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Date: 1-3-89
GU 1:

as order or or Order l

C

...,

To: Project File

From: M. R. Adams

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

The procedures for field services provided by task/work orders are approved
by Westinghouse Hanford Company. Specific information regarding the service
is indicated below:

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

2. Type of Order: _ Task Order Task I

X Work Order Order i ED 9304

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

3. Performing Organization:

_ Golder X PNL _ Kaiser _ Other

4. Performing Personnel and Title:

G. A. Sandness, Scientist

5. Approval Checklist: ( Attach list of each document supplied, date of
document, ID I if available, and revision indication, if available).
Document supplied is "Procedures for Geophysical Site Surveys,"
1100-EM•1 Operable Unit, dated December 19, 1988.

Equipment operating manuals, instructions or procedures

X Callbrition instrrouetionsnor proeidureiept
with equipment operator).

X Calibration record during operation

X Equipment maintenance instructions or procedures

x Equipment maintenance record during operation

w(,g Purchase records of parts or tools used specifically for operation
specified in Statement of Work attached to Work or Task Order

_1(_ Safety precautions peculiar to equipment documented ( Site safety
precautions covered in Health and Safety Plan)

X Logbooks and/or notebooks for field data collection

X Radiation monitoring activities completed at all sites.



8. Approv,ls: 10,IP ro e¢f oor n, or

If im{iect Level i, II or III)
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PROCEOURES SITE SURUEYS
1100-EM-1 OPERAELE UNIT

O.A. SIndnesa
Automation and Maasuranent Sciancas Oaoartnent

Paoifia NorthWest Laboratory
oacenber 19 . 1900

1.0 jNYpeouerteN

Oaophysiaal sensin0 nethods neasurs variations tn napnetie and aisotronapna :c

fields, alactrtaal currents and potentlala, er acoustic imoulsas to detect and

characterize natural or nannade features, Waets, or naterials in the 0rouod.
9ona of the nany avatlabla 0eophysicai axpioration methoos nave proven to b-
effaetive at the shallow depths 1l0 m or lass) reprssantso by typical, naar-
aurfaae, chemical and radioactive waste burial sites. These methods are
routinely used to detect waste natertals or the subsurfacs struc:uros
(tranchas, tanks, drtu+s, eto.) in which those materials were daaositad. Thay
are also used to detact natural features (e.0., bedrock, the water tabla,
voids, and sedimentary interfaces) which may influence the migration of
chemical or radiological qontaninants into the anvironnent. The specific
0aophysical sensing methods to be inltially Mployed in the planned CERCLA
remedial investigations at the Hanford 1100-EM-1 Operable Unit are sunnarized
as folloun

Pr,

brwnd-penstratin0 Electromagnetic waves are baqksoattsrsd from
radar objects or interfaoas in the Oround.

MaOnetenetry

Electrical conduc-
tivity by elsatro-
na0netic induction

Metal detector

Magnetic naterials produce neaurable anomalies !n
the aNbient (earth's) na0netio field.

Measurable secondary magnetic fields are inducsd
in conductive obJeots by an alternating naqnatic
field source at or above the ground surface.

Elaatromanatlc induction as abovs with a sensor
spaaialisod to detect metallic objects.

These methods, and others, have been successfully used to detect and
characterize hazardous waste materials at many burial Was over the past
decade and are now rscoonisad as a vital part of waste site identification and
assessment efforts. All of these methods provida lnfornation about buriao
objects and materials without reouirtno significant physioal ponetration of th:
ground. For this reason, they offer at least three inportant advantapas, or
benefits, in aonparison with alternatives such as excavation and borehole
sanplin0, 1) they can substantially reduce the time and cost of axoloratinn and
site characterization efforts, 2) they can lncraase the cuality and quant:ty of
site assessment data, and 3) they can onnanca the safety of parsonnal. Tl,asa
benefits naka the use of paophystcal sansine methods almost nanoatory in ^.ost
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waste burial site investipations.

2.0 BE4E!AL 8E4104V9[CAL 4l1RVEv P4OCEAU8E5

The fellowinp sectlons of this document outline a set of operating proeeoures
for each of the four geophysical survey methods listed above. These proesoures
inelude instrument eailbration and maintenance, data colleotion, and data
processing. Thus, they are deoendent on the charaetertatics of the various
instruments. There are, however, several broader aspects of survey procedure
which pertatn to all of the methods th9t we expect to enoloy in the site
investigations that are currently planned for the 1100-E!!-1 Operaole Unit.

Mueur^w^nt Leeetiens2,1

Reference points at the ground surface are needed at most waste burial sitn to
permit measurement locations to be defined and waste boundaries to be
accurately mapped. This to often achieved by placing stakes Into the ground to
mark the nodes of a rectangular grid. Geophysioal measurements are then
normally made along straight lines that are parallel to, and sometimes
ooinoldent with, the grid lines. The reference grids for the sltes in the
11ihEM-1 Operable Unit are described in the corresponding RUFS Work Plan and
in the Statement of Work for the geophysical surveys (Work Order No. E00304).
stakes will be in place at these sites prior to the jnitiation of peophyslcal
field work.

There are at least two reasons why the peuphysicai survey, or traverse, lines
are not always coincident with the grid loes. First, it may be considered
appropriate to collect geophysical data along survey lines that are more
closely spaced than the grid linee. It would not be unusual, for example, to
collect data along lines spaced S or 19 ft apart at a site where the grid l.or
stake) spacing to li! ft. The lcoatjons of the survey llnes, in this can,
would be determined by measurements from the grid stakea and would be marked by
paint, flags, or other eaeily novable markers. Second, the stakes are
obstructions which make It lmposeible to maneuver eurvey vehicles and certain
geophysical instruments directly along the grid lines. The normal procedure in
this case is to collect data along a set of lines that are offset from the grid
lines. The amount of offset and its direction relative to the grid are nated
in a field notebook and are accounted for In the subsequent data analysis
process.

It is important to note that other obstruotions on the Oround surface (e.q.,
bushes, rocks, surface debris, pipeo, feneee, poots, buildings, and fixed
machinery) will often make it impossible to collect geophysical data alonq
perfectly straight 11nee, A major interruption or diversion of a survey line
would be noted and accounted for, but it is impreetical to note minor
divarsions that are eomparable to the lateral spatial reoolution of the survey
lnstrwtent or small in oamparison to the site of the subsurface feature to be
detedted (detecting a large trench requires less navigational preeision then
detecting an isolated SS-Oal drum, for example).

Most of the geophysical survey instruments that are planned for use at tha
Hanford uaste burial sites produce output data at an effective rate of se,eral
sanples per second. The nornal survey mode is to transport these instruntnts

1



d+lor^c a swrvay ltne at • spud or iu fi+ Isst por sse':rd. Thus, the alonp•tr•.k

i9ata spaci,np irtypieally 1''t or nsr The esact ciat• seacinp will vwry witl

the soeed at wftr,rl the inst'unents sn, ,;srrteo or pullsd across the prcunii ant

cannot be accurvtiuly c:ontrc i.ed. for situations where utdely sbacnd

oata are aeprocrc,wte e.g.,lalectrarau,otic induction weasurenents of deetr

Contanlnatlen plunee in QrOwndYater7, ,Yle not poet effective to attenpt to

obtain a Uxad daR',a sbaer.np, The nor*at OroOSOure ta tC: 1) make the traverse

soeed as aanstant as possible to ninini:s vartations .n the data spaeinp; 21

interpolaee the data it dipital) by means of a conoutar to adjust the data

soee:np to a selected valueand 3) to seale the final disolay product (e.g.,
mao) to one daatred dinensions. This approaen nanint:as the time needed to

Ferforn a survey, Aaaini:es the COat effeCtiveness of the uork, •nd ensurea

that the number of measurements in the alonC'traek direet:on will be auftieien^

to detect both large and snall targets.

2,2 CaltCrattq(1;Data Analvs.s

The current state of the art in pecohysical site assessment technolopy is such
that the results of most surveys are only seni-quantitative. In other words,
the anolitude of a r,easured quantity (e.g., • reflected radar signal, a

' napnetic field anonaly, or the apparent electrical conductivity of the ground)
cannot be lnterpreted in a way that will yield an accurate quantitative
characterization of a buried waste deposit or waste-related structure.
Consequently, the most neaninpful and accurate result of a peepnysieal survey
is usually a map showing the locations of raate deposits or waste disposal
structures. This type of product to based on the neasurenent of lateral
variations in the neasured quantity. Thus, the stability of the survey
instrument and the accurecy of the survey lines are more lnportant than a
calibration of the instrument's response. The lnstrunent calibrations that car

r be nade and are meaningful are outlined In Secttons 3-6.

2.3 Safety

- There are nininal safety hazards Nsoclatod with the use of the geophysical
survey lnsttwftants that are planned for use at the Hanford Site. The '

- instruments thMselves have no eipnifioant radiatlon exposed high
voltapes, or nevinp noohanioal paris that OoMtltute a hazard to the operator,
The small all-terrain vohiele used by PNt. for pround-penetratinp rrdar surveyq
(see Section 3.1 below) will not be operated an steep slopes or enbenknents
which, In the Judgement of the operator, cannot be safely npotiated. iafety
issues related to potential ehMidal or radioactive contamination of the site
and to the possibility of ground subsidence ever collapsinp waste materials or
contalners will be addresaed by the site safety officer prior to the lnitiation
of geophysical field work by PNL.

2.4 Field Netabeeka

Written descriptions of the peophyslcal field work will be recorded in field
notebooks. The contents of theao notebooks will include site descriptions,
axplanations of the work being perforned, general field procedures, a List of
the instruments used In the work, records of lnstrunent settings, notations of
anomalous occurances, and descriptive details relatinp to data collection
(e.g., line numbers, traverse directions, obstructions, deviations, data record
numbers, and data file names). A separete notebook will be used by each



lndividual or Srouo that is perforninp indepsndsnt field uork. The notec^oks
will remain at PNL, but copies will be provided to WHC.

2.i

Final rsoorts will be subnittad to WHC as outl,ned in the Statement of Wcri for
the 1195-EM-1 Oporablo Unit. These rsports will anclude,

- site description

- statement of survey ooJeQtive]

- ltst:np ano description of the survey instrumentation

- outline of data collection procsdures

- outline of data processing operations and data analysis procsduris

- dlscusslon of rasulto

- raw data records

JI

-
lnternadiate data display Products (naps, profiles, and graphs)

one or more site Aaps showing the interpreted results of the
geophysical surveys,

BpOl1N0•pEN[7RA7iN6 RAOAA pROCE^IIR[43,9

3,1 1y,af,fd

Manufacturer baophysloal Survey Systems, Inc (BSSI)

Conpononta a) Control unit, Model SIR 7
b) 1:5-MMs antenna, Model 3115
a) 304-MN: antenna, Model 3155A
d) 105-MNS antenna, Model 3152
a) Calibrator, Model P731

Normal operation of the radar system lnvo4ves
two additional eonponents,

1) 0101ta1 data acquisition unit dntpned and
constructed at PNL.

g) Su:ukl Ouadrunnar 255 a11-terra/n vehi:le
(ATV).

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

Accuracy =0.5 nsee in sapnal travel time.



a

3,2 tl{pudla a) Oiii SI11 7 oparator's nanual and c::utt
diagrams.

b) PNL operator's nanual, data aeoutst:ton untt.

3,3 Cal.eratian A radar travel-time calibration stpnal Will be
recorded In the field as a soactal data record on
the recording medium used for the rest of the
radar fteld data (dtpttal na0netsc taos OF disk).
A calibration, uttli:+np the P731 cali:irator,
will be performed at least ones per day dur:np

field ooerattena and uhanevar a change to made in
the timing oaranatvs of the ridar syscen. The
performance of the oalibrat:on lrocsdure and the

location of the calibration data in the recordee

data set will be noted in the oparators field
notebook.

3,4 dai Only procedures,

a) Inspection and cleaning (if nssdad) of
cables, conqectors, and tapa recorder heads.

b) 6attery inspection and charging pricr to
operation of the system. (During oi)aration,
battery status is lndicated by a voltmeter and
indlcator li,hts on the radar control untt.)

c) ATV maintenance (gas, oil, tires).

The performance of these procedures will be noted
in the operator's field notebook.

3,$ Data Qellaetten

Operating Nodes a) Towed by the ATV. In this nede, a footage
counter mounted on the ATV provides position
date that are inserted into the data records.

b) Pulled by the operator, no footage counter.

The operating mode will be recorded in the
operator's field notebook.

Normal travel speed 2-6 ft/sec

Warm-up time 1 nlnuta

Procedures System adjustments such as time scale, gain,
filter, sampling rate, and signal frequency range
(antenna selection) are stta-dependsnt and will
be nada at the discretion of the operator. All

instrument settings will be recorded in the
operator's field notebook.

Data will normally be collected alonp etra-plvt

Lines defined by, or dartved from, aiurvey grid
marked by stakes. Perttnant data (e.6,..



direation, loeatien, traok nunber, oost-uetionsi
relating to each traverse will be recorded in the

operator'e field notebook.

The radar data will be reaerped in dipital forn

on magnetic taoe eartridpeo or napnstia disks.

Each cartridge or disk will be laoelad ano datad.

The data will be transferreo to a laooritory

comouter for proaessanp as desaribsd belau. The
unoroaessed data will be recorded on 9-:raaM

nagnetia taoe for lonQ-tern storage anC

transnittal to WNC.

3,6 Data The radar data will be proeessed by PC or CE: VAX
aonouters. Proaessinp staoe may ineluas clutter
renoval, filtering, syntheti.- aperturs foeusnnp,

and image enhanaenent. Intermeelate outout

produots will nornally be anolitude-noaulated
radar profiles in the form of photoprapnte
prints. The final product will normally be a

site nap shoWlnp the interpreted loaatlons,
depths, and characteristics of waste netarials

and other wasta-related features. This nap may
include the results of the other types of

geophysical surveys performed at the site.

4.1 pCi".rv svAt.w

Manufaoturer 6ointrvr, Ltd.

Components a) Caeium vapor mapnetonetar, Model VItd-2362A1
b) Digital data reeorder designed and

constructed at PML.

Power 6-volt pel-aell battery pack

Accuracy fB gammas

Alt^rn^! w• 9v^t^w

Manufacturer 6eometries

Components Proton precession mapnetometer, Model 11-616 or
6-686.

Power Internal batteries tstze C. non-napnet:a)

Accuracy 21 gamma

♦,3 (upypj1 a) napnetoneter operator's nanual and
circuit diaprens.



a

b) PNi. iuttaratar't nanual, dipital data reaerder.

.) asortotN•iei naQinetometar operetor's manuai.

^ Dy 'fhu aalbratian of cesium vapor and proton

pruassa..pn Ma®nstonetero to determined by

fundanental physical constants and to not

ad.luetablo by the uaer. A correct reading of th^

anbtent nopnetic h eld ind:eates that the

tn:ttrunant i71 functioning correctly. Short-term

atabilixy Will be aacertained datly by a 1-4inutt

aequence of r:eaaurenentt at a fixed tield
location. l.onp-term rsaaataoil:ty ui a be

checked by reoeatinp at least one survey l:ne at

each site. The performance of these eteoe will

be documented in the operator's field noteaooa.

4.5 Melntananc• Daily battery charging and inspeetion of eaolee

and eonnectors. During operation, low battery

voltage is sensed by the napnetoneter and is

indicated on its front panel display.

4,5 Data Calleatlen

Operating node The instrument will be carried by the opsrator.

Normal travel speed a) 3-5 ft/see (ostalun vapor napnetoneter).
b) 1 ft/s.e avg. (proton precasion

napnetoaeter).

Warm-up time a) 5 minutes (cesium vapor napnatoneter).

b) 1 minute tproton preoeuion napnetonetarl.

Procedures Before beginning a survey, the operator will
ensure that he to not carrying or uaarinp any
farerorwapnetie object (e.g., knife, steel balt
buckle, or stasl-rsinforoad boots) that can
afreat the magnetic measurement.

The cesium vapor mapnetonetar will be carried
alonp the survey lines at a constant speed. Data
will be automatipally recorded in digital form at
a rate of several wples per second.

The proton prsoession naanotoneter will be naved
along the survey lines in a start/atop mode.
Readings will be made at ssleetsd distance
inproments and will be recorded either
automatically (recorder) or manually (notebook)

Data atored in the digital data recorder will b,

periodically transferred to floppy disk via an

on-site PC. Each floooy disk will be labeled,
dated. and backed we, Pertinent data relating o
each survey line will be recorded in the



operatori field notebook.

Diurnal vwriations in the earth's magnetic field

will be monitored by nakinp periodic neasuranent.

at a fixed loeation. The neasurenent interval
will be 1 hour or less. The details of this
prooRdure will be recorded in the eperator's
lield notebook.

4,7 Data Analvsis The magnetic data will be processed by a PC or
VAX comou;er. Processing steoe may lnelude
tnterpolation. filterinp, oorreetlon for dsurnal

variations, and subtraction of the ambient field.

Cutput products may include napnetie profiles,

contour napi, and OOlor-cOdeo n40e of naQnetie

amplitudes. The primary output produot WILL
normally be a site nap showing the lnter1reted
locations of napnetic waste naterials. These

results may be lncluded on a more general site
map that eontaina the results of other

geophysical surveys.

5.0 ^LECTRD_NA6NR^ 2NCLICT2 N RRI7CEOt1R[f

5.1 9Yt3ir1

Manufacturer 9eenies. Ltd.

Components a) Model SMdl pround conductivity neter.
b) Olaital date aaouisition unit as in 4eetion

4.1.

Power Internal batteries, size C

Accuracy t5^

5.2 Manuals 8eonlea EM31 Operating Manuel and circuit
diagrams.

5,3 Cdlibr.tien Factory calibrated. Long-term stability will be
ohooked prior to use at a given site by
neasurN+ents at a selected test location
(currently a parking lot at PNL's taii Stevens
facility). Adjustnents, If needed, will be made
in accordance with the procedures llsted in the
LM31 Operating Manual. The time, location,
preeedures, and results of these measurements and
adjustments will be recorded In the operetor's

field notebook.

5.4 Naintenanee Daily procedures:

a) Inspeetion of cables and conneetors.



w

bl Equipnent functional checks as specified in
the operator's nanual.

The perfornanos of these procedures will be nitso
in the operator's field noteoook.

5.6 •ta Callaetlen

Operating node The instrument will be oarried by the ooersl:°.

Normal travel speed 3-E ft/sec

Warm-up time 1 minute

Procedures The instrument will be qarried along the surv-.y
linos at a aonstant spoed. Oata will be
automatically recorded in digital form at a r3te
of several Nnplep per steond. Psrtinent dati
related to each survey llno will be recoryad in
the operator's field notebook.

The recorded data will be transferred to floony
disks whiqh will be labolod, dated, and baaksl
wp.

5.8 Data The dati wijl be processed by a PC or VAX
coaputer. rrocessinp steps may inaludp
lnterpolatiNn and filtering. Output products may
include qonouqtivity (apparent) proflles, contour
maps, and aolor-qoded naps. The prinary output
produot will normally be a site nap showinp tna,
interprpteq Locations of detected waste natertals
or subsurface structures. These results may he
included on o more general site map that oont,,ins
the reeults of other peophyeical surveys.

8.8

8.1

Manufacturer Fisher Research Laboratory

Components Model TW-8 M-Seope pipe and cable locator

Power Lntornal batteries

Accuracy Not defined

6.2 Manuals Fisher M-Soope Operating Manual

6.3 Unealibrated instrunent. Frequpnt edlustment^
are required on site to ensure good sensitivi^y.
Theu are normally made by waRinusnp the



r0epon00 to a known tarpot. This proaaaurt will
be recorded in the opOrater'0 liold nooabook.

Ma.nt.n.nes battery aheok utila-tinp the inetrunent'e
front-pan01, battery-check function ewLt:n.

6.5 Data Callaetien

OpOratinp nado The LnOtrunont will be carried by the iooratar.

Normal traval ao0ed 1-3 ftl10e

Warm-up time I ninuto

Procedures The instrument will normally be o0rr4ad aJanp a
survey time untll a ro0pOn0o t0 obtaine0. The
instrument may thon be novod M an Oroel pattern
to do/ino the boundario0 Of the detected object
or natorial. The b0undarto0 will be marked on
the 5r0und in 0 toRpOrory ROnnor and w&ll be
recorded on a data Oh00t or in the oparator'a
field notebook.
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