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To: Project File
From: M. R. Adams

Subject: Spproval of Procedures for Field Services Procured by Task/Work

rder

The procedures for field services provided by task/work orders are approved

by Westinghouse Hanford Company.

Specific information regarding the service

1s indicated below:

1.

Work Title Including Operable Unit Designation
Geophysical Site Surveys, 1100-EM-1 Operable Unit

Type of Qrder: Task Order Task #

Work Order Order # ED 9304

Statemant of Work (check is present; do not
proceed if absent).

2
2

Performing Organization:
Golder X pNL Kaiser Other

Performing Personnel and Title:
G. A. Sandness, Scientist

Approval Checklist: (Attach 11st of sach document supplied, date of
document, ID # if available, and revision indication, 1f available).
Document suppifed is "Procedures for Geophysical Site Surveys,"
1100-EM=1 Oparable Unit, dated December 19, 1988.
_ ¥_ Equipment oparating manuals, instructions or procedures
(Manyals referenced in procedure, kept with equipment operator).
X_ Calibration instructions or procedures

Xx_ Calibration record during operation
X_ Equipment maintenance instructions or procedures
_X_ Equipment maintenance record during cperation

N/A Purchase records of parts or tools used specifically for operation
specified in Statement of Work attached to Work or Task Order

Safety precautions peculiar to equipment documented (Site safety
precautions coverad in Health and Safety Plan)

X Logbooks and/or notebooks for field data collection

X Radiation monitoring activities completed at all sites.
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PROCECURES FOR GEOPHYSICAL $ITE SUAVEYS
1100-En-1 OPERASLE UNIT

G.A. Syndness
Autamation and Messuremgnt Scisnces Qepar:iment
Pacific Northuest Laberatory
Decamper 19, 1988

i ARy Ly =

{ 1.0 INIRQQUCTICN
o
i Qecphysical sansing methods measure verietians in magneti: snd sisciramagne:ic
fialde, elsdtrical currents and potentials, or acoustic imoulsves to detect and
charscterize natursl or manmede features, objscts, or maseriais 17 the ground,
fome of the meny asvailable geophysicel exploration methoss neve prover to bs
alfective ot the shallow dapthe (19 m or less) reprssentes By tygical, near-
4 surface, chemical end redicactive waste burial sites. These methods ars
routinely used to detect waste materials or the subsurface struciures
~ {trenches, tanks, drums, eta.) (n uhich those materials wers degosited.
' ' are also used to detect natural features (e.g., bedrock, the water table,
. vaids, and sedimentary interfaces) which may influencs the migration of
‘ chemical or rediological sontaninents into the environment., The specific
geocphysical sensing methods to be initially employed in the planned CERCLA
remedial investigations at the Hanford [100-EM=] Operable Unit ars summari:sd

Thay

as fallous:
Nathad Prings -
Sround~peneirating Electromagnetic waves are backicattereg from

radar objects or interfaces in the ground.

Magnetic materials produce messursble snomslies in

Magnetometry
the cnbtont‘tccrth'n} magnetic field.

Measursble secondary magnatic fields are inducaed
in condyctive objects hy an alternating megnatic
field source at or above the ground surface.

Slectrical conduc~-
tivity by eleetro-
magnetic induction

Electromagnatic induction as sbove with s sensar
specialized t0 detect metallic objscts,

Metal datector

These methads, and others, have Desn successfully used to detsct and
characterizs hazardous waste materials at many burisl sites over the past
decade and ars now recognized as & vital part of waste site Ldentificatiar and
assasiment efforts., All of these methods provide information about buried
abjects and metertals without reguiring significant physical penetration of th2
ground. For this resson, they offer at least thres importent advantages, or
benafits, in comparisaon with alternatives such as excavetion and borehole
sampling: 1} they can substantially reduce the time and cost of explorstion and
site characterization effarts, 2) they can increase the quality and quant:ty of
site assesament dats, and 3! they can ennance the safety of personnsl. These
banefits make the use of geophysical sensing methods aimost mancatory in nost




waste burial site investigations.

2.0 GENE®A SEOPUVSICAL SURVEY PGOCEIURES

The following sectians of this document outline a set of Jgerating procesurey
for esch aof the four geophysical survey methods listed sbove. Thess procecurss
tnelude 1natrument calibration and maintenance. dats collection, and data
processing. Thus, they are dependent on the characteristics of the varicus
instruments. Thars ers, however, several Broader aspecis of survey procesdure
which pertain to all of the methods thyt we exoect to emoloy in the site
investigations that are currently glanned for the L10Q=-EM-| Operscle Unit.

2,1 {aasycarsnt Lgcationa

Refarence goints at the ground surface are nesded at most weste buriai 3:%es %9
permit measursment locations to be defined end waste boundariss to he
accurately mapped. This Ls often achieved by plasing stakes into the ground to
mark the nodes of & rectangular grid, @eophysigal measurements are then
narmally mede along stralght lines that ere paraliel to, and sometimes
aoincident with, the grid lines. The reference grids for the sites in the
1100=EM=[ Operabis Unit are deseribed in the corresponding RI/FS Work Plan and
in the Statement of Work for the gesophysical surveys (Merk Order No. E09304),
Stakes will be in place at these sites prior to the initiation of gecphysical

fiald work, '

Thers are at least tuc ressons why the geuphysical survey, or traverss, lines
are not aluays coingident with the grid lines. First, it may be considered
appropriate to collect geophysical data aleng survey lines thet ars mors
cloaely spaced then the grid lines. It would not be unusual, for example, to
collect data along lines spaced § or 19 ft apert at & site whers the grid (or
stake) spacing Ly 0@ ft. The lavations of tha survey lines. in this cess,
would be deternined by measurements fram the grid stakes and would be marked by
paint, flags, or other easily movablie merkers. Second, the stakes are
abatructions which make Lt iImpossible to mensuver survay vehicles and certain
geophysical instruments directly slong the grid Lines. The normal procedurs in
this case is to collect data along & set of lines that are offeet from tha grid
lines. The amount of offset and Lts dirsction relative to the grid ere roted
in & field notebook and are accounted for in the subsegquent data analysi:

process.

It is important to nete that other obatrugtions on the graund surface (e.3.,
bushes, rocks, surfses debris, pipes, fences, goste, buildings, end fixed
machinery) will often make it Impossible to ¢ollect geophysical dets slong
perfectly straight lines, A major interruption or diversion of & survey lins
would be noted and accounted for, but it Ls impractical to note minor
diversions that ere comparable to the l[ateral spatial resolution of the survey
instrument or small in somparisen to the size of the subsurface festure to be
detected (detecting o lerge trench reguirss lees nevigational precision than
detecting an {solated $8~gal drum, for example).

Most of the geocphysical survey instruments that are planned for use at tha
Hanford waste burial sites produce output data at an effective rate of several
samples per second. The normal survey mode is to transgort these instruments
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Glong & survey Lineg at & g 0d of w )y fewt gor sacord., Thus, the alongetrack

veta spacing 4 tymically [ 't ar ipe) The exact dats scacing will very witl
the soeed at which tha tmst-uments prt oarreled or pulled acrsss Lhe groumd ame
cannot Be accuraitnly gontre)ied. Esouor for situations whers widely spacad

aata are WErIEriate (0.5, slectromagatie LAEMEsion vgasurementy of deen
contamination glumes in grounduater !, .1 13 not doat effective to attemes ta
eata:n @ Pixed data scec:ng. The normel precscure ¢ tc: 1) make the traverse
sneed as anstant ag possible to mimumie vartations . the data specing: ¢!
interpolase the data (if digital! by means of 4 comnuter to adjust the cata
spac:ng to 4 selected value. and I) to scale the final disclay procuct (e.9.,
man! to the cdesired dimensiors. This sppraacn minimizes the iime needec to
garfcr= 3 survey, MasximlZes the cost affeciivenasy of the work, and snjurss -
that the riumber of measursments in ke along=track direction will be suffizien:
to datsct both large and small targets.

2.2 CaliseatianiQata.Analvais

The currant state af the art in gecohysical site assesamant technology L8 such
that the rasults o? most surveys ars only semi»guantitative., In other words,
the smolitude of a measured gquantity (e.9., & reflected radar signal, e
magnetic field ancmaly, or the apperent electrical conductivity of the ground)
cannat he Lnterpreted in a way that will yield an acsurates quantitative
characterization of & buried wavte degosit or waste=releted strugture.
Consequently, the most meaningful and accurate result of & gecohveical wirvey
13 usually a map showing the locations of waste degosits or wasts disposal
structures, This type of product {3 based on the msssurament of laterasl
variations i1n the messured dquentity. Thus, the stability of the survey
instrument and the accurscy of the survey lines are more important than &
calibration of tha itnstrument’'s resgonse. The instrument calibrations that car
be made and are meaningful ere outlined in Sections 3-G.

2.3 Safaty

There are minimal salety hezards sssociated with the use of the geophysical
survey instruments that sre planned for use et the Hanford Site., The
instruments themselves have no significent redistion fields, exgosed high
veitages, or meving mechanical gerts that sonstitute & haserd to the agerator,
The small all=terrain vehicie used by BENL for ground-penstrating rader surveyy
(swe Section 3.l helow!) will not be eperated on stesp 3lopws or embenkments
which, tn the Judgement of the operater, cannat be safely negotiated. Safety
tasues releated to potentiel chemieal or radicsotive contemination of the wsitw
and to the pessibility of ground subsidence over collapeing waste materialy or
gontainers will te addressed by the site safety officer prior to the initiation
of geoahysical field werk by PNL.

2.4 Eiald Nolshooks

Written descrigtions of the geophysical fisld work will be recorded in Field
notebocks, The contents of these notebooks will include site descriptions,
sxplanations of the work baing performed, general field procedurss, o list of
the instruments used {n the work, resords of instrument settings, notations of
anomalous oceurances, and descriptive details releting to data c¢ollection
{@.9.. line numbers, traverse directions, cbstructions, deviations, data recoerd
numbary, and data file names). A separate notebook will he ussd by each

e e . - T ————— — =




individual or group that iv gerforming indegendent fleld work, The notecigks
will romain at PNL, but copies will be pravided to WHEC,

4.8 Usacts

Final reports will Be submitted to WHC as outlined 1n the Statement of Wers for
the L100~-EM=) Operable Unit. These resorts will include:

= site gescription
= gstatament of survey eojeciives
~ listing ang description of the survey Lnatrumsntat:ion

- gutline of dats collecstion pracsdures

- oqutline of data processing operations and data analysis procedur s

= discussion of results

= raw data racords

e

= jintermediste deta disalay products {(mags, profiles, and grephs!

= ang or more site maps shewing the (nterpreted resulty of the
ne geophysical surveys,

3.0 GRQUND-SENETRATINS RACAR PROCEQURES !
3.0 fustes |

Manufacturer Seophysical Survey Systems, Inc (§8SI)

- Components s) Control unit, Model $IR 7
B) L29-MHz antennra, Model 3116
¢) J80-MH: antenne, Model J10SA i
d) 500-MHz antenna, Model 3102
e) Calibrator, Model P73

Normal operation of the radar system involves
tuo additionsl components:

P) Qigital datas scquisition unit designed and
constructed at PNL,

8! Suzukl Quadrunner 253 all-terrain vehi:le
{ATV),

Power Electrical power 13 provided by 12-volt
automotive or marine batteries.

Accuracy 290.5 nssc in 3signal traval time,




3.4

Qata.Collsstion
Oparating Modes

Normal travel speed
Warn=up time

Procsdures

o' @88L SIR 7 operatar’s manyal and ci-sult

diagrans.
b} PNL ocerator’'s manual, dete acauisiiion unit,

A radar travel=time caliliration signal w;ll Be
recorded tn the field an a wspecisl dat: recorg on
the recording medium used far the rest of the
racdar field cdates {(digital magnetic tapz or di3k),
A calibration, utilizing the AT3 caliaratar,
will be perfor=ed at least once aer day during
field coerationy and whensver & change (3 mace in
the timing carameters of the radar sysiem. The
gerformance of the calibration srocecdu-s and the
location of the csiibration dats in the recordeo
date set will be noted in the onerstor's field
netabook.

Da:ily procedures:

a) Insoection and cleaning (if needed! of
cables, connectors, and tape recordsr heada.
b) Batitery inspection and charging prior to
operstion aof the system. {(During cperation,
battery stetus is indicated by & volimeter and
indicator lights on the radar gontral unit.)
¢! ATV maintenance (gas, oil, tires),

The performence of these procedurss will be noted
in the operator’s field notebook,

s) Towed by the ATV, In this mede, a footage
counter mounted on the ATV prevides posiLtion
data that ars inserted into the data records,

b) Pulled by the aperstaor, no foatage counter.

The operating mode will be recordsd (in the
operator’'s fisld notebook.

2=5 ft/sec
1 minute

System adjustments such as time scale, gain,
filter, sampling rate, and signal frequency range
(antenne sslection) are site-dependent and will
be mada at the discretion of the operator., All
instrument settings wtll be recorded in the
operataor’s field notebaok.

Data will normally be collected along stra.git
Liney dafined by, or derivedg from, a survey gr:id
marked by stakes. Pertinant dats (e.g.,




3.8

4.0
4.1

4.2

4.3

MAGNETOMETER PROCEDURES
Eoinecy. dyatan

Manufacturer

Components

Pouar
Accuracy
Altsrnative Svates
Manufacturer

Components

Power

Accuracy

Hanuala

direction, location, track numper, sosti-uctiens)
relating to each traverse will Be recarded in the
eperatar’'s field notebook,

The rader dats will be recorged 1n digital form
on magretic taoe Sartridges or megnetic disks,
Each cartridge or disk will be ladeled anc dated,
The cats will Be transferrec 20 & lagoratary
comouter for processing &s cescribed belzw. The
unprocessed data will be recarded an 9-:rack
magnetic tace for long=term starage anc
transmitisl ta WHC.

The radar cats will be grocessed by PC or DEC VAX
camputers, Processing steps may incluce clutter
removal, filtering, synthetiz gsoerturs focuning,
and image enhancement. Intermediate outgut
products will normally be smelitude-moculated
radar profiles Ln the form of photogracnic
prints. The final product will nermally bs @
site mep showing the interpreted locations,
depths, and cherscteristics of wasta materials
and other wasts~rslated featurss. This map may
include the results af the other types of
geocghysical surveys performed at the site,

feintyen, Lid,

a) Casium vagor magnetometer, Model VIL-2302Al

b) Digital data resorder designed and
constructed at PNL,

G-volt gel=cell battary pack

35 gammas

Geometrics

Proton precession nagnetometer, Model 1-816 or
6-858.

Intarnal batteries (size C, non-magnet.c)
2l gamma

8! Scintrex magnetometer operataor s maoual and
circult diagrams,




4.8

4,8

PRVEY 13 B8}

Uaintsnancs

Rata Callaction
Qnerating mode
Normal travel spesd

Warm=up time

Proceduras

Bl PML oparetor’s menval, ¢igitel dete recorder,
2) Geomusiricy megnetometer operator’s Aenual,

Thy cal.bration of ¢srium vepor ang praten
arucEel.on magnretonatery (9 determined By
fundamental physical constants end 13 not

ad ustatiie By the yser. A corrgct reading of the
ambLant magretic field ind:cates thet the
nutrumant (3 funetioning correctly. Shori-term
stubility will Be ascerta:ned saily by & L-minuty
seuuency of messurements at ¢ fixad field
lacation. Long=ter=m rspeatacility will Do
chacked by rscesating at least one survey line et
sach sits. Thae performence of these stess wil.
be documented in the operator’'s fleld notesaon,

Da.ly batstery charging and inspection of cacles
and connecters., Ouring cperatien, low batiery
voltage 13 sensed By the magnetometar and i3
indicated on 1te front pansl display,

The tnstrument will be carried by the operatar.

al 3~8 ft/sec (cegiun vapor magnetometer).
B) L "t/s.c avg. {protcn precesston
magnetometer),

a) § minutes {cesium vapor magneatometer),
h) ! minute (groton precession megnetometer),

S8efors beginning & survey, the oparstor will
snsure that he 18 not carrying or wearing eny
ferromagnetic object (#.9., knife, stasl belt
buchkle, or stesl-reinforced hogte) that can
affect the magnetic measurement,

The cssium vapor magnetomster will be carried
slong the survey lines at & constent speed, Oata
will be automstically recorded in digital form at
a rats of several samples per second,

The proton precession magnetoneter will be meveu
along the survey lines (n 8 start/etop mode,
Readings will be made ot selected distance
increments and will be recorded sither
sutomstically (recorder) or msnually (notebook!

Data stored in the digital data recorder will b+
periodically transferred to floppy disk via an
on=site PC. Each floooy disk will be labeleg,
dated, and backed uo. Psrtinant data relating -
sach survey line will be recorded in the
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4.7 Qata fnalvais

coerstor 1 fisld notebeon,

Olurnal variations 10 the eerth's magnatic field

will be monitored By mexing amriodic measurement:

at & fixned logation. The messurement (nterval
will Be | hour or less. The detairls of this
grocedurs will be recorded 1n the operator’s
field natebook.

The magnetic data will Be processec by a PC ar
VAX comguiar. Procsssing stecs mey incluce
intergolation, filtering, correction for diurnal
variations, and subtraciion of the ambient field.
Qutout products may tnciude magnetic gprafiles,
contour maps ., and calor-cadeo maps of magnetic
smplitudes. The primery outgut product will
normally be & site map showing the inter reted
locations of nagnetic waste materiels. These
results may be included on a more genersl site
map that contains the results of ather
geophysical surveys.

§.9 ELECTROMMSNETIC INQUCTION PROCEQURED

6.1 Sxalam
Manufagturar

Components

Paouer
Accuracy

8.2 Hanuals

§.3 Celibration

Geontas. Ltd.

a) Model EM3I] ground conductivity meter.
b) Digital data acouisition unit as in %estion
4.l

.Intorncl batteries, size C

1

Geonics EM3I1 Operating Manuel and circuit
diagrans,

Factory calibrated, Long-term stability will be
chechked prior to use at a given site by
meaaursrents at & selectad test location
{eurrently & parking lot at PNL'y 2400 Stevens
facility)., Adjustments, i{f needed, will be made
in sccordance with the procedures listed In the
EN31 Operating Manual., The time, location,
arocedures, and results of these measurements end
sdjustments will be recorded in the operator'’s
figld notebook.

Daily procedures:

a) Inspection of cabley and connector~s.

il
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b) Eauipment functional ahecks as sgecified 1o
the operator's manuel.

The serfarmancs 3/ these pracedures will %s nates
in the oparatar's field notenook,

§.5 (Qata Collsciian

anrcisne made The instrument will Se cerried Sy the coerats-.
Normg! travel speed 3-8 ft/sec

Warm=up time L minute

Procedurey The inatrument will be carried along the survay

lines &t & constant speed. OQata will be
sutamatically recorded in digitel form et a rate
of several semples gor seaond., Pertinent dats
related to sach jurvey line will be recorided in
tha cperstar’'s field notesbook.

. The recorded dets will be trensferred te floony
- disks which will be labeled, deted, and backe!
ug.

5.5 Qata Analvaia The dets will be processed by a PC or VAX
computer. #rococuxnu steps may incluoe
interpolatign and fiitering. Outaut products may
inalude conguctivity (apparent) profiles, contour
maps, ang eglor=coded maps. The primery autput
product will normally be a4 site map showing tie
intergreted ilogations of detecteg waste mater.als
or subsurface structures. Thess results may te
included an & more genersl site map that contsing
the results of other geophysical surveys.

6.2 NETAL.QEIRCTOA PROCENURARS

' 6.1 S§vatam
Manufacturer Eisher Ressarch Laboratory
Components Model TuW=-8 M=Scope pipe and cable locator
. Power Internal batteries
Accuracy Net delined
6.2 Manuals Fisher M=Scope Qnerating Manual
€.3 Lalihration Uncalibrated tnstrument. Freguent adjusiment:

are raguired on site to ensurs good sensidiviiy,
Thass are normally mede by maximiiing the




6.4

Hajatanaccs

§.5 Qata.Callsciion

Operating mods
Normal travel
Warm=up time

Procedurss

sceed

response to & known terget. This procicure will
be recorded in the operater’'y field notebook,

Qaily battary check utilizing the 1nzt-ument '3
front-panel, bdattery-cheek fungtion switen.

The tnatrument will Be carmisd by the speratar,
1~5 ft/vec

1 minute

The instrument will normelly be carriec along &
survey line until & reospense is obtaines. The
instrument may then be moved in an aresi pattern
to define the boundaries of the detectad object
or material. The boundaries will be marked on
the ground in & temporary manner and will Be
recorded on & data aheet or Ln the opecatar's
field noteboaok.
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