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10 PURPOSE

This document describes procedures that will be used at the Rockv Flats Environmental Technology Site (RFETS) to
clear drill sites and other intrusive work sites prior to commencing intrusive activities These procedures will be
followed for all locations of proposed mntrusive activities that are outside of buildings and other permanent enclosures
regardless of the method of dnlling or excavating

Locations of proposed intrusive activities must be cleared prior to beginning work to ensure that they are free of buried
metal objects utihty lines water lines domestic sewer lines and other above and below ground installations This
document describes administrative requirements and geophysical data reduction and analyses that will be used for field
data collection and documentation in the course of clearing activities

20 SCOPE

This document supersedes GT 10 and constitutes a standard operating procedure (SOP) that applies to all Rocky
Mountain Remediation Services (RMRS) personnel and subcontractors conducting mtrusive work at any outdoor
location (that 1s outside of bulldings and other permanent enclosures) at RFETS Locations that are within a temporary
enclosure such as a tent will be cleared i accordance with this SOP unless the tent has been constructed as a permanent
or semi permanent structure whose purpose 1s not related to the intrusive activities Intrusive activities conducted within
buildings and other permanent enclosures are discussed n separate Kaiser-Hill procedures (MAN 072 OS&IH PM)
This SOP has been wrnitten to comply with and complement these separate Kaiser-Hill procedures

The subsurface geophysical investigative techniques that are described by this procedure may be generally suitable for
prelimmnary characterization of subsurface features at proposed excavation sites Refer to SOP RMRS/OPS-PRO 104
Surface Geophysical Surveys for additional mstructions on such applications

The cleaning procedures described in this procedure will be implemented by RFETS Excavation Specialists and verified
bv RMRS personnel working on the project of interest

Although most underground and aboveground utilities are located within the Industral Area, intrusive activities must
be cleared regardless of their location Only proven scientifically based geophysical methods are acceptable for use in
clearing any location These methods are capable of ensuring that a location 1s free of buried utilities to depths based
upon the limitations of the nstruments Actual depth of penetration depends upon the instrument being used and the
surficial geology and related conditions in the area of interest Geophysical tools that are employed at RFETS include
electromagnetic (EM) techniques (including line locators), magnetic locators and ground penetrating radar (GPR)
Magnetic and EM surveys can be used to 1dentify areas where subsurface metal objects may be present GPR can be
helpful in locating metallic and non-metallic objects as well as other subsurface features as it detects vanations in the
subsurface dielectric constant GPR 1s sensitive to interference caused by subsurface geologic materials Geophysical
instruments are discussed under section 4 2 of this SOP

Except under certan circumstances additional instruments and/or techniques will not be allowed to replace or supplant
anv of the methods described in this SOP The purpose of using unaccepted methods is therefore limited to
demonstrations and testing they cannot be used to clear or help clear sites proposed for intrusive activities As an
example the activity known as dowsing may be performed but will not form the sole basis of any decisions regarding
ntrustve activities

If such a demonstration and/or testing of an unaccepted method 1s desired, 1t shall be scheduled as the last activity at a
location of interest, after all clearing procedures have been completed (including locating and marking of utilities), so
that the results 1t produces do not inadvertently affect other clearing procedures

Advances n technology may lead to the use of new scientifically based geophysical methods that replace or
complement the methods descnibed heremn In such cases the new method must be approved by the RMRS project
manager prior to its use If the RMRS project manager approves the use of such a new technology or mstrument, he or
(4011 930-00071 930) (OPS-PRO 102,REV 0X(12 21 9%)
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A
she will document the us¢ and advantages of the new method and will write and submit a Document Modification

Request(DMR)w:thmttShwsofﬁemkmmonofﬂwmmeﬂmdmumdmmw@prmzw-ﬂ-
ADM-05 07 This DMR will then be appended to this SOP

30 REQUIREMENTS A

The following section identifies the personnel qualifications that are required mn order to perform geophysical surveys
and clear locations of proposed intrusive activities.

31 Persognel Qualificgtions )
Personnel performing these procedures are required to have completed the mmﬂWOSHAcMhmmz

that meets Department of Labor Regulatien 29 CFR 1910 120(e)(3)(i), and must mainiain a current training status by
completing the appropnate 8-hour OSHA refresher courses

Personnel must also complete and be current on any site-specific rammg that may be red to perforin activities at
RFETS pmmmmmmmammmm within all apphcable
SOPs

1

Qualifications will vary depending on the activity to be petformed.-In general, qualifications are based on education,
previous experence, on-the-yob trainmg, and supervision by qualified persomnel -Chiaring propediifes ‘will be
implemented by RFETS Excavation Specishsts. Excavation Speciafists and project staff perfonmung thése surveys wall
either be trained geophysicists or tramed personnel with a sighiificant smouiit of geophysical fiéld experience

The suumsmmmmmwmmwmmnm
suMMsmeAmmm&amsmwymﬁstm
documentation will consist of a record of the Excavation Speciabsts involved ‘and activities performed. The
qualifications of these individuals are documented and mamtained by their management.

32 Responsibiliies
321  RMRS Prgject Manager

The RMRS project manager 18 responsible for obtammng the required clearances prior 10 mitiating intrusive activities,
coordinate these activities and tonsult with the Excavation Specialist who will perform thé sctual clesrmg procedures

The RMRS project manager will be responsible for completing all required excavation submittals and providing these
matenals in a timely manner to the Excavation Specialists. These submittale mity inchidde sny or sil of the followmg:
Soil Disturbance Evaluation Forms, Land Use Request forms, Special Excavation Request Forms, snd a written scape
of all proposed mtrusive activities (see Section 60, Records). If requested, these submi ajy will also inchude controlied
engmeerng documents and/or drawings showing the area of the proposed mtrusive and underground utilities.
mmmmmamm»uaumsmamoummmm)m
the start of work, except n emergency situations:

The RMRS project manager will evaluate any mstruments and/or technigues proposed for use in clearing locations of
proposed intrusive activities. If a new mstnunent and/or technique represents st Enprovement or faverable sitomative
to one that 1s described by this SOP, he or she mily choose to actept the use of the mew itument and/or technique. If
so accepted, the RMRS project manager will document the advantages of and instructions for the new instrument
and/or techmique and submit a DMR within 48 hours of its implementation.

The RMRS project manager or designee will be prasent during all borehole/excavation-clearmig activities and will
vmfymmmwmmmmmmmmmmmmmm

(4011-930-00071-930) (OPS-PRO. 102 REV 0)(12-21.98)
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venify that the utiltties located bv the Excavation Specialists have been appropnately marked The RMRS project
manager will be prepared to request the use of alternate methods provided for in this SOP 1f the procedures emploved
by the Excavation Specialists do not yield results of sufficient quality

If intrusive activities will result in road closure road blockage or restricted access to building entrances the project
manager will contact the appropriate parties These may include RFETS Security RFETS Fire Department
Occupational Safetv Industrial Hygiene the RFETS Shift Supervisor and the building manager of affected buildings
or work areas

If intrusive activities are to take place within 10 feet of a utility the project manager will ensure that this utility service
1s de energized and the proper lockout/tagout procedures implemented If this 1s not feasible the project manager will
work with the Excavation Specialists and Safety Professionals to gan permission to proceed with the proposed
activities This will require the project manager to complete a Special Excavation Request Form (see Section 6 0
Records)

Dnll ngs paving breakers picks or earth moving equipment will not be used within a 3-foot radius of 1dentified buried
utilities unless determined otherwise by the Excavation Specialists If this 1s the case hand held shovels will be used to
locate underground installations

The project manager will determine the steps required to clear a location of proposed intrusive activities as described in
Section 4 0 Instructions

The RMRS project manager will ensure that field personnel are kept safe as per the project Health and Safety Plan and
other appropriate RFETS health and safety practices

If unusual conditions are encountered during intrusive activities the project manager will be contacted by the field
supervisor and will determine the appropriate response actions

If conditions warrant notification of third parties the project manager will be responsible for ensuring that the field
supervisor has notified the appropnate third parties as defined in Subsection 322 This responsibility continues in
situations that may constitute emergencies in that they present conditions that may be immediately threatening to hfe
and/or health In such emergency situations however the project manager may be notified after the field supervisor has
notified emergency responders and/or other appropriate parties rather than in advance of their notification The project
manager will also be responsible for ensuning that activies have been adjusted as appropnate for the specific
conditions encountered and that field personnel are kept safe

If there 1s a change 1n scope time frame or location of the proposed intrusive activities the project manager will notify
the Excavation Specialists

The project manager 1s ultimately responsible for ensuring all clearing activities are performed in comphance with this
SOP and other related procedures including applicable portions of procedure 1 B37 HSP 12 08

If the project manager concludes that the performance of geophysical clearing procedures 1s unwarranted, the project
manager will be responsible for the consequences of this decision

3 2 2 Field Supervisor

The field supervisor will support the project manager by being present during all borehole/excavation cleanng
activities, and will assist the project manager in venfying that these activities were conducted properly and using
appropnate locating methods The field supervisor will be prepared to request the use of alternate methods provided for
n this SOP if the procedures employed by the Excavation Specialists do not yield results of sufficient quality This
individual will also verify that the utilities located by the Excavation Specialists have been appropnately marked

(4011 930-00071 930) (OPS-PRO 102.REV OX12 21 98)
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The field supervisor will assist the project manager i ensuring that field personnel are kept safe

%'.«

As the pnimary point of contact fmﬁeﬁm&%ﬁeﬁww&ﬂWw&amﬂm
necessary in the event of unforeseen cecurrences, If unsafe conditions are-detectéd or reported by Gield personnel the
field supervisor will mstruct personnel to pause work until the necessary prééagtions have begir taken to ensure worker
safety If mirusive activities encouater unexpected condiions, the field supervisor will potify the project manager and
the appropriate parties Which parties mst be notified depends on the nature of the conditions

If umidentified utilmes are located or damage to utihies cccurs dunmg the intrusive activities, the Excavation
Speciabists, Occupational Safety, wmgwmmmwmmbe
notified immediately

!fWmeWMMaMMM«meaW%)m
found durmg these activities, the Excavation Spetihsts, Occupational:Safety, Industrisl Hygiene, Radiological
Operations, Environmental Restoraton Management, and Constructign and Project Management Services: will be
noufied mmediately However if the odors, hiquads, or discoldred soils dre sxpected or appropriste due t0-the nature of
the mvestigation and do not constrtute an emergency situation, the project manager will bie netified #nd will determune
the subsequent notifications to be made

If water 13 accumulsting or has accumulated m an excavation & an unusuaily rapid rte or where waier 13 not

anticipated, the Excavation Specialists, Occupational Safety, Industrial Hygiene, and Water Operations Management
wiil be notified before activities resume

If fire, hazardous or suspected hazardous atmosphere, or medical emergency s experienced, the Fire Department will
be notified. However, if the hazardous or suspected hazardons atmosphere is expected or appropriste due to the nature
of the mnvestigation and does not coastifute an emergency situation, the project manager will be notified and will
determme the subsequent notifications to be mads.

If a situation arises that may constitte an emergency m that it presents conditions that may be mmediately threatening
to life and/or heaith, the field supervisor may need to notify the project manager after notifying other appropriate parties
rather than in advance

The field supervisor will ensure that all appropnate uaffic control devices (such a# bavicades, cones, stanchions,
caution’ tape signaling lights, etc ) are erected where cqupment and mtrysive activitios wiirrant the placement of
these devices. If necessary, the field supervisor will secure a flagperson o direct the flow of traffic

323 Excavation Specialists

The utle * Excavation Specialist” will refer to the qualified indviduals performmg the actual cloaring of the location of
mterest. The Excavanon Specialists will ensure thet the project mapager Eins-property comploted and delivered the
required soil disturbance package This responsibility-will remain. with the Excavatioh Specialists regardiess of whether
1t 1s they or other individuals who act to claar 2 location proposed for mtrusive activities,

Using appropriate locating methods as defined in this SOP, sn Excavation Specislist will locate all underground and
above ground nstaliations (utilities) m the proposed work area and within 10 feet of the proposed location of intrusive
activiies Underground instaliations wall be properly marked and identified on the ground m fluorescent pant, as
detarled in Kaser-Hsll procedure MAN-072-OS&IH PM. A second Excavation Speciahist will venfy all locations and
identifications

The Excavation Specialist will provide as built drawmgs and site maps to confirm the locations of the utilites m the
area bemg investigated.

{4011 930-00071-530) (OPS-PRO 102 REV 0X13-21-9€)
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Underground installations that are located but are umidentified will be marked accordingly If conditions vary from
original drawings the Excavation Specialists will contact RFETS Engineering to document these findings If this
vaniance 1s detected by qualified individuals performing clearances rather than by Excavation Specialists these
individuals will contact the Excavation Specialists who will report to the location in question and investigate the area
If this investigation confirms the conditions detected by the qualified ndividuals the Excavation Specialists will
contact RFETS Engineering to document these findings

The Excavation Specialists will assist the project manager and field supervisor in moving the proposed location of
intrusive actvities 1f necessary to a new location that 1s both appropriate for the goals of the project and conforms with
the requirements of the Excavation Specialists

If the project manager feels that moving the location 1s not appropnate given the goals of the project, the Excavation
Specialists will consult with the project manager regarding completion of a Special Excavation Request Form and will
work towards timely approval or demal of this request Responsibility for reviewmng the Special Excavation Request
Form will remamn with the Excavation Specialists and will not be transferred to other individuals who may be acting to
clear the proposed location of intrusive activities

Prior to commencement of mtrusive activities, the Excavation Specialists will conduct a pre-evolution bniefing for all
project personnel and specific to the project site During this briefing the Excavation Specialists will identify utilities
(above ground and underground) and hazardous conditions that may be encountered during the intrusive activities
Excavation Specialists will also perform pre-entry and daily inspections of excavations as required and will direct
excavation activities that have been interrupted due to safety concerns

40 INSTRUCTIONS

Locations of proposed intrusive activities will be cleared by Excavation Specialists and venfied by the RMRS project
manager and/or field supervisor Therefore, Excavation Specialists typically will perform most of the procedures
described in this SOP and will complete most of the necessary records and documentation However the RMRS project
manager will provide these individuals with the documents outlined mn section 3 2 1 above and will document clearing
activities 1n the project field logbook(s)

e  All project field personnel including the field supervisor will be present during the field investigation

e All project field personnel including the field supervisor will also be present during performance of the
geophysical clearing procedures to ensure that the area 1s cleared to their satisfaction and to sign the appropnate
forms in the Soil Disturbance package and/or any other forms that may be required

Personnel may request the use of alternate methods provided for in this SOP if the procedures employed to clear a
location of interest do not yield results of sufficient quality

o Before mihating intrusive activities locations proposed for these activities must be cleared to a mmmmum 10 foot
radius

If buried utilities or other above ground or subsurface features of concern are located within this 10-foot radius the
location of proposed mtrusive activities will be moved to the nearest clearable area. If this is not feasible the RMRS
project manager may request a watver of this requirement in the form of a Special Excavation Request Form (see
Section 6 0 Records) from the Excavation Specialists Pertinent information relevant to gamning clearance and/or a
waiver will be recorded in the project field logbook(s)

e Intrusive activities must begin within three working days after a proposed location has been cleared If activities
have not commenced by that time the location must be re-cleared.

(4011 930-00071 930) (OPS-PRO 102,REV 0X12 21 98)
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41 |

Clearing sites for proposed borehole locations of other mtrusive Fetvities will-generally Toliow the three steps shown

below To conduct geophysical mvestigations for charagterization” smdiu, the peocédures outlingd i GT 18, Surface

Geophysical Surveys, should be consulted.

1 A Iterature search shall be conducted, mncluding smmmmdnymmhm:fmymﬁmm
(such as buried utilities) are or have been present in the-area of proposed mggﬁvc m

2 Asmmhshﬂlbecmdm@dwmﬁmbmmofmmmﬁem,bgktuwa

features, and mvestigate the general likelihood of utlities befig ffesent in the-irea of intéést.

3 Geophysical ckumgéfﬂmuuofmmmmmmm&bemsm Smwﬂi
qumﬁmmmmhmmm N

The RMRS project manager mey decide the. use of geophysical clearing methods is siot warranted besed og the fesults
of the first two steps This decision should be made only aftér cémsiilting with theExcavation Speesatist.
However, geophysical metheds will mummmmmmmm

42 Geophysical Survevs *
Geophysical surveys will be performed to clear holes in all developed areas-of RFETS. These surveys will also be
performed m other areas known or suspected to contam either above ground or bunied features of concern (such &3
overhead utlitzes, buried utilities, buildings, tunnels between buildings, etc )

The Excavation Specalists mmmemmmmmwmmmmw
will venify the results In most cases, when persomel other than Excavation Specialists are performing these procedures
it will be to confinn the previous survey resuits

Instruments used for geophysical cleanng will be recalibrated and recertified n accordance with the manufacturers
recommended schedules and prescribed methods. The calibestion of each instrument will be field checked both before
and after field use following the procedures listed in the mamifhctirér's mstructions

mmwmmmmmmmummmdummmmmmmm
PRO lOZALNmmmuﬁlmwmhmmﬁrlﬂmmﬁh,mmm

Electromagnetic, magnetic memmmmmwmmdmmmm
MammmmuuammmmmmmeMm
ummgmdbymadnemmwmwﬁekmmamm&m if's drilt site or
other excavation is being cleared within 40 to 50 feet of 8 metalhic cultural feature, ; cléaring may be
difficult to achieve hmmmmmwhmmm locatiow’wiil be nfoved to
the nearest clearable site

The RMRS project manager must first approve the use of any type of instrument other than those listed below
However mmaaﬁambmddm&wdmmpbwmﬁhmdmmmmm
approval unless the unit has significantly different capabifities or produces results ‘of lesser quality than the named

version.

421  Electromagnetic

An EM survey can be used to detect forrous and nonfefrous metals as well-as areds with high concentrations of
morganic substances This method mvolves the mduction of electrcal current into the poud. A fow alternating current
passing through a transmitter coil produces a primary magnetic field Through mduchve coupling, the prunsry

(4011-930-00071-930) (OPS-FRO 102, REV 0)(12-21-98)
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magnetic field produces small eddy currents in the subsurface which in turn create their own secondary magnetic field
The recerver coil senses both the primary and secondary fields This results in an output voltage that 1s linearly related
to the subsurface conductivity of the terran The instrument then converts the voltage to a ground conductivity value
that can be recorded by a strnip recorder or digital logger

Electrical conductivity 1s a function of the soil or rock composition the porosity and permeability of the rock units and
the conductivity of the fluids filling the pore spaces Plotting the conductivity values on a map allows their variation
across a site to be analyzed

A Geonics EM 31 EM 38 or approved equivalent ground conductivity meter will be used for EM surveys Through
the use of the horizontal dipole mode (HDM) the EM 31 can penetrate to a depth of 9 feet Where deeper penetration 15
required, the vertical dipole mode (VDM) will be used together with the HDM Use of both modes provides high
resolution detection of objects to a depth of 9 feet, and will allow detection of larger metal objects to a depth of 18 feet

The size of a metal object that can be detected 1s proportional to the depth of bunial For shallow investigations (less
than 9 feet) the HDM provides the greatest resolution and can normally detect objects as small as a 1 foot length of
rebar By monitoring the in phase component of the induced magnetic field, small amounts of subsurface metal can be
detected For high resolution of depths less than S feet, the EM 38 can be used Table PRO 102-1 summanzes
instrument modes and applications

Table PRO 102 1
EM INSTRUMENT MODE APPLICATION

Approximate Minimum
Instrument Dipole Mode Depth of Penetration (ft) Size of Detected Object
EM-31 Horizontal 9 1 foot piece of rebar
Vertical 18 Steel drum
EM 38 Horizontal 25
Vertical 5

4211 Equipment
The following equipment is necessary to complete an EM survey

Geonics EM-31 EM-38 or approved equivalent terramn conductivity meter

Digital logger and/or analog strip recorder (when data collection 1s over a large gnid area)
Appropnate health and safety equipment

Wood stakes or lath

Flagging

Fluorescent paint (to mark and identify buried utilities)

Field logbook

Black waterproof (permanent) pens

Form PRO 102A Borehole Clearing Analysis (see Section 6 0 Records)

(4011 930-00071-930) (OPS PRO 102,REV 0X12 21 98)
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4212 Field Procedures

A literature search and field inspection will be performed prior to imtiating an EM survey In addition to the more
routine forms of literature examined (unlity plans, engineering dmwings, etc.); the Intersture review will include the
examination of existing magnetic data derived from the area of interdst. Sm&cemdiﬁmuafﬂ!esnewbenotédm

Form GT 10A mclude the presence of metal objects on the ground surface, large variations in topography, and
buildings within 50 feet.

If the purpose of the EM survey is other than to clear locations for proposed mtrusive activities (for example to locate
buried matersals to be excavated), the Excavation Specialists will be contacted to confirm that the site is clear of utilities
and other features of concern, and SOP RMRS/OPS-PRO {04, Surface Geophysical Surveys, will be followed.

Following the mstructions provided by the mstrument manufacturer, the EM survey will be mitiated. The ste will be
mvestigated using traverses on an spproximate 1-foot ghd, clearmg a minimum of 10 feet around the drilling or
excavation location stake(s). Results to be documented ofi Form PRO 102A mclude ‘whetlier anomalous valugs: ere
detected (which may ndicate the presence of buried metal) or whether the ares was froes of anomidities. Locations at
which anomalous values were detected will be marked anddeirtified on the ground using flucrescent paihit as described
n Kaiser-Hill procedare MAN-072-OS&1IH PM

If anomalous values are detected within 10 feet of a location of proposed mtrusive activities, the location will be
abandoned and moved to the nearest clearable area.

The same apphes to proposed excavations that require larger cleared areas. However, if moving the docation is not
feasible, the-project manager wall consult with the Excavation Specialists to determine whether the location mtight be
accepted as & Special Excavation, as described shove in Subsection 3.2.3 If a location can be moved, an anomaly-free
location within 50 feet of the originally propesed location will be cleared. The new location will be marked with one or
more wood stakes or pin flags and documented on Form PRO 102A. The project manager will confirm the new
location

To clear larger areas for excavation, a surveyed grid pattern will be followed when traversing with the EM mstrument.
If the gnd was not surveyed before the EM traverse, a wood stake-or pm flag will be placed at the end of each traverse
The location of each stake will be documented on Form PRO 102A.

All EM traverses will be documented on a field map durning the survey For larger areas, a portable computer may be
required to quickly analyze the data and facilitate the location of additional survey lines.

422 Line Locator

Instruments referred to as “line loestors” are commonly used at RFETS. They operate on electromagnetic principles,
but are somewhat different from the EM instuments described above. Line- locator fransmitiels and reeivers are
typlcallyt\vommpm.mmmawﬁabhhamwgtmwmmmnpm
three modes. These are mwmumwm.mmmmmwm
for other EM mstruments, or through inductive coupling, whereut a signal 1 inductvely transmitted through a selected
utility rather than widely broadcast. All three modes are described more fully below In all cased the conductive element
conducts the signal generated by the transmitter, and is detected as the receiver nomrs the conductor The- relative
strength of the signal detectéd by the receivar (and in some models the_dwrection from which the ugnal 1s beng
received) 1s dispiayed through audio or visual outpat, or both This relative strength increases as the receiver nears the
conductive element, enabling the conductor’s location to be 1dentified.

o In all uses of line locators, the manufacturer’s instructions will be followed.
e  When using the conductive mode, the utility to which the transmuiter is to be connected should be de~energized for
safety reasons.

(4011-930-00071-930) (OPS-PRO 102, REV 0)(12-21-96)
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Special considerations relevant to the use of line locators include the potential for interference when the two
components (transmuitter and recetver) are too close together such that the receiver detects transmitted signals through
the air as well as through the ground Depending on the model the two components should typically be operated at
least 50 feet and sometimes at least 100 feet apart, following the manufacturer s recommendations Other
considerations include the conductivity and depth of the conductor and which mode (dwrect conductive contact,
inductive coupling or inductive) ts bemng used These mstruments are tvpically not as widely applhicable as other types
of EM instruments described in Subsection 4 2 1

Line locators are most useful when searching for linear conductive objects that are present at relatively shallow depths
The preferred modes of operation in order of preference are as follows

e  Direct (conductive) connection 1s the preferred mode of operation for line locators and requires that the transmutter
be grounded 1n order to complete the circuit initiated by the transmuitter

With the transmutter connected directly to a metallic part of the conductor the signal that 1s conducted by the
conductor 1s stronger than would be conducted through inductive coupling or inductive modes Therefore
locating 1s most accurate in the conductive mode and the effects of interference are reduced

e  The next preferred mode 1s mductive coupling

The inductive coupling mode 1s typically used when a portion of the conductor 1s available for physical
connection but direct metallic contact (electrical connection) is not feasible The conductor must be well
grounded A clamp connected to the transmutter 1s attached to the conductor The transmuitter sends a signal
through the clamp which 1s then mduced m the conductor and detected by the receiver

¢ The least preferred mode 1s the mductive mode

If connection (for either conductive or inductive coupling modes) with the conductor of interest 1s not
feasible the mnductive mode must be used This is the least preferred method to use with line locators because
the signal 1s broadcast through the air and soil and can be picked up by other conductors in the area In this
mode an antenna within the transmutter generates the signal which radiates from the transmatter and couples
to the conductor(s) by electromagnetic induction The recerver detects the induced signal

4221 Equipment
The following equipment 1s necessary to complete a line locator survey

Metrotech Model 810 line locator or approved equivalent
Appropnate health and safety equipment

Wood stakes or laths

Flagging

Fluorescent paint (to mark and identify bunied utilities)
Field logbook

Black waterproof (permanent) pens
Form PRO 102A Borehole Clearing Analysis (see Section 7 0, Documentation)
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4222 Field Procedures

Line locators used at RFETS are avaulabie with three different modes, as described above Selection of the proper mode

for the application being considered shall proceed as follows (in each case the buried utility is- conductive and its

underground location 1s not known):

e The buried utility has an abeveground component. Electrical connection can be made between the hne-{ocator
mmm«mdﬁeabovegouﬁmmwhchsmebcmmmmm&mmm
conductive mode shall be selected.

» The buned utility has an above ground gomponent (¢.g. an shectrical wiré -inside of a-metallic or nofinetallic
conduit), Electrical conneeuoncamotbemade&'ectlymdwlu locator transmitter and the above ground
portion ofmmm(m)mmm“mmo&hﬂkﬁe@ﬁmmmp(m above)
attached to the condust.

. Mamﬂwmﬂmuh@ngwﬁmmammmwﬁew
component. The inductivemode shall be selected.

mcemewmmmmmﬁemmmmmmwmdmmm
mmmmamumdmmmmmm;mmmmmmm
is outhined below
thm@uwm@a@bﬂm&@hmmmmmmﬁﬁem To
do so, attach the transmuttes component to the above ground. portion of the conductor ang -mske surer that a good
electrical comnection has been made  The recenver would be moved fae from the trarismtter to hegate effects of
interference Traverses with the. receiver would then be siade, typicaily circular and centered-on the above ground
portion of the conduit, to scan the ground surface for locations where the signal 1s strongest. The strongest signal wiil
correspond to the subsurface locitions of the condutt, which then shail be marked and «dentified on the ground using
fluorescent pamnt as described in procedure MAN-072-OS&TH PM

If direct electrical connection cannot be made (1.¢. an electrical conductor nside of a nonmetallic condnit), the-inductive
coupling clamp would be attached to the above ground portian of the conduit; and the same detection precedures as
above would be followed (with the umt set fo the mnductive coupimg mode).”

lf&emwmabowgmdemdu&m&eabovemmdcompmﬂunﬂeh&mﬂycmﬁdm&ew
component, the inductive made would be used. Separate individuals would cary the transmitter and secerver along
parallel traverses that had been laid out to cover the area of interest. (Le. the inttial traverses might be orented north-
south.) This would hwfmdwmmmmwhnmnﬁhm&gi&m A
signal should be detected by the peceiver whenit is situated ever & conductor The ground shalll be marked and the
survey continued. Aﬂscmmhwmnmﬁemmmmmmemmu
npmd&wmnmamémmmymﬁeﬁnm&‘m{nﬁsmwm}me
completing the survey, the markings would be linked t show the hyomfﬁem

Further detatls on using the lne locators and its vanious modes will be found m the manufacturer’s mstructions
423 Magmetic Locator -

A magnetic locator detects magnetc fields associated with certam objects The depth to which a magnetic locator can
accurately mvestigate depends o the size of the object. The Schonstedt magnetic locator, for example, can detect well
casings up to 15 feet deep; however, a 1 1/4-inch nail can be detected only to 8 depth of approximately 8 mches

A magnetic locator responds to the magnetic gradient between two magnetic field sensors (A and B). If no anomalés
exist, the magnetic field between sensors A and B is balanced, and a 40 Hz frequency signal 1s praduced at the
magnetic locator's audio output. This frequency autput (40 Hz) is the ambrent magnetic field of the earth. However,

(4011-930-00071-910) (OPS-PRD. 102 RBV 0)(12-21-98)
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when the magnetic field becomes stronger at sensor A (at the bottom of the locator) than at sensor B the output signal
increases in frequency When the tip of the locator 1s directly over a ferrous object, the audio signal increases to its
highest frequency Note that a magnetic locator s not appropriate for locating buried objects that are non magnetic

4231 Equipment
The following equipment 1s necessary to complete a magnetic locator survey

Schonstedt Model GA 52B magnetic locator or approved equivalent
Approprate health and safety equipment

Wood stakes or laths

Flagging

Fluorescent pamnt (to mark and 1dentify buried utilities)

Field logbook

Black waterproof (permanent) pens

Form PRO 102A Borehole Cleanng Analysis (see Section 7 0 Documentation)

4232 Field Procedures

Operation of the magnetic locator mstrument will be performed m accordance with the manufacturer s instructions
Otherwise the field procedures for a magnetic survey are the same as the procedures descnibed for an EM survey
(Subsection42 1 2)

424  Ground Penetrating Radar

GPR may be used to locate or map a variety of natural and man-made features For example, it has been used in such
applications as mapping or locating shallow geologic interfaces voids in concrete or hmestone buried utilities (pipes
and cables) remforcement bars and storage tanks GPR has also been used with some success in mapping hazardous
wastes

GPR employs a system that transmits electromagnetic pulses into the ground from an antenna near the surface These
pulses are reflected from a vanety of subsurface interfaces back to a receiver As the antenna is towed along a survey
line the GPR signals are processed and displayed on a graphic recorder The data are displayed as a two-dimensional
continuous time-versus-distance profile along the surveyed line The display is very similar to a geologic section
except that 1t shows a time section rather than a depth section

GPR has excellent resolution of subsurface features when favorable conditions exist However the actual depth of
penetration 1s highly site-specific and depends on the conductivity of near-surface soils Highly conductive soils such as
clays can reduce penetration to less than 3 feet. Similarly increased conductivity resulting from near-surface
groundwater or saturated surficial materials will imit penetration Less conductive matenals such as dry hmestone can
allow penetration to depths in excess of 30 feet

4241 Equpment
The following equipment 1s necessary to complete a GPR survey

GSSI SIR System-2 or approved equivalent radar system
Flagging

Wooden stakes or laths

Fluorescent pamnt (to mark and 1dentify buned utilities)
Field logbook

Black waterproof (permanent) pens
Tape measure (200 feet mmmmum) (Note for relatively smooth surfaces a measuring wheel can be substituted)

(4011 930-00071 930) (OPS-PRO 102,REV 0)(12-21-98)
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¢ Extra paper for profile recorder
*  Extra stylus for profile recorder
e Form PRO 102A, Borehole Clearing Analysis (See Section 70 Documentation)

4242 Field Procedures

A standard field procedure for collecing GPR data 1s described below Before collecting GPR data, complete these two
preliminary procedures -

I Select field parameters (orientation of lines or gnd, gnid spacing, frequency of antenna, antenna shielding, etc.) that
are appropriate for the purpose of the survey, as described below

2 Locate endpoints 2 ng each hine n addition to any other pomts of interest, and denote these locations i the field
with laths or other wood stakes

To select appropnate field parameters, the following must be considered.

1 The appropriate antenna and associated transmitter frequency must be selected to optimuze the penetration depth
and required resolution, given the purpose of the survey Typical frequencies are 80 MHz, 100 MHz, 120 MHz,
300 MHz, 500 MHz, and 1000 MHz Higher-flequéricy antennas allow grestér- subsurfale resolimon, but
penetration 1s reduced compared to lower finquencies. To optmuse results, surveys shiould hive at least two
antenna frequencies available For clearing applications st RFETS, a 300 MHz or 120 MHz antenna should be
appropriate Fwo&emw,mmﬁ@mambemmwwgmmpmm
objectives

2 prmgofmdlmaﬁmmohmAspocmgontoZﬂfeetmcommuﬂymedf«decmgappﬁcaﬁm The
actual spacing chosen must be appropriate for the overall project objectives

3 The method of antenna towing must be evaluated with respect to the site conditions For even, smooth terrain, the
antenna can be towed directly across the groungd surface For areas with sigmificant vegetation or 8 rocky ground
surface, the antenna may need to be suspended 6 to 18 inchés sbove the ground or carried n a plastic non-
conm@gwqmmmmmw@wﬂeeﬁmdmmm&ﬁm

4 Anmmshwldmgmwbecmﬂadmdubmdbuedmmmmmmawhs
fences and power lines-can cause interfering refloctions on the rdarrecord.

A standard field procedure for conducting a GPR survey 1s described below Wo{ﬁcmﬁywwmh -
meWhMWMMWMWW&M#Jﬁ43 -
Geophysical surveys conducted for purposes other than 10 clear a location proposed forintrusiveictwvities must follow
SOP OPS-PRO 104, Surface Geophysical Surveys.

1  Review site utility plans and other pertment literature Perform a visual survey along the proposed lines. Check for
overhead wires and any other above ground utilities, as well as manhole covers, evidence of buned cables, markers
of burted gas lines and any other buned utilities, and cased monstoring wells If any of these features other than
monitoring wells are present, have Excavation- Speculists clear the location of proposed mtrusive activitie$. If the
GPR survey 1s being performed for other reasons than clesrmg a location, have Excavation Specialists confirm the
presence of utility features. Note any such features in the field logbook.

2 In the field loghook note the presefice of large pieces of metal on the ground surface, whether any other mitallic
debris 15 present, any large vanations in topography that may occur nearby, and any buildings within S0 feet of the
proposed iocation

(4011-930-00071-930) (OPS-PRO 102, REV 0)(12-21.98)
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To the extent that 1t 1s possible note the approximate moisture content and relative clay content of surveyed meda,
as these will affect GPR penetration depths However note that the relative clay content of surface media at
RFETS can vary erraticallv and significantly over short horizontal and vertical distances

4  Conduct a test line following the manufacturer's recommendations Instrument settings must be optimized to obtain
approprnate data given project goals and site conditions Specific recording parameters that must be optimized
include but are not hmited to the followmng

Radar scan speed

Signal range gain

High pass and low pass filter settings
Time range for recording
Transmutter pulse rate

Recording printer speed

Antenna towing speed

Instrument settings should be varied during the test line to determme the optimum recording parameters When
possible the test line should be conducted over a known buned feature in the survey area to help optimize
instrument settings and help calibrate penetration depths

Once 1t has been determined that the field parameters and instrument settings have been selected to provide high-quality
data appropnate for the goals of the survey and the site conditions follow the final steps in the GPR procedure as listed
below

6 Initiate site survey traverse Beginning at the GPR line endpoint, tow the antenna along the line, using optimum
instrument settings and towing speed (as determined from the test line) Continue for the entire line and subsequent
gnd hnes

7  If hard copies of each line of data from the printer are made, label all notations on the record to correspond to notes
made 1n the field logbook including recording parameters

8 Permanent copies of this GPR data must be retained digitally on tape or disk, or on hard copy plots

43 Data Analysis

When the anticipated hazards to the proposed intrusive activities are burnied utility lines or 1solated pieces of metal
proposed locations will be cleared to a mmimum of 10 feet around the location stake In these cases data will not be
retained for later analysis, but the results will be documented on Form PRO 102A

If an anomalous area 1s 1dentified within 10 feet of the proposed location stake the location will be moved to an
anomaly free area at least 10 feet away from the onginal location to minimize the possibility of contact with any
anomalous matenal below the surface As indicated above (Subsection 32 3) there are provisions available for
locations that cannot be moved

When the anticipated hazards are larger such as buried trenches or pits a larger area will need to be cleared In these
cases EM data will be collected with a digital data logger The data will be transferred to a personal computer for
analysis Adjustments to the location of itrusive activities (1f required) will be made after the data are analyzed and
nterpreted

In both of the above cases Form PRO 102A will be used to document the procedures employed and the rationale
supporting relocation or approval of a borehole or mtrusive activity location However if Excavation Spectalists clear
the location(s) of interest, documentation of the results will be completed by those individuals and field personnel will
record 1n the field logbook(s) the activities performed by the Excavation Specialists

(4011 930-00071 930) (OPS-PRO 102, REV 0)(12-21 98)
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At all umes, geophymaldmwﬂlbecoﬂemdmdmmmmdmammvmemdpmdqnm Additionally
appropriate levels of caution will be éxercised by all field crews involved in mtrusrve activities, even on properly
cleared locations

50 ADMINISTRATIVE CLEARANCE

Administrative clearance will be required for all dniling and other mtrusive activities at RFETS and will consist of
excavation authorization The required forms are described below and in Section 6 0, Records

51 Radiological Work Permut

Ammwmmnmm)mkmmhmmmmmmymw Controlled Area
(RCA)WUWMWMAMWRMA}MMW[H&MMNM&mm
Radiological Engineering Department daily The RWP will be kept at thé site of intrusive actrvities in the contammation
reduction or suppost zone when work 1s bemng performed. RWPS rensain vahd uintil complétion of the work for which
the permit was issued.

Daily work permuts will be required for mtrusive operations withn the Protected Area.

ES

Operations mvolving dniling or excavating will requue approval from the Soil Disturbance Assessment Comnuttee
before work can begin hmaf&ambegmhymmmms«mebmmnmd
completng the Soil Disturbance Evalustion Form (see Section 6.0, Records) with the appropriate project-specific
information

Approval by the Soil Disturbance Assessment Commuttee 1s required for each project m which mtrusive activities are a
component, and will be valid for a period-of 80 days. A copy of tie approval form will be kept at the work site 1 the
contamination reduction or support zone

A Land Use Request Form (see Section 6 0 Records) will be required for excavation or driling work mn the RFETS
buffer zone

6.0 RECORDS

Ape:manentrecordoftheunplemMafﬂmSOwaHbekegtbytheme}psﬁommgﬂwm
procedures This record will consist of ali documented field observations sad data, as described in this SOP The date of
the manufacturer's most recent calibration and cemification will be documented. Field calibration checks, geophysical
observations, and data will be documented on the Borehole Clearing Analys:s form (Form PRO 102A) Note that
completion of this form 1s required for all intrusive activites, not just bpreholes. Admmistrafive clearances will be
documented on the Environmental Management excavation authorization. Sample copies of the Soil Disturbance
Evaluation Form, Land Use Request Form, and Special Excavation Request Form (see Kaiser-Hill procedure MAN-
072-0OS&IH PM) are attached.

-

70 REFERENCES
71 Source References
The following references were reviewed before this procedure was written.

Environmental Protection Agency (EPA), December 1987 A Campendium of Superfind Field Operations Methods,
EPA/540/P-87/001
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Environmental Protection Agency (EPA) October 1988 Guidance for Conducting Remedial Investigations and
Feasibilty Studies Under CERCLA Interim Final EPA/540/G 89/004

Environmental Protection Agency (EPA) May 1989 RCRA Facility Investigation Guidance Interim Final

72 Internal References
Related SOPs and other procedures cross-referenced by this SOP are the following
e  SOP RMRS/OPS PRO 104, Surface Geophysical Surveys

e MAN-072-0S&IH PM Excavations and Trenching
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U'S Department of Energy 3 } Form PRO 102A(Rev OL .
Rocky Flats Envionmental Technology Site ,3- ;

BOREHOLE CLEARING ANALYSIS

Project Name and Number N
Date Operator(s) - 5
’
Survey Type Instrumentation — Y F B
Date of Last Calibration and Instrument Certification. , ) ) s
Field Calibration Dates i
T - e i i-:- -
L . Surface Maximum- Amﬂy CW‘S ¥ of Action %
(Borehole/Excavation Condttions Depth of Present .
ID and Coordinates, if Interest {¥iN) )
Availsble) ) (Ft) 1
—
Completed By :
Print Name Signatare Datz
Checked By —

Company .

(4011-930-00071-930) (OPS-PRO 102 REV 0)(12-21-98)




BOREHOLE CLEARING Procedure No RMRS/OPS PRO 102
Revision 0

Date Effective 01/04/99

Page 19 of 21

SOIL DISTURBANCE EVALUATION FORM

“he purpose ot this .nformaticr '~ -~ ass's e committee in identifying the potential ~aza-a'
associated with this soil disturopance —eturr the completea form to the Excavatio~ Spec a's
Building 130

REQUESTER Name

Group Phone/Pager
PROJECT TITLE CHARGE #
Will the disturbance occur in or near an inavidual Hazardous Substance Site (IHSS formerly SWMWY?
Yes [ ] No T
Explain
Will the disturbance interfere with any radiological or other hazard boundary or postings?
Yes [ ] No !
Explain
Are overhead utilities present? Yes [ ] No
Are Underground utilities present? Yes {1 No
Will a utility outage be required? Yes M No

IS THE EXCAVATION FOR

Construction [ ] Trenching [''] Sampling [ ] Driven rods/Posts | !

Grounding [ ] Post Holes [ ] Other Types [ ]

IF SAMPLING SO BIMMUvar LY L3 U o> t v
Lrithing? Yes { ) N
Depth of driling Diameter

IF CONSTRUCTION

Hand digging only? Yes [ ] No [ ]

Wil mechanical equipment be required? Yes [ ] No | ]

Desribe type?
Depth of excavation Length of excavation
Width of excavation Will shoring be required

ADDITIONAL COMMENTS

Requester shall fill out this form and submit it along with information required in SOIL
DISTURBANCE GUIDELINE 1o EXCAVATION SPECIALIST
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U S DEPARTMENT OF ENERGY ROCKY FLATS PLANT
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LAND USE REQUEST
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Date Effective’$1/04/9%

|

SOW or CA Title

Authori‘utmu No

WC No
ork Manager Group ~ Phome “o
Check the Boxes : IAG Dnven " Routne Program _ Othe ‘
That Apply : - )
: Regulatory Dnven — Site invesugation Descrice
[[] rcra
[ cercra \
Job Description/Objectives
Location Description (Describe Below and Indicate on Locator Map to Right - Also |
Attach Detarled Plan and Location Map) N b
a ¢
e P g
d b :
- k 1
Emergency Contacts (Name and Number) f J ,
&G Project Manager- m a ° ®
subcontractor Manager =

Plant Support Required? If Yes, List/Describe (If No, List Contractor Support To Be Provided)

Oves Ore

Duration of Project (Include Start/End Dates)

Contract No

Is This Follow-Up To Existing Work? B Yes E No

Title
Describe

Note Upon Coatract Award Submit List of Subcontrsct Personnel Needing Access to Buffer Zoae

AUTHORIZATION

| RECOMMEND REFERRAL TO RFP LONG RANGE PLANNING COMMITTEE

PERMISSION DENIED

REQUEST MORE INFORMATION AS SPECIFIED

PERMISSION GRANTED | LMC Signature

| Dase | conmol No

RF 44427
SR PRNY W Cammumn W
x ‘:;)

[ S R ¢ TR,

Revvend 01102 2
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e SPECIAL EXCAVATION REQUEST FORM

Jues’

1%

n
(@]

=

M

o e e “ -Ta

-t
-

)

NC AP

[
arg

[$)]

=xcavatic~ Reques- 3cope of Work to Be Perrcrmec

Justification For Excavating For Near Hazardous Electrical or Mechanical Energized Systems

Clearly Identify The System Or Equipment To Be Worked In The Energized State And Whyv |t
Must Be Worked Energzed

Provide A Brief Comparison Of The Risks Involved For Working The System Energized Versus
De Energizing The System Risk Comparnson

Rejected For Reasons

Approval
Competent Safety Professional Ext Date
l Excavation Specialist Ext Date

JUCUURFC TR



