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1.0 PURPOSE

The purpose of this SOP is to describe the physical characteristics of sediments and rock
encountered during auger, rotary, punch core or core drilling and to document the procedures
used during geophysical logging and the collection of subsurface samples for chemical analysis.

2.0 APPLICABILITY

The following procedures should be reviewed and followed by all personnel performing any
borehole logging activities. ERD work activities are conducted within the framework of the
institutional Integrated Safety Management System (ISMS). The Environmental Management
System (EMS) is a component of the ISMS, which is also supported during the planning,
performing, and evaluation of the work processes.

3.0 REFERENCES

3.0 American Society for Testing and Materials ( 1999), Standard Test Method for
Penetration Test and Split-Barrel Sampling of Soils, ASTM D1586-99, Vol. 04.08.
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3.2 American Society for Testing and Materials (2006), Standard Practice for Rock Core
Drilling and Sampling of Rock for Site Investigation, ASTM D2113-06, Vol. 04.08.

3.3 American Society for Testing and Materials (2000), Standard Practice for Description
and Identification of Soils (Visual-Manual Procedure), ASTM D2488-00, Vol. 04.08.

34 Department of Health and Human Services, Centers for Disease Control and Prevention
(2005), NIOSH Pocket Guide to Chemical Hazards, Superintendent of Documents, U.S.
Government Printing Office, Washington, D.C. 20402.

3.5 Environmental Protection Agency (1987), A Compendium of Superfund Field Operations
Methods, EPA/540/P-87/001.

3.6 Johnson, R. B., and DeGraff, J. V. (1988), Principles of Engineering Geology, John
Wiley and Sons, New York.

3.7 Terzaghi, K., Peck, R. B., and Mesri, G. (1996), Soil Mechanics in Engineering Practice,
3rd ed., John Wiley and Sons, New York.

4.0 DEFINITIONS

See SOP Glossary.

5.0 RESPONSIBILITIES

5.1 Division Leader (DL)

The DL’s responsibility is to ensure that all activities performed by ERD at the
Livermore Site and Site 300 are performed safely and comply with all pertinent
regulations and procedures, and provide the necessary equipment and resources to
accomplish the tasks described in this procedure.

5.2 Project Leader (PL)

The PL’s responsibility is to ensure that all activities are performed safely and comply
with all pertinent regulations and procedures, work is authorized through an IWS,
institution requirements of the Findings and Determination are followed, and there is
sufficient funding to initiate the work.

5.3 Hydrogeology & Decision Support Group Leader (HDSGL)

The HDSGL’s responsibility is to ensure that proper procedures are followed for
activities (e.g., drilling, borehole logging and sampling, monitor well installations and
development).

5.4 Hydrogeologist (HG)

The HG is responsible for the overall investigation, planning, assessment,

and remediation within a study area, including decisions regarding borehole
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5.5

5.6

5.7

5.8

5.9

6.1

depths and well specifications. The HG is also responsible for arranging the

review of borehole and geophysical logs.

Site Safety Officer (SSO)

The SSO’s responsibility is to ensure that fieldwork is conducted safely and in
compliance with applicable IWSs, Site Safety Plans, and any other applicable safety
related documentation.

Drilling Coordinator (DC)

The DC provides the interface between the Project Leader, HDSGL, Hydrogeologist
(HG), and the field activities and is responsible for coordinating the borehole logging
activities with the Drilling Geologist (DG).

Drilling Geologist Supervisor (DGS)

The DGS is responsible for assisting in the preparation of the Drilling Work Plan and/or
Sampling Plan prior to commencing related work activities; coordinating geologist
schedules and related activities, equipment needs, and monitoring the progress of daily
activities.

Drilling Geologist (DG)

The DGS coordinates the geologist schedules and related activities, equipment needs, and
the progress of daily activities.

Data Management Team (DMT)

The DMT is responsible for the disposition of the original documents received as a result
of performing work activities described by this SOP.

6.0 PROCEDURES

Preparation

6.1.1 Prior to field borehole logging, perform the applicable preparation activities
described in SOP 4.1, “General Instructions for Field Personnel”. Personnel who
are new to the LLNL project will receive direct field supervision and on-the-job
training (OJT) from a Subject Matter Expert (SME) for at least the first 24 hours
of field activity using the ERD Field Investigation Orientation Lesson Plan
(course number EP7033-05).

6.1.2 Obtain materials listed in the Drilling Geologist Equipment Checklist
(Attachment A) and obtain the appropriate personal protection equipment (PPE)
(SOP 4.1).

6.1.3 Review the drilling workplan and meet with the HG to determine scope of work
and logging intervals.
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6.2

6.3

Safety Considerations

6.2.1

6.2.2

6.2.3

Prior to conducting work in an uncharacterized area or where high concentrations
of contaminants are suspected that cannot be effectively monitored using a
photoionization detector (PID) or flame ionization detector (FID), contact the
Environmental Safety & Health (ES&H) Team 4 to conduct a survey if necessary.
Regularly monitor drill cuttings and work area for VOCs. Cease drilling
operations and contact the Site Safety Officer (SSO), HDSGL, DC, DGS, and/or
the ES&H Team 4 when:

* Readings exceed the time-weighted average (TWA) values, or exceed half of
the threshold limit values (TLV) for known or suspected chemicals (see
Attachment B for selected contaminant exposure limits),

* Breathing zone concentrations recorded by the field monitoring exceed twice
background concentrations,

* 5 ppm is measured in the absence of background concentrations, or

e There is evidence of contamination that could impact worker health and
safety.

Depending on location, an alpha-beta meter may be used by the ES&H Team 4 to
monitor area.

To ensure safety to the workers and the environment, the procedures described in
the following sections will be conducted in accordance with LLNL Integration
Work Sheet (IWS) 12654 “Drilling in VOC and Mixed Waste-Contaminated Soils
at the Livermore Site” and IWS 11578 “Drilling in VOC-Contaminated Soils at
the Livermore Site.” Drilling activities at Site 300 will be conducted in
accordance with IWS 12684 “Site 300 Drilling Activity.”

Logging Procedure

Field borehole logging is one aspect of drilling operations. Other aspects are covered in
SOPs 1.2, “Borehole Sampling of Unconsolidated Sediments and Rock;” 1.3, “Drilling;”
1.4, “Monitor Well Installation;” and 1.5, “Monitor Well Development.” Every borehole

should

be logged whether or not a monitoring well will be installed. If coring is not

conducted while drilling, cuttings should be logged while allowing for lag time due to

depth.

Lithologic contacts should be estimated based upon lithology changes and drill rig

behavior. If continuous coring is conducted, the core should be logged while in the
polyvinyl chloride (PVC) tray, unless otherwise instructed per Drilling Work Plan and/or
Sampling Plan or the HG.

6.3.1

1.

Auger Drilling

Observe cuttings and note drill rig behavior.

2. Collect split-barrel sample or continuous core as directed in the field.

6.3.2 Wireline Coring
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6.4

1. Attempt continuous coring if possible.
2. Observe drill cutting composition, mud/water or cutting color changes, fluid
pressure, and rig behavior when there is potential partial core recovery.
6.3.3 Rotary Drilling
1. Observe cuttings, note drill rig behavior, fluid pressure, and mud or water color
changes. Obtain input from driller if uncertain about lithology intervals.

2. Collect split-barrel or punch core as directed in the field protocol.

Borehole/Well Construction Log Completion Procedure

Complete the Borehole/Well Construction Log as described below. Attachment C is an
example of a blank boring log. The last digit in each Subsection below corresponds to
the numbers listed in parentheses in Attachment C of this SOP. For example, the first
description, 6.4.1 Borehole Location, should be entered in the space marked (1)
BOREHOLE LOCATION on the blank boring log (Attachment C).

6.4.1 Borehole Location. Indicate on a map, the borehole location with respect to
permanent natural and man-made features and any existing nearby wells. When
feasible, record distance to at least two permanent locations or one location when
directional (i.e., compass bearing) data are provided. Show a north arrow
preferably oriented toward the top of the page.

6.4.2 Project. Identify the project as Lawrence Livermore National Laboratory
(LLNL) Site 300 or Livermore Site. In addition, include the general area in which
the borehole is located (e.g., off site, Building 834, T-5475).

6.4.3 Borehole/Well Number. The borehole/well number as provided by the approved
Drilling Work Plan and/or Sampling Plan.

6.4.4 Job Number. Identifies the account number for the project.

6.4.5 Logged By. Identifies the individual(s) responsible for logging the borehole,
performing field measurements, and collecting samples.

6.4.6 Edited By. Identifies the geologist who independently reviews and checks the
boring/well log entries.

6.4.7 Project Manager. Identifies the HG.

6.4.8 Drill Rig. Identifies drill rig manufacturer and model.

6.4.9 Drilling Contractor. Identifies the drilling company and its city of origin.
6.4.10 Driller/Helper. Identifies drill rig operator and helper(s).

6.4.11 Drilling Method. Identifies the method(s) used to drill the borehole.

6.4.12 Sample Method. Identifies the method(s) used to collect lithologic and chemical
samples.
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6.4.13

6.4.14

6.4.15

6.4.16

6.4.17

6.4.18

6.4.19

6.4.20

6.4.21

6.4.22

6.4.23
6.4.24
6.4.25
6.4.26

6.4.27

6.4.28

Hammer Weight/Drop. The drive sampler hammer weight in pounds and drop
distance in inches for the hammer used to advance drive samplers. If a hammer is
not used, enter NA (not applicable).

Bentonite Gel Used. Indicate whether or not bentonite gel was used as a drilling
fluid. If so, identify the product name and manufacturer. No polymer-bearing
drilling fluid additives shall be used unless approved in advance by the
Environmental Chemistry and Biology Group Leader.

Borehole Diameter. Diameter of final borehole in inches and tenths of an inch.
Also note diameter of any pilot boreholes drilled.

Borehole Started Time/Date. Identifies time (24 h) and date when drilling
began.

Borehole Completed Time/Date. Identifies time (24 h) and date when pilot
borehole is drilled to total depth.

Water Source. Indicates whether or not water was introduced into the borehole
during drilling and/or into the well during initial development. If so, identifies the
source (e.g., fire hydrant location, faucet, and number).

Well Construction Started Time/Date. Identifies the time (24 h) and date when
well construction begins, including reaming the pilot borehole in preparation for
well construction.

Well Construction Completion Time/Date. Identifies time (24 h) and date
when well installation is complete (placement of first grout lift). If well is
abandoned, note as such.

Well Head Completion. Identifies the proposed type of well head completion
(e.g., locking 9-in. diameter galvanized steel pipe [“stove pipe”’] or Christy box).

Depth to Water. Water levels in boreholes should be recorded when water is
first encountered during drilling and then at least once after drilling has been
completed or a piezometer and/or monitor well has been installed. Before taking
water level measurements, review SOP 3.1, “Water-Level Measurements.”
Include borehole/casing depth, water depth, time, and date using ground surface
as the datum.

Total Depth. Record total depth of borehole in feet.
Casing Depth. Record total depth of well casing in feet.
Screened Interval. Include depth interval of perforated casing section in feet.

Sandpack. List depth interval of filter pack sand and fine sand in feet. Include
manufacturer name and designation of sand.

Well Development. Identifies the method(s), and time (24 h), date, and estimated
flow rate in gallons per minute (gpm) when initial well development was
completed.

Geophysical Logs. Identify geophysical logging company, method(s), and date.
If geophysical logging is not performed during initial drilling and well
installation, enter NA (not applicable).
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6.4.29

6.4.30

6.4.31

6.4.32

6.4.33

6.4.34

6.4.35

Circulation. Volume of fluid losses and the interval over which they occur.
When the column is left blank, it indicates that no fluid loss was observed.
Complete fluid loss (CL) means that no fluid returned to the surface during
pumping. If possible, give quantitative estimates of major fluid losses (rate: in
gpm, or estimate of total gallons lost). Although the above mentioned circulation
loss applies primarily to air and mud rotary systems, it can also be used during
auger drilling to indicate quantity of return of cuttings at the surface.

OVA/PID Field Readings. Record Organic Vapor Analyzer (OVA) or PID
readings. The work area (breathing zone) should be monitored with the
OVA/PID for each core run. A portion of each soil/rock sample submitted for
analysis should also be monitored with the OVA/PID after being containerized in
a plastic bag for 15 minutes.

Sampler Type/Depth. Give sampler type by the letter code listed below and
identify the depth at the top of the sampling interval in feet below ground surface

(bgs).

Inside diameter

Sampler type (in.) Code
Standard penetrometer 1.38 SP
Split-barrel (small) 2.0 SBS
Split-barrel (large) 25 SBL
HQ wireline core 2.3 PC

Blows/6 inches. The number of blows required to drive the sampler 6 in. by a
140-1b hammer falling 30 in. Fifty blow counts per 6-in drive is considered
“refusal,” and sampling at this depth is usually terminated. In addition, a total of
100 blow counts per 18-in. drive, or no observed advance of the sampler during
ten successive hammer blows, is also considered “refusal.” During coring, leave
this section blank. Normally, the second and third 6-in. intervals are recorded and
added as the number of blows per feet.

Inches Recovered/Inches Driven. The length in inches of sediment or rock
recovered on a sampling or core run divided by the length in inches the sampler is
advanced. For example, a recovery ratio for 10 in. of recovery on a 18-in.
sampling interval for a core run would be:

10

18"

Sample Condition/Rock Quality Designation (RQD). Indicates the estimated
quality of the sample for analysis: P = poor, F = fair, G = good, E = excellent.
When rock coring, the RQD is reported in the unreduced fraction form. The
numerator is the length in inches of intact core 4 inches or greater in length, and
the denominator is the length of the core run in inches.

Sample Identification (ID). Depth at the top of the sampling interval is given in
feet and tenths of feet. The date and time of the sample is also given.
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6.4.36
6.4.37

6.4.38

6.4.39

6.4.40

Livermore Site:

For soil samples collected at the Livermore Site, the sample designation
distinguishes between unsaturated samples (B-#-depthU) and saturated samples
(B-#-depthS). For example, a soil sample collected from borehole B-1604 at a
depth of five feet in the unsaturated zone would be identified as B-1604-5.0U.

Site 300:

For soil samples collected at Site 300, no designation is made between
unsaturated and saturated; instead, the sample name ends in “F” (for feet). For
example, a soil or rock sample collected from borehole B-865-2133 at a depth of
five feet would be identified as B-865-2133-5.0F.

Duplicate soil samples that are collected for quality control (QC) are to be named
according to the following example: B-865-05-(150.3)-DUP-150.0F, where
150.3 is the depth of the real sample and 150.0 is the depth of the QC sample.

Ground water grab samples collected from the open borehole (before well
installation) are to be named as in the following example: B-865-05-BGW-52.0F
where 52.0 is the borehole depth at the time of sample collection.

Analysis. Identifies laboratory analysis to be performed on sample.

Well Annulus/Borehole Filler. Identifies the type of material used to fill the
annulus space between the well and borehole wall (e.g., Monterey #3 sand, 0/30
sand, bentonite pellets, portland cement grout). Identifies the type of material
used as borehole filler, either for backfill below the well bottom or for abandoning
the borehole, if required (e.g., portland cement grout, bentonite chips, etc.).
Material names are written vertically and arrows are drawn from the material
name to the upper and lower contacts with adjacent materials.

Well Casing. Identifies the casing and screen used to construct the well. Casing
and screen identification should include type of material (PVC, steel, etc.),
schedule (Sch 40, Sch 80, etc.), and diameter. Screen identification should also
include slot size (e.g., 0.02-inch). The well cap location should be noted. Casing
and screen descriptions are written vertically and arrows are drawn from the
description to the upper and lower contacts with adjacent descriptions.

Depth in Feet. Identifies the depth in feet. The depth on all pages other than the
first page should be filled out by the drilling geologist in the field.

(I3

Recovery/Sample Location. Core recovery is shown graphically by an “x” in
the recovery column on the log. The location of a sample collected for further
evaluation is shown by a solid box. When partial sample loss occurs, it is often
possible to determine why and where core loss has occurred. For example:

1. Rock stuck in drive shoe.

2. Coring from dense (stiff) material to soft material causing block-off.



Procedure No. Revision Number Page 9 of 31
ERD SOP-1.1 5

6.4.41

6.4.42

3. Loss of cohesionless material.
4. Fell out during retrieval of core sampler.
5. Mechanical failures.

Note: If uncertain where sample loss has occurred, recovered interval is assumed
to be from the top of the sampling interval.

Contact. Lithologic contacts are drawn in the contact column and extended
across the lithologic description field. If the contact is identified by the driller,
specify this in the lithologic description field. Three types of contacts are used:

1. Sharp. A sharp contact is indicated with a solid line.
2. Gradational. A gradational contact is indicated with hatches.

3. Approximate. An approximate contact is indicated by a dashed line and is
used when the exact depth or nature of the lithologic contact is uncertain.

Lithologic Description. A continuous log of encountered geologic materials
determined from borehole cuttings, samples, and core should be recorded on the
Borehole/Well Construction Log. A system of description similar to the
American Society for Testing and Materials (ASTM) method D 2488-90 (2000),
Standard Practice for Description and Identification of Soils (Visual-Manual
Procedure), is used for sediment, and a similar description is used for rock.
Lithologic descriptions record direct field observations. Any interpretations
included with these descriptions should be clearly noted by placing the
interpretation in parentheses. Appendix C includes a completed Borehole/Well
Construction Log. The format is outlined below:

A. Fine-Grained Sediment Description Format.

1. Contact depth in feet and tenths of a foot. For example, “(0'-5.1').”

2. Textural Classification. The appropriate classification as listed in
Attachment D. For example, “Sandy Silt.”

3. Group Symbol. The appropriate Unified Soil Classification System
(USCS) sediment group symbol as listed in Attachment E is written in
parentheses after the textural classification. For example, “(ML).”

4. Color. Soil color is named and coded using the Munsell Soil Color chart.
The code should be in parentheses immediately following the written
description. For example, “reddish brn (5YR, 4/4).” Presence of mottling
and banding is also recorded.

5. Consistency/Penetration Resistance. For fine sediments use very soft,
soft, medium, stiff, very stiff, and hard. These are estimated from drive
sample hammer blows or other field tests. Blow counts may also be used,
if reliable.
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6. Moisture Content. Dry, damp, moist, wet (saturated). Attachment F

contains a description for each moisture term. Omit moisture terms below
the saturated zone and when drilling with mud or air-mist rotary systems.

Size Distribution. Approximate percentage of gravel, sand, fines (if
possible, distinguish between silt and clay). Percentages should add up to
100%. For example, “80% silt, 20% f-sand.”

Estimated Permeability. Very low, low, moderate, or high. These are
based primarily on grain size and sorting. See Section 6.4.44 for
abbreviations used for estimated permeability. For example, “LEK.”

Miscellaneous. Odor, contact and/or bedding dip, bedding features,
cementation, structures, fractures, fracture fillings, fossils, formation
name, minerals, oxidation, etc.

B. Coarse-Grained Sediment Description Format.

1.
2.

Contact depth in feet and tenths of a foot. For example, “(0'-5.1").”

Textural Classification. The appropriate textural classification as listed in
Attachment D. For example, “Silty Gravel.”

Group Symbol. The appropriate Unified Soil Classification System
(USCS) sediment group symbol as listed in Table Attachment E is written
in parentheses after the textural classification. For example, “(GM).”

Color. Soil color is named and coded using the Munsell Soil Color chart.
The code should be in parentheses immediately following the written
description. For example, “dk brn (7.5 YR, 3/4).” Presence of mottling
and banding is also recorded.

Relative Density/Penetration Resistance. For cohesionless materials use
very loose, loose, medium, dense, or very dense estimated from drive
sample hammer blows or other field tests. Blow counts may be used, if
reliable.

Moisture Content. Dry, damp, moist, and wet (saturated). Attachment F
contains a description for each moisture term. Omit moisture terms below
the regional water table and when drilling with mud or air-mist rotary
systems.

Size Distribution. Approximate percentage of gravel, sand, and fines (silt
and clay). Percentages should add up to 100%. For example, “80% gravel,
20% silt.”

Grain Shape. Angular, subangular, subrounded, rounded, or well-rounded,
for grains larger than sand size.

Grain Size. The largest cross-sectional dimension measured in tenths of
an inch for grains larger than sand size.
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10.

11.

Estimated Permeability. Very low, low, moderate, or high. This is based
primarily on grain size and sorting. See Section 6.4.44 for abbreviations
used for estimated permeability. For example, “HEK.”

Miscellaneous. Odor, contact and/or bedding dip, bedding features,
sorting, structures, fossils, cementation, geologic origin, formation name,
minerals, oxidation, etc.

C. Fine-Grained Rock Description Format

Contact depth in feet and tenths of a foot. For example, “(76.5'-80").”

Textural Classification. The appropriate classification as listed in
Attachment D. For example, “Sandy Siltstone.”

Color. Rock color is named and coded using the Geological Society of
America rock color chart. The code should be in parentheses immediately
following the written description. For example, “gry grn (5G, 5/2).”
Presence of mottling and banding is also recorded.

Hardness. Very hard, hard, medium, soft, very soft. Attachment G
contains a description for each hardness term.

Moisture Content. Dry, damp, moist, wet (saturated). Attachment F
contains a description for each moisture term. Omit moisture terms below
the saturated zone and when drilling with mud or air-mist rotary systems.

Size Distribution. Approximate percentage of gravel, sand, and fines (silt
and clay). Percentages should add up to 100%. For example, “80% silt,
20% f-sand.”

Estimated Permeability. Very low, low, moderate, or high. This is based
primarily on grain size, sorting, and cementation. Estimate secondary
permeability due to natural rock fractures when applicable. For example,
“LEK.”  See Section 6.4.44 for abbreviations used for estimated
permeability.

Miscellaneous. Odor, contact and/or bedding dip, cementation, bedding,
inclusions, secondary mineralization, fossils, structures, formation name,
and fractures.

Fractures are identified by depth, angle, width, and associated
mineralization if applicable. The interpretation of the fracture type (i.e., as
natural [N], coring induced [CI], or handling induced [HI]) should be
stated. For example, “NF @90.8', 25 deg to axis, 0.1” wide, minor
calcite.”

D. Coarse-Grained Rock Description Format

1.

Contact depth in feet and tenths of a foot. For example, “(122'-125.7").”
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2.

10.

11.

Textural Classification. The appropriate classification as listed in
Attachment D. For example, “Sandstone.”

Color. Rock color is named and coded using the Geological Society of
America rock color chart. The code should be in parentheses immediately
following the written description. For example, “gry olive grn (5GY,
3/2).” Presence of mottling and banding is also recorded.

Hardness. Very hard, hard, medium, soft, very soft. Attachment G
contains a description for each hardness term.

Moisture Content. Dry, damp, moist, and wet (saturated). Attachment F
contains a description for each moisture term. Omit moisture terms below
the saturated zone and when drilling with mud or air-mist rotary systems.

Size Distribution. Approximate percentage of gravel, sand, and fines (silt
and clay). Percentages should add up to 100%. For example, “80%
c-sand, 20% silt.”

Grain Shape. Angular, subangular, subrounded, rounded, or well-rounded,
for grains larger than sand size.

Grain Size. The largest cross-sectional dimension measured in tenths of
an inch for grains larger than sand size.

Estimated Permeability. Very low, low, moderate, or high. This is based
primarily on grain size, sorting, and cementation. When applicable,
estimate secondary permeability due to natural rock fractures. For
example, “HEK.” See Section 6.4.44 for abbreviations used for estimated
permeability.

Miscellaneous. Odor, contact and/or bedding dip, cementation, bedding,
inclusions, secondary mineralization, fossils, structures, formation name,
and fractures.

Fractures are identified by depth, angle, width, and associated
mineralization, if applicable. The interpretation of the fracture type (i.e.,
as natural [N], coring induced [CI], or handling induced [HI]), should be
stated. For example, “NF @126.1', 35 deg to axis, 0.1” wide, minor
calcite”

6.4.43 Abbreviations Used for Lithologic Descriptions:

PC = punch core
RC = rock core
v = very
f = fine
m = medium
mod = moderate
Cc = coarse
min = mineralization
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w/ = with
SA = subangular
SR = subrounded
R = rounded
A = angular
soft sed = soft sediment deformation
def’m = deformation
DF = drilling fluid (mud)
x-beds = cross beds
@ = at
RQD = rock quality designation
ppm = parts per million
rx w/HCI = reaction with hydrochloric acid
FeOx = iron oxide
MnO2 = manganese oxide
P = plasticity

6.4.44 Abbreviations Used for Permeability Estimates

1 K = primary conductivity
2 K = secondary conductivity due to fracturing, mineralization, etc.
H = high
L = low
E = estimated
K = Hydraulic conductivity

6.4.45 Core Fractures are Described as Follows:

(Depth/fracture type (see below)/angle w/mineralization or other characteristics)
CIF = coring induced fracture
HIF = handling induced fracture

NF = natural fracture

HF = healed fracture

6.4.46 General Abbreviations:

DA = Drill Ahead
NR = No Recovery
dk = dark
It = light
ylw = yellow/yellowish
brn = brown/brownish
grn = green/greenish
gry = gray/grayish
blk = black
bl = blue
ind = indurated
cmt = cemented
calc = calcite
qtz = quartz
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SS = split spoon
S =sub
/111111l = Gradational Contact
——————— = Approximate Contact
= Definite Contact
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6.5

Post Operation

6.5.1 Store recovered sediment and rock core in core boxes using a black indelible pen
to mark sample intervals/runs. Label each box with the location ID, site/OU,
depth interval, and box number. Handle core per SOP 1.15, “Well Site Core
Handling.”

6.5.2 Perform post-work activities described in SOP 4.1, Section 6.4.

6.5.3 Deliver original copies of Borehole/Well Construction Log, Well Development
Form, Field Logbook, and all other relevant forms and information to the quality
control reviewer for review. After the review, edit documents and copy and
distribute files. Deliver final versions of original documents to DMT.

7.0 QUALITY ASSURANCE RECORDS

7.1 Borehole/Well Construction Log
7.2 Field Logbook

8.0 ATTACHMENTS

Attachment A— Drilling Geologist Equipment Checklist

Attachment B—Exposure Limits for Selected Contaminants (Table B-1)

Attachment C—Borehole/Well Construction Log

Attachment D—Textural Classifications (Table D-1)

Attachment E— Unified Soil Classification System (USCS) Group Symbols (Table E-1)
Attachment F—Moisture Classifications (Table F-1)

Attachment G—Rock Hardness Classification (Table G-1)
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Attachment A

Drilling Geologist Equipment Checklist
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Drilling Geologist Equipment Checklist

300-ft weighted measuring tape

Any applicable permits (e.g., excavation, utility clearance, burn permits)
Applicable documents (e.g., SSP, IWSs, SOPs, work plan, sample plan)
Appropriate clothing (e.g., coveralls, steel-toed safety shoes, gloves)
Barricades/traffic cones

Buckets and brushes

Caution tape

Company ID sign for vehicle

Cooler with ice

Core boxes (tops, center dividers, bottoms)

Deionized water

Detergents (e.g., Alconox, Liquinox, TSP)

Disposable Teflon or polyethylene bailers

Document control logbook

Duct tape

Field forms (i.e., borehole/well construction forms, COC forms, daily field report forms)
Field notebook

Fire extinguisher

First aid kit

Geological Society of America rock color chart

Glass jar

Grain-size sieves

Hand lens (loop)

Hard hat

Hearing protection

Imhoff cone

Knife

Measuring wheel, measuring tape or ruler (engineering scale—10ths of feet)
Munsell soil/rock color chart

Nitrile or latex sampling gloves

Organic vapor meter (OVM, PID, or FID) or gamma beta meter if required
pH paper

Plastic bags

Permanent marking pen

Personnel Protective Equipment

Protractor

Rock hammer

Safety glasses

Safety shoes

Sample containers/labels
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Sampling gloves (vinyl, latex, or nitrile, as appropriate)

Signs listing responsible persons, restricted entry, hearing protection/hard hat/safety glasses/safety shoes
required

Soil sample tubes/caps

Steel measuring tape with engineering scale
Steel spatula or putty knife

Stopwatch or watch with second hand
String

Teflon tape (4 in. wide)

Water-level meter

Zip-Loc plastic bags
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Attachment B

Exposure Limits
for Selected Contaminants
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Table B-1. Exposure limits for selected contaminants.

Chemical name Exposure limits (TWAP) IDLH¢
Arsenic? 0.002 mg/m3‘:1 [15 min] 5 mg/m3
Barium? 0.5 mg/m3 50 mg/m3
Benzene? 0.1 ppm 500 ppm

1 ppm*
Freon 113 1000 ppm 2,000 ppm
(7600 mg/m3)
1250 ppm*®
(9500 mg/m3)
Tetrachloroethylene 25 ppm 150 ppm
Toluene 100 ppm 500 ppm
(375 mg/m3)
150 ppm®
(560 mg/m?3)
Trichloroethylene 25 ppm 1,000 ppm
Uranium? 0.2 mg/m3 10 mg/m3
0.6 mg/m3e
a

Contaminants cannot be effectively monitored in the field using a PID or FID. Contact ES&H Team 4 to
conduct a survey if working in an uncharacterized area or where high levels of these contaminants are
suspected.

Time-weighted average (TWA) concentrations for up to a 10-h workday during a 40-h workweek, unless noted
otherwise.

Immediately Dangerous to Life or Health concentrations.
Indicates a ceiling value which should not be exceeded at any time.

Short-term exposure limit is a 15-min TWA exposure that should not be exceeded at any time during a
workday.

Note: See reference 3.7 for more information.
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Attachment C

Borehole/Well Construction Log




Borehole/Well Construction Log Page 1 of ___

(1) BOREHOLE LOCATION (2) Project: (3) Borehole/Well No.:
(4) Job No.:
(5) Logged By: (6) Edited By:
(7) Project Manager: (8) Drill Rig:

(9) Dirilling Contractor:
(10) Driller/Helper:

(11) Drilling Method:

(13) Hammer Weight/Drop:

(12) Sample Method:
(14) Bentonite Gel Used:

(15) Borehole Diameter, Pilot: Final:
(16) Borehole Started, (17) Borehole Completed, (18) Water Source:
Time/Date: Time/Date:
Notes: (19) Well Started, (20) Well Completed,

Time/Date: Time/Date:
(22) Water Depth (21) Well Head Completion
Boring/Casing Depth
Time
Date

ABBREVIATIONS:  ------- = Approx. Contact; //////// = Gradational Contact; @ = Definite Contact; 1 K = primary conductivity; 2 K = secondary conductivity due to fracturing, mineralization, etc.;

A = angular; bl = blue; blk = black; brn = brown/brownish; ¢ = coarse; calc = calcite; ClF = coring induced fracture; cmt = cemented; DA = Drill Ahead; def’'m = deformation; DF = drilling fluid (mud); dk = dark;
E = estimated; f = fine; FeOx= iron oxide; grn = green/greenish; gry = gray/grayish; H = high; HF = healed fracture; HIF = handling induced fracture; ind = indurated; K = Hydraulic conductivity; L = low; It = light;
m = medium; min = mineralization; MnO2 = manganese oxide; mod = moderate; NF = natural fracture; NR = No Recovery; P = plasticity; PC = punch core; ppm = parts per million; qtz = quartz; R = rounded; RC = rock
core; RQD = rock quality description; rx w/HCI = reaction with hydrochloric acid; S = sub; SA = subangular; soft sed = soft sediment deformation; SR = subrounded; SS = split spoon; v = very; w/ = with;
x-beds = cross beds; ylw = yellow/yellowish.

(30) OVA/PID Field| (31) 32) 33) 34) 35) (36) 37) (38) 39) (40) | (41) [ (23) Total Depth: [ (24) Casing Depth:
Readings (ppm) _ (25) Screened Interval:
% (26) Sand Pack, #3 #0/30:
j;j 8 E . (27) Well Development Method:
i ;E 3 % S’ Time: Date: Flow Rate:
|53 = = =
a " ?3 :E 2 % (28) Geophysical Logs, Type: (29) Circulation:
g 2 2 2 E 3 g By: D:
] |z E E & Bl g y: ate
- R I~ - - (T = A - I -
.4 = « 15 -
j g ;:; ° s 5 ;:; %)u z Z S = g g (42) LITHOLOGIC DESCRIPTIONS
5 = E g £z E £ E 3 3 B 3 E
3 = 2 S Z s s S o o o 5] 1S
z % @ m i=ga) 2] @ < = = A & o]
1
2
3
4
5
6
7
8
9
10

Note: Numbers 1-42 listed on this log correspond to Subsections 6.4.1-6.4.42 of SOP 1.1. ERD-rtd-10/00Rev. 1.0



Borehole/Well Construction Log (cont.) Page ___ of

ABBREVIATIONS = Approx. Contact; ////// = Gradational Contact; @ = at; = Definite Contact; | K = primary ivity; 2 K = s y ivity due to fracturing, mineralization, etc; A = angular; bl = blue; bk = black;
brn = brown/brownish; ¢ = coarse; calc = calcite; CIF = coring induced fracture; cmt = cemented; DA = Drill Ahead; def'm = deformation; DF = drilling fluid (mud); dk = dark; E = estimated; f = fine; FeOx = iron oxide;
grn = green/greenish; gry = gray/grayish; H = high; HF = healed fracture; HIF = handling induced fracture; ind = indurated; K = Hydraulic conductivity; = light; m = medium; min = mineralization; MnO2 = manganese oxide; mod = moderate;
NF = natural fracture; NR = No Recovery; P = plasticity: PC = punch core; ppm = parts per million; qtz = quartz; R = rounded; RC = rock core; RQD = rock quality description; rx w/HCI = reaction with hydrochloric acid;
S = sub; SA = subangular; soft sed = soft sediment deformation; SR = SS = split spoon; v = very; w/ = with; x-beds = cross beds; ylw = yellow/yellowish.
(30) OVA/PID (&) (2) Project: (3) Borehole/Well No.:
Field Readings 31) (32) (33) (34) 35) 36) 37 3) 39) 0) [ @1
(ppm)
=l
)
2 2 2 o
a 8 2
3 3 5 5 £ " £
2 2 = 2 ] 5}
- I 5 E & g ES 3 3
2 I L O Sle| .| € |2 £ |2
< 8 8 o L8| o P 4 Z S £ 5 5
2 4 & g 28| &% = Z2 |25 = ] 2 £
=l = g Z =52 EZ g &l SES| S 2 S g E
o z S L S8E| E8 g g SE=| D 5 3 IS
E S| 4 B [E<8| &S| & < |z<E| = a 23| $ [ Notes
1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6
7
8
9
10

Note: The numbers listed in parentheses on this log correspond to the Subsections listed in Section 6.4 of SOP 1.1 [i.e., (2) = 6.4.2, etc.]. ERD-rtd-10/00Rev. 1.0
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Attachment D

Textural Classifications
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Attachment D-1

. Textural classifications for the Livermore Site and Site 300.

Type

Classification

Sediment:

Fine grained

Coarse grained

Rock:

Fine grained

Coarse grained

Gravelly silt, sandy silt, silt, clayey silt, sandy clay, silty clay, clay, organic silt,
and organic clay.

Sand, clayey sand, silty sand, gravelly sand, gravel, clayey gravel, silty gravel,
and sandy gravel.

Sandy siltstone, siltstone, clayey siltstone, sandy claystone, silty claystone,
claystone.

Sandstone, clayey sandstone, silty sandstone, gravelly sandstone, conglomerate,
clayey conglomerate, silty conglomerate, and sandy conglomerate.
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Attachment E

Unified Soil Classification System (USCS)
Group Symbols
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Attachment E-1. USCS sediment symbols.

Fine-grained

Coarse-grained

Group Group
symbol Group name symbol Group name
CL Low to medium plasticity clays GW Well-graded gravel
ML Nonplastic to medium plasticity silt GP Poorly graded gravel
OL Organic clay or silt (lean) GM Silty gravel
CH High plasticity clays GC Clayey gravel
MH High plasticity silt SW Well-graded sand
OH Organic clay or silt (fat) SP Poorly graded sand
PT Peat SM Silty sand

SC Clayey sand
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Attachment F

Moisture Classifications
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Attachment F-1. Moisture classification.
Moisture term Description
Dry Absence of moisture to the touch.
Damp Contains enough water to keep the sample from being brittle, dusty or

cohesionless; is darker in color than the same material in the dry state.

Moist Leaves moisture on your hand, but displays no visible free water.

Wet Displays visible free water.
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Attachment G

Rock Hardness Classification
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Attachment G-1. Rock hardness classification.

Descriptive term

Defining characteristics

Very hard

Hard
Medium
Soft
Very soft

Cannot be scratched with knife; does not leave a groove on the rock surface
when scratched.

Difficult to scratch with knife; leaves a faint groove with sharp edges.
Can be scratched with knife; leaves a well-defined groove with sharp edges.
Easily scratched with knife; leaves a deep groove with broken edges.

Can be scratched with a fingernail.




LLNL Environmental Restoration Division (ERD)
Standard Operating Procedure (SOP)

ERD SOP 1.2: Borehole Sampling of Unconsolidated Sediments
and Rock—Revision: 5

AUTHOR(S):
R. Davis

APPROVALS:
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Support Group Leader

CONCURRENCE:
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QA Implementation
Coordinator

1.0 PURPOSE

The purpose of this SOP is to ensure acceptable, consistent procedures for collecting discrete soil
and rock samples from the vadose zone and several water bearing zones in a single borehole
while preventing or minimizing cross contamination of samples.

2.0 APPLICABILITY

This procedure is applicable for all personnel performing borehole sampling, and should be fully
reviewed prior to conducting these activities. ERD work activities are conducted within the
framework of the institutional Integrated Safety Management System (ISMS).  The
Environmental Management System (EMS) is a component of the ISMS, which is also supported
during the planning, performing, and evaluation of the work processes.

3.0 REFERENCES

3.1 American Society for Testing and Materials (1999), Standard Test Method for Penetration
Test and Split-barrel Sampling of Soils, ASTM D 1586-99, Vol. 04.08.
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3.2

3.3

34

3.5

American Society for Testing and Materials (2006), Standard Practice for Rock Core
Drilling and Sampling of Rock for Site Investigation, ASTM D 2113-06, Vol. 04.08.

American Society for Testing and Materials (2001), Standard Practice for Thick Wall,
Ring-lined, Split-barrel, Drive Sampling of Soils, ASTM D 3550-01, Vol. 04.08.

Dresen, M. D. and Hoffman, F. (1986), Volatile Organic Compounds in Ground Water
West of LLNL, Lawrence Livermore National Laboratory, Livermore, Calif., July 1986, 46
pp. (UCRL-53740).

Hoffman, F. and Dresen, M. D. (1989), A Method to Evaluate the Vertical Distribution of
VOCs in Ground Water in a Single Borehole, Lawrence Livermore National Laboratory,
Livermore, Calif., February 1989, 8 pp. (UCRL-100509, Preprint).

4.0 DEFINITIONS

See SOP Glossary.

5.1

5.2

5.3

5.4

5.0 RESPONSIBILITIES

Division Leader (DL)

The DL’s responsibility is to ensure that all activities performed by ERD at the
Livermore Site and Site 300 are performed safely and comply with all pertinent
regulations and procedures, and provide the necessary equipment and resources to
accomplish the tasks described in this procedure.

Project Leader (PL)

The PL’s responsibility is to ensure that all activities are performed safely and comply
with all pertinent regulations and procedures, work is authorized through an IWS,
institution requirements of the Findings and Determination are followed, and there is
sufficient funding to initiate the work.

Hydrogeology & Decision Support Group Leader (HDSGL)

The HDSGL’s responsibility is to ensure that proper procedures are followed for
activities (e.g., drilling, borehole logging and sampling, well installation and
development).

Hydrogeologist (HGR)

The HG is responsible for the overall investigation, planning (includes generating a
Drilling Work Plan and/or Sampling Plan), assessment, and remediation within a study
area, geologic and hydrogeologic information, and decisions regarding sample depths and
analyses required.
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5.5

5.6

5.7

5.8

5.9

5.10

Site Safety Officer (SSO)

The SSO’s responsibility is to ensure that fieldwork is conducted safely and in
compliance with applicable IWSs, Site Safety Plans, SOPs, and any other applicable
safety related documentation.

Drilling Coordinator (DC)

The DC is responsible for reviewing the Drilling Work Plan and/or Sampling Plan and
provides the interface between the DG, Hydrogeologist (HG), and the field personnel.

Drilling Geologist Supervisor (DGS)

The DGS is responsible for assisting in the preparation of the Drilling Work Plan and/or
Sampling Plan prior to commencing related work activities; coordinating geologist
schedules and related activities, equipment needs, and monitoring the progress of daily
activities.

Drilling Geologist (DG)

The DG is responsible for reviewing the Drilling Work Plan and/or Sampling Plan and
conducting all borehole sampling activities safely and correctly in accordance with the
plan(s). All applicable operational and safety procedures are to be followed as per this
and related SOPs. The DG should inform the HDSGL, DC, and HG of any non-
conformances.

Quality Assurance Implementation Coordinator (QAIC)

The QAIC’s responsibility in respect to this SOP is to review the Drilling Work and/or
Sampling Plan distributed by the Hydrogeologist or the Drilling Geologist Supervisor.5.5

Data Management Team (DMT)

The DMT is responsible for reviewing the Drilling Work and/or Sampling Plan and the
disposition of original documents received as a result of performing work activities
described by this SOP.

6.0 PROCEDURES

Borehole sediment and rock sampling is a useful technique for identifying/characterizing
the geology, hydrogeology, and sources of contamination, and delineating contaminant
distribution in both the unsaturated and saturated zones.

Methods of sediment sampling include driving split barrel samplers and coring. To
facilitate sampling for volatile organic compounds (VOCs) in unconsolidated sediments,
standard mud-rotary drilling is employed. In addition, a specialized sampling technique
called “Depth Sampling” developed at LLNL (Dresen and Hoffman, 1986; and Hoffman
and Dresen, 1989), is used extensively.
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6.1

6.2

It is very important that sampling procedures are followed rigorously so that consistent,
high quality analytical data can be obtained. It is essential that the sampling process does
not introduce hazardous or foreign substances into the borehole or sample. It is also
desirable that the sampling techniques preserve the integrity of all chemicals of interest in
their in situ concentrations. In practice, these goals may not be fully achieved because
the sample is inevitably disturbed somewhat by the mechanics of drilling, sampling, and
handling.

Preparation

6.1.1 Prepare the Drilling Work Plan and/or Sampling Plan. The plan is prepared by
the HG or DGS who should review existing geologic and hydrogeologic
information to estimate key parameters (e.g., sample target zones, depth, and
thickness and types and concentrations of contaminants, etc.); discuss drilling and
sampling strategy; and include number and depth of samples to be collected,
sample identification names, turnaround time, analyses, and analytical laboratory.

6.1.2 Review the Drilling Work Plan and/or Sampling Plan. The plans are distributed
to the DG, HG, DGS, DC, DMT, and the QAIC to review. The HG or DGS
should e-mail the plan to these personnel at least one week before drilling is
scheduled to begin. The DG should meet with the HG to discuss site conditions
before drilling begins.

6.1.3 Prior to conducting work, perform the applicable preparation activities described
in SOP 4.1, “General Instructions for Field Personnel”. Personnel who are new to
the LLNL project will receive direct field supervision and on-the-job training
(OJT) from a Subject Matter Expert (SME) for at least the first 24 hours using the
ERD Field Investigation Orientation Lesson Plan (course number EP7033-05).

6.1.4 Obtain materials listed in the Drilling Geologist Equipment Checklist
(Attachment A, SOP 1.1, “Field Borehole Logging”) and obtain the appropriate
personal protection equipment (PPE) (SOP 4.1).

6.1.5 The DG should obtain a Field Sampling Logbook to record sample numbers and
Chain-of-Custody (CoC) document numbers per SOP 4.2, “Sample Control and
Documentation.”

Safety Considerations

6.2.1 To ensure safety to the workers and the environment, the procedures described in
the following sections will be conducted in accordance with LLNL Integration
Work Sheet (IWS) 12654 “Drilling in VOC and Mixed Waste-Contaminated Soils
at the Livermore Site” and IWS 11578 “Drilling in VOC-Contaminated Soils at
the Livermore Site.” Drilling activities at Site 300 will be conducted in
accordance with IWS 12684 “Site 300 Drilling Activity.”
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6.3 Split-Barrel Sampling

6.3.1

6.3.2
6.3.3

6.3.4

Wash split-barrel sampler with detergent and analyte-free water provided by the
contract analytical laboratories (CALs), and rinse, or steam clean per SOP 4.5,
“General Equipment Decontamination.” Collect a rinesate/equipment blank, from
the interior of the sampler and submit for analysis per SOP 4.9, “Collection of Field
QA/QC Samples” when deemed necessary by the HG. The HG shall determine the
necessity and frequency of equipment blanks during drilling activities.

Remove cuttings/slough from borehole and center plug.

Sample collection for volatile and semivolatile organic compound analysis:

A.

Load precleaned (steam cleaned) brass or stainless-steel tubes into a split-barrel
sampler. After the driller is certain all slough is removed from the auger and
borehole, drive the sampler to desired depth in borehole.

To maximize sample integrity, collect the sample from the deepest tube,
provided quality is good (i.e., no headspace) or as specified by the Drilling
Work Plan and/or Sampling Plan.

Quickly observe lithology, seal the tube ends with Teflon tape, high-density
polyethylene caps, and secure with duct tape.

Use an indelible marker to label the sample with identification (borehole/well
number followed by top of sample depth), sampling date, sample time, analysis
type(s), and sample collector’s initials per SOP 4.2.

Immediately place the sample tube in a plastic bag and seal by tying a knot in
the opening or place the sample in a Ziplock® bag. Double bag samples to keep
them dry and/or prevent cross contamination when there is a concern.

To facilitate rapid cooling, all samples should be placed in an insulated cooler
containing ice. Ice melt water is to be drained from the cooler throughout the
day, and all loose ice must be double bagged at the end of the day for courier
delivery to the analytical laboratory. Blue Ice coolant packs should be used
when shipping samples through the LLNL Shipping Department.

Document sample identification, time and date of sample, location, turnaround
time, and analysis type(s) on the Analytical Sample Summary Sheet
(Attachment A) and the Borehole/Well Construction Log (Attachment C,
SOP 1.1).

Sample collection for metal, high explosives (HE), and radiological analysis:

A.

Load tubes into split-barrel sampler and drive sampler to desired depth in
borehole. Stainless steel sample tubes should be used during metals sampling to
prevent metal cross contamination.

Record lithology, seal the tube ends with Teflon tape, and secure with duct tape.
Alternatively, sample can be transferred to a wide-mouth glass jar and sealed
with duct tape.

Use an indelible marker to label the sample tube or jar with the identification
(borehole/well number followed by top of sample depth), sampling date/time,
sample analysis type(s), sample collector’s initials per SOP 4.2.
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D. Place the sample tube or glass jar in a plastic bag and refrigerate as described in

E.
F.
6.4 Coring

6.4.1
6.4.2
6.4.3
6.4.4

A.

B.

C.

D.
6.4.5

6.3.3 E.

If tritium analysis is to be performed, immediately refrigerate the sample tube or
jar in plastic bags in an insulated cooler. If a jar is used, ensure that the jar is
packed tightly to reduce air space, and that the lid is closed tightly and taped to
help seal. If the samples are not immediately shipped to the analytical
laboratory, they should be stored in a refrigerator. Samples held overnight will
be transferred to a freezer.

Document sample identification, time and date of sample, location, turnaround
time, and analysis type(s) on the Analytical Sample Summary Sheet
(Attachment A) and the Borehole/Well Construction Log (Attachment C,
SOP 1.1).

Wash core barrel with detergent and water and rinse with clean water, or steam
clean as per SOP 4.5. Collect a rinesate/equipment blank from the core barrel and
submit for analysis as per SOP 4.9, “Collection of Field QA/QC Samples,” when
necessary.

Insert core barrel and core 5 ft or less.

Retrieve the core barrel with a wireline overshot device immediately. Place the
core in a clean polyvinyl chloride (PVC) core tray, ensuring that the core remains in
stratigraphic sequence.

Collection of samples for VOC analysis.

Quickly observe lithology. Place a core segment of lithified sediment or rock
approximately 3 to 6 in. long in stainless steel or brass cylinder tubes. Seal the
ends with Teflon tape, cover with high-density polyethylene caps, and secure
with duct tape. Wide-mouth glass jars sealed with duct tape may be used if
specified in the Sampling Plan.

Use an indelible marker to label the sample with identification (borehole/well
number followed by top of sample depth), sampling date/time, analysis type(s),
and sample collector’s initials per SOP 4.2.

Immediately place the sample in a bag, and refrigerate in an insulated cooler
(Section 6.3.3 E).

Document sample identification, time and date of sample, location, turnaround
time, and analysis type(s) on the Analytical Sample Summary Sheet
(Attachment A) and the Borehole/Well Construction Log (Attachment C,
SOP 1.1).

Collection of samples for metal, HE, and radiological analysis.

A.

Record lithology, wrap a core segment of approximately 3 in. with inert plastic
tubing in an air-tight plastic bag or in a wide-mouth glass jar, and seal with duct
tape. Note: the sample must be packed tightly to reduce air space. Other
acceptable sample containers are stainless steel or brass cylinder tubes. If these
are used, seal the ends with Teflon tape, cover with high-density polyethylene
caps, and secure with duct tape.
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6.5

B. Use an indelible marker to label the sample with the identification
(borehole/well number followed by top of sample depth), sampling date/time,
sample analysis type(s), sample collector’s initials, and LLNL/project name
(optional).

C. Place the wrapped core segment, glass jar, or soil sample tubes in sealed bags
and refrigerate as previously described in Section 6.3.3 E.

D. If tritium analysis is to be performed and samples are not shipped out
immediately, samples should be transferred to a refrigerator at the end of the
day, or a freezer if held overnight.

E. Document sample identification, time and date of sample, location, turnaround
time, and analysis type(s) on the Analytical Sample Summary Sheet
(Attachment A) and the Borehole/Well Construction Log (Attachment C,
SOP 1.1).

6.4.6 Store remainder of core in boxes per SOP 1.15, “Well Site Core Handling.”

Depth Sampling—Livermore Site

“Depth Sampling” uses the mud-rotary drilling technique and a 94-mm wireline punch-
coring system. This technique enables the collection of samples from several water-
bearing zones in each borehole while preventing or minimizing cross contamination. The
technique is utilized effectively when VOC concentrations are moderate to low (i.e.,
generally less than about 10 parts per million [ppm]). Attachment B is a schematic
diagram of punch-coring and depth sampling that shows a water-bearing zone encountered
after sampling and drilling through two “shallower” water-bearing zones containing VOC:s.
During the drilling a mud cake forms along the borehole sidewall, which restricts the water
flow from the upper water-bearing zones into the hole. In addition, the relatively dense
drilling mud penetrates the formation and further restricts water flow into the borehole
from the formation. These effects tend to isolate and therefore “protect” deeper water-
bearing zones from the VOCs. The following procedures are used:

6.5.1 Use pure bentonite containing no polymers or chemical additives of any kind and
potable water from a pre-approved source(s).

6.5.2 Upon encountering a new water-bearing zone, the sampler is removed with a
wireline while the drill rod remains in the borehole, and new mud is mixed in a
dedicated tub. The new mud, pumped into the drill rod, displaces the old drilling
mud, which may contain VOCs, into the annular space outside of the drill rod
(Attachment B). The mud tub at the surface collects the spent mud and,
subsequently, the cleaned core barrel, per SOP 4.5, is deployed through the new
drilling mud to prevent contamination of the sampling equipment with VOCs that
may have been in the previous drilling mud.

6.5.3 Core drill 1 to 2 ft to collect a sample of the sediment for chemical analysis
(Attachment B).

6.5.4 Retrieve the core barrel with a wireline overshot device.

6.5.5 To minimize potential displacement of pore water in the sample, retain the bottom-
most tube for chemical analysis. If significant void space or drilling mud
penetration is evident, discard the sample and collect and retain the next suitable
sample.
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6.5.6 Permeable lenses (<3 ft thick) may be sampled by quickly “stuffing” sediment core

into a brass sample tube and noting the location on the borehole log.

Post Operation

6.6.1
6.6.2

6.6.3
6.6.4

6.6.5

7.1
7.2
7.3
7.4
7.5
7.6

Perform post-work activities described in SOP 4.1, Section 6.4.

Collect, inventory, and prepare all samples for shipment, per SOP 4.4, “Guide to the
Handling, Packaging, and Shipping of Samples.”

Fill out CoC forms and shipping forms per SOP 4.2.

Record a daily summary of drilling and sampling in the Field Sampling Logbook
per SOP 4.2, and on the Daily Field Report (Attachment C).

Deliver all original forms and logbooks (when complete) to the DMT for storage.
Provide the DC copies for review and distribution.

7.0 QUALITY ASSURANCE RECORDS

Borehole/Well Construction Log
Chain-of-Custody Form
Document Control Logbook
Daily Field Report

Soil Analyses Form

Drilling Work Plan

8.0 ATTACHMENTS

Attachment A— Analytical Sample Summary Sheet

Attachment B—Schematic Diagram of Depth Sampling and Punch Coring
Attachment C—Daily Field Report
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Attachment A

Analytical Sample Summary Sheet
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Attachment B

Schematic Diagram of Depth Sampling and Punch
Coring
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Daily Field Report
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DAILY FIELD REPORT
Date Project(s):
Name: Project Manager:
Vehicle: Job Number:

PID/OVA Calibration: Yes

No

Daily Site Safety Meeting  Time

Time:

Time

Activity

Attachment C. Daily Field Activity.

Page __of __

11-05/ERD:rtd




LLNL Environmental Restoration Division (ERD)
Standard Operating Procedure (SOP)

ERD SOP 1.3: Drilling—Revision: 5

AUTHOR(S):
R. Davis

APPROVALS:

Jense Clowr ¢/38/04

E’ivision{ﬁeader

THIS IS ARED Z/ %, 7/‘ Y’/a §

Hydrogeology & Decision
Support Grou? Leader

7

CONCURRENCE: Date

Ulohgeca Guadrich, G210
QA Implementation
Coordinator

1.0 PURPOSE

The purpose of this SOP is to ensure acceptable, consistent drilling procedures for ground water

investigations that include borehole logging and sampling and monitor well, extraction well, or
piezometer installation.

2.0 APPLICABILITY

This procedure is applicable for all personnel performing drilling operations and shall be fully
reviewed prior to conducting these activities. ERD work activities are conducted within the
framework of the institutional Integrated Safety Management System (ISMS).  The
Environmental Management System (EMS) is a component of the ISMS, which is also supported
during the planning, performing, and evaluation of the work processes.

3.0 REFERENCES

3.1  Barcelona, M. J., J. P. Gibb, J. A. Helfrich, and E. E. Garske (1985), Practical Guide 1o
Ground Water Sampling, U.S. Government Printing Office, EPA/600 2-85/104.
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3.0 REFERENCES

3.1 Barcelona, M. J., Gibb, J. P., Helfrich, J. A., and Garske, E. E., Practical Guide for
Ground Water Sampling, Washington, D.C., U.S. Government Printing Office,
EPA 600/2-85-104, 1985.

3.2  Department of Water Resources (1981), Water Well Standards: State of California,
California Resources Agency, Bulletin 74-81.

3.3  Occupational Safety and Health Administration Hazardous Waste Operations and
Emergency Response (29 CFR 1910.120).

4.0 DEFINITIONS
See SOP Glossary.
5.0 RESPONSIBILITIES

5.1 Division Leader (DL)
The DL’s responsibility is to ensure that all activities performed by ERD at the
Livermore Site and Site 300 are performed safely and comply with all pertinent
regulations and procedures, and provide the necessary equipment and resources to
accomplish the tasks described in this procedure.

5.2 Project Leader (PL)
The PL’s responsibility is to ensure that all activities are performed safely and comply
with all pertinent regulations and procedures, work is authorized through an IWS,
institution requirements of the Findings and Determination are followed, and there is
sufficient funding to initiate the work.

5.3 Hydrogeology & Decision Support Group Leader (HDSGL)
The HDSGL’s responsibility is to ensure that proper procedures are followed for
activities (e.g., drilling, borehole logging and sampling, well installation and
development).

5.4 Hydrogeologist (HG)

The HG is responsible for the overall investigation, planning (includes generating a
Drilling Work Plan and/or Sampling Plan), assessment, and remediation within a study
area, geologic and hydrogeologic information, and decisions regarding sample depths and
analyses required.
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5.5

5.6

5.7

5.8

5.9

5.10

Quality Assurance Implementation Coordinator (QAIC)

The QAIC’s responsibility in respect to this SOP is to review the Drilling Work and/or
Sampling Plan distributed by the Hydrogeologist or the Drilling  Geologist Supervisor.

Site Safety Officer (SSO)

The SSO’s responsibility is to ensure that fieldwork is conducted safely and in
compliance with applicable IWSs, Site Safety Plans, SOPs, and any other applicable
safety related documentation.

Drilling Coordinator (DC)

The DC is responsible for reviewing the Drilling Work Plan and/or Sampling Plan and
provides the interface between the DG, Hydrogeologist (HG), and the field personnel;
notifying Building Coordinators, Site Planning, and LLNL Gardeners; coordinating any
necessary surveys (utilities, biological, archaeological) prior to drilling; and monitoring
the progress of drilling activities daily.

Drilling Geologist Supervisor (DGS)

The DGS is responsible for assisting in the preparation of the Drilling Work Plan and/or
Sampling Plan prior to commencing related work activities; coordinating geologist
schedules and related activities, equipment needs, and monitoring the progress of daily
activities.

Drilling Geologist (DG)

The DG is responsible for reviewing the Drilling Work Plan and/or Sampling Plan and
conducting and documenting drilling, operational and safety procedures per the work
plan, and to inform the DC and HG of any nonconformances.

Data Management Team (DMT)

The DMT is responsible for reviewing the Drilling Work and/or Sampling Plan and the
disposition of original documents received as a result of performing work activities
described by this SOP.

6.0 PROCEDURES

The drilling process should minimally alter the medium that is being investigated. It is essential
that the drilling process does not introduce hazardous or foreign substances into the borehole or
create conduits that facilitate the spread of existing contaminants. Various methods are used for
drilling including hollow-stem augers, mud rotary, air or air-mist rotary. In areas of multiple
water-bearing zones at Site 300, conductor casings or intermediate casings may be used to isolate
each encountered water-bearing zone.

6.1

Preparation
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The DC or his designee will obtain an approved release order from an ERD Technical Release
Representative (TRR) for the borehole/well and track the drilling progress against the release
order. Drilling work shall be performed only when a current, valid Subcontract Release is in
place. In the event that the borehole drilling will likely exceed the approved release order
amount for the borehole/well, the DC must contact the TRR to revise the release order before
drilling continues. Work performed in the absence or in exceedence of a release order will be
considered an unauthorized procurement.

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

6.1.8

Prepare the Drilling Work Plan and/or Sampling Plan. The plan is prepared by
the HG or DGS who should review existing geologic and hydrogeologic
information to determine drilling locations and estimate key parameters (e.g.,
sample target zones, depth and thickness, types and concentrations of
contaminants, etc.). The Drilling Work Plan and/or Sampling Plan should include
scope of work, drilling and sampling strategy, and purposes of borings/wells.

Review the Drilling Work Plan and/or Sampling Plan. The plans are distributed
to the DG, HG, DGS, DC, DMT, and the QAIC to review. The HG or DGS
should e-mail the plan to these personnel at least one week before drilling is
scheduled to begin. Inform the appropriate Environmental Analyst of pending
drilling activities when appropriate.

Prior to drilling, perform the applicable preparation activities described in SOP
4.1, “General Instructions for Field Personnel”. Personnel who are new to the
LLNL project will receive direct field supervision and on-the-job training (OJT)
from a Subject Matter Expert (SME) for at least the first 24 hours of field activity
using the ERD Field Investigation Orientation Lesson Plan (course number
EP7033-05).

The DG should obtain materials listed in the Drilling Geologist Equipment
Checklist (Attachment A, SOP 1.1) and obtain the appropriate PPE (SOP 4.1).

The DC should verify that underground utilities have been surveyed and that
drilling activities will not interfere. Livermore Site drilling locations must be
cleared to 5 ft below ground by Labor Shop personnel using “air knife”
machinery to the maximum anticipated diameter of the borehole.

The DC should ensure the working areas are cleared of all brush and minor
obstructions, as necessary.

Decontaminate all downhole drilling and sampling equipment, including the back
of the drilling rig (SOP 4.5, “General Equipment Decontamination”).

Ensure that no solvents, light hydrocarbon-based lubricants, or paints are present
or applied to downhole drilling tools or samplers. The lubricants “King Stuff”
and “Green Plus” are acceptable for drill rod threads. The Material Safety Data
Sheets for the lubricants should be available. Use pure bentonite containing no
polymers or chemical additives of any kind. Record the brand name and
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6.1.9

6.1.10

manufacturer of the bentonite used on the Borehole Well Construction Log
(SOP 1.1, “Field Borehole Logging,” Attachment C).

Ensure that the back of the drilling rig is free of any mud, leaking hydraulic lines,
and excess grease that could be dislodged during drilling. If a leak occurs during
drilling, place a drip pan or absorbent pad under the leak to contain it. Terminate
drilling activities until leak is repaired if it cannot be sufficiently contained. If
air-rotary drilling is to be used, ensure that air systems include an in-line filter to
remove all oil from the compressed air.

Prepare Controlled Area (approximately 50 ft radius exclusion zone around drill
rig delineated by barricades, caution tape, and appropriate signage) and conduct
daily safety meeting. The DG should regulate access to the Controlled Area,
obtain appropriate signs, and enforce PPE requirements. Document daily safety
meetings including topic, attendees, and time on Attachment C, Daily Field
Report, SOP 1.2, “Borehole Sampling of Unconsolidated Sediments and Rock.”

6.2 Safety Considerations

6.2.1

To ensure safety to the workers and the environment, the procedures described in
the following sections will be conducted in accordance with LLNL Integration
Work Sheet (IWS) 12654 “Drilling in VOC and Mixed Waste-Contaminated Soils
at the Livermore Site” and IWS 11578 “Drilling in VOC-Contaminated Soils at
the Livermore Site”. Drilling activities at Site 300 will be conducted in
accordance with IWS 12684 “Site 300 Drilling Activity.”

6.3 Operation

6.3.1

6.3.2

6.3.3

6.3.4
6.3.5

Use the Borehole/Well Construction Log (SOP 1.1, Attachment C) to document
field information and comments. Complete all lines on the forms. Use the letter
designation “NA” (not applicable) or “NK” (not known) in all blank spaces. If
some steps or procedures are not performed as described, state the reason on the
Borehole/Well Construction Log. The instructions for this form are included in
SOP 1.1, “Field Borehole Logging.” Also complete a chronology of daily events
on the Daily Field Report (Attachment C, SOP 1.2).

Borehole logging must conform to SOP 1.1 procedures. Borehole sampling for
subsequent chemical/radiological analysis must conform to SOP 1.2.

Screen samples of the drilling mud using the PID or FID prior to entering lower
hydrogeologic units to prevent possible cross-contamination between shallow and
deeper zones. Prevent possible cross-contamination between shallow and deeper
permeable water bearing zones by having the driller change-out the drilling mud
before drilling through any aquitard.

Monitor the work environment per SOP 4.1 during all phases of the work.

Collect all soil/rock samples as specified in the Sampling Plan per SOP 1.2.
Collect and store all cored sediments or rock according to SOP 1.15, “Well Site
Core Handling.”
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6.3.6

6.3.7

Note:

If water is encountered in the borehole in which mud was not used, a bailed
sample may be requested to gain information about potential contaminants.
Samples should be named according to SOP 4.2, “Sample Control and
Documentation.” Record sampling information including the sample depth on the
Borehole/Well Construction Log (SOP 1.1, Attachment C). Follow other
appropriate SOPs such as SOP 2.4, “Sampling Monitor Wells with a Bailer” and
SOP 4.3, “Sample Containers and Preservation.”

In the event that an uncased borehole is left open more than 24 hours, the DG
should consult with the HG to evaluate the need to take measures to prevent
cross-contamination of water-bearing zones within the borehole, such as the
installation of conductor casing.

If the borehole is left unattended at any time, the DG should ensure that the
borehole is covered and protected.

6.4 Post Operation

6.4.1
6.4.2

6.4.3

6.4.4

6.4.5

6.4.6

7.1
7.2
7.3
7.4

Perform post-work activities described in SOP 4.1, Section 6.4.

The DC should ensure that a daily driller’s report is maintained and submitted by
the drilling contractor. The report should give a complete description of the
number of feet drilled, number of hours on the job, shutdown due to breakdown,
length of casing set, materials used, and other pertinent data.

Handle all soil cuttings and waste materials per SOP 1.8, “Disposal of
Investigation-Derived Wastes (Drill Cuttings, Core Samples, and Drilling Mud).”

If temporary casing is needed (for reasons such as lost circulation or excessive
caving), decontaminate the casing as outlined in SOP 4.5. The use of temporary
casing is well-specific, and its use should be decided upon by the DG and HG.

The abandonment of any boring or well should be in accordance with appropriate
state regulations and follow the procedures in SOP 1.7, “Well Closure.”

The DG should deliver original copies of the Borehole/Well Construction Log,
Well Development Form, and other relevant forms and information to the quality
control reviewer for review. After review, edit documents and copy and distribute
files. Deliver final versions of original documents to DMT.

7.0 QUALITY ASSURANCE RECORDS

Borehole/Well Construction Log
Chain-of-Custody Form

Field Logbook

Daily Field Report

8.0 ATTACHMENTS

Not applicable.
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1.0 PURPOSE

The purpose of this SOP is to ensure proper well design and installation. Wells provide a means
of collecting representative ground water samples and water-level data from a distinct water-
bearing zone. Wells can also be used to extract contaminated ground water, or reinject treated
ground water.

2.0 APPLICABILITY

This procedure is applicable for all personnel performing well installation operations, and shall
be fully reviewed prior to conducting these activities. ERD work activities are conducted within
the framework of the institutional Integrated Safety Management System (ISMS). The
Environmental Management System (EMS) is a component of the ISMS, which is also supported
during the planning, performing, and evaluation of the work processes.

3.0 REFERENCES

\3.1 A Department of Water Resources (1991), California Well Standards: State of California,

Resources Agency, Bulletin 74-90 (Supplement to Bulletin 74-81).

[ ]
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3.2
3.3

34

3.5

Driscoll, F. G. (1986), Ground Water and Wells, Johnson Division, St. Paul, Minnesota.

U.S. Environmental Protection Agency (1987), A Compendium of Superfund Field
Operations Methods, EPA/540/p-87/001.

California Environmental Protection Agency, Department of Toxic Substances Control
(1994), Monitoring Well Design and Construction for Hydrogeologic Characterization.

American Society of Testing and Materials (2004), Standard Practice for Design and
Installation of Ground Water Monitoring Wells in Aquifers, ASTM D5092-04.

4.0 DEFINITIONS

See SOP Glossary.

5.1

5.2

5.3

5.4

5.5

5.0 RESPONSIBILITIES

Division Leader (DL)

The DL’s responsibility is to ensure that all activities performed by ERD at the
Livermore Site and Site 300 are performed safely and comply with all pertinent
regulations and procedures, and provide the necessary equipment and resources to
accomplish the tasks described in this procedure.

Project Leader (PL)

The PL’s responsibility is to ensure that all activities are performed safely and comply
with all pertinent regulations and procedures, the work is authorized through an IWS,
institution requirements of the Findings and Determination are followed, and there is
sufficient funding to initiate the work.

Hydrogeology & Decision Support Group Leader (HDSGL)

The HDSGL’s responsibility is to ensure that proper procedures are followed for
activities (e.g., drilling, borehole logging and sampling, monitor well installation and
development).

Hydrogeologist (HGR)

The HG is responsible for the overall investigation, planning, assessment, and
remediation within a study area, decisions regarding borehole depths and well
specifications, arranging the review of borehole and geophysical logs, and determining
target zone for completion. The HG is also responsible for providing necessary
information to Site Planning for the Findings and Determination, if applicable.

Site Safety Officer (SSO)

The SSO is responsible for ensuring the safety of ERD's ongoing operations, fieldwork,
and facilities and that the work being performed is covered by an authorized IWS.
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5.6

5.7

5.8

5.9

Drilling Coordinator (DC)

The DC schedules all drilling related activities and coordinates the drilling contractor
schedules and equipment needs and the progress of drilling activities daily. The DC
provides the interface between the Project Leader, Hydrogeologist (HG), and the field
activities and is responsible for coordinating the well completion activities with the
Drilling Geologist. The DC ensures line location, Findings and Determination, and
potholing are completed prior to drilling, if applicable.

Drilling Geologist Supervisor (DGS)

The DGS is responsible for assisting in the preparation of the Drilling Work Plan and/or
Sampling Plan prior to commencing related work activities; coordinating geologist
schedules and related activities, equipment needs, and monitoring the progress of daily
activities.

Drilling Geologist (DG)

The DG is responsible for overseeing and documenting well completion activities safely
and correctly per the Drilling Work Plan, and applicable operational and safety
procedures, and to inform the DC of any nonconformances.

Data Management Team (DMT)

The DMT is responsible for the disposition of the original documents received as a result
of performing work activities described by this SOP.

6.0 PROCEDURES

Well installations create permanent access for collecting ground water samples, measuring
aquifer characteristics, and extracting ground water or reinjecting treated water. Wells should
only minimally alter the medium being sampled.

6.1

Preparation

6.1.1 Prior to conducting work, perform the applicable preparation activities described
in SOP 4.1, “General Instructions for Field Personnel”. Personnel who are new to
the LLNL project will receive direct field supervision and on-the-job training
(OJT) from a Subject Matter Expert (SME) for at least the first 24 hours using the
ERD Field Investigation Orientation Lesson Plan (course number EP7033-05).

6.1.2 Review Drilling Workplan for preliminary well completion information. After
drilling, analysis, and logging, the original objectives may change. The HG may
change how the well is to be completed. This change will be communicated to
the DG by the HG.

6.1.3 Obtain necessary items listed in the Drilling Geologist Equipment Checklist
(SOP 1.1, “Field Borehole Logging,” Attachment A) and obtain appropriate
personal protective equipment (PPE) for site activities per SOP 4.1, “General
Instructions for Field Personnel.”
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6.2

6.3

6.1.4

6.1.5

6.1.6

Ensure that no foreign materials are introduced into the borehole without the DC’s
approval. Use of solvents, glues, oil, or cleaners in the borehole is prohibited.
Mud stabilization additives may be allowed in certain situations. The HG may
grant such approval after communication with the appropriate regulatory
agencies.

Decontaminate all equipment and well casing, screen, centralizers, etc. prior to
monitor well installation per SOP 4.5, “General Equipment Decontamination.” It
is not necessary to decontaminate pre-cleaned well casing, screen, and centralizers
supplied in factory-sealed containers, unless exposed to possible contamination.

Ensure that the proper institutional permits are in place (e.g., line location,
excavation permit).

Safety Considerations

6.2.1

To ensure safety to the workers and the environment, the procedures described in
the following sections will be conducted in accordance with LLNL IWS 11578
“Drilling in VOC-Contaminated Soils at Livermore Site,” LLNL IWS 12654
“Drilling in VOC and Mixed Waste-Contaminated Soils at the Livermore Site,”
and LLNL IWS 12684 “Site 300 Drilling Activity.”

Operation

6.3.1

Drill all boreholes at least 4 in. greater in diameter than the outer diameter of the
casing to be installed (minimum required work space in annulus is 2 in.). When
setting a conductor casing, it is preferable to complete the casing a foot or more
into the underlying clay or other fine-grained unit, if present. Bottom seals and
the conductor casing annulus seal should be placed using Type I/Il cement/2%
bentonite grout or bentonite chips as directed by the HG or DGS. Approved grout
accelerators, such as Cal Seal, are permitted for bottom and conductor casing
annulus seals to decrease setting times.

Record the following on the Borehole/Well Construction Log (SOP 1.1,
Attachment C) and/or the Monitoring Well As-Built Report (Attachment A):

A. Depth from surface grade of the following:
1. Bottom of the boring,

Overdrill (bottom) seal,

Well casing and screen,

Filter pack,

Fine filter pack,

Bentonite seal,

Grout,

e T

Cave-in (slough),
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Note:

6.3.2

6.3.3

6.3.4

9. Centralizers, and
10. Conductor casing, if permanent.

Note: Does not include wellhead completion specifications.
B. Composition of the grout, seals, and filter pack.

C. Casing/screen material and casing/screen inside diameter.
D. Screen slot size and the anticipated wellhead completion.

E. Type and amount of supplies used for well construction.

Due to failure to reach specified depths, loss of tools, inadvertent contamination,
or any other cause approved by the DC or HG, the well or borehole should be
abandoned as discussed in SOP 1.7, “Well Closure.”

Use Schedule 40 (or Schedule 80 at Site 300) PVC casing with 0.020-in. screen
slot size for wells installed exclusively as monitor wells unless instructed
otherwise by the DC or HG. If the well is installed to perform as an injection,
extraction, or production well, the DC, HG, and DG, will determine the filter pack
and screen slot size based on lithologic descriptions on the Borehole/Well
Construction Log as per SOP 1.1, “Field Borehole Logging,” interpretation of
geophysical logs as performed per SOP 1.6, “Borehole Geophysical Logging,”
and if available, sieve analyses of the lithology in the screened interval. In
addition, these personnel will determine the casing material (generally Schedule
40 or Schedule 80 PVC, stainless steel, or low carbon steel) based on site-specific
conditions such as water quality, installation objectives, required tensile and
compressive strengths.

Use stainless steel centralizers on all well installations unless the casing is being
installed through hollow-stem augers. Fasten centralizers to the well casing by
mechanical fasteners radially spaced about the casing at 120 or 90° degrees.
Install centralizers at the top and bottom of the screened casing and on the blank
casing at 5 to 10 ft below ground surface. Provide a description of the centralizer
fastening device and the locations on the Borehole/Well Construction Log and
Monitoring Well As-Built Report (Attachment A).

Place a filter pack in the annulus adjacent to the well screen in all monitor wells.
The filter pack limits the transmission of sand and fines from the formation to the
well, and stabilizes the formation. The filter pack should not extend within 5 ft of
any water-bearing zone other than the one to be monitored. Well design should
be modified to allow for a sufficient filter pack without threat of interconnecting
water-bearing zones.

A. Fill the annulus between the well screen and borehole wall with washed
Lonestar Lapis Luster #3 Monterey-type sand (or an equivalent 8 x 20 U.S.
standard sieve size or filter pack approved by the HG) extending a minimum
of 1 ft above the screen before swabbing. A cap should be placed over the top
of the well casing before pouring the sand down the annulus to prevent sand
from entering the casing.
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6.3.5

6.3.6

B.

D.

When determined by the DC or HG, the filter pack is emplaced using a tremie
pipe. For this, install a sand slurry composed of sand and potable water
through the tremie pipe into the annulus throughout the entire screened
interval and over the top of the screen. Continuously tag the depth of the filter
pack to ensure that bridging does not occur.

Compact the filter pack by making a few passes with a bailer (swabbing) prior
to the installation of the bentonite seal. Fully cover the screen after the sand
has settled with sufficient filter material. Install at least 2 ft of sand above the
top of a 5- to 10-ft-long screen. Increase the minimum filter pack thickness
by approximately 1 ft for each additional 10 ft of screen. Cover the #3 sand
with a minimum 1-ft layer of finer-grained Lonestar Lapis Luster Monterey-
type sand #0/30 (or equivalent). The #0/30 sand is not added until it is
verified that the #3 sand extends above the screen as discussed above.
Attachment B displays a typical installation using the #0/30 sand.

Ascertain the depth of the top of the sand after compaction using a weighted
tape or tremie pipe recorded by the DG.

Place a bentonite seal between the filter pack and grout to prevent infiltration of
cement into the filter pack and the well. The bentonite should not be added until
it is determined that there has been no settling of the filter pack. The steps below
discuss the use of bentonite. Attachment B displays a typical installation using
bentonite. A fine sand (#0/30) may be used on top of the bentonite seal if
conditions warrant as determined by the driller and DG and approved by the DC.

A.

C.

D.

Fill the annulus between well casing and borehole with a bentonite seal at
least 3 ft thick (vertically) in the interval between the fine sand above the filter
pack and the grout seal. Bentonite seal thickness may be increased by an
extra foot for each additional 50 ft of depth for deep wells (200 ft or more).

Use uncoated bentonite pellets with a minimum purity of 90% sodium
montmorillonite (with no additives and certified by the National Sanitation
Foundations (NSF) to ANSI/NSF Standard 60, Drinking Water Treatment
Chemicals - Health Effects) and a minimum dry bulk density of 75 Ib/cu ft for
1/2-in. pellets. Place a cap over the top of the well casing and slowly pour the
bentonite pellets directly down the annulus. Pour the pellets from different
points around the casing to ensure even distribution in the annulus. Test the
borehole for bridging of the bentonite during application. Bentonite chips,
certified to ANSI/NSF Standard 60, may be used to reduce bridging problems
and costs. Add enough approved clean water, usually 10 to 20 gal, to
completely hydrate the bentonite.

Tag the top of the bentonite seal with a tremie pipe or a weighted tape to
verify that the proper thickness of seal has been placed in the annulus.

Allow at least 1 h for the bentonite pellets to hydrate prior to placing grout.

Fill the well annulus with grout from the top of the bentonite seal to the surface.
Only Type I/II [American Society for Testing and Materials (ASTM C-150)]
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6.3.7

cement without accelerator additives may be used, unless otherwise specified by
the DC. Place the grout in the well annulus as follows:

A.
B.

Completely fill the annulus between the well casing and borehole wall.

Place the grout with a tremie pipe unless the borehole is dry and does not
exceed a depth of 30 ft. The tremie pipe typically used is 1.25-in. PVC.

Pump the grout through this pipe to the bottom of the open annulus until
undiluted grout flows from the annulus at the ground surface. Deeper annular
depths and larger diameter boreholes may require large amounts of grout. In
these cases, set grout in 100 to 150-gal lifts, allowing sufficient time for the
grout mix to set between lifts. Use approved accelerators such as Cal-Seal, to
decrease setting times only with approval of the DC. Certain
subsurface/borehole conditions may require an initial small lift of grout
(<15 ft) to prevent rupturing the bentonite seal. The DG should check with
the DC and HG on each completion.

The grout should consist of a neat cement mix composed of 21b of
commercial bentonite powder, certified to ANSI/NSF Standard 60, and
approximately 6.5 gal of water added per 94-1b bag of cement. Only grout
mixed with approved water should be used.

After the grout has set (about 72 h), fill any depression in the grout due to
settlement with a grout mix similar to that described above.

The DG shall write with an indelible marker, the well ID number, screened
interval, and total depth on the well casing and cap.

Install a protective stove pipe or a below-grade vault around all monitor wells.
This will normally be done at a later date by LLNL technicians. Prior to
installation, the DG should ensure temporary wellhead protection by placing
barriers around the well. The minimum elements in the protection design should
include:

A.

B.

Protective stove pipe (above grade).

1. Install a minimum 2 ft x 2 ft, 3-in.-thick concrete pad, such that surface
drainage is diverted away from the wellhead.

2. Secure a metal stovepipe to the concrete pad. The stovepipe must keep
precipitation out of the well and is secured by a padlock. The exact height
of the top of the well casing and stovepipe is recorded electronically or by
using the Well Specifications Form, Attachment C, and made available to
the DMT and Sampling Coordinator (SC), as appropriate.

3. Place the well identification label on the protective casing.

Vault (installed below grade when wells are located in streets, parking lots, or
sidewalks).

1. Install the vault so that surface drainage is diverted away from the vault.
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6.4

2. The lid of the vault must keep fluids out of the vault and have a key
locking system.

3. Install a traffic-rated vault for installations in streets or parking lots.
Post Operation

6.4.1 Perform post-work activities described in SOP 4.1, Section 6.4.

6.4.2 Return the site to its original condition, using best reasonable efforts, and notify
the DC that the well is completed and is ready for surveying and pump
installation.

6.4.3 Arrangements will be made to have the LLNL Survey Team survey the cement
pad or the edge of the vault to the nearest 0.01 ft. A shiny, metal well
identification tag (shiner) is attached to the survey location (concrete pad or edge
of vault) by the Survey Team with the well ID stamped on the tag. The survey
data will be submitted to the DMT.

6.4.4 Deliver original copies of Borehole/Well Construction Log, Field Logbook, and
all other relevant forms and information to the Quality Control Reviewer for
review. After the review, edit documents and copy and distribute files. Deliver
final versions of original documents to the DMT.

7.0 QUALITY ASSURANCE RECORDS

7.1 Borehole/Well Construction Log
7.2 Document Control Logbook

7.3 Monitoring Well As-Built Report
7.4 Well Specifications Form

8.0 ATTACHMENTS

Attachment A—Monitoring Well As-Built Report
Attachment B—Typical Monitor Well
Attachment C— Well Specifications Form
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Monitoring Well As-Built Report
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Project
Location Job No.
Observed By Boring/Well No.
Driller/Installer Date

NOTE: final wellhead completion details not included

L Top of well casing (+/- ft above/below ground surface)

Ground surface

Surface/Conductor casing |.D./Type

Grout type

Depth to bottom —_____ Height above/below ground surface

No. of sacks

Well Casing I.D.

Type of casing

NN
k\

<«—— Bentonite seal type

No. of sacks
Depth to top

‘ Centralizer locations @

A

Fine filter pack size
No. of sacks

Depth to Top

Well screen I.D.

Type of screen

Slot size
Depth to top

4— Fiter pack size

No. of sacks
Depth to top

ft., and

Bottom of screen, Depth

ft.,
ft.

Bottom of casing/Sump/End cap, Type

‘ Bottom seal, Type of seal

<—— Bottom of borehole

ERD-SOP-9-00-rtd

Remarks

Depth
Depth to top

ERD Approval By

Attachment A. Monitoring Well As-Built Report.
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Attachment B

Typical Monitor Well
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PVC cap

Padlock >§ Ve '
I I 3|ft

N 727 e
o 5" Concrete pad
A
///’//ﬁ
- 5" ID Schedule 40 or 80
E—Qj\ PVC casing
Plastic centralizer 5 to 10 ft —m[- ///
* below ground surface 7T o
ey e
A e
o o
o /,-4./- — Cement grout
o 772 with 2% bentonite
/, // (sanitary seal)
o 7
A i
7 7/
o
- o
i .
2 ft min . BeENtonite
y seal
|- Lonestar Laupis Luster Monterey-type

2 ft min sand #0/30 (or equivalent)

M

— |.onestar Lapis Luster #3
Monterey-type sand

5% 1D 0.020" Slotted
Schedule 40 or 80 PVC

~I—- Threaded PVC cap (or slip cap
' secured with stainless steel screws)

- Cement or bentonite seal
in pilot borehole

1323458
Inches radiug

ERE-LER-06-0028

Attachment B. Typical monitor well.
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Attachment C

Well Specifications Form
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; F

FOR WELL INSTALLATION USE Approximate Location of Well:

SAMPLE LOCATION IDENTIFICATION *
N
Total boring depth - ground Static depth
Casing diameter Sustainable Q
Casing depth - ground Hydro unit
(Water bearing zone)
Screened interval from ground Sand Pack Interval . .
Location of well & surrounding area
Date: Signature!  DRILLING GEOLOGIST Print name Drilling Geologist
|
FOR WELL DEVELOPMENT USE DESCRIPTION OF INTENDED USE AND WELL LOCATION:
Date: measured Flow rate (Q)
Recommended

Pump Type /H P

Estimated Contaminant Level (ppb)/other.
(include all voc's, metals, rad., other)

Date: Signature:  HYDROGEOLOGIST Print name Hydrogeologist
Original Form to: EPD/ERD/DMT (Data Management Team) T4383 L-528
Copies to: Greg Howard Becky Goodrich
Circle one Specify Name

FOR WELL COMPLETION SPECS, PLEASE COMPLETE THE FOLLOWING INFORMATION:
S i Christy b _ _—
tove plgiccl)er Onerlsty 0X Stove pipe height Total dopth vy

(Tagged from TOP of (Shiner elevation plus
POM to bottom of casing) Stovepipe height = POM)

Date installed Pump type/Vol/HP Pump intake depth Pump start date Date well completed and
from P.O.M. ready for sampling
Survey data: - -
Northing Easting Shiner elevation

Date: Signature: TECHNOLOGIST Print name Technologist

Legend: pump Types: GF = Grundfos Elect. Sub..; RF = RediFlo 115v/230v.; WW- Well Wizard, Bladder Pump; NP= No Pump;

NA = Not App_IicabIe; Well Types: BC= Barcad; LY = Lysimeter; MW = Monitor Well; NP = Newtron Probe;
PR = Production Well/Water Supply Well DMT/RTD/ERD 09-08-00
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1.0 PURPOSE

The purpose of this SOP is to enhance well efficiency and subsequent water sample quality by

removing materials introduced into the ground water, water-bearing formation, sand pack, and
well screen during drilling and well installation.

2.0 APPLICABILITY

This procedure is applicable for all personnel performing well development operations, and
should be fully reviewed prior to conducting these activities. ERD work activities are conducted
within the framework of the institutional Integrated Safety Management System (ISMS). The
Environmental Management System (EMS) is a component of the ISMS, which is also supported
during the planning, performing, and evaluation of the work processes.

3.0 REFERENCES

3.1 Barcelona, M. J., J. P. Gibb, J. A. Helfrich, and E. E. Garske (1985), Practical Guide to
Ground Water Sampling, U.S. Government Printing Office, EPA 600/2-85/104.



Procedure No. Revision Number Page 2 of 8

ERD SOP-1.5 5
3.2 Driscoll, F. G. (1986), Groundwater and Wells, Johnson Division, St. Paul, Minnesota.
4.0 DEFINITIONS
See SOP Glossary.
5.0 RESPONSIBILITIES

5.1 Division Leader (DL)
The DL’s responsibility is to ensure that all activities performed by ERD at the
Livermore Site and Site 300 are performed safely and comply with all pertinent
regulations and procedures, and provide the necessary equipment and resources to
accomplish the tasks described in this procedure.

5.2 Project Leader (PL)
The PL’s responsibility is to ensure that all activities are performed safely and comply
with all pertinent regulations and procedures, work is authorized through an IWS, and
there is sufficient funding to initiate the work.

5.3 Hydrogeology & Decision Support Group Leader (HDSGL)
The HDSGL’s responsibility is to ensure that proper procedures are followed for
activities (e.g., drilling, borehole logging and sampling, monitor well installation and
development).

5.4 Hydrogeologist (HG)
The HG is responsible for the overall investigation, planning, assessment, and
remediation within a study area, decisions regarding borehole depths and well
specifications, and arranging the review of borehole, geophysical, and development logs.

5.5 Site Safety Officer (SSO)
The SSO is responsible for ensuring the safety of ERD's ongoing operations,
fieldwork, and facilities and that the work being performed is covered by an
authorized IWS.

5.6 Drilling Coordinator (DC)

The DC provides the interface between the DG, Hydrogeologist (HG), and the field
activities and is responsible for coordinating drilling and well development and purge
water disposal activities and the progress of drilling activities daily.
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5.7

5.8

5.9

Drilling Geologist Supervisor (DGS)

The DGS coordinates the geologist schedules and related activities, equipment needs, and
the progress of daily activities.

Drilling Geologist (DG)

The DG is responsible for conducting and documenting well development activities
safely and correctly per the Drilling Work Plan, and applicable operational and safety
procedures, and to inform the DC and DGS of any nonconformances.

Data Management Team (DMT)

The DMT is responsible for the disposition of the original documents received as a result
of performing work activities described by this SOP.

6.0 PROCEDURE

The primary methods used to develop wells are surge-block/bail and air lift. These techniques
are used to increase well production and reduce water turbidity by removing introduced
sediments from the formation filter pack and well screen area.

6.1

Preparation

6.1.1 Prior to conducting well development activities, perform the applicable
preparation activities described in SOP 4.1, “General Instructions for Field
Personnel”. Personnel who are new to the LLNL project will receive direct field
supervision and on-the-job training (OJT) from a Subject Matter Expert (SME)
for at least the first 24 hours of field activity using the ERD Field Investigation
Orientation Lesson Plan (course number EP7033-05).

6.1.2 The DG should obtain relevant information on each well to be developed (e.g.,
drilling technique, drilling fluid losses, anticipated aquifer yield, screened
interval, anticipated contaminants, etc.).

6.1.3 The DG should obtain materials listed in the Drilling Geologist Equipment
Checklist (SOP 1.1, “Field Borehole Logging, Attachment A).

6.1.4 Decontaminate all equipment used in well development per SOP 4.5, “Equipment
Decontamination.”

6.1.5 Obtain sufficient collection containers such as 55-gal drums or portable tankers
for temporary storage of well development water according to SOP 4.7A,
“Livermore Site Treatment and Disposal of Well Development and Well Purge
Fluids, or SOP 4.7B, “Site 300 Treatment and Disposal of Well Development and
Well Purge Fluids.” At Site 300, purged water is typically discharged directly to
the cuttings pit, adjacent to the well. Ensure that:



Procedure No. Revision Number Page 4 of 8
ERD SOP-1.5 5

6.2

6.3

6.1.6

A. Containers have no leaks.
B. Containers, such as 55-gal drums, are stabilized to prevent spillage.

C. Containers are field manageable. The use of truck- or trailer-mounted tanks
may be necessary for particularly large volumes of water.

D. Containers are labeled as non-potable purge water.

Check the source(s) of water to be introduced into the borehole. Use analyte-free
water. Request analysis if none exist prior to field operations.

Safety Considerations

6.2.1

To ensure safety to the workers and the environment, the procedures described in
the following sections will be conducted in accordance with LLNL Integration
Work Sheet (IWS) 12654 “Drilling in VOC and Mixed Waste-Contaminated Soils
at the Livermore Site”, IWS 11578 Dirilling in VOC-contaminated Soils at the
Livermore Site,” and IWS 12545 “Operation of the AMS TR7000 Well
Management System.” Drilling activities at Site 300 will be conducted in
accordance with IWS 12684 “Site 300 Drilling Activity.”

Operation

Well development should be performed as soon as practical after well installation.
Development may be performed prior to fully installing the sanitary seal, as determined

by the HG or designee.

6.3.1 Measure depth to water according to SOP 3.1, “Water Level Measurements,” and
measure the total depth of the well.

6.3.2 Record all information on the Well Development Data form (Attachment A).

6.2.3 Remove any residual drilling mud from the casing by bailing or flushing with
potable water through a tremie pipe. Introduce just enough water to remove the
drilling mud.

6.3.4 Segregate removed drilling mud from the formation water, if possible. Use
drilling contractor’s mud tank to collect unthinned drilling mud and initial muddy
formation water.

6.3.5 Begin well development using a surge block/bailer based on the number of well

casing volumes. Depending on site specific conditions, follow with additional
surge-block/bailing, airlift, or a combination of the two methods, as described
below. Continue until the water is nearly sediment-free as described below:

A. Use a surge-block/bailer until the water is relatively sediment-free (less than
3 ml/L sediment measured within an Imhoff cone). If a well cannot produce
enough formation water because the aquifer yields insufficient water, small
amounts of potable water may be introduced only with the approval of the HG
or DGS. When most of the sediment is removed, continue development with
formation water only, if possible.
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6.3.6

6.3.7

6.3.8

B. To prevent forcing a pocket of air into the sand pack and possibly reducing the
yield of the well, it is important to use dual tube airlifting. This process
involves diverting an air line into an eductor pipe in the well to create a
vacuum that “lifts” the ground water to the surface. Two-inch PVC as the
eductor pipe, and 1-in. tremie pipe with a “J” attachment as the air line may be
used. In this arrangement, the “J” end extends several inches into the bottom
opening of the 2-in. PVC. At the surface, compressed air is fed through the
tremie pipe, travels down through the submerged “J” tube, and travels back to
the surface through the 2-in. PVC. This process creates a vacuum in the PVC
casing that “lifts” the ground water out of the well and allows for easy
containment of the purged water. Air lifting should start at the top of the sand
pack and move down until the entire sand pack interval is developed.

C. Start dual-tube air lifting about 10 ft above the top of the screen, and use just
enough air pressure to develop a flow. Gradually increase air pressure to
maximize flow. Make periodic water level measurements to ensure the water
level in the well casing does not fall below the top of the screen. Surge air
pressure periodically to make the water column rise and fall. Move the air
line down into the screen as the water clears. Note the time it takes for the
water to clear between successive rounds of surging. Effective surging is
indicated by decreasing time for water to clear. Ensure that the compressed
air is filtered before introduction into the well. All collected purge water
should be treated or disposed in accordance with SOP 4.7A or SOP 4.7B.

Visually note the initial water color, clarity, odor and pH (using pH paper) of the
purge water, and record on the Well Development Data form (Attachment A).
The pH is checked primarily to ensure there is no grout or cement contamination.
The majority of the ground water falls in a pH range of between 7 and 9. If the
pH of the purged water at the end of development is above 9.5, the condition of
the well should be evaluated for grout invasion. This is especially apparent if the
pH is higher at the start of development and slowly declines as more water is
removed from the well, but rises to higher levels upon ceasing the purging
process. Further air development may need to be performed until a lower pH is
obtained.

Periodically record descriptions of development method, flow rate, water clarity,
odor, water levels, recovery rates, quantity of water evacuated, pH, and sediment
content (using a 1-liter Imhoff cone).

Develop the well until it is sediment free. An Imhoff cone should be used to
determine when there is no further improvement in well sediment levels. As a
general rule of thumb, sediment should consist of 3 ml/L or less in the cone when
initial development is complete. A final pH check using pH paper should be
conducted to ensure there is no cement contamination. Water chemistry
parameters, including pH, specific conductance, temperature, and when possible,
dissolved oxygen, and redox potentials, will be carefully scrutinized at the first
routine sampling event to ensure the well was properly developed.
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6.4

6.3.9

6.3.10

6.3.11

Contain all water produced during development.  Determination of the
appropriate treatment prior to disposal will be based on a chemical analysis of the
water or at Site 300, purge water is typically discharged directly to the cuttings pit
adjacent to the well. Handle development effluent according to SOP 4.7A and
SOP 4.7B.

Using flow rates and recovery rates, estimate the discharge rate at which the well
can be pumped while not allowing (if possible) the water level to fall below the
top of the screened section of the casing. This estimated sustainable yield of the
well should be reported to the ground water monitoring Sampling Coordinator
(SC). In some cases, the yield is too low for any purging device. These cases
should be labeled as low yielding monitoring wells or dry-out wells (SOP 2.7,
“Presample Purging and Sampling of Low-Yielding Monitor Wells”).

Collect a bailed water post-development sample when requested by the HG. The
HG will specify the required analyses. Post-development samples are identified
differently than routine bailed water samples. For example, a post-development
bailed water sample collected from well W-815-2110 at a depth of 35 ft from the
top of the casing would be identified as well W-815-2110-MSC-35-F. Post-
development samples should be collected after full recovery of the static water
level, if practical. The static water level should be measured before sampling.

Post Operation

6.4.1

6.4.2

7.1
7.2
7.3
7.4

Perform post-work activities described in SOP 4.1, “General Instructions for Field
Personnel,” Section 6.4.

Deliver original data forms to the Quality Control Reviewer for review. After the
review, edit documents, copy, and distribute files. Deliver final versions of
original documents to DMT.

7.0 QUALITY ASSURANCE RECORDS

Borehole/Well Construction Log
Chain-of-Custody Form
Document Control Logbook

Well Development Data Form

8.0 ATTACHMENTS

Attachment A—Well Development Data Form
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Attachment A. Well development data form.
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1.0 PURPOSE

1.1 Borehole geophysics is a subsurface characterization method that involves in situ
measurement of the physical properties of geologic materials penetrated by boreholes.
Properly calibrated borehole geophysical (wireline) measurements can be used to define
lithologic units, make correlations between wells, and estimate detailed quantitative
geohydrologic property profiles of the lithologic units.

1.2 This SOP specifies procedures for conducting standard borehole geophysical logging
operations at the Livermore Site and Site 300. The standard suite of geophysical logs
used (summarized in Attachment A) at the two sites may include:

Natural Gamma Radiation Log (NGL).
Electromagnetic Induction Log (IL).
Spontaneous Potential Log (SP).
Electrical Resistivity Log (E-Log).
Guarded Electrode Resistivity Log (GL).
Borehole Video Log (BVL).

Three-Arm Caliper Log (CL).

oM EHUAaw»
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2.1

2.2

2.3

24

2.5

3.1

Acoustic Borehole Televiewer (BHTV).
Digital Optical Televiewer (OPTV)
Neutron Log (NL).

Full Waveform Sonic (FWS)

ol R

Deviation Survey (DS).

2.0 APPLICABILITY

ERD work activities are conducted within the framework of the institutional Integrated
Safety Management System (ISMS). The Environmental Management System (EMS) is
a component of the ISMS, which is also supported during the planning, performing, and
evaluation of the work processes.

The main application of borehole geophysics at LLNL is subsurface characterization.
Geophysical logs are semi-continuous calibrated physical property measurements of the
materials penetrated by the borehole. Because of this, the logs are internally consistent,
and can be used to correlate lithologic indicators between boreholes. A wide variety of
borehole geophysical logging tools that measure several different physical properties are
available. Not all available logging tools are needed for a given logging operation. In
order to select an appropriate suite of geophysical tools for a given site, it is important to
consider the conditions in the borehole which are influenced primarily by the
hydrogeology encountered and the drilling method used.

Livermore Site boreholes are commonly fluid filled due to mud rotary drilling operations
and because saturated formation conditions are encountered between 30 and 120 ft below
ground surface (bgs). Given these borehole conditions, the recommended logging suite
for the Livermore Site boreholes consists of the following logs: CL, NGL, SP, E-Log,
Guard Log and IL. The order the logs are run is determined by borehole conditions.

Saturated formation conditions at Site 300 are encountered at a wide range of depths
between 15 and 500+ ft bgs, depending mainly on surface elevation. Site 300 boreholes
are commonly air filled above the water table because minimal quantities of fluid are
introduced into the borehole during air-mist rotary drilling operations. Therefore, the
recommended logging suite for Site 300 boreholes consists of the following logs: CL,
NGL, and IL. The order the logs are run is determined by borehole conditions. If the
Site 300 are mud-rotary driven or water-filled air/mist rotary drilled, the GL is also
recommended.

NGL and IL logs can be run in air-filled or fluid-filled, uncased boreholes or polyvinyl
chloride (PVC)-cased wells. Whenever possible, geophysical logging costs can be
minimized by logging several wells per mobilization. This approach minimizes
mobilization costs and eliminates rig standby costs.

3.0 REFERENCES

Bateman, R. M. (1985), Log Quality Control International Human Resources,
Corporation, Boston, Massachusetts.



Procedure No. Revision Number Page 3 of 23
ERD SOP-1.6 5

3.2

3.3

34

3.5

3.6

3.7

3.8
39
3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

BPB (1981), Coal Logging Notes BPB Instruments, Ltd., East Leake, Loughborough,
UK.

Bosworth, A. F. (1972), “Log Calibrations Surface and Downhole,” Canadian Well
Logging Society Journal, v. 5, No. 4 (December), pp. 39-69.

Century (1979), Mineral Logging Manual Century Geophysical Company, Tulsa
Oklahoma.

Cochrane, J. (1972), “Principles of Log Calibration and their Application to Log
Accuracy,” Jour. Pet. Tech., v. 24, pp. 817-826.

Dresser Atlas (1976), Calibration Procedures Manual Dresser Atlas Industries, Houston,
Texas.

Dresser Atlas (1982), Well Logging and Interpretation Techniques, Dresser Atlas
Industries.

Ellis, D. V. (1987), Well Logging for Earth Scientists, Elsevier, New York, New York.
Gearhart (1985), Calibration Manual Gearhart-Owen Industries, Fort Worth, Texas.

Griéper, F. (1994), “Wireline Data Quality Control: From Wellsite to Evaluated Product,”
The Log Analyst, v. 35, No. 5, pp. 39-42.

Hearst, J. R., and Nelson, P. H. (1985), Well Logging for Physical Properties, McGraw-
Hill Book Company, New York, New York.

Hill, D. G. (1986), “Geophysical Well Log Calibration and Quality Control,” in Borehole
Geophysics for Mining and Geotechnical Applications, P. G. Killeen, Ed., Geological
Survey of Canada, Paper 85-27, pp. 379-392.

Hill, D. G. (1994), Electrical Resistivity Log Product Quality Memorandum,
Interdepartmental Memo dated December 22, 1994.

Hill, D. G. (1994), Gamma Ray Log Product Quality Memorandum, Interdepartmental
Memo dated October 6, 1994.

Hill, D. G. (1994), Induction Log Product Quality Memorandum, Interdepartmental
Memo, March 18, 1994.

Hill, D. G. (1995), Guarded Electrode Resistivity Log Product Quality Memorandum,
Draft Interdepartmental Memo dated January 31, 1995.

Hill, D. G. (1995), Proposed Borehole Geophysical (Wireline) Log Measurement
Protocols for Environmental Monitor, Injection, and Extraction Wells Interdepartmental
Memo dated March 7, 1995.

Hill, D. G. (1995), Proposed Wireline Measurement Witness Responsibilities and Check
Lists for Environmental, Monitoring, Injection, and/or Extraction Wells. Draft
Interdepartmental Memo dated March 7, 1995.

Keys, W. K. (1989), Borehole Geophysics Applied to Ground-Water Investigations,
National Water Well Association, Dublin, Ohio.

McNeill, J.D., Bosnar, M., and Snelgrove, F. B. (1990), “Resolution of an
Electromagnetic Borehole Conductivity Logger for Geotechnical and Ground Water
Applications,” Geonics Limited Technical Note TN-25.



Procedure No. Revision Number Page 4 of 23
ERD SOP-1.6 5

3.21

3.22

3.23

3.24
3.25

3.26

3.27

3.28

3.29
3.30

3.31

Qualheim, B., (1990), “Borehole Geophysical Logging” in Environmental Restoration
Program Standard Operating Procedures (SOPs), D. Rice, P. Daley, and T. Carlsen,
Eds., Lawrence Livermore National Laboratory, M-245, SOP 1.6.

Ross, D., Alger, R., Bishop, D., Dumanoir, J., Hawkins, J., Millard, F., Wall, T., and
Yarborough, D. (1979), The Art of Ancient Log Analysis, Society of Professional Log
Analysis.

Schlumberger (1974), Calibration and Quality Standards Schlumberger Limited,
Houston, Texas.

Schlumberger (1979), Calibrations Guide Schlumberger Limited, Houston, Texas.

Schlumberger (1984), Resistivity Measurement Tools Schlumberger Limited, Houston,
Texas.

Schlumberger (1991), Log Interpretation:  Principles/Applications, Schlumberger
Limited, Houston, Texas.

Schlumberger (1991), Log Quality Control Reference Manual Schlumberger Limited,
Houston, Texas.

Sciacca, J., and Manchon, B. (1994), “Log Quality Workshop: Recognizing a Good
Borehole Geophysical Log,” presented at: Eighth National Outdoor Action on Aquifer
Restoration, Groundwater Monitoring and Geophysical Methods, National Ground Water
Association.

Theys, P. P. (1991), Log Data Acquisition and Quality Control, Editions Technip, Paris.

Yearsley, E. N., and Crowder, R. E. (1990), “State-of-the-Art Borehole Geophysics
Applied to Hydrogeology,” In Proceedings from Canadian-American Conference on
Hydrogeology, Calgary, Canada.

WELENCO (1993), Water Well Geophysical Logs WELENCO, Inc., Bakersfield,
California.

4.0 DEFINITIONS

See SOP Glossary.

5.1

5.2

5.0 RESPONSIBILITIES
Division Leader (DL)

The DL’s responsibility is to ensure that all activities performed by ERD at the
Livermore Site and Site 300 are performed safely and comply with all pertinent
regulations and procedures, and provide the necessary equipment and resources to
accomplish the tasks described in this procedure.

Project Leader (PL)

The PL’s responsibility is to ensure that all activities are performed safely and comply
with all pertinent regulations and procedures, work is authorized through an IWS,
institution requirements of the Findings and Determination are followed, and there is
sufficient funding to initiate the work.
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5.3

5.4

5.5

5.6

5.7

5.8

Hydrogeology & Decision Support Group Leader (HDSGL)

The HDSGL’s responsibility is to ensure that proper procedures are followed for
activities (i.e., drilling, borehole logging and sampling, monitor well installations and
development).

Hydrogeologist (HG)

The HG is responsible for the overall investigation, planning (includes generating a
Drilling Work Plan and/or Sampling Plan), assessment, and remediation within a study
area, geologic and hydrogeologic information, quantitative well log analysis, and
decisions regarding sample depths and analyses required. The HG is also responsible for
correlating logs between boreholes and developing subsurface geology models and for
resolving any QA/QC issues that cannot be resolved at the drill site.

Site Safety Officer (SSO)

The SSO’s responsibility is to ensure safe facility operations and that the work is
performed in compliance with applicable IWSs, Site Safety Plans, SOPs, and any other
applicable safety related documentation. This position primarily applies to Site 300
treatment facility operations. At the Livermore Site, these tasks are performed by the FE
& FO or other personnel as assigned.

Drilling Coordinator (DC) or Designee

The DC or designee interface between the DGS, HG, and the field activities and is
responsible for providing the Drilling Work Plan to the Drilling Geologist, monitoring
the progress of drilling and geophysical activities daily.

Drilling Geologist Supervisor (DGS) or Designee

The DGS or designee is responsible for coordinating the overall drilling and
Petrophysical program, notifying the geophysical logging contractor when logging
operations are required, and communicating any requests or changes in the logging
program that will result in changes in geophysical logging charges. The DGS also
provides QA/QC and qualitative well log analysis on final log plots and works with the
Data Management Team (DMT) to ensure that geophysical data is uploaded into the ERD
database.

Drilling Geologist (DG)

The DG’s responsibility is to provide the logging engineer with a logging program and
documenting all logging operations on the Wireline Logging Summary (Attachment B),
ensuring that the correct logs are run in the specified order, and all calibration and
QA/QC procedures specified in the current versions of Proposed Borehole Geophysical
(Wireline) Log Measurement Protocols for Environmental Monitor, Injection, and
Extraction Wells (*Reference material) and Proposed Wireline Measurement Witness
Check Lists for Environmental, Monitoring, Injection, and/or Extraction Wells
(*Reference material) are carried out.

*The above reference material can be obtained from ERD Library.
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5.9

5.10

5.11

5.12

6.1

Geophysical Logging Contractor

The geophysical logging contractor’s responsibility is to provide a qualified logging
engineer (person qualified and familiar with logging equipment, operations, LLNL
procedures) and the following:

* Properly calibrated logging tools.

e Sufficient back-up tools to ensure that all requested services will be successfully
performed.

e Ensure that all measurements have a common depth basis (i.e., depth-matched data).

*  Mud/mud filtrate resistivities (R, Rp).
* Borehole corrected data.
* Paper copy field prints of all logs at the proper depth and horizontal scales.

e Paper and reproducible copy final prints of all logs at the proper depth and horizontal
scales.

* Mud density and viscosity.

* Log ASCII standard (LAS)-formatted diskettes containing all digital measured and
processed log data.

e (CDs containing color image files of OPTV log runs.
Engineering and Operations Group (EOG)

The Engineering and Operations Group is responsible for removing pumps from monitor
wells prior to logging.

Modeling Team (MT)

The Modeling Team is responsible for converting subsurface geology and petrophysical
models into quantitative, flow and volumetric models of the subsurface.

Data Management Team (DMT)

The DMT is responsible for the disposition of the original documents received as a result
of performing work activities described by this SOP.

6.0 PROCEDURES

Discussion

6.1.1 Borehole geophysical measurements are obtained from geophysical logging tools
suspended in uncased boreholes or cased wells. These tools measure a variety of
physical properties of geologic materials penetrated by the borehole, including:

A. Formation electrical resistivity or conductivity.
B. Formation electrochemical contrasts between the borehole and in situ fluids.

C. Formation natural gamma ray emissions.
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. Borehole diameter.

. Formation acoustic velocity.

D

E

F. Formation hydrogen ion concentrations.
G. Acoustic reflectance of the borehole wall.
H

. Formation electron density.

6.1.2 Measurements are made as the tool is pulled up the borehole at a constant rate on
a multi-conductor armored cable (or wireline) using a power supply at the surface
(Attachment C). Measurement depth is controlled by passing the cable over a
calibrated sheave. Downhole data are transmitted via the cable to a computer at
the surface where the data are stored and processed. Geophysical logs are paper
copy records of borehole measurements plotted with amplitude on the horizontal
axis and depth on the vertical axis.

6.2 Office Preparation

6.2.1 Develop a logging program that is consistent with the expected borehole
conditions and characterization objectives. The logging program should specify
all pertinent borehole information, such as:

. Borehole identification number.
. Borehole location.

. Bit size.

A

B

C

D. Surface elevation (if available).

E. Services requested (logs) and order for running logs.
F. Drilling fluid type.

G. Casing details.

H

. Amplitude and depth scales for each log.

6.2.2 Coordinate drilling operations with desired logging conditions.
A E-Log, FWS, and GL cannot be run in air-filled or cased boreholes.

B. BHTV should not be run in air rotary or hollow stemmed auger drilled
borehole.

C. Borehole video should not be run in mud filled boreholes.

6.2.3 Notify the logging contractor 24 to 48 hr ahead of time of the required logging
tools and appropriate contractual information (e.g., release numbers, etc.) before
logging operations begin.



Procedure No. Revision Number Page 8 of 23
ERD SOP-1.6 5

6.3

6.4

6.5

6.2.4 When logging operations are planned for existing wells, notify the Engineering
Group two to three weeks prior to logging to schedule pump removal(s), if
necessary.

Safety Considerations

6.3.1 The procedures described in the following sections will be conducted in
accordance with LLNL Integration Work Sheet (IWS) 11582 “Geophysical
Logging at the Livermore Site” and LLNL IWS 12365 “Geophysical Logging at
Site 300” under the direction of a DG.

Field Preparation

6.4.1 Provide the logging engineer with a logging program, and discuss any unusual
conditions or departures from standard protocol prior to logging operations.

6.4.2 Provide logging engineer with the following information for the log header:

Borehole location.

Borehole ground level elevation.
Borehole depth.

Fluid level.

mo 0w >

Depth of any potentially problematic zones.

6.4.3 Prepare surface electrode locations for those wells to be logged by E-log and/or
Guard log by wetting the site daily to lower electrode contact resistances.

6.4.4 When logging mud-rotary boreholes, a 2- to 5-gal sample of the drilling mud will
be collected during borehole conditioning and set aside for the logging contractor
to determine mud resistivity (Rm), mud cake resistivity (Rmc), mud filtrate
resistivity (Rmf), mud density, and mud viscosity.

6.4.5 Remove pumps from any wells prior to cased-hole logging operations.

Logging Order

6.5.1 Livermore Site

In uncased boreholes, run the E-Log, followed by natural gamma ray, guarded
electrode resistivity log, and induction log. Because the caliper log could disturb
the mud cake that protects the borehole, causing the borehole to collapse, the
caliper log should be run last. If unusual borehole conditions develop, which
could significantly increase the risk of losing a logging tool, the DG and DC
should be notified before continuing logging operations.

6.5.2 Site 300

In uncased boreholes, the caliper log is usually run first to evaluate any unusual
hole conditions (i.e., large diameter “wash outs” or small diameter “tight” zones).
In situations where an OPTV log is desired and borehole stability is known to be
good, it is preferable to run the OPTV tool first in order to obtain the best quality
image. If unusual borehole conditions develop, which could significantly increase
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6.6

6.7

6.8

the risk of losing a logging tool, the DG and DC should be notified before
continuing with logging operations.

6.5.3 Both Sites

E-Logs, guard logs, FWS, and BHTV must be run in uncased, fluid-filled
boreholes. Electromagnetic induction logs cannot be run in metallic cased wells,
but yield excellent results in PVC-cased boreholes. Natural gamma ray logs can
be run in cased wells or uncased boreholes.

Calibration
6.6.1 Basically, there are three types of tool calibration standards:

1. Primary calibration standards involve permanent test pits, which are primarily
used to calibrate logging tool prototypes, and shop standards.

2. Secondary or shop calibration standards are transportable calibration standards
that are referenced to the primary standards. Shop standards are often too
bulky to be easily transported to field sites. Logging sondes should be
checked against these standards on a monthly basis.

3. Tertiary or field standards are compact enough that they can be easily taken to
the field to verify that the sonde calibration has not drifted from the shop
calibration at each logging job.

6.6.2 Conduct all tool calibration and QA/QC procedures as specified in the Wireline
Protocols and Witness Checklist. See Section 5.5 of this SOP, for instructions to
locate current versions of these documents.

General

6.7.1 Document all logging operations on a Wireline Logging Summary
(Attachment B).

6.7.2 Always repeat geophysical logs over intervals of at least 50 ft., including
completion interval(s), intervals of log response extremes, and any zones of
questionable data on the main log. Display repeat sections on all field and final
prints.

6.7.3 Clearly display all log scales at the top and bottom of all field and final prints.
6.7.4 Clearly display all shop and field calibration records on all field and final prints.

Natural Gamma Log (NGL) Operation

NGL tools detect gamma radiation emitted by radionuclides in the formation. The most
common natural gamma ray emitting radionuclides are Potassium (49K) and Uranium-
and Thorium-series daughter products (2!4Pb and 214Bi). NGL are commonly used to
characterize stratigraphy and make correlations between wells. They can also be used to
infer quantitative estimates of effective porosity and hydraulic conductivity of the
materials penetrated by the borehole. This log is widely used because it can be run in air-
or fluid-filled conditions, drill pipe, and cased or uncased holes.
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6.9

6.10

6.8.1 NGLs record gamma radiation emitted from the formation in counts per second
(cps) or American Petroleum Institute (API) units. The recommended scale for
field prints is 0—100 or 0-200 API units or counts increasing from left to right
(LTR).

6.8.2 NGLs should be run at a logging speed of 10 ft/min, or slower.

6.8.3 NGL field and final prints should include standard source (e.g., API calibrator)
calibration and a three-min. stability check documentation.

6.8.4 Use only 1.25 by 6 in. (or 1 by 8 in.) sodium iodide (Nal) crystal or other high
efficiency detectors.

6.7.5 Use a 5-sec time constant for 1 by 6 in. detectors and a 4-sec time constant for 1
by 8 in. detectors.

6.7.6 In final prints, display NGL profiles in the left track (API Track 1) with API or
CPS units increasing LTR.

Electromagnetic Induction Log (IL) Operation

Induction tools operate on the principle of electromagnetic induction. An electrical
current is induced in the formation by generating a radio frequency (20-40 kHz),
alternating current in the transmitting coil of the IL tool. The induced current is
proportional to the formation electrical conductivity and is measured by a receiver coil
spaced 1.5 to 2.0 ft from the transmitter. IL tools can be run in air-filled or fluid-filled
conditions, and uncased boreholes or wells that are cased with non-electrically
conductive material. IL logs are ideal for characterizing stratigraphy and making
correlations between wells. They are also useful for inferring formation porosity.

6.9.1 The IL log is recorded in electrical conductivity units of millisiemens/meter
(mS/m). Field and final prints should display both electrical conductivity in
mS/m on the right of the depth track (display RTL, in API Track 3) and electrical
resistivity in ohm-m (LTR 2-3 cycle logarithmic display, in API track 2).
Horizontal scales should be selected to maximize the amount of log that remains
“on scale.”

6.9.2 Run the IL log at 20 ft/min.
6.9.3 IL final prints should include tool shop and field calibration documentation.

6.9.4 In final prints, display IL profiles on the tracks to the right of the depth track in
electrical resistivity (ohm-m) 2-3 cycle logarithmic units increasing to the right in
API Track 2, and conductivity mS/m units decreasing to the left in API Track 3.

Galvanic Resistivity (E-log or Guard) Operation

Both Electric Log (E-Log) and GL tools measure apparent formation resistivity directly.
An electrical current (I) is passed between a current source electrode on the logging tool
and a current return electrode at the surface. Electrical potential differences (V) are
measured between electrodes on the surface and at depth. The resulting V/I ratios are
converted to apparent resistivities, using algorithms based upon the electrode array
geometries and potential theory. Because these electrical tools are galvanically coupled
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6.11

6.12

directly to the earth with their electrodes, the techniques are called galvanic resistivity
methods. Galvanic resistivity logs are ideal for characterizing stratigraphy and making
correlations between wells. They are also useful for inferring formation porosity. These
logs must be run in fluid-filled, uncased boreholes.

6.10.1 Galvanic resistivity log 16-in. normal (Rsy), 64-in. normal (R ), and guard (Rg)
resistivities are recorded in units of ohm-meter (ohm-m). Field and final prints
should display electrical resistivity in 2-3 cycle logarithmic ohm-m (LTR display
in API Tracks 2 or 3). Horizontal scales should be selected to maximize the
amount of log that remains “on scale.”

6.10.2 Run the galvanic resistivity logs at 20 ft/min.

6.10.3 Galvanic resistivity final prints should include tool field calibration
documentation.

6.10.4 In final prints, display galvanic resistivity profiles on the track to the right of the
depth track (API Tracks 2 or 3) in 2-3 cycle logarithmic electrical resistivity
(ohm-m) units increasing to the right.

Spontaneous Potential Log (SP) Operation

SP is an electrochemical phenomena resulting from salinity differences between the mud
filtrate and in situ waters and the passage of saline waters through clays. High clay
mineral content zones act as cation selective membranes, allowing cations to pass but
repelling anions. This selectivity will result in a cation deficiency on the more saline side
of the membrane and a cation surplus on the low salinity side. If the in situ waters are
more saline than the mud filtrate, the electrical potential (with respect to some distant
reference point) opposite clay zones will be positive with respect to that opposite sands
and gravels. If the mud filtrate is more saline than the in situ waters, the opposite will
occur. SP logs must be run in fluid-filled, uncased boreholes and are used to characterize
stratigraphy and formation water salinity.

6.11.1 The SP curve is a relative measurement and is presented in units of millivolts
(mv).
6.11.2  Run SP logs at 20 ft/min.

6.11.3  SP final prints should include tool field calibration documentation and three-
minute electrode stability checks.

6.11.4 In final prints, display SP profiles in API Track 1 (left hand track) in mv units
increasing LTR.

Borehole Video Log (BVL) Operation

BVL cameras are used to view uncased boreholes and cased wells. Best results are
obtained in air-filled or clear fluid-filled conditions. Both black and white and color
cameras are used to evaluate fractured bedrock, inspect borehole “washouts,” and inspect
casing conditions.

6.12.1 Display the depth and well identification on video log and videotape.
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6.13

6.14

6.12.2  Centralize the borehole video camera in the hole.
6.12.3 Make repeat runs over intervals specified by the DG.

6.12.4 Allow sufficient time for the BVL camera to equilibrate with downhole
temperature and humidity conditions to ensure that the camera lens does not fog
up. Distilled water can be poured in the borehole to clear fogged camera lenses.

6.12.5 Adjust brightness, contrast, and other image controls to optimize image clarity.

Three-Arm Caliper Log (CL) Operation

Three-arm calipers are used to measure borehole diameter as a function of depth. CLs
consist of three to four arm sensors. CLs are usually run first when conducting uncased
borehole logging operations at Site 300, and last at the Livermore Site. CLs may be run
in air-filled or fluid-filled boreholes.

6.13.1  Scale the Three-Arm Caliper Log at 1 division per inch. The log should range
from 3 in. to 18 in. for most boreholes.

6.13.2 Run a repeat section over any part of the hole designated by the DG.

6.13.3 Indicate the drill bit diameter on the log.

Full Waveform Sonic (FWS) Logs

FWS logs measure the acoustic inverse velocity (interval transit time) of the material
penetrated by the borehole. This is accomplished by conducting multiple miniature
seismic refraction shots as the sonde containing one (or two) acoustic transmitter(s) and
two receivers is retrieved from the bottom of a fluid-filled uncased borehole. FWS logs
are useful in correlating lithology between boreholes, evaluating porosity, indicating
fractured or permeable zones, evaluating rock strength and elasticity, and identifying the
top of the water table.

6.14.1 The FWS interval transit time (ITT) is displayed at ysec/ft RTL in API Tracks 2
and 3.

6.14.2 FWS tools should be run with centralizers.

6.14.3  Magnetostrictive (FWS) sources should be polarized prior to the logging job
(piezometric sources need not be).

6.14.4 Run FWS at 10 to 15 ft/min.

6.14.5 Monitor FWS signals at both receivers to ensure that the automated picking
algorithm does not skip cycles.

6.14.6  If possible, record full acoustic wave forms for both receiver and enhance with
post processing before running the picking algorithm.
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6.15

6.16

6.17

Neutron Log (NL)

The NL is used to determine total porosity under saturated conditions, meaure the amount
of moisture in unsaturated zones, and to characterize lithology. NLs measure the
concentration of hydrogen ions in the material (formation and fluid) penetrated by the
borehole. This accomplished by bombarding the borehole wall with high energy
neutrons and noting the energy decay at one or more distances from the neutron source.
NL can be run in air-filled or fluid-filled boreholes as well as in PVC or steel cased wells.

6.15.1 NL use chemical radioactive sources or neutron generators. Because of this,
they can only be run in cased environmental wells and special protocols must be
developed.

6.15.2 NL are statistical tools like the NGL and should be run at slow logging speeds
(e.g., 10—15 ft/min or slower) to improve statistics.

6.15.3 NL data should be presented as logarithmic count rates (cps or API units) LTR
or neutron porosity (hydrogen index units linear RTL in API Tracks 2 and 3).

Acoustic Borehole Televiewer (BHTYV)

BHTV logs are run to provide acoustic images of the borehole wall. This is
accomplished by reflecting high frequency acoustic energy (at direct incidence) from the
borehole wall. BHTV products are borehole wall acoustic reflectance and acoustic
caliper images of the entire 360° degree borehole wall. These images can then be
enhanced and interpreted on an interactive workstation to provide detailed structural and
stratigraphic information about the material penetrated by the borehole. BHTV logs are
run in fluid-filled, uncased boreholes.

6.16.1 BHTYV should only be run in mud rotary drilled, uncased boreholes.
6.16.2 Run BHTYV at 10 ft/min or slower.

6.16.3 Run BHTYV tool with centralizers.

6.16.4 Run BHTYV up into surface casing as a check.

6.16.5 Use interactive workstation enhancement and interpretation for BHTV images.

Optical Televiewer (OPTV)

OPTV logs are run to provide a detailed and orientated 360 degrees image of the
borehole. The OPTV tool consists of a charged coupled device (CCD) video camera that
can operate in either dry or water-filled portions of the borehole providing that the water-
filled portion is optically clear. A light source composed of a circular series of LEDs at
the bottom of the tool illuminates the borehole through a clear viewing glass. Light
reflected from the borehole wall is captured by a hyperbolic mirror inside the probe. The
mirror routes this reflected radial image from the borehole wall to the CCD camera. This
radial image is reference to magnetic north by an onboard magnetic compass. These
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6.18

6.19

6.20

images can then be enhanced and interpreted to provide detailed structural and
stratigraphic information about the material penetrated by the borehole.

6.17.1

6.17.2

6.17.3

OPTYV should only be run in air-mist rotary drilled, uncased boreholes.

Check the OPTV’s tool directional reference (magnetic north) with a Brunton
compass prior to logging.

Run OPTYV at 4 ft/min or slower.

Borehole Deviation Survey (DS) Log

A DS log (ak.a. dipmeter log) records the deviation of a borehole or well from true
vertical. Deviation logs are used to determine the azimuth and inclination of the borehole
at any point along its path. A borehole DS can be performed in air- or fluid-filled
boreholes or wells.

Field Post Operation

6.19.1

6.19.2

6.19.3

6.19.4

6.19.5

6.19.6
6.19.7

Compare geophysical log measurements to lithologic information determined
from drive samples and cores, and information from nearby wells during and
after logging operations.

Discuss all geophysical log anomalies with logging engineer. Contact the HG
immediately if any QA/QC issues arise that cannot be resolved at the drill site.

When multiple logs are run in the same hole, ensure that log profiles are keyed
to the same depth reference. This can be done by comparing the depths of
characteristic log responses from thin (1-ft to 3-ft-thick) claystone intervals on
each log.

Compare main log with repeat section to check log repeatability. The logging
engineer can provide field overplots to accomplish this.

The Geophysical Logging Contractor will provide five field print copies of all
logs at the proper depth and horizontal scales before leaving the site.

Resistivities (E-Log, GL, and IL) should all agree in clay zones.
Depth scale: Site 300 is 5"/100 ft; Main Site is 10"/100 ft.

Office Post Operation

6.20.1

6.20.2

6.20.3
6.20.4

Communicate any changes in final log specifications or corrections to the
logging contractor within 1 to 2 days after logging operations.

Log ASCII standard (LAS)-formatted diskettes of all digital logging data should
be received within 1 to 2 weeks of the completion of logging operations.

Inspect logging tool calibration documentation for each log product.

The Geophysical Logging Contractor should perform depth matching and
borehole corrections before delivering final displays.
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6.21

6.20.5

6.20.6

LAS diskettes should contain all measured data (include repeat sections and
calibration) and processed results (depth matched and borehole converted data).

Final log prints of both measured and final processed displays will be delivered
within 1 to 2 weeks of completion of logging operations.

Documentation of Failures

6.21.1

6.21.2

6.21.3

6.21.4

Calibration Failures

All borehole geophysical tool fabricators supply tool calibration protocol with
their sondes. The logging vendor should attach records of the appropriate dated
and signed shop and field calibration records to all final log prints. Departures
from published calibration protocol and/or standards are noted on the Wireline
Logging Summary (Attachment B).

Depth Control Failures

Borehole geophysical log depth control is established by passing the logging
cable over a calibrated sheave. Depth control failures are noted by comparing
driller’s depths to logger’s depths and logger’s depths on multiple trip logging
jobs. Depth control problems are noted on the Wireline Logging Summary
(Attachment B).

Repeat Failures

Borehole geophysical measurements are repeatable physical property
measurements. Borehole geophysical vendors run short (50 to 200 ft) repeat
sections (Section 6.7.2) of logs to demonstrate that their results are repeatable.
Direct measurement tools, such as resistivity logs, have very narrow repeat
measurement tolerance. Statistical measurement tools such as the radioactive
logs have broader repeat measurement tolerances. Departures from published
repeat standards are noted on the page 1 of the Wireline Logging Summary
(Attachment B). Failure to repeat a logging measurement may be due to
borehole conditions beyond the control of the Geophysical Logging Contractor.
If this is the case, it should be noted on the Wireline Logging Summary
(Attachment B).

Inconsistency with Offset Borehole or Well Log Results

Borehole geophysical results should be easily correlated between nearby
boreholes and/or wells.  Abrupt changes in the character of borehole
geophysical logs between offset boreholes/wells can occur due to changes in
subsurface geology, borehole conditions, and/or logging equipment failure.
Inconsistencies of borehole geophysical logs that occur between boreholes/wells
should be noted on page 1 of the Wire logging Summary (Attachment B). If
these inconsistencies are due to subsurface geology or borehole conditions, note
that as well.
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7.1

7.2

6.21.5

6.21.6

Tool Specific Check Failures

Some borehole geophysical data quality checks are tool specific, such as caliper
measurements of casing inside diameter and gamma ray stability checks.
Failures of these tool specific quality checks should be noted on page 1 of the
Wireline Logging Summary (Attachment B). It should also be noted if these
failures are due to borehole conditions or not.

Presentation Failures

Borehole geophysical data quality may be good, but appears to be bad because
of poor presentation by the Geophysical Logging Contractor. Borehole
geophysical log presentation failures should be noted on the Wireline Logging
Summary (Attachment B).

7.0 QUALITY ASSURANCE RECORDS

Quality Assurance reports that the borehole geophysical logging tools are: (1) working
properly, (2) used according to their design, and (3) properly calibrated should be
compiled for each logging job. The borehole geophysical logging contractor must
document that the log products meet these conditions, and the DG must verify these
conditions. The front of the Wireline Logging Summary (Attachment B) provides a
convenient summary matrix to document any log product quality problems.

Specific borehole geophysical data quality assurance records are:

A. Wireline Logging Summary, compiled by the DG and augmented by the
Petrophysicist.

B. Any QA/QC electronic mail and/or memoranda generated by the DG and/or HG for a
specific log suite.

C. Deliver final versions of Geophysical Logs and Wireline Logging Summary
documents to DMT.

8.0 ATTACHMENTS

Attachment A—Geophysical Logs

Attachment B— Wireline Logging Summary

Attachment C— Schematic Diagram of Borehole Geophysical (Wireline) Logging Operation
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Attachment A. Geophysical logs.
Geophysical log Description Primary purpose

Natural Gamma Log
(NGL)

Electromagnetic
Induction Log (IL)

Spontaneous
Potential (SP)

Electrical Resistivity
(E-Log)

Borehole Video Log
(BVL)

Three-Arm Caliper
Log (CL)

Acoustic Borehole
Televiewer (BHTV)

Full Waveform
Sonic (FWS) Log

Guarded Electrode
Resistivity Log (GL)

Neutron Log (NL)

Digital Optical
Televiewer (OPTYV)

Borehole Deviation
Survey (DS) Log

Used in air- or fluid-filled, cased or
uncased borehole, <14 in. diam. Measures
natural gamma radiation emitted by the
formation.

Used in air- or fluid-filled, uncased or PVC-
cased boreholes, 2-10 in. diam. Measures
formation electrical conductivity between 2
coils, 20 in. apart by using electromagnetic
induction.

Used in fluid-filled, uncased borehole only.

Used in fluid-filled, uncased borehole only.

Used in air- or fluid-filled; cased or
uncased borehole. Produces a video tape of
the borehole (or casing) using a downhole
camera.

Used in air- or fluid-filled, cased or
uncased borehole. Measures borehole
diameter using 3 or 4 radially spaced arms.

Used in fluid-filled, uncased boreholes.
Produces an acoustical image of the
borehole well and acoustical measurement
of borehole diameter.

Used in fluid-filled, uncased boreholes.
Measures formation acoustical in velocity
(interval transit time).

Used in fluid-filled uncased boreholes.
Measures formation electrical resistivity.

Used in air or fluid PVC- or steel-cased
boreholes only.

Used in air- or fluid-filled, uncased
boreholes. Produces a digital image of the
borehole well.

Used in air- or fluid-filled and PVC-or
steel-cased wells.

Characterize lithology;
determine stratigraphic
correlations.

Characterize lithology;
determine stratigraphic
correlations. Estimate
formation porosity.

Characterize lithology;
evaluate formation water
salinity.

Characterize lithology;
determine stratigraphic
correlations. Estimate
formation porosity.

Characterize lithology and
evaluate fractures in open
hole; evaluate casing and
screen in cased hole.

Determine borehole rugosity
in open hole or damaged
casing in cased hole.

Characterize lithology;
determine stratigraphic
correlations.

Characterize lithology; provide
velocity information for
seismic interpretation;
estimate formation porosity.

Characterize lithology;
determine stratigraphic
correlations. Estimate
formation porosity.

Characterize lithology;
determine relative volumetric
moisture content of the
formation.

Characterize lithology,
determine dip, strike,
frequency, and aperture of
fractures.

Determine azimuth and
inclination of borehole.
Calculates true depth of
borehole at any point.
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Attachment B

Wireline Logging Summary
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