOE/RL 2008-25). New
wells drilled under the scope of this document will be attached to a new and larger pump-and-
treat system that utilizes Purolite sin to more efficiently clean technetium-99 and other
contaminants from the groundw:

Location of wells 299-W15-225  7017), 299-W14-20 (C7018) and 299-W14-73 (C7021) are
presented in Figure 1-1 below. Well survey data are presented in the Civil Survey section of this
report as well as in Appendix G. ologic and construction documentation for all three wells is
presented in Appendices A throv D at the end of this document.
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1.3 Summary of Drilling an Sampling Activities

This section presents a summary [ activities carried out in the installation of wells
299-W15-225 (C7017), 299-W14-20 (C7018) and 299-W14-73 (C7021) between January, 2008
and October, 2009. Information common to all three project wells is covered herein and will not
be reiterated in-detail hereafter. . istrations summarizing encountered borehole lithology,
lithologic geophysical response and well design are provided at the end of each well summary
section.

The three wells were drilled in the north central portion of the 200-West are in the vicinity of
TY-TX tank farm east of the Plutonium finishing plant and west of the water treatment plant.
Wells were to be drilled to bedr  : or 10 feet below the first major confining layer encountered.
A confining layer was encountered during the drilling of Wells C7017 and C7018 and these
boreholes were terminated roug 10 feet below the confining layer. A confining layer was not
encountered at Well C7021 and s borehole was drilled to within 10 feet of bedrock.

During drilling numerous sampl  were collected and analyzed for archive, chemical, and sieve
analysis purposes. Samples were collected and recorded in compliance with the Sampling and
Analysis Plan [SAP] for the Fir et of Remedial Action Wells in the 200-ZP-1 Groundwater
Operable Unit, (DOE/RL 2008-57).

Samples for archive purposes were collected by a geologist at five foot intervals and at
significant changes in lithology 1 oughout each borehole.

Sieve samples for sediment size stribution were collected to determine well screen slot sizes
and proper filter pack mesh sizes. Sieve samples were collected throughout the saturated zone of
each borehole at varying intervi  dependent upon the type of drilling method used (see technical
data section for further details). All sieve samples were combined into 20-foot intervals in
labeled clean plastic bags and sieved using a wet wash method and separated using screen sizes;
2-inch, 1.5-inch, .038-inch, #4 mesh, #10 mesh, #40 mesh, #60 mesh, #100 mesh, #200 mesh.

e Soil samples for chemical a ysis were collected at 20-foot intervals throughout the
saturated zone of each bore]

e Water samples for chemical alysis were also collected at 20- foot intervals throughout the
saturated zone of each boreh :.

For analytical quality control purposes for each well, liquid trip blank samples (accompanying all
water samples), equipment rinsate samples, replicate samples, and split samples were acquired
for laboratory analysis. A liquid trip blank is a vial of deionized water brought to the sample site
with a sample set. The trip blank is used as a baseline to preclude sample contaminants not
originating from the sample source (e.g. vehicle exhaust). A trip blank sample accompanied each
water sample collected from eac rorehole. Equipment rinsate blanks serve the same purpose as
the trip blank but are used to test for contaminants originating from sampling equipment. A
single equipment rinsate sample  as collected at borehole C7017 from the wash of a split-spoon
sampler. Equipment rinsate sam s were not collected from boreholes C7018 or C7021 since
split spoons were not used at these boreholes. A replicate sample is a liquid and or a soil sample
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collected in tandem with an original sample from the same source. Both samples are processed at
the same laboratory to check the precision of the la atory analysis. A water and soil replicate
sample was collected from each borehole. A splits ple is a liquid or soil sample that is also
collected in tandem with an original sample from the same source. Each sample from a split
sample set is sent to separate laboratories to check  accuracy of a laboratories sample analysis.
A water split sample was collected with each water  nple from each borehole.

The three new wells are located in close proximity 1 WVaste Management Area (WMA) TX/TY.
Additional soil samples were collected from each w  to fulfill sampling requirements for
Resource Conservation and Recovery Act of 1976 ( 'RA) corrective action compliance for tank
farm-vadose zone characterization. These samples were collected from 95 to 230 ft bgs at five
foot intervals through fine grained sediments that exist within the vadose zone of each well.”

Environmental monitoring including radiological n itoring and air quality monitoring was
provided at variable frequencies during the installa | and testing of all three wells. Frequency
of radiological monitoring varied for each well site  sed on preliminary risk assessments for
each location. Radiological surveys were performed using Geiger-Mueller gamma radiation
detectors, SPA-31 beta/gamma radiation meters with Sodium Iodide probes (generally referred to
by the probe name NA-I) and Hanford Portable Alp Meters (PAM)s. Items surveyed at drilling
sites typically included the following:

e workers personal protective equipment (gloves, shoes, coveralls ect.)
e the ground around the borehole and waste cont: ers
e equipment and tools used during daily activities

e casing and any equipment that came into contact with the ground and/or groundwater (pump
equipment, sample equipment, drilling equipme ect.)

Industrial hygiene monitoring was provided twice ¢ y throughout all activities performed at all
there well sites. Radiological survey reports and inc  trial hygiene reports were not available
when this borehole summary was written.

Geophysical logging using a spectral gamma logging system (SGLS) was conducted on each
borehole when boreholes were downsized and when the boreholes were drilled to their total
depths.

Well construction common to all three wells includes 8-inch stainless steel casing, screens, and
sumps. Well screens are of variable lengths and have variable slot sizes throughout each well.
Screen specifications are called out in the well construction sections for individual wells. All
well heads have a 4 ft by 4 ft by 6 inch well pad reinforced with steel mesh and have four
protective posts with one removable post for maint  nce purposes. All well heads also have a
10-inch stainless steel protective casing with locka  cap and bolted access plate for electrical
grounding. Figure 1-2 illustrates design features ca  10n to all three wells.

1 SPA-3 is a trademark of Thermo Electron Corporation, W ham, Massachusetts
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2 Technic Data

This section presents information recorded in legal  d records chronicling activities performed
during the installation of wells 299-W15-225 (C70 | 299-W14-20 (C7018) and

299-W14-73 (C7021). This section includes techni  information associated with the drilling,
sampling, construction, and development/testing for each well. Well summary diagrams, well
construction summary reports, borehole logs, and Geophysical log data reports are included in
Appendices A through D.

2.1 Well 299-W15-225 (C7017)

Well 299-W15-225 (C7017) is located within the = West Area, 60 feet South West of TX
Tank Farm and North of the Plutonium Finishing I it (PFP). The well was installed and
developed between January 30, 2009 and July 16, 9.

211 Dirilling

Drilling of this well took place from January 30, 2( ' to May 8, 2009 and extended to a total
depth (TD) of 461 ft bgs. All drilling was performed in compliance with WAC 173-160
"Minimum Standards for Construction and Maintenance of Wells." Throughout drilling, the
borehole and temporary casing strings were downs  d four times2. The following casing sizes
were used during drilling operations:

e 16-inch outer diameter (OD), 15 1/2-inch inner meter (ID) welded, carbon steel casing
with a 16-inch OD, 14 1/4-inch ID shoe (referre 0 as 16-inch welded casing)

e 12 3/4-inch OD, 12-inch ID, welded, carbon stt  casing with a 13 3/8-inch OD, 12-inch ID
drive shoe (referred to as 12-inch welded casin

e 11 3/4-inch OD, 10 3/4-inch ID, threaded, carb  steel casing with a 12-inch OD,
10 3/4-inch ID drive shoe (referred to as 11 3/4  ch casing)

e 8 1/2-inch OD, 7 1/2-inch ID, threaded, carbon el casing with a flush cut piece of casing as
the drive shoe (referred to herein as 8-inch casi

e 5 5/8-inch OD, 5-inch ID, threaded carbon stee  1sing with a flush cut piece of casing used
as the drive shoe (referred to herein as 5-inch ¢ 1g)

Starting January 30, 2009, the borehole and 16-inch welded casing was advanced using an air
rotary rig with a down-hole hammer bit from grou  urface to 20 ft bgs. On February 2, 2009
the 16-inch casing was extracted from the boreholi ¢ to a collapsed shoe. Following this, the
borehole and new 16-inch casing was advanced frc !0 to 218 ft bgs using the above mentioned
air rotary drill rig with down hole hammer and tri- @ bits. On February 23, 2009, prior to
downsizing casing, a straightness test was perform  nd the borehole was logged using a
spectral gamma logging system (SGLS). Starting]  uary 27, 2009 the borehole and 12-inch
welded casing was advanced using a cable tool rig with a drive barrel bit from 218 to 274 ft bgs
where the drive shoe cracked and collapsed. On April 14, 2009 the 12-inch welded casing and
shoe were completely removed. Starting April 21, )9 the borehole and 11 3/4-inch threaded

2 The 12-inch welded casing was replaced by the 11-3/4-inch  3aded casing during drilling operations.
11
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2.1.24 Sampling for Geologic Archiving

Samples for archiving were collected in a manner consistent with the SAP (DOE/RL 2008-57).
Archive samples were collected  pint-glass jars from drill tailings and core samplers at 5-foot
intervals throughout the depth o e borehole.

2.1.2.5 Environmental Monitoring

Radiological Monitoring was provided on a full time basis during drilling activities that took
place throughout the first 50 ft of the borehole.

2.1.2.6 Radlologicai Monitoring

Radiological monitoring was provided on a morning and afternoon basis throughout vadose zone
drilling activities and was provided on an intermittent (relatively constant) basis during drilling
that took place below the water' le. Radiological monitoring was also provided on a full time
basis during casing extraction during well construction.

No radiological contamination was encountered during drilling. However, radiological
contamination was encountered ring well development and construction activities at this site.
On August 28, 2009 and August 31, 2009 the Radiological Technician reported encountering
fixed and removable beta-emitting contamination on the 12-in. casing that was back pulled from
below the water table. Highest readings encountered were 42,000 disintegrations per minute per
100 centimeters squared. Thec mination was affixed to the casing and was removable only
by physical abrasion. The likely suspect radionuclide matching the above criteria was
Technitium-99 (Tc-99) based on the contamination's affinity to affix to carbon steel, its specific
beta emission, and its known e» :nce as a suspect radionuclide in the groundwater within the
200-ZP-1 OU. The contaminat¢ asing was wrapped, labeled and stationed in the on-site waste
containment area in a manner ¢ sistent with the "Waste Management Plan for the Expedited
Response Action for 200 West Area Carbon Tetrachloride Plume and the 200-ZP-1 and 200-PW-
1 Operable Units” (DOE/RL-2000-40).

On September 8, 2009 radiological contamination was also encountered during the removal of
the development pump after the final well development had taken place. Upon removal of the
pump and 4-inch drop pipe it was discovered that contamination had affixed to the sections of
carbon steel drop pipe that had been placed in the ground water and left there for four days. The
pipe was wrapped and stored in a temporary radiological materials area. The final disposition of
these materials is not knowatt time.

21.2.7 Industrial Hygiene (Air Quality) Monitoring

Air quality monitoring for orgm  vapors was provided on a morning and afternoon basis by an
industrial hygienist. The industrial hygienist measured air quality above the borehole opening,
above the drill cuttings (when present) and within the general breathing space around the work
area. The Industrial hygienist reported all sustainable readings to be below the detectable limits
of the organic vapor meter usec  measure air quality.

16
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21.3 Geophysical Logging

Geophysical logging was performed over four inte1 s throughout this borehole using a Spectral
Gamma Logging System (SGLS). Since logging w  rerformed through casing strings of
variable diameters and thicknesses, the technician: sted the data to account for the variations.

On February 2, 2009 the borehole was logged throv  the 16-in. casing from ground surface to
215 ft bgs. On April 30, 2009 the borehole was logged through the 12-in. threaded casing from
215 ft to 410 ft bgs. On May 7, 2009 the borehole v logged through the 5-in. threaded casing
from 446 to 461 ft bgs (TD) after skipping an interval of 8-in. On May 15, 2009 after the 5-inch
liner had been removed, the borehole was logged fi 446 to 461 ft bgs through the 8-in. casing.

2.1.4 Well Construction

Well construction took place between May 12, 2009 and June 12, 2009. This well was
constructed in compliance with WAC 173-160 for . structing resource protection wells to
include compliance with WAC 173-160-450 stand: - for sealing wells. This well was
constructed using 8 5/8-in. OD and 8-in ID, schedule-10 type 316 stainless steel casing, sump
and continuous wrap v-wire screen. The well has stainless steel welded-tab centralizers
positioned every 40 ft throughout its length. The screen is comprised of two sections of varying
mesh size separated by a 10-ft section of solid casing. The upper screen mesh size is .040 slot
and the lower mesh size is .055 slot. Additionally,t  well contains a corrugated crimped splice
between 361.5 and 366.5 ft bgs that repaired a brok  weld at the base of the upper screen.

The materials used for borehole decommissioning t  »w the well, annular filter pack and annular
seals vary according to depth and use. The borehole decommissioned through the lower
aquifer from TD to the base of the RLM using 8-12 mesh Colorado Silica Sand (Css). The RLM
(a major confining layer) is sealed using type I, Il F  land Cement with between 3% and no
more than 5% bentonite to prevent shrinkage. The l chole within the aquifer below the sump
and above the RUM is decommissioned using 8-12 mesh Css. The lower filter sand pack is of 8-
16 mesh Css and the upper filter sand pack is of 10  mesh Css. The annular seal above the
filter pack is of #8 mesh bentonite crumbles. The cement surface seal, placed 33 ft thick, is
comprised of type I, II Portland Cement with between 3 percent and, no more than, 5 percent
bentonite. See Table 2-3 below for a summary of di  hs of construction materials.

The well head consist of a 4 ft by 4 ft by 6 in. thick  :el mesh reinforced concrete pad with a
10-inch diameter stainless steel proactive well casit :ncapsulating the 8 5/8-inch well casing.
The protective casing extends three feet above ground surface and one foot above the top of the
well and has a lockable cap and a removable access panel on the north side for access to an
electrical grounding lug. The well head and pad are o protected by four, three-foot-tall, three-
inch diameter protective posts located within on foot of each comer of the well pad. A protective
post on the north side of the well is removable for ¢ ss for maintenance. A brass survey marker
bearing the well name, unique well number, and date of completion was installed in the concrete
pad on the north side of the well.

17
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2.1.5 Well Development/Aquifer Testing

Because well C7017 was the first of a series of wells built to optimize well screen transmisivity,
extensive development and aquifer testing was perl ned on this well. Well development and
testing at this site included:

sand pack surging

primary well development (to meet Washington State Ecology [Ecology] standards)
two graduated-step pump tests

a high-flow-rate aquifer stress test

raw-hiding and air lifting; and

72 hour continuous-pump aquifer stress test

AN o ol e

Additional aquifer testing performed on this well included electromagnetic borehole flow meter
(EBF)3 testing and pneumatic slug testing.

The primary phase of well development began witl  rging of the filter sand pack. Surging took
place during the installation of the sand pack at 10- t intervals throughout the length of the
well screens. A duel brush surge block was repetitively stroked across an interval of screen to
settle the sand pack within 0.10-ft over a 15 minute riod. Much of the time, the sand pack
would settle feet at a time and sand would have to be added repetitiously in order to maintain no
open hole around the screen.

Development for Ecology requirements was the first development performed after the well had
been built. This development was carried out on Ju 11, 2009 and June 12, 2009 by placing a
20-horse power submersible pump at no less than 4 1 intervals throughout the screens and
pumping the aquifer at an average of 112 gallons per minute (gpm) until the water turbidity
dropped below 5 Nephelometric Turbidity Units (NTU) and pH, conductivity, dissolved oxygen
and temperature stabilized.

On June 17, 2009 a graduated-step pump test was §  ormed. This test consists of pumping the
well at periodically increased flow rates. The test v carried out using a 20-horse power (hp)
submersible pump attached to variable frequency ¢  rol panel (to control motor speed as
opposed to controlling pressure). The intake was set at 393.5 ft bgs, 1 5 ft from the base of the
lower screen. The pump was run at constant rates of 30, 60, 90, and 120 gpm for 15 minute
intervals.

From June 19, 2009 to June 24, 2009 air lift develc  ent took place. Air lifting is a process
which forces compressed air down the well through the center of two pipes and up the annulus of
the two pipes. The bottom 10 fi of the outer pipe has perforations of which water is drawn
through. The air moving up the annulus of the two  es draws water through the perforations
and forces water and sediments to the surface. The  lifting was carried out by moving the
perforated pipe up and down at 20 ft intervals thro  out the length of the well screens.

On June 26, 2009 raw hide development took place. Raw hide development consists of pumping
the well at a high rate and periodically killing the pump (check valve removed) to allow the
water in the pump drop pipe to back flush the well . 1 screen. Raw hiding was carried out using

3An electromagnetic borehole flow meter is an instrument that measures vertical flow within a well.
19
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2.2 Well 299-W14-20 (C701!

Well 299-W14-20 (C7018) is lor  :d within the South-West 1/4 of North-East 1/4 section, of
Section 1, Township 12 North, F  ge 25 West. Relative to nearby facilities and structures, the
well is located within the 200 West Area, 60 feet East of TX Tank Farm. Well C7018 was
installed and developed between January 30, 2009 and September 8, 2009.

221 Drilling

Drilling of borehole C7018 took ice between January 30, 2009 and July 28, 2009 and extended
to a total depth (TD) of 439 ft bgs. All drilling was performed in compliance with WAC 173-160
"Minimum Standards for Constr ion and Maintenance of Wells." Throughout drilling, the
borehole and temporary casings 1gs were downsized three times#. The following casing sizes
were used during drilling operat  s:

e 16-inch OD, 15 1/2-inch ID, welded, carbon steel casing with a flush cut piece of casing for a
drive shoe® (referred to below as 16-in. casing without shoe).

e 16-inch OD, 15 1/2-inch ID  lded, carbon steel casing with a 16-inch OD, 14 1/4-inch ID
drive shoe (referred to as 16 :h welded casing);

e 11 3/4-inch OD, 10 3/4-inch ID, threaded, carbon steel casing with a 12-inch OD,
10 3/4-inch ID drive shoe (referred to as 11 3/4-in. threaded casing);

e 103/4-inch OD, 9 5/8-inchI threaded, carbon steel casing with flush cut piece of casing
for a drive shoe (referred to: |0-inch casing)®.

e 8 1/2-inch OD, 7 1/2-inch ID, threaded, carbon steel casing with a flush cut piece of casing as
the drive shoe (referred to herein as 8-inch casing).

Drilling commenced on January 1, 2009 using a cable tool rig with drive barrel bits advancing
the borehole and 16-in welded casing (without shoe) to 20 ft bgs by February 3, 2009. On
February 5, 2009 the 16-in. casing (without shoe) was removed to install a tempered metal shoe.
The 16-in. casing (with shoe) was driven to 23 ft bgs on February 6, 2009. Beginning

March 24, 2009 the borehole and 16-in. casing was advanced using an air rotary rig with a down-
hole hammer bit from 23 to 219 ft bgs. On April 6, 2009 a straightness test and geophysical scan
using SGLS was performed prior to installing 10-in. casing. Starting April 9, 2009 a cable tool
rig with drive barrel bits was used to advance the borehole and 10-in. casing from 219 to 249 ft
where a slug test was performed 1 April 15,2009 (21 ft below the water table). On

April 17,2009 the 10-in. casing was removed to permit multiple downsizing later. Beginning
June 10, 2009, the borehole and  3/4-in. casing was advanced using the above mentioned cable
tool rig with drive barrel bits from 249 to 270 ft bgs. From June 22, 2009 to July 7, 2009 the

4 The 10-inch and first string of 12-inch welded casings were pulled and replaced. These events do not constitute a
casing and borehole size reduction, therefore regulations conceming borehole downsizing do not apply.

5 This string of welded casing was rer  :d to have a tempered steel drive shoe welded to its base.
6 This string of welded 10-in. casing was removed and replaced by the 11
22
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#8 mesh bentonite crumbles. The cement surface sc  placed 30 ft thick, is comprised of type I,
II Portland Cement with between 3 percent and, no re than, 5 percent bentonite. See Table 2-7
below for a summary of depths of construction mat ls.

The well head consist of a 4 ft by 4 ft by 6 in. thick eel mesh reinforced concrete pad with a
10-inch diameter stainless steel proactive well casing encapsulating the 8 5/8-inch well casing.
The protective casing extends three feet above grou  surface and one foot above the top of the
well and has a lockable cap and a removable access  nel on the north side for access to an
electrical grounding lug. The well head and pad are o protected by four, three-foot-tall, three-
inch diameter protective posts located within on foot of each corner of the well pad. A protective
post on the north side of the well is removable for 2 :ss for maintenance. A brass survey marker
bearing the well name, unique well number, and date of completion was installed in the concrete
pad on the north side of the well. .
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226 Well Development/Aquifer Testing

Development of this well consisted of sand pack st ing and standard well development. Sand
pack surging took place over no greater than 10 foot intervals throughout screened intervals.
Final well development consisted solely of pumping the aquifer over intervals no greater than
15 feet. Each pumped interval was considered full  :veloped when the water chemistry had
stabilized within 10 percent of three consecutive r«  ings and the turbidity had dropped to or
below 5 NTU. Figure 2-2. Summarizes the details of the Borehole Stratigraphy, Total Gamma
Response, and Well Construction: Well 299-W14-20 (C7018).
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2.3 Well 299-W14-73 (C7021)

Well 299-W14-73 (C7021) is located within the N th-East 1/4 of the South-East 1/4 section, of
Section 1, Township 12 North, Range 25 West. R« live to nearby facilities and structures, the
well is located in 200 West Area, approximately 60 yards North East of the Water Treatment
Plant. The installation and development of well C 1 took place between February 10, 2009
and July 21, 2009.

234 Drilling

Drilling of borehole C7021 took place between Fe  ary 10, 2009 and June 5, 2009 and
extended to a total depth (TD) of 507 ft bgs. Alld  ag was performed in compliance with
WAC 173-160 "Minimum Standards for Construc . and Maintenance of Wells." Throughout
drilling, the borehole and temporary casing strings were downsized twice. The following casing
sizes were used during drilling operations:

e 16-inch outer diameter (OD), 15 1/2-inch inner ameter (ID) welded, carbon steel casing
with a 16-inch OD, 14 1/4-inch ID drive shoe (referred to as 16-inch welded casing);

e 11 3/4-inch OD, 10 3/4-inch ID, threaded, carb steel casing with a 12 3/8-inch OD,
10 3/4-inch ID drive shoe (referred to as 11 3/4  ch casing);

Beginning February 10, 2009 a cable tool rig with a drive barrel bit advanced the borehole and
16-in. casing from ground surface to 22 ft bgs. On February 27%, 2009 an air rotary rig with a
down-hole hammer bit advanced the borehole and 16-inch casing from 22 to 169 ft bgs where
the drive shoe was torn off and drilled to the side of e borehole. On February 17, 2009 a
straightness test and geophysical survey using SGLS was performed prior to downs sizing the
casing. Following geophysical logging, the borehole and 11 3/4-in. casing was advanced from
169 to 235.7 ft bgs. Beginning March 23,2009 a c: : tool rig using a drive barrel bit continued
to advance the borehole and 11 3/4-in. casing from 235.7 to 275 ft bgs. From 275 ft bgs the
borehole and was advanced using a cable tool rig u 3 hard tool bits to TD at 507.5 ft bgs.
However, the 11 3/4-in. casing was only advanced  185.5 ft bgs where it became lodged into
the formation. On June 5, 2009 CHPRC project lea  ordered to terminate the borehole before
reaching bedrock. The borehole was advanced to TD at 507 ft on May 29, 2009 without
encountering bedrock.

232 Sampling

Soil and water samples were collected for chemical nstituent analysis and quality control
purposes.

2.3.2.1 Sampling for Laboratory Analysis

Pertaining to the tables below; sample depths expre  d in interval notation designate the interval
of which a coring bit was driven for sample collectt  Sample depths provided in finite notation
designate the depth of the bit when a grab sample was collected from the tailings exhaust of an
air rotary rig. The below samples were collected and recorded in compliance with this project
SAP (DOE/RL 2008-57). Table 2-8 illustrates details associated with individual sampling
depths.
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23.2.5 Sampling for Sieve Analysis

Samples for sieve analysis were collected in a manner consistent with the SAP (DOE/RL 2008-
57). Sieve samples were collectt  hroughout the saturated zone of the borehole. They were
collected at varying intervals co blled by the type of drilling method used. Sieve samples
collected from rotary rig cuttings were collected at 5-foot intervals from the cuttings exhaust and
or tailings hopper and composited into 20-foot intervals in labeled, clear plastic bags. Sieve
samples collected from cablet  lrilling were collected in 10-foot intervals using a hollow core
barrel bit to capture sediments  were representative of in-situ sediments. These samples were
also composited into 20-foot intervals in labeled, clear plastic bags.

23.26 Sampiing for Geologic Archiving

Samples for archiving were collected in a manner consistent with the SAP (DOE/RL 2008-57).
Archive samples were collected in pint-glass jars from drill tailings and core samplers at 5-foot
intervals throughout the depth of e borehole.

2.3.3 Environmental Monitoring
2.3.3.1 Radiologicai Monitoring

Radiological Monitoring was not required on a full time basis during drilling activities that took
place throughout the first 50 ft of the borehole. Radiological monitoring was provided however
on a morning and afternoon basis throughout vadose zone drilling activities and was also
provided on an intermittent (relatively constant) basis during drilling that took place below the
water table. Radiological monitoring was also provided on a full time basis during casing
extraction during well construc . No radiological contamination was encountered during
activities carried out at this site.

2.3.3.2 industrial Hygiene (Air  1iity) Monitoring

Air quality monitoring for organic vapors was provided on a moming and afternoon basis by an
industrial hygienist. The industrial hygienist measured air quality above the borehole opening,
above the drill cuttings (when present) and within the general breathing space around the work
area. The Industrial hygienist reported all sustainable readings to be below the detectable limits
of the organic vapor meter used to measure air quality.

234 Geophysical Logging

Geophysical logging was perfc  :d over two intervals throughout borehole C7021. Geophysical
logging systems performed thre  hout the borehole included; Spectral Gamma Logging System
(SGLS). Since logging was pe1  med through casing strings of variable diameters and
thicknesses, the technician adji  d the data to account for the changes in casing. Refer to
Appendix D.

On March 17, 2009 the borehole was logged through the 16-in. casing from ground surface to
169 ft bgs. On June 15, 2009 the borehole was logged through the 12-in. casing from 169 to 492
ft bgs. The borehole was notlo  :d beyond the 12-in. casing throughout the open borehole.
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2.3.5 Well Construction

Well construction began on June 17, 2009 and was completed July 10, 2009. This well was
constructed in compliance with WAC 173-160 for constructing resource protection wells to
include compliance with WAC 173-160-450 standards for sealing wells. This well was
constructed using 8 5/8-in. OD and 8-in ID, schedi -10 type 316 stainless steel casing, sump
and continuous wrap v-wire screen. The well has stainless steel welded-tab centralizers
positioned every 40 ft throughout its length. The sc :n is comprised of two sections of 0.045
slot size screens separated by a 20-ft section of soli :asing.

The materials used for borehole decommissioning below the well, annular filter pack and annular
seals also vary according to depth and use. The borehole below the bottom of the well was
decommissioned using 10-20 Css. The lower and upper filter sand packs are of 10-20 mesh Css
and are separated by 2 ft of 3/8-in. coated bentonite pellets. The annular seal above the filter
pack is of #8 mesh bentonite crumbles. The cement surface seal, placed 32 ft thick, is comprised
of type I, II Portland Cement with between 3 perce and, no more than, 5 percent bentonite. See
Table 2-10 below for a summary of depths of cons ction materials.

The well head consist of a 4 ft by 4 ft by 6 in. thick, steel mesh reinforced concrete pad with a
10-inch diameter stainless steel proactive well casing encapsulating the 8 5/8-inch well casing.
The protective casing extends three feet above grov | surface and one foot above the top of the
well and has a lockable cap and a removable acces: anel on the north side for access to an
electrical grounding lug. The well head and pad are also protected by four, three-foot-tall, three-
inch diameter protective posts located within on fo of each comner of the well pad. A protective
post on the north side of the well is removable for access for maintenance. A brass survey marker
bearing the well name, unique well number, and date of completion was installed in the concrete
pad on the north side of the well.
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2.3.6 Well Development/Aquifer Testing

Development of this well consisted of sand pack surging and standard well development. Sand
pack surging took place over no greater than 15 foot intervals throughout screened intervals.
Final well development consisted solely of pumping the aquifer over intervals no greater than
40 feet. Each pumped interval was considered fully developed when the water chemistry had
stabilized within 10 percent of three consecutive readings and the turbidity had dropped to or
below 5 NTU. Figure 2-3. Summarizes the Borehole Stratigraphy, Total Gamma Response, and
Well Construction: Well 299-W14-73 (C7021)
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3 Waste Man ement

This section presents the management and dispositic of waste generated during the drilling,
sampling, construction and development of wells 26 W15-225 (C7017), 299-W14-20 (C7018)
and 299-W14-73 (C7021). Waste streams generated clude: (1) investigation derived waste
(IDW) consisting of vadose zone derived drill cuttings and saturated zone derived drill cuttings;
(2) purge water and aquifer water; and (3) miscellar us solid waste (MSW). Waste streams are
fully described and managed in compliance with stt  gies documented in:

e DOE/RL-2008-57, 2008, Rev.0 Sampling Analy : Plan for the First Set of Remedial Action
Wells in the 200-ZP-1 Groundwater Operable U  (DOE/RL-2008-57);

e DOE/RL-2000-40, 2000, Rev. 8. Waste Manag¢« :nt Plan for the Expedited Response
Action for 200 West Area Carbon Tetrachloride Plume and the 200-ZP-1 and 200-PW-1
Operable Units (DOE/RL-2000-40);

e SGW-39578, 2009, Data Quality Summary Rer . for the Designation of FY 2009 200-ZP-1
Vadose Zone Investigation-Derived Waste (SG  39578);

¢ And SGW-39490, 2009, Data Quality Summary eport for the Designation of FY 2009
200-ZP-1 Saturated Zone Investigation-Derived 'aste (SGW-39490);

e WHC-MR-0039, 1990, "Strategy for Handling and Disposing of Purgewater at the Hanford
Site, Washington." (Izatt, 1990)

3.1 Vadose Zone Derived Drill Cuttings

311 Well 299-W15-225 (C7017)

According to the, Waste Inventory Data Lookup (WIDL) onli  database well C7017 is located
within 100 feet of a waste site that has received radioactive and chemical waste. Therefore drill
cuttings (soil) from the top 10 feet of the borehole ¢ continuously monitored for chemical and
radiological contamination in compliance with the  ject Data Quality Objective (DQO) for
vadose derived waste (SGW-39578). All vadose z¢  drill cuttings from this well were placed on
10- and 12-mil plastic sheets at the edge of the drill pad near the point of origin. The cuttings
were kept covered to prevent wind, precipitation, and biota from mobilizing any potential
radiological and chemical contaminants that may b  : been associated with the cuttings. After
the sediments were determined to pose neither radi \gical nor chemical risk to the environment
the cuttings were returned to the environment near : well site.

312 Well 299-W14-20 (C7018)

According to the WIDL database, well C7018 is located within 100 feet of two waste sites that
have received radioactive and chemical waste. Dril uttings (soil) from the upper 30 feet of the
borehole were continually monitored for chemical and radiological contamination in compliance
with the project DQO for vadose derived waste (SGW-39578). All vadose zone drill cuttings
from this well were placed on 10- and 12-mil plastic sheets at the edge of the drill pad near the
point of origin. The cuttings were kept covered to prevent wi , precipitation, and biota from
mobilizing any potential radiological and chemical contaminants that may have been associated
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with the cuttings. After the sedi nts were determined to pose neither radiological nor chemical
risk to the environment the cuttings were returned to the environment near the well site.

313 We 299-W14-73 (C7021)

According to the (WIDS) onlin¢ atabase, well C7021 is not located within 100 feet of a waste
site that has received radioactive or chemical waste, therefore continuous chemical and
radiological monitoring of sedi1  1ts from the upper vadose zone were deemed unnecessary
(SGW-39578). All vadose zone (11 cuttings from the vadose zone were stored on site, near the
point of generation, on 10- and 12-mil plastic sheets and were kept covered to prevent
precipitation and wind from mobilizing the cuttings and any potential contamination that may
have been associated with them fter the sediments were determined to pose neither
radiological nor chemical risk to the environment the cuttings were returned to the environment
near the well site.

3.2 Saturated Zone Derive )rill Cuttings

Sediments from below the histo  high water table are considered to be from the zone of
saturation. Because a contamin: plume underlies the 200 West Area, sediments from the zone
of saturation throughout the 20( 'est Area are to be handled as if from an area of known
contamination (Izatt, 1990; DO. 1.-2000-40; SGW-39490).

Drill cuttings from the zone of :  iration were handled as potentially contaminated material in
compliance with the waste man  ment plan for the 200-ZP-1 OU (DOE/RL-2000-40). Drill
cuttings from each borehole were removed from the borehole and were placed in temporary
containers (e.g. tip dumpsters ar ;lurry troughs) on site. Then excess water was decanted, ladled
and/or pumped to a purge water ick (See Section 3.3 for the disposition of purge water). Then
the cuttings were reduced of excess moisture by means of evaporation and chemical desiccants
and transferred to roll-on/roll-of oxes which were stationed at the drill pad. Upon meeting the
Environmental Restoration Disposal Facility (ERDF) waste acceptance criteria, cuttings in all
roll off boxes were disposed of: 3RDF.

3.3 Purgewater and Aquifer Water

Due to the contaminate plume v :rlying the 200 West Area, all purgewater from wells within
the 200 West Areaistobe hand  and disposed of as if it were contaminated (Izatt, 1990;
DOE/RL-2000-40; SGW-39490).

Purgewater from each well was  lected and temporarily stored at the well heads in modular
tanks, baker tanks, and/or purge ter trucks. Purgewater produced during all phases of drilling
sampling and development of ez  well -save the extended development of well C7017 was
transferred from the site via purge water truck to the on-site Effluent Treatment Facility. Purge
water produced during the exter 1 well development phase of well C7017 was pumped through
one baker tank to the 200-ZP-1 ' interim pump-and-treat system for treatment.

All purgewater generated during ¢ installation of all three wells covered under this document
was handled and disposed of in  anner consistent with guidelines set forth in the waste
management plan for the 200 A; ; (DOE/RL-2000-40), the project DQO (SGW-39490) as well
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as the general guideline for handling and disposing « Hanford site-generated purgewater (Izatt,
1990).

3.4 Miscellaneous Solid Waste

Miscellaneous solid waste (MSW) generated during ¢ installation of each well covered under
this document consists of materials that have contar | potentially contaminated media. MSW
consisted of disposable sampling equipment and personal protective equipment.

All MSW generated during the installation of all th  wells was handled and disposed of in a
manner consistent with guidelines set forth inthe w e management plan for the 200 Areas
(DOE/RL-2000-40). MSW generated at wells C70] nd C7018 was sealed in labeled, depth-
discrete bags, and was placed in on-site, roll-on/rol T canisters to be disposed of at ERDF.
MSW generated at well C7021 was placed in both a clearly labeled drum as well as an on-site,
roll-on/roll-off canister. MSW placed in the roll-ons  1-off canister was sealed in labeled, depth-
discrete bags to be disposed of at ERDF.

MSW placed in roll-on/roll-off canisters and MSW um were sent to ERDF where their
contents met the waste facility acceptance criteriaa  was disposed.

45



Wells 299-W15-225 (C7017), 2
Star Enterprises lorth West, wi
acceptance criteria set forth by ¢
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e functionality of the well as a
e proper well head construc 1
e proper well identification

e well-site cleanliness.
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4 Well Acceptance
N14-20 (C7018) and 299-W14-73 (C7021), installed by Blue

> be transferred to CHPRC's possession based on meeting
RC, Ecology and DOE.

criteria included the following:

all details pertaining to well installation
p-and-treat well/monitoring well
protective features

; entity (CHPRC), the releasing entity (Blue Star Enterprises-
atities including; Geosciences, and Quality Assurance were

present during the well acceptance meeting for each well. The committee discussed the

acceptance criteria of each w
met for each well. All well ac
below.

The final acceptance walk-dow
walk-down of C7018 took place
C7022 was documented on QA

1 whether or not the conditions of the acceptance criteria were
nce criteria for all three wells were met except as noted

FC7017 and C7021 was conducted on July 30", 2009. The
| September 24™, 2009. The acceptance of C7017, C7018, and
veillance number QA-SRGP-SURV-10-001. During the

walk-down two field changes were noted. Specifically, they were changes to the size of the

surface pad for all three wells ar
C7017.

NCR-09-SGRP-006 R1 was is
The parted screen was repairec
The completed repair was exar
August 8%, 2009.

NCR-09-SGRP-011 R1 was iss
casing shoe in the boring for we
Evology to allow completion of
closed on February 22™, 2010.

the decision not to install a dedicated sampling pump in

locumenting and dispositioning a parted screen in C7017.
vedging a stainless steel blank across the gap in the screen.
by down hole camera survey. The NCR was closed on

to document and disposition the loss of a 16 inch carbon steel
>7021. A variance was approved by the Department of
: well with the carbon steel shoe left in place. The NCR was









SGW-44641, REV. 0
FEBRUARY 2011

6 Ge y

This section presents the structural geology and ger  lized stratigraphy of the 200 West Area as
identified by previous works as well as the geology 4 hydrogeology of wells 299-W15-225
(C7017), 299-W14-20 (C7018) and 299-W14-73 (C  21). This section also includes
comparisons of borehole geology to borehole geophysical logs for each well.

The stratigraphy and structural geology of the 200 ' st Area has been described, in detail, in the
following documents:

e BHI-01203. Nature and Variability of the Plio- istocene Unit in the 200 West Area of the
Hanford Site (Slate 2000).

e DOE/RL-2002-39, 2002, Standardized Stratigre iic Nomenclature for Post-Ringold-
Formation Sediments Within the Central Pasco Basin (DOE/RL-2002-39).

e OFR-96-8, The Miocene to Pliocene Ringold Formation and Associated Deposits of the
Ancestral Columbia River System, South-centr: Washington and North-central Oregon
(Lindsey 1996).

e PNNL-13858, Revised Hydrogeology for the S rabasalt Aquifer System, 200-West-Area
and Vicinity, Hanford, Washington (Williams et al. 2002).

e PNNL-15955. Geology Data Package for the S le-Shell Tank Waste Management Areas at
the Hanford Site (Reidel and Chamnes 2002)

e WHC-SA-1764-FP, Late Cenozoic Structure ai  Stratigraphy of South-Central Washington.
(Reidel et al. 1993)

These documents provide a base knowledge for which stratigraphic identifications and
correlations are made. Geologic formations and units encountered during the drilling of wells in
the 200 West Area includes:

o Hanford formation.

o Cold Creek formation.

o Ringold Formation, Lower units.

e Saddle Mountain Basalt Formation, Elephant Mour 1 Member.

6.1 Structural Geology

The regional geology of the Pacific-Northwest is detailed in the documents listed above and will
not be discussed herein. The Hanford Site is located in the west-central Pasco Basin in south-
central Washington. The Basin is bounded to the north, west, and south by a series of east-west-
trending, north vergent, anticlines and is bounded { he east by a west-dipping monocline
Lindsey (1996) Reidel et al. (1993). The western part of the Pasco Basin is divided by a series of
asymmetrical east-west-trending folds that verge t¢ e north. These folds include the Gable
Mountain anticline which divides the western part  the Pasco basin into the Wahluke syncline
to the north and the Cold Creek syncline to the south. The 200 West Area lies within the Cold
Creek syncline
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The Wahluke and Cold Creek synclines are filled with Neogene- to Quaternary-aged sediments
Lindsey (1996) and Reidel and Chamnes, (2002). These sediments include Pliocene- to
Pleistocene-aged alluvium and p:  osols associated with fluvial-channel, fluvial-side stream,
overbank and lacustrine depositional environs. Pliocene- to Pleistocene-aged sediments also
include intertonguing alluvial fan materials. Sediments filling the synclines of the Pasco Basin
also include Pleistocene-aged all ium and lacustrine deposits associated with cyclic cataclysmic
flooding and backwater depositic Il environs associated with the Missoula floods.

6.2 Borehole Geology/Hydr ology

This section includes detailed descriptions of geologic units and associated sediments as they
were encountered throughout the drilling of wells 299-W15-225 (C7017), 299-W14-20 (C7018)
and 299-W14-73 (C7021). Sedi1 nts were described in the field using grain size percentages,
sediment sorting, clast angularity. felsic to mafic composition ratios, degree and type of
cementation (using 10 percentd te hydrochloric Acid {HCI]) and degree of consolidation
(based on sample friability and ¢ ling rates). Sediment colors were described using Munsell
color chart which provide alphanumeric notation to standardize color descriptions.

Sediments encountered during the drilling of these wells were mostly observed using grab
samples of drill cuttings produced from air rotary and cable-hard-tool drilling. These methods of
drilling mechanically break down sediments; it should be noted that percentages of grain size,
composition, and angularity of s ples are estimates. Geologists typically use the radii of broken
clasts to estimate original clasts s, however judgment of sand to gravel ratios and of clast
composition ratios remain pragmatic.

6.21 WELL 299-W15-225 (C701
6.2.1.1 Quaternary-age Deposits/Backfill Materials

e (0.0-15.0 ft bes): Crushed g1  els and silty sands were encountered. These sediments appear
to be backfi material associated with the construction of the nearby tank farm and an
immediately adjacent buried pipeline. These sediments overlay coarse grained sediments of
the Hanford formation (fm).

6.2.1.2 Hanford formation.

Sediments belonging to the Hanford fm. were encountered from 15 to 103 ft bgs. Principal
sediments encountered include a thythmite sequence of silty sandy gravels grading to sandy silts
from 15 to 56 ft bgs and asandy quence encountered from 56 to 103 ft bgs. These sediments
were assigned to the Hanford fm. based on similar findings by Williams et al. (2002) and
DOE/RL-2002-39. Hanford fm. liments have a sharp contact with underlying fine-grained,
calcified sediments of the Cold ek Unit.

e (15.0-20.0 ft bgs): Silty san« zravel (10 percent silt, 20 percent sand, 70 percent gravel).
Gravel is sub-angular to sub  und medium pebbles of 70 percent mafic, 30 percent felsic
composition. Sand fraction: ches gravel composition (angularity not recorded).

e (20.0-35.0 ft bgs): Sandy sil  5-20 percent sand, 80-85 percent silt). Sand fraction is sub-
round, very fine to fine sand. Sediment color is 7.5YRS/2, brown. This interval has a sharp
contact with underlying coarser sediments.
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e (35.0-36.0 ft bgs): Silty gravel bed (20 percent s 80 percent gravel). Gravel fraction is sub-

angular, fine to medium pebbles of 35 percent mafic, 65 percent felsic composition. This bed
has a sharp contact with above and below inten

e (36.0-40.0 ft bgs): Gravelly silt (40 percent grav 60 percent silt). Gravel fraction is sub-
angular, fine to medium pebbles of 35 percent mafic, 65 percent felsic composition (similar
to above interval). This interval grades to the ini val below.

o (40.0-43.5 ft bgs): Silty sandy gravel (15 percent silt, 15 percent sand, 70 percent gravel)
with sub-angular to sub-round, medium pebbles with fine sand. Gravel size increases at 42 ft
(borehole log does not record gravel size) with : hange of composition to S0 percent mafic,
50 percent felsic content.

e (43.5-54.5 ft bgs): Sandy silt (40 percent sand, «  ercent silt). Sand exists as stringers
comprised of sub-round medium sand of felsic .  1position (color not recorded).

e (54.5-56.0 ft bgs): Sandy silty gravel bed (10 pe nt sand, 30 percent silt, 60 percent gravel).
Gravel is dominantly felsic, sub-round, very fin ebble to medium pebble sized clasts with a
sandy silt matrix. Sand fraction is fine to coarse grained with similar composition to the
gravel. Sediment color is 7.5YR5/2 brown, and cemented.

e (56.0-103.0 ft bgs): Sand (90 percentsand, 10 p cent silt). Sand is sub-round, very fine to
fine quartz dominant sand. Sediment color is 7/5 YRS/2, brown. Below 83 ft bgs, sediments
exhibit a very strong reaction with HCl. Fine to medium grained chips of calcium carbonate
were found in samples. Induration (carbonate cementation) increases with depth. This unit
has a sharp contact with underlying sediments.

6.2.1.3 Cold Creek Unit

Sediments belonging to the Cold Creek Unit were ¢  ountered from 103 to 144 ft bgs. Principal
sediments encountered include calcium carbonate ¢ ented silt from 103 to 129 ft bgs grading to
sandy silt from 129 to 144 ft bgs. These sediments  re assigned to the Cold Creek unit based on
similar grain size and gamma response findings by Lindsey, (1996) and Reidel and Chamnes,
(2002). Cold Creek sediments share a gradational ¢ tact with underlying, coarse-grained
sediments of the Ringold Formation (Fm).

e (103.0-129.0 ft bgs): Silt colored 7.5 YR 5/2, b1 m with up to 10 percent sand. Sediments
have a strong reaction with HCL. No chips of ca 1e were encountered throughout this
interval.

e (129.0-144.0 ft bgs): Sandy silt (35 percent sand, 65 percent silt) colored 2.5Y7/1 light gray.
Sand fraction is fine to medium sand of 50 percent mafic, 50 percent felsic composition
(angularity not noted). Sand fraction increases v 1 depth from 0-35 percent with sparse
pebbles present below 133 ft bgs. Sandy silt with sparse pebbles gradually grades to sandy
silty gravel.

Spectral analysis of the Cold Creek Unit exhibits 3  ikes between 100 and 130 ft bgs which
reveal the presence of at least 3 paleosol horizons previously identified in vicinity wells by
Lindsey, 1996 and Reidel and Chamnes, 2007.
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6.2.1.4 Ringold Fm, UnitE

Sediments belonging to the Ring | Fm, Unit E were encountered from 144 to 410 ft bgs.
Principal sediments encountered include moderately to well sorted sandy silty gravels, from 144
to 219 ft bgs and moderately tc  rly sorted silty sandy gravels from 219 to 410 ft bgs with
intermittent coarse grained inte s and fine grained interbeds. These sediments were assigned
to the Ringold Fm, Unit E bas¢ similar findings by Williams et al. (2002) and Lindsey
(1996). Ringold Fm, Unit E se: nts have a sharp contact with underlying fine grained
sediments of the Ringold Low« 1d Unit (RLM).

(144.0-219.0 ft bgs): Mo rately to well sorted Sandy silty gravel (10-20 percent sand, 15-45
percent silt, 40-70 percent g ). Silt content gradually increases with depth, gravel content
gradually decreases with dej  and sand content remains relatively consistent throughout this
interval. Gravels are sub-anj  r to sub-round fine to medium pebbles with composition
ranging from 85 percentto4{ ercent mafic basalt with mafic content decreasing with depth.
Sandy silty gravel gradesto 7 sandy gravel below. Sediments below 157 ft bgs are
uncemented.

(219.0-410.5 ft bgs): Moderate to poorly sorted silty sandy gravel (15-20 percent silt, 20-30
percent , 50-60 percent gra Gravels are moderately to poorly sorted, sub-round to well-
round, fine pebbles to cobt 7ith silty very fine to very coarse sand matrix. Sediment
composition gradually changes throughout this interval from mafic dominant to felsic
dominant. This interval cont s multiple silty gravel and sandy gravel sub-intervals as
follows:

(223.0-239.0 ft bgs): San - vel (5 percent silt, 30 percent sand, 65 percent gravel). Matrix
supported fine pebble to bov  r gravel of 40 percent mafic, 60 percent felsic composition.

(261.0-262.0 fi bgs): Silty g1 21 (10 percent sand, 30 percent silt, 60 percent gravel). Matrix
supported gravelsare s -ro 1 pebbles to cobbles with very fine to medium sand.

(262.0-265.0 ft bgs): San vel (10 percent silt, 30 percent sand, 60 percent gravel).
Matrix supported gravels art  b-round to round, very fine pebbles to boulders of 40 percent
mafic, 60 percent fi ic com ition with sub-angular, fine to very coarse silty sand matrix.

(316.0-324.0 ft bgs): Gravel ;and (20 percent gravel, 80 percent sand). Sand is very fine to
medium sand of 80 percent quartzo-feldspathic, 20 percent basaltic composition with gravel
predominantly felsic gravel.

(353.0-378.0 ft bgs): Gravel silty sand (20 percent gravel, 20 percent silt, 60 percent sand).
Sand is moderately sorted very fine to medium sand of 70 percent quartzo-feldspathic, 30
percent basalt composition with predominantly felsic gravel.

6.2.1.5 Ringold Fm, Lower Mud nit

Sediments belonging to the RLl  rere encountered from 410.5 to 458 ft bgs. Principal sediments
encountered include clay from« 5 to 435 ft bgs grading to silty clay from 435 to 458 ft bgs.
These sediments were assigned  he RLM based on similar findings by Williams et al. (2002)
and Lindsey (1996). The RLM : ‘es a gradual gradational contact with underlying coarse
sediments of the Ringold Fm, L A
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e (410.5-458.0 ft bgs): Clay to silty clay. From 41 5 to 435 ft bgs the unit is dominantly
comprised of clay with a small percentage of silt. The interval is light brown and is highly
plastic with no reaction with HCI. From 435 to 458 ft bgs silt content gradually increases to
50 percent and consolidation increases with dep  Silty clays are greenish gray colored with
rusty brown mottling (color code not noted).

6.2.1.6 Ringold Fm, Unit A

e Sediments belonging to the Ringold Fm, Unit A :re encountered from 458 to the total depth
of the borehole at 465 ft bgs. These sediments v : assigned to the Ringold Fm, Unit A
based on similar findings in surrounding wellst  ¥illiams et al. (2002); Lindsey (1996) and
Reidel and Chamnes (2002). Based on nearby v s, Ringold Fm, Unit A extends to basalt
bedrock between 500 and 510 ft bgs.

e (458.0-465.0 ft bgs): Sandy gravel (50 percent s 1, 50 percent gravel). Gravels are sub-
round (un-noted size) of 50 percent mafic, 50 p« :nt felsic composition with a very fine
sand matrix. Matrix color has a slight greenisht  (color classification not noted).

e (465.0 ft bgs): Total depth of the borehole.

6.2.2 Well 298-W14-20 (C7018)
6.2.2.1 Fill Material/Hanford fm.

e (0.0-5.0 ft bgs): Crushed gravel and silty sand o: e drill pad. The drill pad is positioned
across a topographic low and is 5 ft thick at its deepest point. The drill pad is also positioned
about 20 ft north of a waste trench. Sedimentst  w the drill pad extending to 30 ft below
the pad surface may have been disturbed by the tallation of the nearby trench.

e (5.0-14.5 ft bgs): Sand (5 percent silt, 95 perce1 and) Sand is very fine to very coarse
grained of 70 percent mafic, 30 percent felsic cc  position. The sand is unconsolidated but
has a strong reaction with HCI. At 13 ft bgs thin bed forms, up to 1/4 in. thick, were
encountered.

e (14.4-30.0) ft bgs): Sandy gravel (10 percent sil ) percent sand, 65 percent gravel). Gravel
is sub-angular to well-round very fine to very cc e, pebbles with sparse large cobbles.
Sediments are of 60 percent mafic, 40 percent f¢ ¢ composition. Below 18 ft bgs, sediment
composition changes to 80 percent mafic, 20 pe  nt felsic.

e (30.0-31.5 ft bgs): Sandy silty gravel (10 percent sand, 15 percent silt, 75 percent gravel).
Sediments are similar to the above interval with & exception that matrix material is
7.5YR6/2, pinkish gray colored. This may be th ase level of the nearby trench.

6.2.2.2 Hanford Fm.

Sediments belonging to the Hanford formation were encountered from 31.5 to 90.5 ft bgs.
Principal sediments encountered include silty sands and silty gravelly sands Hanford fm. These
sediments were assigned to the Hanford fm. based ¢ iimilar findings by Williams et al. (2002)
and DOE/RL-2002-39. Sediments have a sharp con ! with underlying fine-grained, carbonate
cemented sediments of the Cold Creek Unit.
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(31.5-38.0 ft bgs): Silty sand $ percent silt, 75 percent sand). Sand is very fine to very
coarse with sparse sub-angular to sub-round fine pebbles. Color is 7.5 YR 4/3, brown with no
reaction with HCL.

(38.0-79.0 ft bgs): silty grave  sand (15-25 percent silt, 15 percent gravel, 70-75 percent
sand). Sands are fine to very coarse with sparse sub- to well-rounded fine pebbles. Sediments
are 7.5YR4/3 brown colored an are very unconsolidated. Six-inch thick beds of well-
rounded medium- to very-c rse-pebble gravels occur periodically throughout the unit.
These beds have been identified in nearby pits as basal gravels of large forest beds created by
Missoula floods (Chamness :  Reidel, 2007). Gravel concentrations of sediments decrease

with depth grading to silty sa

(79.0-90.5 ft bgs): silty sand ) percent silt, 80 percent sand). Sand is fine to coarse quartz
dominant with sparse sub-an ar to sub-round, very fine to fine mafic dominant pebbles.
Sediments are 7.5YR4/3 bro  and unconsolidated.

6.2.2.3 Cold Creek Unit

Sediments belonging to the Cold Creek Unit were encountered from 90.5 to 127.0 ft bgs.
Principal sediments encounter¢  :clude calcium carbonate cemented silt from 90.5 to 114.0 ft
bgs grading to silty sand from ) to 127.0 ft bgs. These sediments were assigned to the Cold
Creek unit based on similar gr:  ze and gamma response findings by Lindsey, (1996) and
Reidel and Chamness, (2002). .Creek sediments share a gradational contact with underlying,
coarse-grained sediments of th igold Formation (Fm).

(90.5-114.0 ft bgs): Silt with arse very fine sand. Silt color is 7.5YR4/3 brown with a weak
reaction to 10 percent dilute 1. At97.5 ft bgs caliche chips were encountered and
sediments have a strong reac  n with HCI. This may be fine to medium stringers of caliche
that may exist in multiple layers. A spike in total gamma response at 97.5 ft bgs supports the
existence of a paleosol carbc te horizon at this depth. Silt grades to silty sand.

(114.0-127.0 ft bgs): Silty sand (40 percent silt, 60 percent sand). Sand is sub-round, fine to
medium grained of 50 percent mafic, SO percent felsic composition with a weak reaction to
10 percent dilute HCI. One-  t-thick beds of 100 percent silt occur intermittently below 118
ft bgs. Sediments also becor  well to moderately consolidated below 119 ft bgs. This unit
shares a graded contact witt derlying silty sandy gravel.

Spectral gamma logs of Cold Creek sediments reveal a saw tooth pattern with spikes at 100, 115
and 120 ft bgs. Based on simile  ndings by Lindsey, (1996) and Reidel and Chamness, (2002)
in surrounding boreholes, at lez |} palio pediment surfaces can be identified within the Cold
Creek Unit at this location. Lin  y (1996) and Slate, (2000) also attributed the Cold Creek Unit
paleosols to weathered surfaces  Ringold E sediments.

6.2.2.4 Ringold Fm, Unit E

Sediments belonging to the Rir  |d Fm, Unit E were encountered from 127.0 to 407.0 ft bgs.
Principal sediments encountere  1clude moderately to well sorted sandy gravels and sandy silty
gravels, from 127.0to 221.5ft  : and poorly sorted silty sandy gravels with occasional sand
beds and gravelly silts from 221.5 to 407.0 ft bgs. These sediments were assigned to the Ringold
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Fm, Unit E based on sixhilar findings by Williams 1. (2002) and Lindsey (1996). Ringold Fm,
Unit E sediments have a sharp contact with underl g fine grained sediments of the Ringold
Lower Mud Unit (RLM).

(127.0-131.0 ft bgs): Moderately to well sorted ty sandy gravel and sandy silty gravel with
quartzo-feldspathic dominant silty sand to sand iilt matrix. This interval gradually grades to
underlying poorly sorted sediments.

(127.0-131.0 ft bgs): Silty sandy gravel (30 per it silt, 35 percent sand, 35 percent gravel).
Gravel is sub-round to sub-angular coarse- to very coarse pebbles of 60 percent mafic, 40
percent felsic composition with silty sub-round sub-angular, fine to medium sand of 50
percent mafic, S0 percent felsic composition. M  1ix is 7.5YR4/5, brown and is well
consolidated with a very weak reaction to 10 percent dilute HC1. This interval grades to
underlying sandy silty gravel.

(131.0-221.5 ft bgs): Sandy silty gravel (10-20 percent sand, 20-40 percent silt, 50-70 percent
gravel). Gravels are sub-round, coarse to very ¢ rse pebbles of 80 percent mafic, 20 percent
felsic composition with silty quartzo-feldspathic sand matrix (un-recorded grain size). Silt

content gradually increases to 40 percent to 18(  bgs then decreases again below 180 ft bgs.

(221.5-257.0 ft bgs): Poorly sorted, silty gravel 15 percent sand, 35-50 percent silt, 50
percent gravel,). Gravel is sub-rounded to well  nded, very fine pebbles to small cobbles of
30-50 percent mafic, S0-70 percent felsic comp tion with a slightly sandy silt matrix that is
7.5YR4/3, brown. Mafic content of clasts decre s with depth.

(257.0-270.0 ft bgs): Poorly sorted, sandy grav (10 percent silt, 45-50 percent sand, 45-50
percent gravel). Gravel is angular to sub-round¢ very fine pebbles to large cobbles
(composition not recorded) with very fine to very coarse sand (unreported composition and
angularity) that is 2.5Y5/4 light olive brown col :d. This interval has a gradational contact
with underlying silty sandy gravels and contain: 2-foot thick sand bed as follows:

(264.0-266.0 ft bgs): Sand (5 percent silt, 5 perv  { gravel, 90 percent sand). Sand is fine to
medium grained with 5 percent silt and sparse f  to coarse pebbles and is 2.5YRS5/2 grayish
brown colored with a moderate reaction with H

(270.0-390.0 ft bgs): Poorly sorted silty sandy gravel to slightly silty sandy gravel (15-30
percent silt, 20-45 percent sand, 40-60 percent § rel). Gravel is angular to well-rounded,
very fine pebbles to large cobbles of 15-60 perc  mafic, 85-40 percent felsic composition
with silty, very fine to very coarse micaceous s:  matrix that is 2.5Y5/2, grayish brown in
color. Sediments are semi consolidated with no reaction to HCI. Clasts become well rounded
and felsic dominant toward the base of the inter ~ This interval has a gradational contact
with underlying sediments and contains a 7.5-fc hick gravelly silty sand interval as
follows:

(280.0-287.5 fi bgs): gravely silty sand (25 perc ! gravel, 30 percent silt, 45 percent sand).
Sand is very fine to very coarse sand (angularity not noted) of 35 percent felsic, 65 percent
mafic composition with sub-round to angular, very fine pebbles to small cobbles.
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e (390.0-400.0 ft bgs): Gravelly silt (15 percent gravel, 85 percent silt). Silt is micaceous,
5Y5/3, olive colored with discoidal, well rounded, fine pebbles to small cobbles of 100
percent felsic composition. Sediments are moderately consolidated with no reaction to HCI.
This interval shares a sharp contact with underlying silty sandy gravel.

e (400.0-407.0 ft bgs): Silty s: y gravel (15 percent silt, 15 percent sand, 70 percent gravel).
Gravel is angular to sub-rou  very fine pebbles to small cobbles of 20 percent mafic, 80
percent felsic compositionv  silty, sub-round to round, very fine to coarse sand thatis
10YR5/4, yellowi  brown colored. This sediment is semi-consolidated, uncemented and
shares a sharp contact with un rlying clays and silts.

6.2.2.5 Ringold Fm, Lower Mud Unit

Sediments belonging to the RLM were encountered from 407.0 to 430.0 ft bgs. Principal
sediments encountered include . y. This sediment was assigned to the RLM based on similar
findings by Williams et al. (200 and Lindsey (1996). The RLM has a gradual gradational
contact with underlying coarse sediments of the Ringold Fm, Unit A

e (407.0-430.0 ft bgs): Clay. Color is 5Y5/2 olive gray and is consolidated and uncemented.
This interval contains sand i :rbeds that occur in increasing frequency below 425 ft bgs.
The exact depth and thickness of these interbeds is unknown due to poor returns.

6.2.2.6 Ringold Fm, Unit A

Sediments belonging to the Ringold Fm, Unit A were encountered from 430 to the total depth of
the borehole at 439.5 ft bgs. These sediments were assigned to the Ringold Fm, Unit A based on
similar findings in surrounding wells by Williams et al. (2002); Lindsey (1996) and Reidel and
Chamnes (2002). Based on neai  wells, Ringold Fm, Unit A extends to basalt bedrock between
500 and 510 ft bgs.

o (430.0-439.0 ft bgs): Sandy gravel (15 percent sand, 20 percent silt, 65 percent gravel).
Gravel is sub-angular, very to very coarse pebbles of 15 percent mafic, 75 percent felsic
composition with sandy silt  ‘ix. Matrix sand is very fine to very coarse grained
(unrecorded angularity), is¢  Y3/5, very dark grayish green and is semi-consolidated and
is uncemented.

o (439.0 ft bgs): Total depth of the borehole.

6.23 Well 299-W14-73 (C7021)
6.23.1 Quaternary-age Deposits

e (0.0-1.0 ft bgs): Crushed gr. 1 and silty sand of the drill pad.

o (1.0-3.5 ft bgs): Aeolian-sil nd (30 percent silt, 70 percent sand). These sands appear to
be aeolian-reworked sedim yriginating from the underlying Hanford fm. This unit exists
as a continuous veneer acrc e project area producing low dunes and supporting arid
shrubs and grasses. Much ¢ project area surface sediments have been disrupted by
construction.
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ered from 3.5 to 123.0 ft bgs. Principal

sediments encountered include a poorly sorted sandy gravel sequence and a sand sequence.

These sediments were assigned to the Hanford fin.

ied on similar findings by Williams et al.

(2002); DOE/RL-2002-39; and Reidel and Chamnes 2002. Hanford fm. sediments have a sharp

contact with underlying fine-grained, calcified sedia

ats of the Cold Creek Unit.

e (3.5-33.0 fi bgs): Poorly sorted sandy gravel (30-40 percent sand, 70-60 percent gravel). The
grave] fraction is sub-rounded with a maximum clast size of 4 inches in diameter of 70

percent mafic, 30 percent felsic composition.

e (33.0-53.0 fi bgs): Well sorted sand with sparse
Sand is coarse to very coarse with un-noted ang
unit grades downward to silty sand sequence of

bbles (90 percent sand, 10 percent silt).
rity of 75 percent mafic composition. This
: Hanford fm.

e (53.0-123.0 ft bgs): Silty micaceous sand (40 percent silt, 60 percent sand). Sand lithology is
50 percent mafic, 50 percent felsic. Sample color is 10YR5/2 brown.

Upon review of borehole logs and their associated-
and area-geologic cross sections, it was discovered
Hanford Gravels. This formation has been describe
2002-39 as a large slack water bar produced by the

6.2.3.3 Cold Creek Unit

Sediments belonging to the Cold Creek Unit were €
Principal sediments encountered include calcium c:
134.0 to 159.0 ft bgs. These sediments were assign¢
grain size and gamma response findings of nearby |
Chamness, (2002). Cold Creek sediments share a g
gravels of the Ringold Formation (Fm).

e (123.0-159.0 ft bgs): Micaceous silt that is 10Y
silt has moderate plasticity and has a slight to n
with depth to 134 ft bgs where a very strong re:

e An increase in gamma response from 123-134 |
response from 134-155 ft bgs supports geologic
surfaces throughout these intervals.

Spectral gamma logs of Cold Creek sediments reve
155 ft bgs. Based on similar findings by Lindsey, (
surrounding boreholes, at least 2 palio pediment su
Unit at this location. Lindsey (1996) and Slate, (20
paleosols to weathered surfaces of Ringold E sedin

6.2.3.4 Ringold Fm., UnitE.

physical log reports of surrounding wells
t this well lies atop a large formation of
y Williams et al. (2002) and DOE/RL-
ssoula floods traverse through gable gap.

untered from 123.0 to 159.0 ft bgs.

»nate semi-cemented to cemented silt from
0 the Cold Creek unit based on similar
choles by Lindsey, (1996) and Reidel and
ational contact with underlying, sandy

f2-brown in color with sparse pebbles. The
erate reaction HCI. Induration increases
on with HCI was reported.

gs and a second increase in gamma
idence for the presence of palio pediment

1 saw tooth pattern with spikes at 134 and
'6) and Reidel and Chamness, (2002) in

ses can be identified within the Cold Creek
also attributed the Cold Creek Unit

s.

Sediments belonging to the Ringold Fm, Unit E were encountered from 165 to 435 ft bgs.
Principal sediments encountered include clast supp ed gravel, sandy gravels, and silty sandy
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gravels with intermittent gravelly silty sand and sand stringers. Sediments from 409.0 to 480.5 ft
bgs are altered. These sediments were assigned to the Ringold Fm, Unit E based on similar
findings by Williams et al. (20C and Lindsey (1996). Ringold Fm, Unit E sediments have a
sharp contact with underlying f grained sediments of the Ringold Lower Mud Unit (RLM).

e (165.0-196.0 ft bgs): Poo rted sandy gravel (15 percent sand, 85 percent gravel)
belonging to the Ringold Fm. The gravel fraction is sub-round to well-round fine pebble to
cobble gravel of 85 percent felsic, 15 percent felsic composition. The sand fraction is sub-
angular to sub-round very fine to medium quartzo-feldspathic sand. These sediments are
uncemented.

e (196.0-235.0 ft bgs): Clast s »ported gravel (8 percent sand, 92 percent gravel). Gravel is
sub-angular to angular, fine pebbles to very coarse cobbles of 60 percent mafic, 40 percent
felsic composition with a sand matrix that is similar to the above interval.

e (235.0-244.0 ft bgs): Sandy : vel (55 percent sand, 45 percent gravel). Gravel is sub-round
to sub-angular fine to coarse pebbles of 30 percent mafic, 70 percent felsic composition.
Sand is sub-angular to angular very fine to very coarse sand of 30 percent mafic 70 percent
felsic composition.

e (244.0-409.5 ft bgs): Moder y to poorly sorted, silty sandy gravel to sandy gravel (10-20

percent silt, 20-30 percents: , 50-60 percent gravel). Gravel fractions are sub-angular to
" well-round very fine pebbles to coarse cobbles of 35-25 percent mafic, 65-75 percent felsic

composition. Sparse 9-inch boulders are present. Sand fractions are very fine to very coarse
sand (unrecorded angularity) of micaceous quartzo-feldspathic sand. Sediment colors range
from 10YR7/3 pale yellow brown to 2.5Y5/3 light olive brown with common red iron
staining. Carbonate cementa n varies throughout this unit. The base of this unit contains
clay nodules as well as a 2-foot thick silty sand bed as described below.

e (392.0-407.5 ft bgs): Sparse 4-inch-round clay nodules are present in the gravels. Clay
nodules are 10YRS/1, gray in color.

e (407.5-409.5 ft bgs): Sand with fine silt stringers. Sand is 100 percent quartzo-feldspathic.
Sediment color is 2.5 Y4/3 olive brown.

e (409.5-480.5 ft bgs): Hig} tered, moderately to poorly sorted, silty sandy gravel (20
percent clayey silt, 40 perc and, 40 percent gravel). Sediment is matrix supported to
almost clast supported. Gr s sub-rounded to well-rounded very fine pebbles, to small
cobbles of 20 percent mafi percent felsic composition with a clayey silty sand matrix.
Matrix sand is sub-angular to angular very fine to very coarse grained of 10 percent to 20
percent mafic, 80 percentto  percent felsic composition. Larger clasts of gravel have
weathering rinds of clayey silt of colors coinciding with clast compositions giving the
sediment a mottled black, gr.  yellow, white and red coloring. This unit also contains a silty
sand lens described below.

o (428.0-435.5 ft bgs): Silty sand interbed with sparse pebbles (5-10 percent clay, 25 percent
silt, 75 percent sand) Sandi  b-round to angular, very fine to medium micaceous sand of
90 percent quartzo-feldspatl 10 percent mafic composition. Sediments are un-cemented,
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Well 299-W15-225 (C7017)
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Well 299-W15-225 (C7017)

WELL CONST  CTION SUMMARY REPORT
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