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1.1 Introduction 

GEOPHYSICS SURVEY 
2,4-D SITE 

HANFORD - NORrH SLOPE 

APRIL 1994 

U.S. ARMY CORPS OF ENGINEERS 
WALLA WALLA, WASHINGION 

CONTRACT NO. DACW 68-93-D-0002 
DELIVERY ORDER 4 

1.0 PROJECT DESCRIPTION 

This report summariz.es the results of a geophysics survey conducted by Shannon & Wilson, 

Inc. at the 2,4-D disposal site located at Hanford - North Slope. The work was performed 

for the U.S. Army Corps of Engineers, \Valla Walla District (COE), under contract 

#DACW 68-93-D-0002, Delivery Order No. 4. A magnetometer survey was performed on 

February 17 and 18, and a search using electromagnetic methods was performed on March 

13, 1994. Shannon & Wilson performed this v.ork as a subconsultant to Cascade 

Engineering Services, Portland, Oregon. 

1.2 Site Back£round and Description 

The North Slope consists of appx:oximately 140 square miles of land north and east of the 

Columbia River across from the active area of the Hanford Site. The 2,4-D site is located 

on the North Slope approximately 25 miles north of the city of Richland, Wcishington. The 

location is shown on the Vicinity Map (Figure 1). 

The 2,4-D site is located at the base of an approximately 60-foot-high sand dune to the west 

and approximately one quarter mile west of a gravel road. The dimensions of the site are 

approximately 440 by 60 feet with the long dimension approximately north-south parallel to 

the huge sand dune. Signs marking the site are posted at the north and south ends. The site 

is vegetated with cheatgrass and sage. 

V-0202-01 
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According to documents supplied by the COE, soil contaminated with between 150 to 900 

gallons of 2,4-D (2,4-Dichlorophenoxyacetic acid, a commercial herbicide) was buried at the 

site in 1966. The contaminated soil was generated from leaking, U.S. Bureau of 

Reclamation storage tanks in Eltopia, Washington. In 1967, the 2 ,4-D storage tanks were 

crushed and buried at the site as well. Documentation differs as to whether 6 or 10 storage 

tanks were buried at the site. 

1.3 Punx>se and Scope 

As part of a previous study by others, a magnetometer was used to crudely locate the buried 

tanks, and 8 borings were advanced across the site but away from the tanks to obtain soil 

samples for contamination testing. The purpose of our work was to more precisely locate 

the tanks so that angle borings can be drilled close to the edges of the tanks to obtain soil 

samples from beneath the tanks. For our work, a magnetometer and a shallow 

electromagnetic (EM) device was used to locate the tanks. 

2.0 GEOPHYSICS SURVEY 

2 .1 Theocy and Am,lication 

2 . 1.1 M"2oetometer 

Ferromagnetic objects, such as iron and steel, have an induced magnetic field when 

subject to the earth's magnetic field (primary field). This magnetization causes a secondary 

magnetic field in the vicinity of the object. The magnetometer measures total field, which is 

the magnitude of the resultant of the primary and secondary magnetic field vectors measured 

in the direction of the earth's magnetic field. The secondary magnetic field may add to or 

subtract from the earth's magnetic field, resulting in a local detectable magnetic anomaly. 

The magnetic anomaly may be symmetrical or asymmetrical and may have both positive and 

negative peaks depending on the shape, orientation, and the polariz.ation of an object. 

To conduct a magnetometer survey, numerous measurements of the total field are made 

over an area, generally with a fixed offset between measuring points. Anomalous readings, 

both positive and negative, indicate the presence of nearby ferromagnetic objects. Because 

V-0202-01 
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APPENDIX 
GEOPHYSICAL METHODS AND EQUIPMENT 

This section discusses the geophysical 
techniques used for this survey and the 
parameters measured by those techniques. 

Electromagnetlcs • EM31-D 

The EM methods employs a portable power 
source, transmitter, and receiver coils to 
induce and measure an electromagnetic 
current in the ground. CUITent flowing in the 
transmitter coil generates a magnetic field that 
induces small electrical currents in the ground 
beneath the instrument. These currents 
generate secondary magnetic fields that are 
detected by the receiver coil . The ratio of 
primary to secondary field strengths is 
proportional to terrain conductivity and can be 
read directly on the EM instrument meter, 
which is calibrated in wlits of conductivity. 
Decaying refuse and bwied metal area 
electrically conductive compared to native 
soil, and therefore produce anomalous 

actings in measured conductivity values. 

Two components of the EM field were 
measured: terrain conductivity (sometimes 
referred to as the quadrature phase 
component) as expressed in millimhos per 
meter (mmhos/m), and the in-phase 
component of the EM field expressed in 
millivolts (a measure of signal strength). 
Terrain conductivity data can be used to locate 
backfilled trenches or pits, provided the 
conductivity of thE!' backfill material contrasts 
with the surrounding.native material. The in­
phase mode of the EM field is particularly 
sensitive to metal objects and was used to 
locate buried metallic debris. 

A Geonics Limited Model EM3t-D terrain 
conductivity meter, which can measure 
subsurface conditions to a depth of 
approximately 20 feet, was used in this 
investigation. The EM31-D was connected to 
a Molytek Model 221/222 portable two­
channel chart recorder, and an Omnidata 
Polycorder Model 516 digital data logger for 

1ntinuous data acquisition along the survey 
.ansects. 

. ld\RS04 3-seo 
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Electromagnetlcs • M-Scope 

The Fisher Research Laboratory Model TW-6 
?'-. I-Scope is similar in principle to the EM31·D. 
The unit comprises a mobile transmitter and 
rE!Ceiver which are connected by a handle. 
The transmitter radiates an electromagnetic 
field which is detected by the receiver. 
Nearby metal objects cause distortions in the 
field. The receiver, which has been previously 
tuned in an area free of metal, detects the 
distortions and produces an audible signal 
when held within approximately 4 feet of 
metal objects. The M-Scope has the advantage 
of being sensitive to smaller pieces of buried 
metal than the EM3t-D. 

Magnetics 

The magnetic technique measures the total 
intensity of the earth's magnetic field in units 
of magnetic intensity called gammas- Ferrous 
metal debris in a land!ill will create variations 
(anomalies) in the field intensity which are 
recorded by the MAG instrument. The 
magnetic sensor is a vessel filled with a 
proton-rich source such as kerosene. The 
protons behave as small spinning magnets 
which orient themselves to the earth's 
magnetic field. A reading is initiated when an 
electrical current is pa6&3d through a wire coil 
around the sensor vessel. The current 
generates its own magnetic field and the 
protons readily align themselves to the new 
field. When the applied field is removed, the 
protons return to their original orientation. 
The returning motion (or precession) generates 
a small electrical signal that is related to the 
intensity of the earth's magnetic field at the 
sensor location. The intensity is a scalar 
measurement of the magnetic field vector 
independent of its orientation. 

A pair of EG&G Geometrics, Inc., Model G­
B56X proton precession magnetometers were 
used for this survey. One was used for a base 
station, and the other was deployed as a 
gradient magnetometer. The base station uses 
a single magnetic sensor; it was placed in a 
remote location and programmed to 

Harding Lawaon Aaaoclatea 1 



automatically record the earth's magnet ic field 
intensity every thirty seconds. 

The gradient magnetometer uses two magnetic 
sensors spaced two feet apart on a staff and 
was carried along the survey transects. This 
arrangement allows for the simultaneous 
measurement of the magnetic field at the two 
sensor locations. The difference between the 
two values divided by 2 is the vertical 
magnetic gradient in gammas per foot. As the 
effect of localized ferrous metal on the oarth's 
magnetic field diminishes rapidly with 
distance, the gradient measurement is more 
sensitive to buried metal than single sensor 
magnetic field measurements. Moreover, the 
effects of diurnal magnetic drift and any 
regional magnetic gradient are removed by the 
gradient measurement approach. 

-ld\RS043·geo 
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1.0 INTRODUCTION 

This report presents the results of Hardi.Jig Laws1 ,n A.,soc:iates' (HLA) surface ge-ophysical 

investigation at the H-83-L landfill site on the Ncirth Slope of the Hanford Reservation near Richland, 

Washington . The purpose of the investigation was to loc:ale a;eas of buried metal and delineate 

possible landfill cells in support of CDM Federal Programs Corporation (COM) site characterization 

activities. 

HLA's field investigation comprised the two work tasks described in the statement of work (SOW) 

telecopied by CDM to HLA on June 2, 1994 : 

A survey to verify the locations of 7 geophysical anomalies identified during a geophysical 

investigation conducted by the Westinghous~ Hanford Company (WHC) in 1991. 

A sw-vey of adjacent previously uninvest1gated areas to locate additional landfill cells, if 

present. 

The field work was performed June 15 through 19, 1994, by HLA geophysicist Roark W. Smith of 

HLA's Novato, California, office, and Scali R. Yancey of HLA's Seattle, Washington. office. Guidance 

and logistical support were provided by Paul A. Karas. and Jim Moore of COM. 

This document was prepared for the sole use of COM Federal Programs Corporation and its 

authorized subcontractors . No other party should rely or, the information contained herein without 

the prior written consent of HLA. 

· ld/RS060•seo 
August 24. 1994 
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2,0 GEOPHYSICAL METHODS 

HLA used two geophysical method~ during this i:westigation : electromagnetics (EM) and magnetics 

(MAG). The EM instruments used w,~re a Geonir s Mr de! Eh-!31-D terrain conductivity meter and a 

Fisher Model TW-6 M-Scope. The EM31 -D was .1sed to locate land.Jill cells by detecting conductivity 

changes associated with landfill materials. Thu M-Sc,ipe was used to detect shallowly buried metal 

typically found in landfills. The MAG instrument was a GEM Model GSM-19 magnetometer, which 

was used to detect ferrous metal debris. Because of v-:ihi:le access restrictions due to loose sandy 

soil, the presence of sensitive vegetation and the fire danger associated with the vehicles' catalytic 

converters, ground penetrating radar was not used. A more detailed description of the methods and 

equipment used is presented in the Appendix. 

. 1d/RS060-geo 
August 24, 1994 
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3.0 SITE CHARACTERISTICS 

The H-83-L landfill investigation area. which inciudes beth the HLA and \\THC survey areas. is 

rectangular and measures approximately 600 feet east-wEest by 500 foet north-south (Plates 1 and 2). 

The site is vegetated along its perimeter, and the ten-a in ts generally fla t except for a low ridge along 

the southern boundary. Small amounts c,f localized debris , including crushed ammo crates and steel 

cable, were observed on the ground surface. 

In 1991 WHC surveyed a 300- by 300-foot area and identified 7 geophysical anomalies. At the 

direction of U.S. Army Corps of Engineers representa tive Randy Chong. HLA extended the survey 

area an additional 100 feet to the north, south, aud uast and an additional 200 feet to the west 

(Plate 2). The enlarged survey &rea boundaries were detf!rmined based on the distribution of surface 

debris around the original WHC survey area . 

. ld/RS060-geo 
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4.0 FIELD PROCEDURES 

Before each day's field work, a safetv briefing was gi ven by Mr. Karas or Mr. Moore, and operational 

checks were made on all functional component:-- of the :wo geophysical systems. Each system was 

tuned to local conditions according to Uie manufacturers' operations manuals. A calibration point for 

the EM system and a base station location for tl1e MAG system were established in an area of native 

soil identified during a walkaround survey. Th1-,se poin •.s were occupied at the beginning and end of 

each day's surveying for instrument calibration and t J.nmg. The background calibration values and 

tuning signal strengths were recorded in the geophys icist's field logbook. 

The field work was conducted in four stages: 

• WHC Anomaly Verification Survey 

HLA Horizontal Control Installation 

• HLA Geophysical Survey 

• HLA Site Map Preparation . 

4.1 WHC Anomaly Verification Survey 

The HLA geophysicist hand-carried the EM31-D and M-Scope instruments to each anomaly location 

shown on a map provided by COM. In general. the 7 anomalies previously identified by WHC were 

marked in the field by wooden stakes, although many stakes had fallen and were not in their original 

position. 

. · Jd/RS060-geo 
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4.0 Field Procedures 

At each anomaly location, the HLA geophysicis! first used the M-Sr:ope to delineate areas of 

shallowly buried metal. The EM31-D was then used to delineate areas of anomalous conductivity 

indicative of more deeply buried metall ic and nonmetall ic landfill materials. Geophysical responses 

were monitored by observing the instruments' meters ; n::i data were recorded for this survey. Areas of 

anomalous response were outlined on the ground with urange spray paint. Before leaving the site, 

the HLA geophysicist accompanied CDM representa tive Jim Moore on an inspection of the verified 

anomaly locations. 

4.2 HLA Horizontal Control lnstallatlon 

A control grid was installed for the HLA survey are.as by using a fiberglass tape measure and survey 

markers remaining from the WHC investigation to 1~stablish baselines along the perimeter of the 

original H-83-L survey area . The baselines wer£-' marked with wooden lath at the endpoints and PVC 

pin flags every 20 feet. Using the tape measure to form 30-. 40-, SO-foot right triangles, survey 

transects were installed perpendicular to the baseli..'1es and spaced 20 feet apart. In general. the 

control grid consisted of rows of PVC pin flags spa:::Pd 20 feet apart. The pin flags were removed 

after the geophysical survey was completed, but th,~ wo::iden laths along the baselines were left in 

place so the HLA control grid could be reestablished 

4.3 HLA Geophysleal Survey 

4.3.1 Electromagnetic (EM) Profiling Survey 

EM profiling data were obtained by hand-carrying the portable FJvf system along survey transects 

spaced 20 feet apart. The EM profiles were positioned by interpolating transect alignments midway 

between the rows of pin flags. Two components of the EM signal (in-phase and terrain conductivity) 

were digitally recorded at l•second intervals by the data logging system. The two components were 

ld/RS060-geo 
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4.0 Field Procedures --------------- - ----- -----------------------
also recorded as continuous analq t·.ic,i; on ,3 • we-channel chart recorder. Survey transect number . 

. nd instrument se ttin g and scaling m!oroatw n were written on the analog records. Stationing along 

each transect was marked by insemng a special flagging record into the digi tal da tafile and by 

scribbing the analog chart record a t 20-foot inte rvals as a pm flag was passed . Analog EM profiles, 

without digital records . were also obtained along reconnaissance transects north and east of the HLA 

survey grid (Plate 2). 

EM: data were periodically transferred to a laptop computer and copied onto backup floppy disks. 

F.ach evening the analog chart records were reviewed to check that proper line number and stationing 

information had been recorded. Also recorded on the analog records was the name of the 

corresponding digital datafil e. A to tal of 10,60(1 !in& feet of EM profiling da ta were collected for this 

investigation. 

4.3.2 Magnetic Gradient (MAC} Survey 

The MAG system used for this survey consisted of two magnetometers. One instrument was used as 

a base station and was positioned in a remote area of the site to monitor naturally occurring 

variations in the earth's magnetic field. The base station data were digitally recorded at JO-second 

intervals and transferred to a laptop computer after each field day. 

A second magnetometer was used to perform the gradient swvey. The gradient survey was 

conducted along transects spaced 20 feet apart. The MAG transects were offset 10 feet from the EM 

survey transects, and located along the rows of pin flags. This offset procedure produced a 

geophysical investigation with a 10-foot survey transect spacing. 

Magnetic measurements were made by carrying the mstrument along the survey transects and 

Jpping to take readings at 10-foot intervals marked by the pin flags and at midpoints interpolated 

. · ld/RS060-geo 
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4.0 Field Procedures 

between the nags. The operator provided line a:1d .5tation spacing information. and the instrument 

automatically stored in memory the total magneLic fieid readings obtained at each measurement 

station . 

At the beginning of each day's surveying, magnetic measurements were first obtained along the 

baseline. As the MAG survey progressed, the baselin~ stations were reoccupied so time-varying 

magnetic noise (diurnal drift) could be monitored. This procedure was performed to back up the 

automatically recorded base station data . In addition, at selected stations, several successive 

magnetic strength readings were taken to validate instrument sensitivity and reproducibility and to 

check for short-period magnetic noise (nucropul5ations Jr sunspot activity). 

Magnetic gradient data were periodically transfe1Ted in 1.he field to .-1 laptop computer and copied 

onto backup floppy disks. Each evening the gradient data were output to a line printer and the 

printout was annotated with transect number, stationin~. and date. 

A total of 10,600 linear feet of survey transect were traversed for the MAG survey, and a total of 

2,120 magnetic measurements (2 measurements at each station) were obtained for this investigation. 

4.3.3 HLA Anomaly Verification and Detailing Survey 

After all data geophysical data were collected and reviewed, a preliminary anomaly location map was 

prepared. The geophysicist returned to the field and thH anomalies were resurveyed along 

supplemental survey transects for verification and to finalize their locations and dimensions. This 

procedure helped pinpoint buried objects not located directly along the survey transects and removed 

any positioning errors caused by the interpolation of transect and station locations. The anomaly 

locations and dimensions were marked on the ground with orange spray paint and labeled PVC pin 

flags. 

. ld/RS060•geo 
August 24, 1994 
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4.0 Field Procedures 
------------------ . --- --------------------------
4.4 HLA Site Map Preparation 

A site features map was prepared b',' wal l ing tiie SW"'\'ey transects and plotting the locations of 

notable surface fea tures on grid paper. 1 ~e site Jeatw-es map served as a basemap on which our final 

interpretation is presented. In addition, the map shows significan1 surface fea tures that help 

reference the geophysical coverage to the survey area. T he map also shows other site features, such 

surface metal debris, that affected the geophysical measurements. The site map was digitized for 

presentation in this report (Plate 2). 

. ·ld/RSooo-seo 
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5.0 DATA ANALYSIS AND INTERPRETATION 

5.1 Field Data Reduction and Interpretation 

E1v1 chart records were inspected each evening for anon1alous responses indicative of buried metal or 

other landfill materials. The printouts of the digita l MAG gradient data were also inspected for 

anomalous readings indicative of buried ferrous metal. A diurnal drift curve was prepared from the 

MAG base station data using the software program GRAPHER. This curve was inspected for any 

large naturally occurring magnetic variations th.1t co 11ld produce false anomalies and necessitate 

resurveying of selected MAG transects. 

The locations of anomalous EM and MAG responses were plotted on the hand-drawn site features 

iap. A copy of this map was provided to Mr. Moore to help direct CDM's ongoing excavation and 

trenching program. 

5.2 Office Data Reduction and Interpretation 

Upon the geophysicist's return to HLA's Novato, California, office, the digital EM data were output to 

a printer for checking and editing to ensure that proper station markers were i.n place. The EM data 

files were then processed using an HLA in-house software program that separates the terrain 

conductivity and in-phase data into different data f:;Jes and assigns X-Y locations to each value. MAG 

data were reduced using Lotus 123 spreadsheet software to assign X-Y locations for each station. 

Computer contour maps of the magnetic gradient (Plate 3). EM in-phase signal (Plate 4), and EM 

terrain conductivity (Plate 5) were generated using th,~ Geosoft Mapping System, distributed by 

~OSOFT, Inc. , Toronto, Canada. 

1d/RSOOO-geo 
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5.0 Data Analysis and Interpretation 

5.3 Criteria Used to Estimate the Location of Landfill Cells and Burled ObJects 

EM anomalies associated with subsurface disposai 2rec1s are usually evaluated in terms of increases in 

terrain conductivity over an established backgrowH: v,,lue and/or changes in the in-phase signal. 

Background EM conductivity data obtained in areas of native-appearing soil at the H-83-L site were 

approximately 10 millihmos per meter (mmhos/m). The EM in-phase signal generally ranged 

between +50 and -50 millivolts. 

The presence of subsurface disposal arnas can be inferred from localized EM readings above or below 

background values, indicating the presence of subsurface features different from those in surrounding 

unaffected areas. A rapid change in in-phase response is an indicator of nearby metal. The amount 

of variation from background readings can provide ;m indication of the amount of landfill material 

present and/or its depth of burial. 

Magnetic data show that the background total field strength is approximately 55,600 gammas, and the 

background magnetic gradient was generally less than 10 gammas per foot (gpf). The presence of 

buried ferrous meta_l can be inferred from localized readings above these background values. As with 

EM data, the amount of variation from background c:an provide an indication of the amount of 

ferrous metal present and/or its depth of burial. 

The extent of disposal areas is determined by correlating areas of anomalous geophysical response 

between adjacent survey transects. Anomalous responses occurring in the same area along several 

adjacent transects are indicative of larger landfill cells, while anomalous responses that occur along a 

single transect without corresponding anomalie~ on adjacent transects are indicative of more 

localized debris. 

Computer contour maps are often helpful when inspectmg large data sets for indications of disposal 

"Jd/RS060-geo 
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5.0 Data Analysis and Interpretation 
-----------------------· ··----------------------
areas. Widespread EM and MAG ;1:wrr,al:1:s t..'1cl ,:a tive of large landfill cells are generally apparent as · 

.eas of tightly bunched contours, Color-shade :: maps ,;an iurther emphasize anomalous areas; 

however, because averaging and smoothing of ti,e data occur during computer processing. the 

resulting contour maps often do not show the ac:tual di,c;tribution of anomalous _measurements, 

especially for more localized anomalies or alonf: sharp bom1daries between anomalous and 

background responses. A review of the analog EM char' records and an inspection of the gradient 

measurements on the MAG data printout was performed to determine the anomaly locations shown 

on Plate 2. This procedure is often more helpful when iocating smaller concentrations of subsurface 

debris and delineating the limits of larger landfill cel ls r:iore exactly. 
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6.0 RESULTS 

6.1 WHC Anomaly Verlflcatlon Survey 

WHC anomalies A-1 through A 5 indicated on the map provided by CDM were verified by HLA. In 

general. these WHC anomaly locations correspondec. to t:1e mapped locations and to the placement of 

wooden stakes in Ltie field. EM31·D and M-Scope scans indicated the presence of abundant metal 

debris in the shallow (upper 5 feet or less) subsurface at most anomaly locations. EM31·D scans also 

indicated the presence of more deeply buried metallic: and nonmetallic debris. 

No anomalous responses at WHC locations A-6 and A-7 were noted by the HLA geophysicist. HLA 

believes that anomalous responses previously measu.rnd at these locations were caused by surface and 

ry-near-surface metal objects that were subsequentlv removed during cleanup operations by CDM's 

excavation subcontractor. Specifically, anomaly A-6 was associated with pint• and quart-sized oil 

cans and wood telephone poles. While these objects were documented on the provided site map and 

also observed by the HLA geophysicist during the site orientation walkthrough, they were removed 

before HLA returned to survey the area. In addition, •.he HLA. geophysicist removed a partially 

buried metal garbage can lid from the A-7 anomaly location before surveying that area. 

Anomaly dimensions determined by HLA differed slightly from those indicated by WHC. The 

differences were insignificant and are attributed to HLA's free-walking verification survey, which was 

not confined to pre-established survey transects. By scanning along numerous crossing and 

intermediate traverses, the HLA geophysicist was able to more precisely delineate localized metal 

debris that strongly influenced anomaly dimensions. 

. ld/RS060-geo 
August 24. 1994 

DRAFT Harding Lawson Associates 12 



6.0 Results 

6.2 HLA Geophysical Survey 

Three additional anomalies, designated A-8 througr A-10, were ide11tified by HLA. The anomaly 

locations and approximate dimensions are shown on Plate '1.. The magnetic gradient contour map is 

shown on Plate 3 . The EM in-phase contour maps and Ehl conductivity are shown on Plates 4 and 5, 

respectively . Table 1 summarizes the anomaly locat1::m~ and characteristics. 

In general, the geophysical anomalies identified by HLA at site H-8:l-L are characterized by groupings 

of localized anomalous responses indicative of buried metal. These groupings probably delineate 

larger disposal areas containing both metallic and nonmetallic debns. The anomalous areas depicted 

on Plate 2 show the interpreted extent of subsurface dis::iosal based on the distribution of more the 

localized anomalous responses withm these areas. A more detailed discussion of anomaly 

characteristics follows. 

Anomaly A-8 is in the northwest portion of the survey area near HLA grid coordinate 3 +SON, 1 +SOE. 

The anomaly is shown on Plate 2 as two sub-areas. The larger sub-area to the south measures 

approximately 40 by 80 feet and is characterized by several closely spaced high amplitude MAG 

gradient anomalies of approximately 100 gammas per foot (gpf) and anomalous filv[ in-phase signal 

strengths of -500 millivolts (mv) . The smaller sub-area to the north measures approximately 15 by 

20 feet and is cha-racterized by MAG gradients of H O gi:,f with an EM in-phase anomaly of 

approximately 200 mv. 

These responses are indicative of moderate amounts of ferrous metal buried approximately 5 feet 

below the surface. The two sub-areas may represent a single disposal pit; however, data obtained 

along transects 3+90N through 4+10N, between the two sub-areas, do not show anomalous 

responses indicative of non-native material. This resuJt indicates two isolated disposal areas, 

although it is possible that a small amount of nonmetallic debris may be present between the two 
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6,0 Results 
-----------------·••--
'lreas. 

Anomaly A-9 is at the northern edg•? of the survey arna , near grid coordinates 4+80N, 3+50E 

(Plate 2). Supplemental geophysical survey data wern obtained north of the survey grid to delineate 

the northern extent of this anomaly. Anomaly A-9 ::neasures approximately 30 feet by 40 feet , and is 

characterized by MAG gradient anomalies of 220 gpf and anomalous EM in-phase signal strengths of 

approximately 800 mv. These responses are ind catiw cf larger amuunts of buried ferrous metal. 

The associated terrain conductivity anomalies are prc,bably caused by buried metal and are not 

indicative of changes is soil properties. 

Anomaly A-9 coincides with a shallow rectangular depression approximately 10 feet by 40 feet that 

appears to be a backfilled trench. EM in-phase ano:.-rn lies and the highes t MAG gradient readings 

were recorded within this area; however. lower MAG gradient anomalies of approximately 40 gpf 

·ere recorded within a 20-foot area around the apparent trench. These readings are possibly caused 

by localized near-surface metal outside the trench or by a large metal mass in the trench itself. 

Anomaly A-10 is along the eastern edge of the survey area, near grid coordinates 1+50N, 6+00E. 

The anomaly consists of three sub-areas: a large area to the east measuring approximately 30 by 

80 feet, and two small sub-areas to the west. Most ,Jf the east area is outside the survey grid, and 

supplemental geophysical survey data were obta ined to delimit this anomaly. The east sub-area is 

characterized by several localized MAG gradient anomalies of approximately 150 gpf. This sub-area 

also exhibited EM in-phase anomalies during the verification survey but. as it is outside the survey 

grid. the millivolt anomaly values were not recorded. The geophysical anomalies recorded in the east 

area are indicative of substantial amoun1s of metal buried approximately 5 feet deep. The alignment 

of several localized anomalies in the east sub-area is indicative of a continuous disposal trench 

containing metallic and nonmetallic debris. 
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&.O Results 

Of the two west sub-areas, the nortJ1ern area exhibits a moderate E.M in -phase anomaly of 

approximately 100 mv, without an associated ?-.!AG gradient anomaly. This response is indicative of 

a small elongated meta l mass such as a steel cable o ::- a piece of sheet metal similar to that found and 

removed from a nearby area. The southern area of tne west sub-areas is characterized by a MAG 

gradient of 100 g/m and anomalous EM in-phase signals of approximately 200 mv, indicative of a 

larger metal mass. 
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CDMIIBJLXLS 
August 16, 1994 

noma y 
Designation 

A-8 

A-9 

A- 10 

Table I. Geophysical Anomaly Locations and Ch1m1cteristics, H-83-L Landfill 

N3+50, E I +80 

N 4+80, E 3+50 

N I +511, E <i+0II 

· Hanford North Slope 
Richland, Washington 

noma y 
Dimension (fl) 

40 X 80 5 

30 X 40 5 

30 .· 8 (} 5 

l of l 

nlerpretatmn o 
Subsurface Chnraclcristies 

Disposal trench with metal and non-metal 
debris; localized shnllow metal nearby 

Disposal trench with metal and non-metal 
debris: possible small metal debris nearby 

Disposal trench with metal rtnd non-mcral 
debris; smaller disposal pi1s nearby 
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APPENDIX 

This section discusses the geophysical techniques used for this survey and the parameters measured 

by those techniques. 

Eleetromagnotlcs • EM31-D 

The EM methods employs a portable power source, a transmitter, and receiver coils to induce and 

measure an electromagnetic current in the ground. Current flowing in the transmitter coil generates a 

magnetic field that induces small electrical current$ m the ground beneath the instrument. These 

currents generate secondary magnetic fields that are detected by the receiver coil. The ratio of 

p rimary to secondary field strengths is proporticnal t ) terrain conductivity and can be read directly 

i the EM instrument meter, which is calibratec in units of conductivity. Decaying refuse and 

buried metal are electrically conductive compared to native soil , and therefore produce anomalous 

readings in measured conductivity values. 

Two components of the EM field were measured: terrain conductivity (sometimes referred to as the 

quadrature phase component) as expressed in mi.llirnhos per meter {mmhos/m), and the in-phase 

component of the EM field, expressed in millivolts (a measure of signal strength). Terrain 

conductivity data can be used to locate backfilled trenches or pits, provided the conductivity of the 

backfill material contrasts with that of the surrounding utive material. The in-phase mode of the 

EM field is particularly sensitive to metal objects and was used to locate buried metallic debris. 

A Geonics Limited Model EM31-D terrain conductivity meter, which can measure subsurface 

conditions to a dep~.of approximately 20 feet , was used in this investigation. The EM31-D was 

nnected to a Molytek Model 221/222 portable 1wo-channel chart recorder and an Omnidata 
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Appendix 

Polycorder Model 516 digital data logger for cont:nuo11s data acqu isition along the survey transects. 

Electromagnetlcs • M-Scope 

The Fisher Research Laboratory Model TW-6 t-l-S.:upe is similar in principle to the EM31-D. The 

unit comprises a mobile transmitter and a receive~. which are connected by a handle. The 

transmitter radiates an electromagnetic field that is detected by tbe receiver. Nearby metal objects 

cause distortions in the field. The receiver, whicr. has been previously tuned in an area free of metal. 

detects the distortions and produces an audiblH signal when held within approximately 4 feet of 

metal objects. The M-Scope has the advantage of being sensitive to smaller pieces of buried metal 

than the EM31-D . 

Magnetics 

The magnetic technique measures the total intensity of the earth's magnetic field in units of magnetic 

intensity called gammas. Ferrous metal debris in a landfill creates variations (anomalies) in field 

intensity; the MAG instrument records these anomalies The magnetic sensor is a vessel filled with a 

proton-rich source such as kerosene. The protons behave as small spinning magnets, which orient 

themselves to the earth's magnetic field A reading 1s initiated when an electrical current is passed 

through a wire coil around the sensor vessel. The current generates its own magnetic field and the 

protons readily align themselves to the new field. When the applied field is removed, the protons 

return to their original orientation. The returning motion (or precession) generates a small electrical 

signal that is related to the intensity of the earth's magnetic field at the sensor location. The intensity 

is a scalar measurement of the magr1etic field voctc,r independent of its orientation. 

A pair of GEM Model GSM-19 proton precession magnetometers were used for this survey. One was 

used as a base station, and the other was deployed as a gradient magnetometer. The base station 
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Appendix ---------------------····------------------------
1 1ses a single magnetic sensor; it w,1s p ;;i c:c:d ir ; 1 remoti: location and programmed to automatically 

record the earth's magnetic field i.Tens1tv every tL r1y .~econds. 

The gradient magnetometer uses two magnetic .c;ensc,rs spaced 2 feet apart on a staff and was carried 

along the survey transects. This arrangement a:lmv~ for simultaneous measurement of the magnetic 

field at the two sensor locations. The differenc,3 betwenn the two values divided by 2 is the vertical 

magnetic gradient in gammas per foot. As the effe:::t of localized ferrous metal on the earth's 

magnetic field diminishes rapidly with distance, tl:e gr,tdient meilsurement is more sensitive to 

buried metal than single sensor magnetic field measurements. Moreover, the effects of diurnal 

magnetic drift and any regional magnetic gradient are removed by the gradient measurement 

approach. 
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1.0 INTRODUCTION 

This report presents the results of Harding Lawson Associates' (HLA) surface geophysical 

investigation at 10 potential landfill sites (13 Sllivey areas) on the North Slope of the Hanford 

Reservation near Richland, Washington. Tl1e t::m sites are H-81-R, PSN 72/82 , PSN-90, Igloo (two 

areas), Bridge Overview (two areas) , H-12-C, H .. 83-C, PSN 12/14 . PSN 01 , and H-12-L (two areas) 

(Plate 1). Additionally, a confirmation survey was ,;onciucted at Site PSN 04 to verify the location of 

previously staked geophysical anomalies. The p..irpose of the investigation was to locate areas of 

buried metal and delineate possible landfill cells in support of CDM Federal Programs Corporation 

(CDM) site characterization activities. The scov! and work procedures of HLA's investigation were 

described in the statement of work (SOW) telecopied by CDM to HLA on JW1e 9, 1994. 

The field work was performed during three work periods. The first work period lasted from June 19 

through July 2, 1994, and was staffed by HLA geophysicist Roark W. Smith of HLA's Novato, 

California, office, and Gretchen R. Miller and JoannH A. Winters of HLA's Seattle, Washington, office. 

The second and third work periods lasted from July 5 through 15, and August 3 through August 4, 

1994, and were staffed by Brian W. Hecker of HI.A's Novato, California, office and Joanne A. Winters 

of HLA's Seattle, Washington, office Guidance and logistical support werE! provided by Paul A. Karas 

and Jim Moore of CDM. Most of tho field work was observed by various U.S. Army Corps of 

Engineers (COE) representatives. 

This document was prepared for the sole use of CDM Federal Programs Corporation and its 

authorized subcontractors. No other party should rely on the information contained herein without 

the prior written consent of HLA. 
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2.0 GEOPHYSICAL METHODS 

HLA used two geophysical methods during this uwestigation : electromagnetics (EM) and magnetics 

(MAG) . The EM instruments used were a Geonics Model EM3 1-D terrain conductivity meter and a 

Fisher Model TW-6 M-Scope. The EM31-D was ust,d to locate landfill cells by detecting conductivity 

changes associated with landfill materials. The M-Scope was used to detect shallowly buried metal 

typically found in landfills. Th8 MAG instrument was a GEM Model GSM-19 magnetometer. which 

was used to detect ferrous metal debris. Ber:aUS(' of vehicle access restrictions due to loose sandy 

soil, the presence of sensitive vegetation. and the fire danger associated with the vehicles' catalytic 

converters, ground penetrating radar was not u.sed. A more detailed description of the methods and 

equipment used is presented in the Append:x. 
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3.0 GENERAL FIELD PROCEDURES 

Before each day's field work. a safety briefing was given by HLA geophysics crew chief Roark W. 

Smith or Brian W. Hecker. Operational checks were made on all functional components of the two 

geophysical systems. Each system was tuned to local conditions according to the manufacturers' 

operations manuals. A calibration point for tr.e EM system and a base station location for the MAG 

system were established at each sitP- in an ,,rea t ,f r.ative soil icienti!ied during a walkaround sw-vey. 

These points were occupied at the beginning and end of each day's surveying for instrument 

calibration and tuning. The background calibration values and tuning signal strengths were recorded 

in the geophysicist's field logbook. 

The field work was conducted in three stages: 

Horizontal Control Installation 

• Geophysical Survey 

Site Map Preparation. 

3.1 Horizontal Control Installation 

Twelve of the 13 investigation areas were marked prior to the geophysical survey by survey lath 

installed by the COE. Although the lath wne not labeled, they corresponded to number designations 

shown on COE plot plans (Drawings HN-94-1/1 , HN-94-1/2, HN-94-/3, HN-94-1/4, HN-94-1/5) 

provided to the HLA geophysicists. HLA u:1derstands that the boundaries of these survey areas were 

generally based on the distribution of surface debris. which had been removed by others before the 
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3.0 Genoral Field Procedures 

geophysical investigations. The swvey areas as m,1rked by the COE were generally trapezoidal in 

shape, and HLA installed slighUy larger rectangular sUNey gri<ls which included the COE-designated 

site boundaries. 

Boundary limits for Site PSN 12/14 were not previously stakud. COE representative Randy Chong 

showed Roark Smith (HLA) and Paul Karas (CDM) the proposed survey area dilling a site 

walkth.rough, and boundary marking lath were Ulen installed by HLA. 

The control grid at each site was installed by usmg a fiberglass tape measure to establish a baseline 

between two of the site boundary marking laths . The baseline was marked with wooden lath at the 

endpoints and PVC pin flags every 20 feet. Usillg the tape measure to form 30-, 40-. 50-foot right 

triangles, survey transects were installed perpendicular to the baseline and spaced 20 feet apart. The 

transects were marked by alternating rows of yellow and orange PVC pin flags; stationing along the 

transects was marked every 20 feet. The pin flags were removed after the geophysical surveys were 

completed, but the wooden laths at the grid comers- were left in place so the HLA control grid could 

be reestablished. 

3.2 Geophysical Survey 

The following sections describe generalized field procedures fol" the collection of EM and MAG data 

at the 10 landfill sites (13 areas) . 

3.2.1 Electromagnetic (EM) Profiling Survey 

EM profiling data were obtained by hand-carrying the portable EM system along survey transects 

spaced 20 feet apart. The EM profiles were positioned by interpolating transect alignments midway 

between the rows of pin flags. Two componen ts of the EM signal (in-phase and terrain conductivity) 
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3.0 General Field Procedures 
----------------·-----------------------------
were digitally recorded at 1-sec::mci ir. ter✓a .i, l::·y the data logging system. The two components were 

also recorded as continuous a11.1log trace:-; c n r two-channel chart recorder. Survey transect number 

and instrument setting and scaling in:·orma:1m1 were WTitten on the analog records. Stationing along 

each transect was marked by inserting a special flagging record into the digital datafile and by 

scribing the analog chart record at 20-foot intervals as a pin flag was passed. At selected sites, analog 

EM profiles, without digital records, were also ootained along reconnaissance transects outside of the 

HLA survey grid. 

EM data were periodically transferred to a lapt::>p computer and copied onto backup floppy disks. 

Each evening the analog chart records were reviewed to check that proper line number and stationing 

information had been recorded. Also recorded on the analog records was the name of the 

corresponding digital datafile. 

3.2.2 Magnetic Gradient (MAG) Survey 

The MAG system used for this survey consisted of two magnetometers. One instrument was used as 

a base station and was positioned in a remote area of the site to monitor naturally occWTing 

variations in the earth's magnetic field. The base station data were digitally recorded at 30-second 

intervals and transferred to a laptop computer after each field day. 

A second magnetometer was used to perform the gradient survey. The gradient survey was 

conducted along transects spaced 20 feet apart. The MAG transects were offset 10 feet from the EM 

survey transects, and located along the rows of :;>in flags . This offset procedure produced a 

geophysical investigation with a 10-foot survey transect spacing. 

Magnetic measurements were made by carrying the instrument along the survey transects and 

stopping to take readings at 10-fool intervals marked by the pin flags and at midpoints interpolated 
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3.0 General Field Procedures 

between the flags . -The operator provided line and station spacing informa tion, and the instrument 

automatically stored in memory tlie total magnetic field readings obtained at each measurement 

station . 

At the beginning of each day's surveying, rnagn,~tic measurements were first obtained along the 

baseline. As the MAG survey progressed, the baseline stations were reoccupied so time-varying 

magnetic noise (diurnal drift) could be monitored. This procedure was petformed to back up the 

automatically recorded base station data . ln addition. at selected stations, several successive 

magnetic strength readings were taken to validate mstrument sensitivity and reproducibility and to 

check for short-period magnetic noise (micropulsation.5 or sunspot activity). 

Magnetic gradient data were periodically transferred in the field to a laptop computer and copied 

onto backup floppy disks. Each evening tbe gradient data were output to a line printer and the 

printout was annotated with transect number, srationing, and date. 

3.2.3 Anomaly Verification and Detailing Survey 

After all geophysical data at a site were collected and reviewed, a preliminary anomaly location map 

was prepared. The geophysicist returned to the fie ld and the anomalies were resurveyed using the 

EM31-D and TW-6 M-Scope along supplemental survey transects for verification, and to refine and 

finalize their locations and dimensions. This procedure helped pinpoint buried objects not located 

directly along the survey transects and removed any positioning errors caused by the interpolation of 

transect and station locations. The anomaly locations and dimensions were marked on the ground 

with a combination of painted lath and red pin flags . 

A verification and detailing survey using the procedures described above was also performed at 

Site PSN 04 to locate anomalies previously iden r ified by others. 
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3.0 General Field Procedures ------------------- -- --------------------------
3.4 Site Map Preparation 

A map for each survey area was pnlpared by walki:ig the survey transects and plotting the locations 

of notable surface features on grid paper. The site feaLires ma p served as a basemap on which our 

final interpretation for each site is presented. ln acdition, tho maps show significant surface features 

that help reference the geophysical coverage to the survey area , as well as other site features , such 

surface metal debris , that affected the geophys;cal measurements. The site maps were digitized for 

presentation rn this report (Plates 2 . 4 , 6 , 111, 1 1. 13. 15 , 16, 17, 21, 25, 26. 28). 
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4.0 DATA ANALYSIS AND INTERPRETATION 

4.1 Field Data Reduction and Interpretation 

EM chart records were inspected each evening for anomalous responses indicative of buried metal or 

other landfill materials. The printouts of the digital MAG gradient data were also inspected for 

anomalous readings indicative of huried ferrous metal. A diurnal drift curve was prepared from the 

MAG base station data using the software program GRAPHER. This curve was inspected for any 

large naturally occurring magnetic variations that ::ould produce false anomalies and necessitate 

resurveying of selected MAG transects. 

The locations of anomalous EM and MAG responses were plotted on the hand-drawn site features 

maps. A copy of each map was provided to Mr. Moore to help direct CDM's ongoing excavation and 

trenching program. 

4.2 Office Data Reduction and Interpretation 

Upon the geophysicists' return to HLA's Novato. California, office, the digital EM data were output to 

a printer for ·checking and editing t~ ensure that proper station markers were in place. The EM data 

files were then processed using an HLA in-hous13 software program that separates terrain conductivity 

and in-phase data into different data files and assigns X-Y locations to each value. MAG data were 

reduced using Lotus 123 spreadsheet software to assign X-Y locations for each station. 

Computer contour maps of the magnetic grndient, Etvf m-phase signal. and EM terrain conductivity 

were generated using the Geosoft Mapping System, distributed by GEOSOFT, Inc., Toronto, Canada. 
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4.0 Data Analysis and Interpretation 

4.3 Criteria Used to Estimate the Location of Landfill Cells and Buried Objects. 

EM anomalies associated with subsurface disposal areas are usually evaluated in terms of increases in 

terrain conductivity over an established backgruund value and/or changes in the in-phase signal. 

Background EM conductivity in areas of native-appearing soil at the 13 survey areas was generally 

less than 10 millihmos per meter (mmhos/m). The EM in-phase signal generally ranged between +50 

and -200 millivolts. 

The presence of subsurface disposal areas can be inferred from localized EM readings above or below 

background values, indicating the presence of subsurface features different from those in surrounding 

unaffected areas. A rapid change in in-phase response is an indicator of nearby metal. The amount 

of variation from background readings can provide an indication of the amount of landfill material 

present and/or its depth of burial. 

Magnetic data show that the background total field strength is approximately 55,600 gammas, and the 

background magnetic gradient at all sites was generally less than 10 gammas per foot (g/f). The 

presence of buried ferrous metal can be inferred from localized readings above these background 

values. As with EM data, the amount of variation from background can provide an indication of the 

amount of ferrous metal present and/or its depth of burial. 

The extent of a disposal area is determined by correlating areas of anomalous geophysical response 

between adjacent survey transects. Anomalous responses occurring in the same area along several 

adjacent transects are indicative of larger landfill cells, while anomalous responses that occur along a 

single transect without corresponding anomalie~ 01t ad1acent transects are indicative of more 

localized debris. 

Computer contour maps are often helpful when inspecting large data sets for indications of disposal 
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4.0 Data Analys[s and Interpretation ------------------- --· -
areas. Widespread EM and t-.1. \(; ,rn ,Jmal tn , i~tdicative of large landfill cells are generally apparent as 

areas of tightly bunched cont.Jtus. !-1,Jwevr·r, l)(,cat,se .:iveraging and smootJ1ing of the data occur 

during computer processing, the re.mlti..J1g c on:our :naps often may not show an accurate distribution 

of anomalous measurements, especially for more lc.,cal ized anomalies or along sharp boundaries 

between anomalous and background response:;. A review of the analog EM chart records and an 

inspection of the gradient measurements 011 U1e MAG data printout was performed to determine the 
' 

anomaly locations shown on the results maps. Th:s proceduni is often most helpful when locating 

smaller concentrations of subswface debris and de:ineating thH limits of larger landfill cells more 

precisely. 
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5.0 SITE CHARACTERISTICS AND RES UL TS 

Tables 1 and 2 summarize the results of tl1e geophysical investigations at the ten potential land.fill 

sites (13 survey areas). Geophysical anomalies indicative of subsurface debris were identified at 

seven of the thirteen areas investigated. The areas are Site PSN 90, Site Igloo-1, Site Igloo-2, Site 

Bridge Overview-1, Site H-83-C, Site PSN 12/14, a11d Site H-12-L-1. With the exception of 

Anomaly A-4 at Site PSN 90, all of the listed :momalies were identified during field data reduction 

and interpretation and were presented on the hanc-drawn preliminary results maps provided to CDM 

in the field. 

Anomalies at the Bridge Overview-I site are indicative of small buried metal debris, and anomalies at 

PSN-90 are generally associated with a buried pipeline and large metal objects on the ground surface. 

The remaining four sites, Igloo-1, Igloo-2, H-83-C, and PSN 12/14, show indications of significant 

subsurface disposal. Large anomalies indicative of single disposal areas or a sequence of closely 

spaced backfilled trenches were identified at sites Igloo-1. Igloo-2, and H-83-C. Several separate 

disposal trenches were indicated at Site PSN 12/14. the largest of the 13 areas investigated. The 

terrain conductivity anomaly identified at Site H-12-L-1 is believed to be caused by increased soil 

moisture. The anomaly limits determined by HLA during the survey at Site PSN 04 were consistent 

with the areas· staked in the field. 

The extent and location of anomalies shown on the results maps are generally based on field checks 

of interpreted geophysical anomalies. Therefore. the mapped anomaly location may not always 

correlate well with anomaly location may not always correlate well with anomalous contours of 

digitally recorded geophysical data . 
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5.0 Site Characteristics and Results 

5.1 Site H-81-R 

5.1.1 Site Description 

The H-81-R investigation area was marked in ::he field by four COE staking lath and was very nearly 

rectangular. At the time of the survey, the site was sparsely vegetated and the terrain flat. No 

surlacu debris was observed. HLA used tht: sou:.heast COE lath #1238 for a grid origin and extended 

a 160-foot-long baseline north through COE la·l, #1239. HLA installed a true rectangular survey grid 

at this site measuring 160 feet by 1 BO feet, or approximately 0.66 acre (Plate 2). 

HLA obtained EM31-D data along approximately 1,600 linear feet of survey transect and MAG 

gradient measurements at 170 stations. 

5.1.2 Results, H-81-R 

Although no geophysical a~omalies were identified within the survey grid at Site H-81-R, anomalous 

responses indicative of substantial buried metal were measured during a reconnaissance SUIVey at a 

low mound approximately 175 feet north of the survey area (Plate 2). MAG gradients in this area 

were approximately 700 g/f. and EM in-phase anomalies of 500 millivolts (mv) were also measured. 

Within the survey area, MAG gradients were generally less than 10 g/f. The EM in-phase signal 

ranged between -160 and -180 mv and the terrain conductivity was approximately 8 mmhos/m. 

Contour maps showing MAG gradient, EM in-phase. and terrain conductivity responses are presented 

on Plate 3. Because the anomalous area associated with the low mound is not within the survey grid, 

no digital data were recorded and the anom,1lou~ re,~ponse is not shown on the contour maps. 
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· 5.0 Site Characteristics and Results --------------------· -------------------------
5.2 Site PSN 72/82 

5.2.1 Site Description 

Site PSN 72/82 was characterized by a clearing in the sagcbn15h. The tem1in was flat, and small 

amounts of barbed wire, two 1-gallon paint ca:1~. and two low mounds were observed. The survey 

area was marked in the field by four COE staking lath forming a trapezoid. HLA used lath #1253 for 

a grid origin and extended a 200-foot-long baselITTe north through lath #1252. HLA installed a 

rectangular survey grid at this site measuriJig 200 feet by 150 feet, or approximately 0.69 acre 

(Plate 4). 

HLA obtained EM31·D data along approximatdy 1,600 linear feet of survey transect and MAG 

gradient measurements at 198 stations. 

5.2.2 Results, PSN 72/82 

No geophysical anomalies indicative of landfill or buried debris were identified at Site PSN 72/82. 

MAG gradients were generally less than 10 g/f. EM in-phase signal ranged between -100 and -140 mv 

and the terrain conductivity was approximately 8 mmhos/m. Small variations is response associated 

with the barbed wire were noted, but they are not indicative of buried material. Contour maps 

showing the MAG gradient, EM in-phase, and terram conductivity responses are presented on Plate 5. 

5.3 Site PSN 90 

5.3.1 Site Description 

PSN 90 was characterized by sagebrush clearings, disturbed topography, and abundant surface debris. 
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5.0 Site Characteristics and Results 

Several mounds and depressions and areas with large pieces of metal wem observed. The terrain-, 

although generally flat, had an irregular torography indicating the area had been reworked. Metal 

sheet piles and asphalt and concretn rubble wer" observed. J\ linear deprnssion, possibly a drainage 

ditch, passed through the northeast corner nf tJw site. 

The site boundary was marked by six COE lath and formed an irregular polygon. HLA incorporated 

the longest straight line segment of this polygon. between lath #1154 and #1155, into a 520-foot-long 

baseline that formed the eastern boundary of tJw survey area (Plate 6). HLA installed a rectangular 

survey grid that measured 520 feet by 280 feet, or approximately 3.34 acrt-.s. The HLA survey grid 

included the COE site boundary lath and Sllspic,ous areas west of the COE-designated site boundary. 

HLA obtained EM31-D data along approximately 6,440 linear feet of survey transect and MAG 

gradient measurements at 696 stations. In addition. a reconnaissance EM31-D survey was performed 

in a suspect area east of the survey grid (Plate 5!. 

5.3.2 Results, PSN 90 

Five geophysical anomalies indicative of substantial amounts of metal were detected at Site PSN 90. 

Their locations are shown on Plate 6. In general. large high-amplitude geophysical anomalies were 

rocorded in the areas of surface and partially buried metal observed in the northern portion of the 

site. These anomalies are designated A-1, A-2, and A-3, and are characterized by MAG gradients in 

excess of 300 g/f and EM in-phase responses on I.he order of 1,000 mv. Because of interference from 

abundant surface metal, any more deeply buried debris, or nearby shallowly buried debris, would not 

have been detected in tJ1is area. A resurvey after the surface metal is removed and initial excavations 

of metal should be performed to verify that additional subsurface debris is not present in this area. 

Anomaly A-4 is a smaller feature in the soul.hem portion of the survey area near grid coordinates 
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5.0 Site Characteristics and Results ---·----------------------
0+30N. 1+B0E. A-4 is chara: .eri:t.e::: b) N '\G i-rraclients of approximately 200 p/f and an EM in-phase 

response of 150 mv indicative of l,Jc:uliz:.:d ,hol l:>w metal debr;s. 

Anomaly A-5 is associated with a buried metal pipe in the eas tern portion of the site (Plate 6) . Using 

an RD-400 pipe and cable locating device manufactured by Radiodetection Corp, the pipeline was 

traced to a nearby water well pump shack. 

A variation in MAG gradient associated with thH mounded area near grid coordinate 1+40 N, 1+10 E 

is noted. Because of the absence of an associated anomalous EM31-D response, HLA believes this 

MAG gradient variation may be caused by the higher elevation at the measurement stations on the 

mound. This caused an localized change in the position of the magnetic instrument sensors relative 

to native soil and volcanic bedrock. which :ar:. he highly magnetic and strongly influence magnetic 

response. It 1s also possible that the mound ccmtabs small pieces of buried metal. 

Five localized single-point MAG gradient anomalies are also noted. They are believed to be caused 

by small pieces of surface metal located along a survey transect. 

The background MAG gradient at Site PSN 90 is generally less than 20 F)f. The background EM in­

phase signal is approximately 100 mv, and the backgroWld terrain conductivity is approximately 

30 mmhos/m. · The relatively high backgroWld conductivity compared with other sites at Hanford 

North Slope, is probably due to the greater motsture and clay content of the soil at this site, which is 

located in a cultivated area. Contour maps showing the MAG, EM in-phase, and terrain conductivity 

responses are presented on Plates 7, 8, and 9, respectively. 
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5.0 Site Characteristics and Results 

5.4 Site lgloo-1 

5.4.1 Site Description 

The Igloo-1 site had a gently moWlded ground surface with lineations suggesting the area had been 

reworked by a bulldozer. The site was sparsely vegetated by low grass. The area of investigation 

was marked in the field by four COE staking lath tl1at fanned a trapezoid. HLA established a 

160-foot-long baseline through lath #102 and #103 and installed a rectangular survey grid that 

measured 160 feet by 120 feet, or approximate1y 0.44 acre. 

HLA obtained EM31-D data along approximately 1,200 linear feet of survey transect and MAG 

gradient measurements at 117 stations. A reconnaissance EM31-D survey was also performed at a pit 

and mound east of the survey grid. 

5.4.2 Results, lgloo•1 

The geophysic_al survey coverage and results for thE! Igloo-1 sitr. are shown on Plate 10. A single large 

and well-defined area of anomalous geophysical response measuring approximately 50 feet by 

120 feet was identified. The area .is characterized by MAG gradients from 100 to over 400 F/f and EM 

in-phase signals in excess of 2,000 mv. These responses are indicative of large amounts of metal, 

probably within 5 feet of the ground surface. The associated terrain conductivity anomaly is believed 

to be caused by the buried metal and is not indicative of changes in soil properties. Contour maps 

showing the MAG, EM in-phase, and terrain cc,nduc:tiv,ty responses are also presented on Plate 10. 
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5.0 Site Characteristics and Results -------------------· 
5.5 Site lgloo-2 

5.5.1 Site Characteristics 

The southern portion of Igloo-2 was characterizvd hy gently monnded ground swface with lineations 

suggesting the area had also been reworked by a bulldozer. The ground surface dips to the southwest 

where it encompasses a wash that terminates i.nlo a hummocky area that also appeared reworked. 

The site was sparsely vegetated by low grass and a band of sagebrush. The area of investigation was 

marked in the field by four COE staking lath. forming a trapezoid. HLA established a 310-foot-long 

baseline between lath #126 and #127 and installed a r~ctanguiar survey grid that measured 310 feet 

by 160 feet. Based on the preliminary results of th1 , Et--131-D survey, a 40- by 40-foot extension was 

added to the southeast comer of thn grid, forming a survey area of approximately 1.16 acres. 

HLA obtained EM31-D data along approximately 2,840 linear feet of survey transect and MAG 

gradient measurements at 272 stations. 

5.5.2 Results, lgloo-2 

The geophysical survey coverage and results for the lgloo-2 site are shown on Plate 11. Contour 

maps showing the MAG gradient, EM in-phase, and terrain conductivity responses are presented on 

Plate 12. A single large and well-defined aiea :,I anomalous geophysical response similar to that 

found at Igloo-1 was identified. This area measured approximately 70 feet by 120 feet and was 

characterized by MAG gradients from 100 to over 500 g/f and EM in-phase signals in excess of 

2,000 mv. These responses are indicative of large amounts of metal that is probably within 5 feet of 

the ground surface. The associated terrain conductivity anomaly is probably caused by the buried 

metal and is not indicative of changes in soil r, roperties. 
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5.0 Site Characteristics and Results 

5.6 Site Bridge Overview-1 

5.6.1 Site Description 

The Bridge Overview-1 site was characterized by sandy soil and gently sloping terrain. Wood debris 

and patches of glass, cinders, and small metal debris such as nails and bottle caps, were observed on 

the surface. The site was partially vegetated with sagebrush. The investigation area was marked by 

four COE lath forming a trapezoid. HLA established a 300-foot-long baseline, between lath #1261 

and #1262, and installed a rectangular sun·ey grid that measured 300 feet by 200 feet, or 

approximately 1.37 acres. 

HLA obtained EM31-D data along approximately 3,000 linear foet of survey transect and MAG 

gradient measurements at 336 stations. A reconnai,;sance EM31-D survey was also performed to 

delimit the extent of two geophysical anomalies identified along the western edge of the survey grid. 

5.6.2 Results, Bridge Overview-1 

Four geophysical anomalies indicative of buried debris were identified at the Bridge Overview-1 site. 

The anomaly locations are shown on Plate 13 and contour maps showing the MAG gradient, EM in­

phase, and terrain conductivity responses are presented on Plate 14. 

All of the anomalies are of moderate amplitudei and indicative of small metal debris probably buried 

within 5 feet of the ground surface. Although surface debris was observed near all anomaly 

locations, the four identified anomalies are believed to be indicative of buried objects. Partially 

buried stovepipes were removed at an area of an,Jmalous response near grid coordinates 2 +50 N, 

0+90 E {Plate 13). HLA believes that similar small metal debris is buried at the four designated 

anomaly locations. Additional localized areas of ar:omalous response are apparent on the contour 
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5.0 Site Characteristics and Results ---------------·-----·----------------------
maps, hut they are attributed I J :;ur ·,, c:e dd,··i~ a:1d h;i v,1 been ciisregarded. 

Anomaly A-1 is near grid coord inat,i 1+ 40N, 0 + B0E. It is characterized by an EM31-D response with 

a small MAG gradient variation ind icative of small but elongatt~d masses of buried metal, possibly 

additional sheet metal stovepipes. 

Anomalies A-2 and A-3 are along the western edge :,f the survey grid. They are characterized by 

EM31 -D responses, without associated MAG gradient anomalie~, indicative of nonferrous metal, or 

possibly more sheet metal stovepipes. Anomal y A-4 at grid coordinate 0+ 50 N. 1 +00 E is similar in 

nature. 

5.7 Site Bridge Overvlew-2 

5.7.1 Site Description 

The Bridge Overview-2 investigation area was marked in the field by four COE staking lath forming a 

trapezoid. Located in a saddle between two hills, the site slopes gently south. The ground surface 

was covered by low grass, and wood debris was :oiled near the northeast comer of the site. HLA used 

lath #1265 for a grid origin and extended a 200-foot-long baseline north through lath #1268. HLA 

installed a recfanguJar survey grid at this site which measured 200 feet by 100 feet, or approximately 

0.46 acre (Plate 15). 

HLA obtained EM31-D data along approximately 1,100 linear feet of survey transect and MAG 

gradient measurements at 121 stations. 
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5.0 Site Characteristics and Results 

5.7.2 Results, Bridge Overview-2 

No geophysical anomalies were identified at the Bridge Overview-2 site. MAG gradients were 

generally less than 15 g/f. The EM in-phase sigi;al ranged between -40 and -60 mv and the terrain 

conductivity was approximately 7 mmhos/m. Contour maps showing the MAG gradient, EM in­

phase, and terrain conductivity responses are presented on Plate 15. 

5.8 Site H•12·C 

5.8.1 Site Description 

The H-12-C site is characterized by a linear depression approximately 200 feet long, 40 feet wide, and 

4 feet deep. HLA used COE lath #1191 for a gnd origin and extended a 200-foot-long baseline 

through lath #1194. HLA installed a rectangular survey grid at this site which measured 200 feet by 

40 feet. The geophysical survey transects wern 1!xtended an additional 20 feet to cover the northern 

flank of the depression, creating a survey area measuring 200 feet by 60 feet, or approximately 

0.27 acre (Plate 16). 

HLA obtained EM31-D data along approximately 800 linear feet of survey transect and MAG gradient 

measurements at 77 stations. 

5.8.2 Results, H-12-C 

No geophysical anomalies were identified at Site H-12-C. MAG gradients were generally less than 

10 g/f. The EM in-phase signal ranged between -160 and -180 mv and the terrain conductivity ranged 

between 20 and 24 mmhos/m. The higher ,:onductivities measured near the center this site are 

probably due to moisture associated with Ute topographic depression . Contour maps showing the 

ld/RS067-geo 
September 2, 1994 

DRAFT Harding Lawson Associates 20 



5.0 Site Characteristics and Results -----------------------·--------------------
MAG gradient. EM in-phase. ad tE ,r.-1in co 11ciuct ivity response:; are presented on Plate 16. 

5.9 Site H-83-C 

5.9.1 Site Description 

Site H-83-C was characterized by two sagebrush clearings. The terrain is generally flat, with a raised 

area in the north showing partially buried sheet metal. possibly roofing material, and asphalt rubble 

(Plate 17). Another larger raised aJ1>..a, possibly a soil-covered foundation or loading dock, was noted 

south of the survey area. The southern raised area is approximately 100 feel wide and several 

hundred feet long. 

Some of the COE site boundary lath were lyinE, on the ground and possibly not in their original 

position, so the HLA geophysicist determined the survey area based on clearings in the sagebrush, 

observed surface and partially buried debris, and the site boundary lath remaining in place. HLA 

gridded a 350- by 200-foot area, with a 100- by 160-foot extension in the northeast. for a total survey 

area of approximately 1.91 acres. HLA obtained EM31-D data along approximately 4,200 linear feet 

of survey transect and MAG gradient measurement$ at 468 stations. In addition, a reconnaissance 

EM31-D survey was performed at the large raised area south of the survey grid and at a smaller 

mound east of- the survey grid. 

5.9.2 Results, H-83-C 

The geophysical survey coverage and results for Situ H-83-C are presented on Plate 17. Contour 

maps showing the recorded MAG gradient, EM in-phase, and terrain conductivity response are 

presented on Plates 18, 19, and 20, respectively. Dula for the rnc:onnaissance survey over the low 

mound and portion of the south revised areas are n,Jt presented on these plates. In general, a single 
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large area of anomalous response measuring approximately 160 feet by 200 feet was identified in the 

eastern portion of the survey grid. The anoma ly is charactenzed by MAG gradients ranging from 

approximately 70 g/f to over 1 ,000 g/f and B vf in-phase signa !:- greater tJ1an 1,000 mv. These 

responses are indicative of large amounts of meta. buried within the upper 5 feet. The associated 

terrain conductivity anomaly 1s probably caused by tJ1e buried metal and is not indicative of changes 

in soil properties. 

A buried pipeline was detected between the two raised area.s. The pipeline was traced using the 

RD-400 pipe and cable locator, but its pathway could not be located exactly in the anomalous area 

because of interlerence from the abundant near-surlace metal The approximate nnderground 

pathway was marked in the field with spray paint anci shown on Plate 17. 

The reconnaissance EM31-D survey at the southern raised area indicated the presence of buried metal 

throughout the feature. The EM31-D response and the broad, flat nature of the raised area suggest a 

reinforced concrete structure, possibly a foundation or a loading dock. The reconnaissance survey at 

the smaller mound east of the survey area also indicated the presence of a reinforced concrete 

structure. 

5.10 PSN 12/14 

5.10.1 Site Characteristics 

In general, Site PSN 12/14 was a gentle hillside. with numerous areas of irregular or disturbed 

terrain. This site was primarily covered with sparse to dense sagebrush, with low grass and sand in 

disturbed areas. With guidance from COE personnel, HLA established a 1,200-foot-long baseline 

along an arbitrarily determined OW line that spanned the survey area. Perpendicular survey 

transects wero extended from this baseline. The HLA-mstalled survey grid measured approximately 
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1,200 feet east-west by approx i:11at1 !l )' 701) ·ent 1;ort h-south , or approximately 12.24 acres. 

HLA obtained EM:31-D data along approximatdv 26,500 linear feet of survey transect and MAG 

gradient measurements at 2 ,92 6 sta twns. 

s.10.2 Results, PSN 12/14 

Fourteen geophysical anomalies indicative of landfill deposits or buried debris were identified at 

Site PSN 12/14. Anomalies A-1. A-8, A-11, and A-14 are large high amplitude geophysical anomalies 

that were recorded in areas of observed surficial and partially buried metal. Buried debris may also 

be present at these anomaly locations. Anomaly A-13 was also a large high amplitude anomaly 

indicative of landfill deposits . Although no m•~t al was observed at the surface, this anomaly was 

associated with a berm and a surface depression 

Moderate amplitude anomalies indicative of landfilling were noted at A-2, A-3, A-4, A-5. A-6, A-7. 

A-9 , A-10, and A-12. With the exception of A-2 and A-9, these anomalies are interpreted to be areas 

of buried metal. A-2 is a moderate amplitude conductivity anomaly not associated with in-phase or 

magnetic anomalies; HLA believes this anomaly to be the result of a nonmetallic source such as 

conductive leachate, increased soil salinity, finer gr-.iined soil, decaying buried debris, or increased 

moisture. Anomaly A-9 is a moderate- to low amplitude in-phase anomaly. Because this anomaly is 

not associated with MAG or conductivity anoma lies, we interpret it to be indicative of small and 

probably widely dispersed buried nonferrous metal. 

Generally, anomalous MAG gradients at PSN 12/14 ranged from· -300 to 1,700 g/f with a background 

of less than 20 g/f. Anomalous EM m-phase signals ranged from -2 ,660 to 1.740 mv, and terrain 

conductivity ranged from -19 to 88 mmhos/m, w ith a background of approximately 15 mmhos/m. 

Contour maps showing the MAG, EM in-phase, and terrain cond uctivity responses are presented on 
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Plates 22 through 24 . 

5.11 Site PSN 01 

5.11.1 Site Characteristics 

Site PSN 01 was generally flat with a narrow, shallow depression extending northwest across the site. 

This site was primarily covered with low grass and bordered on the east and west by sparse 

sagebrush. The approximately rectangular study area wa~ marked in the field by four COE survey 

lath. HLA used the southeast COE lath #1215 for a grid origin and extended a 140-foot-long baseline 

north through COE lath #1218 , as shown on P:ate 25. HLA installed a true rectangular survey grid at 

this site that measured 160 feet north-south by 90 foe t east-west. or approximately 0.34 acre. 

HLA obtained EM31-D data along approximately 720 linear feet of survey transect and MAG gradient 

measurements at 90 stations. 

5.11.2 Results1 PSN 01 

No geophysical anomalies indicative of landfill deposits or buried debris were identified at 

Site PSN 01. · · MAG gradients were generally l,~ss than 5 F:)f, although isolated values ranged from 

-25 to 20 g/f. The EM in-phase signal ranged from -60 to 5 mv and terrain conductivity was 

approximately 8 mmhos/m. The low magnitude of the isolated magnetic anomalies and the lack of 

associated EM anomalies suggest that the MAG anomalies are the result of minor isolated metal 

objects and not landfill deposits. Contour maps showing the MAG, EM in-phase, and terrain 

conductivity responses are presented on Plate 25 
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5,0 Site Characteristics and Results --------------------
5.12 Site H-12-L-1 

5,12.1 Site Characteristics 

Site H-12-L-1 , a rectangular topographic depress ion with up to 15 fee t of relief, was characterized by 

low grasses and weeds, with more dense and vigorous vegetation near the bottom of the depression. 

Cultural features at this site included a small vault near the southwest corner and possible buildings 

remnants near the southeast comer. The survGy area was marked in the field by three COE survey 

lath; the lath for the northwest comer was missmg The map provided for this site indicated that the 

original area was approximately rectangular. HLA used the southwest COE lath #1203 for a grid 

origin and extended a 200-foot-long baseline east through COE lath #1202 , as shown on Plate 26. 

HLA installed a true rectangular survey grid a1. th is site tha t measured 220 feet east-west by 140 feet 

north-south, or approximately 0.72 acre. 

HLA obtained EM31-D data along approximately 1,550 linear feet of survey transect and MAG 

gradient measurements at 180 stations. 

s.12.2 Results, H-12-L,1 

No geophysical anomalies indicative of large-scale landfill deposits or buried metal debris were 

identified at Site H-12-L-1. However, an area of elevated terrain conductivity was measured that may 

be associated with soil contamination. MAG gra dients were generally less than 3 g/f, but isolated 

values ranging from -5 to 98 p/f were observed at tne small vault and possible former building site. 

The EM in-phase signal ranged between -46 and 2fi mv and terrain conductivity ranged from 20 to 

38 mmhos/m, with a background of approxima tely 22 mmhosim. 

A widespread 30 to 38 mmhos/m terrain conductivity anomaly was identified in the topographic 
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depression and associated with the vigoro11s vegetation. Because no MAG or in-phase anomalies 

were associa ted with this conductivity anomaly, HLA interpreL-; the anomaly to be indicative of a 

nonmntallic source, such as increased saliJ1ity or moistw-e. !t is also possible that the elevated 

conductivity is the result of electrically conductivfi leachate originating from contamination. 

The localized MAG anomalies near the southeast and southwest corners of the survey area are likely 

the effect of observed cultural features. Contour maps showing the MAG, EM in-phase, and terrain 

conductivity responses are presented on Plate 2 7. 

5.13 Site H-12-L-2 

5.13.1 Site Characteristics 

Site H-12-L-2 was characterized by low grasses and cactus and was bordered by sagebrush to the 

north and south. The survey area marked m the field by four COE survey lath was approximately 

rectangular. HLA used the northeast COE lath #207 and extended a 120-foot-baseline through COE 

lath #1208. HLA projected a survey grid origin approximately 60 feet southwest of COE lath #1206 

near COE lath #1205, as shown on Plate 28. HLA installed a true rectangular survey grid at this site 

measuring 120 feet east-west by 60 feet north-soutl1, or approximately 0.23 acre. 

HLA obtained Elvi31-D data along approximately 480 linear feet of survey transect and MAG gradient 

measurements at 63 stations. 

5.13.2 Results, H·12•l•2 

No geophysical anomalies indicative of lanrifil: deposits or buried debris were identified at 

Site H-12-L-2. MAG gradients were generally less than 3 g/f. The EM in-phase signal ranged 
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between -60 and 10 mv and t~-r. i.11 ~c,ndt:c :v i t) ra:1ged from 20 to 25 mmhos/m. Contour maps• 

showing the MAG, EM in-phu-e, and tem:11, co11du,:tivity resp1mses are presented on Plate 28. 

5.14 Site PSN 04 

5.14.1 Site Characteristics 

Site PSN 04 comprised four distinct survey aruas identified as PSN 04 north, south, east, and west. 

These sites were generally flat or gently sloping Vegetation ranged from sparse grass to dense 

sagebrush. Localized shallow depressions and mounds indicating areas of disturbed soil were 

present. 

At the request of CDM personnel, HLA performed a followup investigation performed to verify the 

locations of anomalies identified by IT Corporation in a previous geophysical investigation. IT 

Corporation provided geophysical survey cover.ige of all four survey areas, so HLA did not complete 

a thorough resurvey of the sites. 

CDM personnel indicated six geophysical anomalies requiring further investigation. These anomalies 

had been marked in the field using survey lath and numbered consecutively within each area. All 

anomaly location lath appeared to be in place except at PSN 04 north. Therefore the investigation at 

PSN 04 north included a reconnaissance surve-y south of the road to find the most probable location 

of the previously identified geophysical anomaly. 

HLA performed walkaround EM31-D and ~{-Scope traverses throughout the area of each previously 

identified anomaly to search for evidence of b:Jried metal or other anomalous conditions. No digital 

data were recorded in these areas. Instead . thn ox:t11nt of any anomalous readings was marked on the 

ground surface with orange marking paint and alsc recorded on a map provided by COM. 
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5.14.2 Results, PSN 04 

Numerous geophysical anomalies indicative o.' ian,ifill deposils or buried debris were verified and 

field located at Sites PSN 04 , south , east. and west l.n genera l, the areas where geophysical 

anomalies had been previously identified werE! ,:haracterized by conductivity, in-phase, and M-Scope 

anomalies. Typically, the anomaly limil~ detennined by HLA were consistent with the areas staked 

in the field. However, localized concentrations of bw-ied metal or conductive materials were 

delineated both within and slightly outside the anomaly boundaries. These are the areas HLA 

marked in the field with orange print. 

At PSN 04 north, HLA defined an area approximately 20 feet in diameter indicative of a buried metal 

object. A small unmarked survey lath was four,d on the ground near this anomaly, but because it 

appeared to be outside the southeast comer of the survey area. HLA cannot be certain that it 

identifies the anomaly located by IT. HLA did not review IT"s geophysical data for these areas and 

was unaware of their criteria for selecting anomaly limits. Therefore, HLA recommends that CDM 

include the areas marked in the field by HLA with those reported by the previous contractor. 
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Site 
Designation 

11-81 -R 

PSN 72/82 

PSN 90 

Igloo- I 

igloo-.t 

Bridge 
Overview-I 

Bridge 
Overview-2 

H-12-C 

H-83 -C 

l>06RES.XLS 

August 29. 1994 

Site Size 

Table 1. Swnmary of Results, Ten Potential Landfill Sites (13 Survey Areas) 
Hanford North Slope 

Richland, Washington 

ResuH~ : ~•::~::: 

(Acres) . 

0 .66 

0.69 

3.34 

0.44 

l.16 

1.37 

0 .46 

0 .27 

l.91 

No anomalies identified in survey grid 

No anomalies identified 

5 anomalies identified 

I large anomaly identified 

I large anomaly identified 

4 small anomalies identified 

No anomalies identified 

No anomalies identified 

I large anomaly identified 
in survey area 

l anomaly indicative of buried metal identified north of survey grid . 

3 anomalies caused by large metal objects on surface and possibly 
additional buried metal. l anomaly caused l,y buried pipe ; 

additional localized buried metal detected . 

Anomaly indicative of large amounts of buried metal. 

Anomaly in11il.:a1ive of large a11wu1m of buried mctai. 

Anomalies indicative of localized small buried metal debris; 
much dehris on surface . 

Anomaly indicative of large amounts of buried metal associated 
with raised area; partial anomaly detected at second raised area 
south of survey grid; buried pipe detected. 

1 of 2 



Silt: 
Designation 

PSN 12/14 

PSN 01 

H-12-L-1 

H- l? -1 -? 

D06RES.XLS 

August 29, 1994 

Table 1. Summary of Results, Ten Potential Landfill Sites (13 Survey Areas) 
Hanford North Slope 

Richland, Washington 

Site Size Results Remarks 

(Acres) 

12 .24 

0 .34 

0 .72 

14 anomalies identifed 

No anomalies identified 

I anomaly identified 

No nnornnlie~ ident ified 

See Table 2 . 

Terrain conductivity anomaly probably caused t,y increased 

soil moisture or possibly soil contamination . 
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Table 2. Geophysical Anomaly Locations and Characteristics, PSN 12/14 Landfill 
Hanford North Slope 

Anomaly 

Designation 

A - 1 

A-2 

A-3 

_A, 4 

A -5 

A-6 

A-7 

A-8 

A-9 

Survey Grid · . 
cbordinMei'tr6 · ·,., • 

S 2+10, W 0+80 

S 1+50, W 1+30 

S 3+80, W I +40 

<; tl + '.\O . W 1 + 90 

S 4+30, W 2+90 

S 5+80, W l+ 10 

S 7 + IO, W O + 80 

S 6+80, W 2+ lO 

S 6+30, W 2+70 

Richland, Washington 

. AriortiaIY .· .. · . Interpretation of .. 
: riliri~-~si&ri'<nf\:::, '\( , ··· ·- '·sdBfoif~c~>c:!'tmi:foristl~~ :: · · 

300 X 60 

120 X 120 

80 X 60 

70 "I: 4() 

50 X 20 

80 X 80 

60 X 40 

150 X 80 

220 X 70 

1 of 2 

Disposal trench with metal and non-metal 
debris; localized shallow metal nearby. 

Change in soil characteristics, non-metallic 
debris; soil moisture increase or leachate. 

Disposal cell with metal and non-metal 
debris; localized shallow metal nearby . 

Disposal cell with metnl and non me!al 
rlehri~: loc111in·d ~hallow mrl;\I nf';irhy 

Localized metal debris . 

Localized metal debris . 

Localiz.e<l metal debris . 

Disposal trench with metal and non-metal 
debris; localized shallow metal nearby. 

Disposal cell with metal and non-metal 
debris; localized shallow metal nearby . 



HPSNl214.XLS 

August 30 . 1994 

Table 2. Geophysical Anomaly Locations and Characteristics, PSN 12/14 Landfill 
Hanford North Slope 

Anomaly Survey_Q~id: : 
Designation · Coordinates (ft) . 

A-10 S6+10, W3+90 

A-1 I S 8+ 10. W 4+80 

A-12 S7+70,W5+40 

,\ 13 S-; -f 30. W 5 t-60 

A- 14 S 10+60, W 4+00 

Richland, Washington 

60 X 30 

200 x 50 

40 x 40 

!00 X 60 

190 X 130 

2 of 2 

Interpret_ation o_f . 
Subsiirlacc:Chaiactcristics • .· . 

Localized metal debris. 

Disposal trench with metal and non-metal 

debris; localized shallow metal nearby. 

Localized metal debris . 

Dispos:il trench ,vith n1ct:ll and non~:Hcta1 

debris ; loc:tli7.ed ~h:t!!c•.': :net:1! ne:irhy . 

Disposal cell with metal and non-metal 

debris ; localized shallow metal nearby. 
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t~PPENDIX 

This section discusses the geophysical techniques used for this survey and the parameters measured 

by those techniques. 

Electromagnetics • EM31 ·D 

The EM method employs a portable power source, a transmitter, and receiver coils to induce and 

measure an electromagnetic current in the ground. Current flowing in the transmitter coil generates a 

magnetic field that induces small electrical current.; in the ground beneath the instrument. These 

currents generate secondary magnetic field~ tha t are detected by the receiver coil. The ratio of 

primary to secondary field strengths is proportiona l to terrain conductivity and can be read directly 

on the EM instrument meter, which is calibrated in units of conductivity. Decaying refuse and 

buried metal are electrically conductive compared to native soil, and therefore produce anomalous 

readings in measured conductivity values. 

Two components of the EM field were measured: terrain conductivity (sometimes referred to as the 

quadrature phase component) as expressed in millimhos per meter (mmhos/m), and the in-phase 

component of the EM field, expressed in millivo lts (a measure of signal strength). Terrain 

conductivity data can be used to locate backfilled trenches or pits, provided the conductivity of the 

backfill material contrasts with that of the surrounding native material. The in-phase mode of the 

EM: field is particularly sensitive to metal ohjects and was used to locate buried metallic debris. 

A Geonics Limited Model.EM31-D terrain conductivity meter, which can measure subsurface 

conditions to a depth of approximately 20 feet, was used in this investigation. The EM31-D was 

connected to a Molytek Model 221/222 portablH two-channel chart recorder and an Omnidata 
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Appendix 

Polycorder Model 516 digital data logger for co ;ltiliuous data dcquisition along the sUIVey transects. 

Electromagnelics • M-Scope 

The Fisher Research Laboratory Model TW-6 M Scope is similar in principle to the EM31-D. The 

unit comprises a mobile transmitter and a receiver. which are connected by a handle. The 

transmitter radiates an electromagnetic field that is detected by the receiver. Nearby metal objects 

cause distortions in the field . The receiver, which has been previously tuned in an area free of metal. 

detects the distortions and produces an audible signal when held within approximately 4 feet of 

metal objects . The M-Scope has the advantage of being sensitive to smaller pieces of buried metal 

than the EM31-D. 

Magnetics 

The magnetic technique measures the total inlEmsity of the earth's magnetic field in units of magnetic 

intensity called gammas. Ferrous metal debris in a landfill creates variations (anomalies) in field 

intensity; the MAG instrument records these anomalies. The magnetic sensor is a vessel filled with a 

proton-rich source such as kerosene. The protons behave like small spinning magnets, which orient 

themselves to the earth's magnetic field. A reading is initiated when an electrical current is passed 

through a wire coil around the sensor vessel. The current generates its own magnetic field and the 

protons readily align themselves to the new field When the applied field is removed, the protons 

return to their original orientation. The returning motion (or precession) generates a small electrical 

signal that is related to the intensity of the earth's magnetic field at the sensor location. The intensity 

is a scalar measurement of the magnetic field vector independent of its orientation. 

A pair of GEM Model GSM-19 proton precession magnetometers were used for this sUIVey. One was 

used as a base station, and the other was deployed as a gradient magnetometer. The base station 
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Appendix -------------·--· --- -·- ------------------------
uses a single magnetic sensrn; 1t v., s plc c: c' d i.. a remote location and programmed to automatically 

record the earth's magnetic field il11ensitr •lYC(: 30 seconds. 

The gradient magnetometer uses two magueti: sensors spaced 1 meter apart on a staff and was 

carried along the survey transects. This arrar.g,?m•mt allows for simultaneous measurement of the 

magnetic field at the two sensor locations. Tlw difference between the two values is converted to the 

vertical magnetic gradient, expressed in gammas-per-foot (g/0 As the effect of localized ferrous metal 

on the earth's magnetic field diminishes rapidly with distance . the gradient measurement is more 

sensitive to buried metal than single sensor magnetic field measurements. Moreover, the effects of 

diurnal magnetic drift and any regional magn:!tic gradient are removed by the gradient measurement 

approach. 
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ANALYTICAL DATA SUMMARY (cont'd) 
BACKGROUND SOIL SAMPLES 
HANFORD NORTH SLOPE, WASHINGTON 

IGROSS ALPHA (NCI/KG) 12 27 6 3 2 • 4 8 58 ,j 1~------'----'--------- --· . - ). 

I ,!;.-G_R_O_S_S_B_ET_A_(N...__C_I/K_G~) ___________ _ 

;,jif---!~-EN_UM_IC_(M~(M_g_:_G_~_) ------- -- - --··· 
- --~---~------ -----
1;..::C..;:__HR.=-.c..cO...;;..MI~UM_,___G_/K_G-,c_ _____ ______ .. 
I ACETONE G/KG 
II BIS(2-ETIIYLHEXYL)Pl-ITHALA TE UG/KG) _ 
DI-N-BUTYL PlTIHALATE G/KG) __ _ --· 

I

. DDD-4,4' G/KG) __ _ _ _ _ _ 

~DE-4,4' NG/KG~ 
IDDT-4,4 

I/KG = Nanocuries Per Kilogram 
1v1G/KG = Milligrams Per Kilogram 
UG/KG = Micrograms Per Kilogram 

26.37 -
.. 

3.30 -- · -
98.28 --- · -
8.10 --- · -

20.00 - -
1071.43 -
1800.00 -

8.02 --- ---·-· 
1.71 -- -
5.34 

17.3-37.7 7.43 
I 

1.02-6.71 1.79 
i 

I 
l 34.9-136 I 32.56 ' 
i 3.73-12.5 2.85 

20.00 NA 
120-4500 1673.59 
1800.00 NA 

8.02 NA 
1.57-1.85 0.20 
1.47-12.9 I 6.54 
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ANALYTICAL DATA SIJl,ll\lARY 
SOIL A.NO WASTE CJIARACTEIUZATION SMU'LES 
IIANfORll NORTH SLOPE, WASIIINCTON 

~ S_AI.PHA. (NCIIKO,_,ll _ _ _ ___ __ f---iN-,cA,c--t--,.',NA'-'--+--rN,'cA'----f--~N='ll~O- f 
g!.Q~B.;l~Q!Qlr;9 ) NA NA NA NRO 

•RSENIC (MO/KO) 
ELENIUM (MO/KO) .. ··--···· 

~CUR Y (MO/KO) 
AJlJIJM (MO/KO) 

' ADMI\JM (MO/KOl 
CllllOMIUM IMO/KOi 
l'JJl(MO/lCO) 
ll.VER(MO/KO) 

ACETONE (UOll(Ol 
{ETHYLENE CHLORIDE (UO/lCO) 

..,,_ 1 nYUSOBlJTYLKETONE (lJ0/1(0 l 
l :H :~c:Hl.OROETIIANE_@ _~ Cll 
. YLENE-TOT/u. (UO/KO) 

CENAPHTI-IENE ltJGl!(.QL__ 
CENAl'IITHYLENE (U0/1(0) 

•"'TTUlACENE fUO/KOl 
~?Q(.-'!)!JffilAACENE IU91KO) • -~~- ~-_. 

BENZ()(BlfLUORANTIIENE l~~Ol 
BENZO(K)FLUORANTIIENE (UO/KO) 
llENZO(A)PYRENE (\J\l/KO) . ·· - -· - ·_· . . . 
BlTTYI.BliNZYlPlfrHAU.TE (UOll(OJ 
Bl ~2-ETIIYLHEXYl ll'l-lTHAl.A TE IUCl/K'l .' 
Cl lll YSENE {I.JO/KO) 

ffiENZOF1.JRAN {VO/KO I 
JI-N-Blf[YL PIITHALA TE (LIO/XO J 
JIElllYL- l'IITHALATE (LIO/KO) 
-•-DINITROTOLUENE (VO/KO) 
Jt-N-OCTYl PHlltALATEflJO/KOl 
'1.lJOR.ANntENE (UO/KOI 
FLUORENE IUO/KOJ 
-METiiYLNAl'lffitALENE (UO/KOI 

~APHTIIALENE (UO/KOI 
N-NITROSODIPIIEAMINE x /KO) 
ENTACHLOROl'IIENOL (VO/KO) 
HENANTliRENE (l/0/KO) 

PYRENE@/KO) 
~ DRJN (UO/KO) 
~HC-0 ILINDANEl (UO/KOJ 

uu.DRDANE (UO/KO) 

20 1.43 
NA NA 
I NA 

NA NA 
2 0 .164 

100 NA 
250 NA 
NA NA 
NA NA 
500 NA 
NA NA 
NA 17500 - - ---·-

20000 NA 
NA NA 
NA NA 
NA NA 
NA 1 J7 

. NA ·1 .. 137 
NA 137 
NA 131 
NA NA 
Nf. 71400 
NA 137 

__ _ !!L __ -- NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
N.-. 1330 
NA NA 
NA NA 
NA 58.8 

1000 769 
N"- 169 

60 
· 400 - -- 24 _ __ _ 

5600 

•OO(CrVTl 
NA 

1.01!+-06 
NA 

•.OEHJ6 
3 2l!+o5 
-.:~ -- -

•.BE+-06 
NA 

2.4E+o7 
NA 
NA 
NII 
NA 

1.61!+07 
I 6E+-06 

NA 
NA 

I .Ol!+-06 
6.•l!+-07 
l.6E-+OS 
l.6EHJ6 
l2Et-06 
l .2Et-06 

NA 
J .2E-+05 

NA 
2.•E-t-06 

NA 

2400 
2•000 
•800 

J.25 

301.•4 

8.01 

6.29 

.94S.4l . ·-

•7.36 

ODD-4 4' (UO/KOJ NA •170 
~(!JO/KO) -~-- -- NA 29•0 

NA \.46 
- ·---- - -------f----;-- -1-..,.;,-c-c----t--,-N-:,A'---+- ~ -

T-•,4 !UO/KO! 1000 2940 •.OE+o4 1.42 
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IJl<IN (UO/KO) NA NA 24000 
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rnoXYCIU.OR (lJ0/1(0) •. . .. - ----- NA NA 

B-12•8 ,OA•/KO) 1000 1)0 
NA 
NA 

C:tt-1254 IUl. /KO) 1000 1)0 NA 
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"'11P""' KETONE IUO/KO) NA NA NA 
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::: ·,, 7. ... Ir ': . 
N9 JU II 
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··,. ; 2.26:: ,.· ~.0 1.: · ,·· .3.21 · l .86 · ,3.75 · '.3J2· · 41.6 
•.Ji ___ _ 
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-- -- .. - -- .. . ... _____ .. --- ·· ····· - _ ._ ;: ·-----· ·:. ___ _ 
.. - - ---- + -- ·---· ··- ~:- .. ... _ - _ _ ------
-- - - - --- - · · - · · ·· - - - ·· ---- ·----- -- --- .. . - ·· · ·· · · · -__ -__ ,__::_ -- -- --

t--- - - -+-----•----·- •- ----•----- .. - ·•-- - ------·-- ----··-- ·--
- -----+-------l·. - - - -·--· · ·----... --

62.7 .. ---··- · ·- - ·- ·:: - S4 7 - -+--- ---t---_-_ ---~- -.. --
~ - -- - - ·- · --· 11 . .i · ·- ·--...,-..,14..,,....· - ; ·- - ss.s · s 3 1 - H 4 - • 

f-~l.cc2=-5--1-----+--·---+----=-l7;__7 _ _ _ .......c6;..;;4·""6_ ~_ 7&.6 ___ _ .. ~ l 9 

i---- - ·f-----1·---- -+----,-4_-=cs2=--- +---- - - f--- _ _ ..___:::.. ..• · - --··.:.. ____ ·-
-----1-- --- -+-- -----+-- -=-=--- +- ---- - ·-+---- ·- +-- --· - +---- --l 
f--·---+-- - - --+---·-·- --1-- - --+------ · · - -- - •• 
t---- -f--- --;--- - --.....,..=---+-------------t-- - · --- -- -----l 

1.92 f----·- --- ··--

f---- - f-- - ---+ - --- -t-'-'···'-'·"'·· 3=-•:.c.4~.·"'-· --'-!-- ---+------+-- - ::_ ·-- _ __ .::..___ 
_,_ ____ ,----·-· -- - - · ·· · ·- ---

>---------- I---- - --- ---+-- - - -+--- ---- ____::_ --1-----------. ·--· ··-
t-----f------1----- -----+------t---- - - -- .. ----= --

------ --------- --- - ----- --- -----· ·- --·---· 
IYDROCARBONS-PE.TROL (MO/KOi 200 NA 

llE:"-VY Q!l.~ ~1L!fil!L.- - -· ____ ..... 200 NA 
_____ N_A_ ---- - -- ----- - --+-- - -----+ ---''=K":_c_' ---,---==-----.-.::::.:;::::~::::;.:._-_!llii...:::=-·. :·_-_-_'.f6JL .:.: 

~==='-======"=aaia=====~....:N,;.A,., -~==··=-=-=-·= ~=:-==a:----:.· __ . _. _ _ _ .L • • • • _·;__· __ ,_,,_==a==~~-~- - -'----~-'======='~ - =,~·-~--· :~ 



ANALYlH.:il OAT" 3lJMMARY (ranl'd) 
SOIL AND WASTECIWUCTERll.ATION S.U1PLES 
IIANFOllD NORTH SLOPE, WASJUNGTON 

···· ·· ·· · ···;···· · ~ VMtlo; ;· ·"' ,.~."r- '· ··-"~ -~, ... 9_41J_06L(,'/I')'··: . ~Ji96J,,!;W)- . ; '!'~~"!'&..\"!:: .. 9•li06.L(W)-· . ~huo~ 
; MTCA : : M'i6(· ~~#'. :;;;-: ,,.,,' ·,..",..·0.,,".,."·-+-:: ,,;.;,ii':,;.i~'i-c·,"···;:,.:oo~· "'·,_'''+· _:: ,.~-- o ... ·,,..:h;..;i ... ;t)();;;. ·-'-1 --+' ... · AD.:,:· ;.:,1:0-c' ·~1-00"'· ·,.e,· s:..· :'-<· 1--·'..,_·,.."'o.:.5.0~1:oo;c"-·· ::...:..··.4• ·"-'':.:A~os:..-02c.:;.;--00.1=·-' +'-'· A:..o;:,.s,..--0"'1"'.Q0.4-e--'-. ' A04.01-00s AO.\..O~:Q.\.~. j 

J:ff~A: :: ·~ .• . :.~c.:.~.:.•.•· M!'I!~·~ ·,~~O!!M HElS No; ,,:: BOBSX!c •c:; · ·BOBSXl · BOB!X3.: BOBSxs .:· .: .. BOBSX7 BOBSX8 808SX9 ·- OOBSYO I 
:·COMPOUND , ,n.....,., ..,.. ·NoriaCii'a:'· " '0.liic:tions : = No> ,: ·· , $>' ·'·; :, '· :. 10:'::::· •: . IY " :' :,•12•.:'. ·--::. n ·' •: .. :· 1.• · 15 . 16 I 

EJ~IR;;O;;s,,s~ AIL~PIIIA'-;i.~ (N'C;:;;;Vl(~IO"')------·- - ---::N....,A,--+_-:-N,..A~ --+-,..,.,-N,A_-+-_7'N;R-•--I 1-----+--i-'ll"-',S',---+--.,.:2;.a7__ I 1.8 29.2 •J.6 _ _____Q!._ __ --·· :- ___J 
1,J",R'--'O~SS~ B~E~T~A~(N~CI/K~_O~)----- · ----· -- NA _ NA NA__ NRQ 12.6 · - 2~~ . 17 l) .6 8.1 27 : · · I 

~S~_NJC(MO/KO) 20 1.43 60 
filENlUM IMO/KO) NA NA 400 

3.25 

',,ll'RCURY (MO/KO) I - ·-N-A--+--2-.1--+----- -• 

EIAR!\M(MO/KO) NA NA 5600 
ADMIUM (MO/KO). __ ---· 2 0 16• 8 
'.:l!ROMI\JM (MO/KO) ·----.oo -- ·1--'-N- A- -+-•-OO("'c-, e-,Vtc--ll--1-~ 8~.o~,--

301.44 

~An (M0/1<.0l 2SO NA NA 
Sll. VER IMO/KO) NA NA •00 

~~~~RIDE (iic;/Kcj)"- -·· .. - ;: ~~ I 
0~;.<>6 6.29 

M>.TIIYUSOBlJfYLICETONE (U0/10) NA NA 4 0E+06 
1-1-2-TltJCHLOROETIIANEl\!G/ICO) _ NA ··- .. 17SOO - J .2E-<-Os° . 
~YLENE•TOTAL (UO/KO) 20000 NA NA 
~CENAPIITIIENE ruo/KOl - - ---~ NA -,4,-,.1,:E,-•06=--+----
AC'ENAPITTllYLENE (VO/KOi NA NA NA 
~NJHRACENE(UJ/1(01 NA NA 2.4E•07 
~ENZ.O(A>ANTHRACENE (\JO/KO/ NA 137 NA 

~ENZ.~)fl! IORANTIIENF. (1!0~~ ·---- I _N~A- ....--:-•~,1--+-..;.N~A'---+---
BENio/K)fLUORANTHENE (UO/K.O) NA I I J7 NA I 
~ENL~l_!'YRENE(UO/KO) ___ _ ___ ....:~.;c!i,,__\_ >--"!?'-'7- -l NA t-·'. ---;--
BlJTYLBENT.'1.PITTIIALATE (lJO-'K Cl ) Ni\ NA - l.6E• Oi° 
BfS(2.ETIIYLIIEXYL1PlfnlN.ATE 1UO/IWJ NA 71400 - - m . •·-~ 
llRYSEllEllJO/KOl NA lJ7 NA 

gmENz.oFURAN 1UOJK01 · NA. · · i,i,: · NA 
Dl•N-BlJTYL P~TE (UO/KO) Ni\ NA I .0E+-06 945 •J 
1~~~~~:-•~:;i~\~~i -~-~--+-~~~~~-+-f~:~~~E::~~~: : :::4~7_.~¼~_·--, 

DI-N-OCTYL PHlliALATE(UO/ICOl NA NA l.6E•06 
l'LUORANTil.liNE (UO/ICO) NA NA J 2E+06 
FLUOREIIEIUO/ICGI _ N_~-··-' NA l .2E • OG 

12-METHYI..NAPIITHALENEJUOIKUJ - ·-----· NA NA NA . 
I-IAPIITI !ALENE (00/KO) NA NA J .2E•OS 
~ ·NITllOSODIPHEAMINE (U<J~,91,,_l ___ __ i ---,,N:--:'A __ ..._~N~A~ _._._NA=--+-------t 
fENTACIIL0ROPHENOL (\JO/KO) NA 8330 2.4E+<l6 
Pf!ENANTIIR.ENE(UG/KOJ NA NA NA -
PYR.ENE (UOIKO) NA NA l.•E•06 -· ·-=----
Alll!UN (lJO/KOL NA 58.8 2400 .. . .. ·-·-- .. 

BHC-0 (LINDANEI [UO/KO) I 000 769 24000 
' !O..ORDANE (UOll(O) NA 169 4800 
DDD-4,4'(\JOIKQL . ___ NA 4170 NA 
JOE-•,•' RIO/KO} __ ··- ·- . NA 2940 NA 

1.46 
o.ss 

J DT-4 4' (UO/KOl IOOO 2940 4.0Et0-1 1.42 
l!)IELDRIN (UO/KOl NA 62.S 4000 
'-"uuSULFAH-8 :uu/KOJ NA NA NA 0.4 
-:NDPJN (l/0/KO) NA NA 24000 
l=:NnPJN ALDEHYDE (UO/KOJ NA NA NI\ 
MeTHOXYCI-ILOR (W/KO) NA NA NA 
PCB-IHS(UO/KO) 1000 130 NI\ 
B_'CB-12S4 (l/0/KO) ___ 1000 130 NI\ 
~•llEXANON!UlJ.2iKO) NA NA Ni\ 
a -llVfANONE (MEK)_(lXJll(,0) NA NA 4.8E<07 
ALPHA-BHC(UO/KO)__ __ NA NA NA 
t:."NDIUN KETONE (l/0/KO) NA NA NA 
IIEPTI\CHLOR(UO/K.01 NA 222 40000 

J.96. -" 

,__ _ _ IO~S __ t--__ 9_6 __ +-__ 14_7 __ +-__ 8_2.~3--"11--8_2._9__ _ 125 _ ·- _ 11 2 - · - ·--ioj ··.:_ ._ 

__ !0_.7__ 11.3 18.2 -- m-- - n"J--
14.6 ~·-·- · ·· , o.'4- -- --92 

-- Ill .... ·· - - __ ---- - - IS6 . jj .-:--- - -=-
-- -- ---.-, ···-

---- -- ··· - - -- ------
~ -----1----

- - --+-------4-----·-·~~:! :: ---i- · - 9.-5--- •- -.__ -_ -_ -_ ----4·l_· - ~~; ~·----:--_·_·-:_: _j ~ r=-------1 ~ I 1 --- •--- -- r· -- 1 ,~~~-~- · .. ~ ~- ~ ~--~~~~+-~- ~ ~ · .1 ~ -~~~ :- -~f_-__ ~:~ ~~ · 
r:~ · ·-·t==--· 1--··- I ··- I t- ·:_ ·-J - -< 1-----~·-· J 

L~·.:_ :~ -. _:+~:--::-~ 11. I!, ·-·-1------~:..::~ .. - f= :~··- · jl - · , 

i__..,_ .. _t __ ......::... __ ···- . . . I "'° 
I I •• j I .. I • l l j 
~ -~=--. I . -..:.:.~ ---r - ·-~:~ -· ~ I . ··1-. -::-j:-_-:-:~_: L-. jii; ·--:.-J _: · 

[-·· · --p=···· ··-·-_·_ ·· $ _ ·_- ----r -< ~-- ·--::-· ·· i .. ·-=-----i --·- · · . . ,----- I . I- -, . 

. ~--:~·· . ~~::_i· - ~ -- -· -~= - -! .. ~. ____ ! __ :~-~!~ ~:.::-_=t~_ .. '.:·---j 
-· --- ·- - 1 

- -- - ·· ___ -· ----
-- - .lGOO -· j 

. __ -· ·- ---·· -· ---- 960 ·- _ _-· - · 

-. --.. j 
.. ·- ·-·---=--::_-_-._-.-+. --. ~~. -~~ ~~ - - -- -- -·· -, 

------ -----I--
f---- - -----

----~-- .. . , .. _ ---·· · . 

1-- - - -t---·-'.l3.i<f.f.,!)Q.,..c"::._:::_,·. . --_------=~---· ---+---
---- - --- ··- -----·· 

'IUUU . - . -- ·~ri--·- -·· ·--- 11 ~ 
--79- ·- · 'P~· ' · -- J 11 ···-- _ S2J -· · ·----· f----8-.9-2 ___ _ 

;~:2_4 _ _ · :·.-= ::~_,6,?_2 __ ~ - --- - ·- _ _ 6 1.K _ _ 
--.~-----·- ·· -· 

-- .. 
-- --- . . . · · - · - · ·-f---- • • . ----

f---- - - +----- -- -- --·-- - ---·· --- . ··--+--- - - --I---- -- - -- - · . .. ·- -- -- -+---·-- - · -------- - -- -- - - - ·- - -------
f----- ----+--- ---+--·· -- - ___ ,......._ _ _____ ·--

- +--- -- ··- ~-- ·- . 
1--- --+------f ··---- ·---------- ---- - -------·- -ii-------- - ·· --1-- -----··- - ·---· ·· · _ _ ____ .. ·--·-- - - ·--------··- ·-· 
~--~--·-+----- ·------ - - ----·-·-- ·· ... . --- - - ... _____ :· ---- -· - ··· .-- ·- ·- ·· 
- ----+-------1------ 1-- - - · . ·- - ·- ·-· · · -·-----+--- .. 

1--- --+-- --- 1···---- • -- ··- -· - - --+-- ·- ·---- - · ----1--
-----+-----"11--·---+-----+---- - - - ------ - ·- ·--- - ... >-------- --+---· - ----- - ---- -

l!YDROCARBONS•PETROL(MC!ll(.U) 200 NA NA -----+---'l"'-2"--S----lc--- ----+------+ _ _ 1_28 _ __, _ _ -__ . == :::)'>IO·· :::._-:-- ~~ 381" -: ·~- -
~...!.QffiQl, ._, _____ ··•··- · ~-·-~="-=""2"'00"'=,,.,.,..."'-~·""-Na.,.;.!",~.=J:!A-....,====<=~- ....l-=.;;;..--''===--=~,~~-_,.. ==-==,...-d'== .- .. -- .. ·==.,,_...,...........-



AJIIAL YTICA.L DATA SUMIIIARY (,omt'd) 
SOIL MID WASTE CIIARACTERI7.ATION SAMPLES 
HANFORD NORTII SLOPE, W A.mINGTON 

~ROSSALPl{AINIVJ\.OI NA NA NA NRQ 14 _ -- ---·-- --1-----t----:=-a---+--=1c-'1.~•- - - --.)f;25 ____ ~ -- __ _ 109 _ I 
~ROSSBETA(NCVKOJ _l!_A_ -··f-•- NA_ _ _ _ NA ___ yilQ ____ 2~5 ____ _______ 21_1_. 11_~ ~_;j~~ 9 :::..j 

:~:E:~:::::(M:,~:/K:Oll(:o:b=,l===~--=-=--==--==--~=~--=----=--t--~~-,.c~~-+·-· _· 17':;.,c; -+·---'ec..c---1-------1 " ' :: :os · · : 6:9!f C· -,~ll• : 6.9F 7 67' : · ~ ; 124 · . , . ~~; 
1 

MERCIJRY(MO~OJ . . _ ____ . I NA 0.124 . . . ~ 

[~~ -------•~1 ·It _- _-...c;..:.·-=c-;'-'.5..,.!_=_= __ =_~ ... -- --==11=·""'"1·=~-------_----~--: ~~---'-::~-'::~ __ +-_;_;;--. ~0 =~:=·· -~~:~--~ _; 
CETONE(UO/KO) ___ ___ NA NA ··---· _ - • - e--- ·•· l 

Mh,HYLENE Clll.OIUJ?~ (_UO{JS~L . 500 NA NA ·· ·· 
~ r:11IYUSOBUTYIJSl;!ONE (UO~)__ _ . w;- ·· NA- ~ - . --= ---:-_. --·- ·----:_:_. ·--t- :~_-_.- ~ : .. --t-1 

-~--~_:_ :::-- I 
1-1-2-TRIOiLOROETHANE(Ull/KOl ·· -- ·•· --·- ~-- 17500 J.2E• OS t --j 

~~~=~~~01 ~ f: ~ :.. ti .. ---- --= ----• ~· ·_·_-_ :_·j_-____ :___· ·: ··-· -_ - --•· i ~ · _--_=_;~_-_: : ·:·:=r_ ::- . : __ : _____ J_-_-__ -__:_:; ___ ._-._~_~_-~4_-1· -_ -· =:: ____ :-_. __ 1ii 

~~~~~~(fuiKO) ··-···· ~~ _I~~ -- - ~•~:1.- ·- :..1 I 

!~~~~:~=:~~~: ~: , :!; : ~~ 1·--=--+· -~--~---·· :: ---+--= -: 1-~----j -=~---· f --· - l 
BENZO(A"1PYJI.ENE fll<ltl(Ul NA ! 137 I NA - · ·--· I ! I ... ·-· .. ··1 - . '.. . ·- r-. .. . . -r-·· 
BlJTYLBENZYLPHTHALATE(llOiKOJ ~;--- NA , l.6E'-07 

1 1 : 1 1.. r-· _ --------4~·:--·.~::~--f-::..-=---:-~: .. ~. 1 
BIS/2-EnlYLIIEX_)'.bl_~~TE (!!<:l/KO) NA 71400 1.6Et06 _l(!?f.1_4 •• -- I ·· .. . 

!rJ~~~~~~-o-ii_-_-_--- ~1 ~~ :~;, •;;,~ 1--- = l - 1 ~~~~~-~~ j -~ .. 1~·~. L_:f .. ,:_r _;~_:T ~= l 
~:~~~T~~~~~~O) ~~ ~~ : :::: I, - . :_:_ I :_:_. - -··:_: __ ·::·· · ----t:: _._ - ~ - _-:~_:·-~~- ~---~·t:~ -~~_-_! 
FLUORANTHEN8 (00/KOL_ __ . . NA NA l .2Et06 

60 l .2S 
400 
24 

5600 JOI.•• 
I 

•oorc.- Vil 8.01 
NA 
400 

8.0Et06 6.29 

. ! ···- -

;~.di;::;:"'~ .. 00~") ;: :: ''!:;:" ~ ___ '_ -: -= ~ ::-·- , -~ =-5 : : -, ,-)72ijxj00. • • --~ ~~=:1· ~- . ·-= __ --::··1·· 
,APl1111ALENECUOIKOl NA NA 3.2E+o5 ___ _ _ _ . ___ .. ____ . -----~~~--1- · ·-·--- -· ·-·· ·· 
, -NlTROSODIPHEAMINE(UOIKO) NA NA NA ·• ·· -- --~-- ·:. _ _:: _ _ ___ ..::.._ ____ _ _ __ ____ ::_ _ __ __ ·: ... 
' ENTACHLOROPHENOl.(00/KO) NA ano 2.4Et06 •• .• •. •• •• • 
HENANtltRENE (UOIX.O)_ __ - _ NA· NA NA ·- ·- ·- . - - )6000 •• - .• -::·---

YRENE(l./0/)(0J · ··· · · ··- ··-·· · NA NA l •E+-06 •······ ·-·-- ·- ·-: : - :::._ ___ =-:._: - -·--~-----~~:_ _ _:_: _ __:~::._ _- -··:: __ ·. 
Al nRJN(UO/KO) ,..,,.,~-=c,;,--- --- NA SI.I 2400 
BIIC-0 (LINDANE)(UO/KOI 1000 769 24000 
C1 ILORDANE IUOIJ<O) NA 769 4800 
DDD-• '1" (UO/KO) NA 4170 NA l.•6 

PDE-•,4'(UO/KO) __ ···---- ·-····- · -· NA 2940 NA 
DDT--4,4'1lJCJIKOl 1000 2940 4.0Et-04 -

0.55 ·---
1.•2 

1---- -- -__ - -_-_·-,+-_:_--::.._""'5c-:_3=-=-, - _,_.~~~~~~-----+ 
- -

3790 -- 1630 -·- - mo ·-- ···· ---·--·t--..,,=-i"""'-'-'"""""· ····- s?1 --· 

.... ,-,_-__ --"1~,;-c¼o;..;;o""_-, ,-.-~,_- -'-;:00',-'1~0-_ .-.. -,.-,: :'.~J ~~--~-.:-: .-------:~:~~-----1 --r:~:."' =•"'4Jtil.UA~ooci;;-~t---·~~::_- · _ _: i;:;{-

---t·- ----1- --- -- ---· 

DIELORIN (UO/KO) NA 62.S •000 
ENDOSU!.FAN-BIUCJ/KOJ . . ______ NA NA NA O.• 

·., ,· :R 3 3.Sl ···------,_-______ _ 
. ··- ---- ··-------

~NI R1N (UO/KOI NA NA 2•000 
ENDRIN ALDEHYDE(UOIXOI NA NA NA 
f..fl'THOXYCIILOR (UO/KOl NA NA NA 
CB-1241100/KOI ______ 1000 130 NA 

?CB-125HlJO/KO) 1000 130 NA 
Z-HEXANONE (UO/KOl NA NA NA 
-BITTANONE ruFK) (UO/KOJ NA NA 4.IE-+-07 

-- -- -- ·· ----+--···· ··- ·• 

---+--- ----

- -·-- - -··+----

--·· ·--· ·-
---+-----t - ------ -----· -

- 1--- - · - ·--- -- · ----· --- ------- -- ··---------1--· ... - --- -·- - ---11------ -t--- - - ·- ·- -·· .. -----------+--·----- ···-- ---
---11-------t--·· . ····- · 

··---

UPIIA-BHC(UO/KOJ NA NA NA 
~~ KETONE(UOIKOl.._ ___ ~_-·_··_·__ NA NA NA 
~ CHLOR (UO/KO) _ NA 222 40000 

-·- ~------
.. -------+------t-·--- -+------- - · ·--- ----- .... ---- ·---

-+-------- -----····- -- - . 
1-------t-------1-------+---· .... . - ·-·-··· .. -----

llYUROCA!UlONS -PETROL (MU/KO) 200 NA . .. NNAA··- - _- ·· - .. >---.. --·-t-----·-t-··_·~~63~li(i"j~ ~ '--··+-•-· --~-=---- --•-l] ···-~20··- _- _-.--:-___ · - -
~ {!-!G/Kot _ • .. --=---~....,._~-.... 2..,00=.--,~=N=A"=~•- · ··· ··- ···- .• _. _ ... _ _ _ --- - --'-~~~~-'-=-=~-~--===~===='===~~~'=====-=-~-='=~:-~--*-'··-
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ANll.l,YTJCAL DATA SUMMARY (co•l',IJ 
SOIL AND WASTE CIIARACTERIZA TJON SAMP LES 
11.ArffORD NORTII SLOPE, WASHINGTON 

. ?11.IQ61,(E}­
AOl ~J;oos . 
· BOBT0I . 

···: . .-: 35 

)141-!~L(l!)·· 
·A0l -01 ,014 

... BOBTO'Z . ( 
·····36 . I 

~A.LP~~?) NA NA NA NKL 1----,,..,...,,--+---=2,...1-=---t------+-- ---+--,-,4·,"2,-_ _ t - -- · ~~"4 ... 22.9 ··- J u;;:;;~- ··- - --;-:-·· +-'--I:-'~~ +--400-'--:-'--A~ ~ :~-~ .1-~_,,,_,,_,·!_:IM_•_"_., ,_;--+_,_"_'2:_6:_:,,_;;_,,. - _:_·1_'.64_. _·' '--+'-·· ·_·::_,.3_:~_-_'_' ·- +-- ·' _'10_~_ -_ ._ • ·...;· _-_--_ . !_~_-·_·_- --1--1-----=·~"';i'--'•;_ . . ·:~:-~·-II ~-•2" 

W:RCURYQ::!Q~-- ··-----· I NA 2• - .. 
wrnru tM01Ko1 ··--NA - NA S600 301 :«- . . . . 19_.9 1----.~----,-=---+-- ---t-- .. 101 _ _ rn _ _ I 

ADMIUM (MO/KGJ _ ....• _____ 2 0 164 8 
::HROMIUM (MO/K.OJ --·-·· · ..• - l~OOc-:--i - -cN"'"'A,---t-4-:=-()()("'Cr,....,..,Vl=-IJ+---:Bcc.Occl--l 
EAD(MOll(O) 250 NA NA 

10.3 

109 17.9 1•2 171 
u~ - .U -7 

10.2 6 •• 9A2 S6.4 
. u-40 · · ··.: ISHI ' Sll.VERCMO/KOJ NA NA 400 

16 20.3 
1------ -->-~ :..::...:"--~+--~=-"---+-- = ;c_--+----=2:.::l.:6 __ 4- _:__ _1_}_9_ 

l 2S 

14 9 -24.S 

ACETONE (UO/KOJ NA NA S.OE-+-06 6.29 
MUIIYLENE CHLORIDE (UO/KOJ SOO NA NA 
METIIYUSOBUTYLK.ETONE (lJG/IW J NA '---'-,N','A'---t--,-4.°"0E='-+06~--+---
1-1-2-TR.ICHLOROETHANE (W/KOl NA 11500 3.2E-I-OS - •----_. 
xnENE-TOTAl.<UO/KOJ 20000 NA NA 
AcrtlAPHnlENE /UG/lCOl NA NA 4.SE-+-06 
ACENAPHnlYLENE (UOIK.OL__ __ ... --·---+-_N_A_-+ _ _ N_A_ -+_~N_A_ -+------1 
AIJ"CHIHCENE (lJ0/1(0) NA NA 2.4E-I07 
BENZO(AJANlHRACENE I\JO/KOJ HA ""'1'=3='7--t-"'-iN'c-A,-c-'--+ 
BE}UnB)FLUORANTI!ENE (UO/KG) HA IJJ NA 
01:NZO(K.)fLUORAHlllENE (UO/KO) NA 137 NA 
BENZO/All'YRENE (UG/KOl NA i 37 NA 
BlJTYLBENZYLPlffiW.ATE (UCJ/KOi NA NA l.6E-t07 
BISl2,EnlYUIEXYLlPHTHAI.A TE (\JO/KOi NA 71 •00 -'l~.61!= -t-06= ~ - ~l !!ll 1 • 
::HRYSENE\LlulXu 1 NA. 137 NA 
DIBENZOFURAN !UO/KOl NA NA NA 
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magnetic intensity decreases inversely proportional to the square of the distance from an 

object, relatively high values may represent small objects close to the sensor or larger 

objects at depth or some radial distance ay,-ay. 

The instrument used in the magnetometer survey is an Envi-Mag, a portable, 

microprocessor-based, proton precession magnetometer. The Envi-Mag takes total field 

readings in units of nano-Tuslas (nT) at 0.5 second intervals. With such a fast sampling 

rate, measurements can be obtained while walking. Data is acquired rapidly while 

maintaining a close sampling interval. The data was stored by the magnetometer and later 

transferred to a computer for data display and analysis. 

2.1.2 EM Device 

A Garrett EM device was also used for tank detection. This device is useful for 

shallow metal detection. A transmitter coil in the instrument induces a primary magnetic 

field in the near subsurface: In the presence of metals, a secondary magnetic field is 

produced and measured by a receiver coil. The device produces an audible tone and a 

needle response on a semi-quantitative scale, but no record of the output is recorded. 

For such large targets as the crushed tanks, the depth of detection of the EM device is 

limited to approximately 9 to 12 feet. With this EM device, surface area is more critical for 

detection than the mass of the target and edges of targets are readily detected. The EM 

device was used to sweep the approximate perimeter of the buried tanks to further refine the 

edges of the tanks. 

2.2 Field Methods 

A rectangular grid 400 feet (north-south) by 80 feet (east-west) was established over the 

disposal area using cloth tapes for distance measurement and a surveying instrument for 

establishing right angles. The grid in the east-west direction was centered relative to the two 

signs marking the disposal area, and the northern edge of the grid was established at the 

northern boundary sign. 
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The grid consisted of north-south survey lines with stations along each line. The lines were 

marked at each end of the survey area and at 50-foot intervals along the lines. The lines are 

spaced 10 feet apart. The lines are numbered 0 to 80 beginning at the western boundary, 

and the stations numbered Oto 400 beginning at the southern boundary (refer to Figure 2). 

Magnetometer readings were obtained while walking along each line. With total field 

measured every 0.5 seconds, readings were obtained along each line.at a spacing of between 

2.2 and 2.6 feet. An event marker was triggered at each 50-foot station to tie the readings to 

the grid. The magnetometer linearly interpolates the data between the 50-foot station stakes. 

Magnetic field strengths vary with time. With large magnetometer surveys, field strength is 

often periodically recorded at one or several set locations during the survey to record field 

strength variations with time. As our magnetometer data was acquired within an hour, no 

base or tie-line readings were performed. 

A reconnaissance of the disposal area was performed to visually locate any surface debris 

that may account for any magnetic anomalies recorded. Other than some iron pipes and 

brackets located outside the survey boundaries approximately 115 feet east of line 80, station 

125, no significant debris was observed in the vicinity of the disposal area. 

After reviewing the magnetometer data, it was decided to follow this work with an EM 

search. Though tank depths and locations were determined, an EM search was conducted to 

further refine the perimeter of the tanks as this is critical in planning the borings. 

3:-0 DATA INTERPRETATION 

3.1 General 

The field data was contoured with computer software supplied with the magnetometer to 

delineate magnetic anomalies and to evaluate tank locations. In addition, the data was 

transferred to a commercial spreadsheet software package, and individual survey lines were 

profiled to aid in data interpretation. 
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Figure 2 shows the contoured magnetometer data. Values of total field range between 

53,058 and 58,092 nT. However, over most of the survey area, the non-anomalous, total 

field background is generally between 55,680 and 55,720 nT. An area of large anomalous 

values of total field are indicated between stations 60N and 160N on lines OE through 60E. 

This area roughly corresponds with the are.a previously identified as containing the buried 

tanlcs. 

The magnitude of the anomalous values above and below the background level is consistent 

with values expected for large storage tanks. Minor anomalies can be seen outside of the 

area identified above, but the magnitude of these anomalies are too small for tanks and may 

be from scattered, small metallic debris. The data confirms the previous magnetometer 

work, that the tanks are grouped into one portion of the disposal area, with the rest of the 

disposal area free from large magnetic debris. 

3.2 Jank Location 

Large metal tanks generally act as magnetic dipoles. At the latitude and longitude of the 

site, the field lines of the earth's magnetic field are inclined approximately 70 degrees from 

the horizontal. An anomaly produced by a dipole in such an inclined field often takes the 

form of a sinusoidal wave with the positive portion of the anomaly to the south and the 

negative portion to the north. The source of the anomaly is located between the high and 

the low. 

This field strength behavior is apparent on Figure 3, which shows the contoured data for just 

the strongly .anomalous area. The contoured data takes the form of an elongate high 

generally trending parallel to the survey lines. An elongate low parallels the high and is 

displaced to the north relative to the high. The southern portions of both the high and low 

areas are offset to the east between about stations SON and 95N. 

As previously discussed, the tanks are. approximately located between the highs and the lows 

in the total field data. Having multiple targets in such close proximity, however, 

complicates interpretation of the anomaly, as the anomaly is a composite from several 

sources. To confirm and further refine the tank locations, the EM device was used. The 

EM device is particularly useful for determining the location of the edges of targets. 
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The shaded area on Figure 3 shows the inferred location of the tanks. The perimeter of this 

area was marked with orange pin flags during the second visit to the site. We were not able 

to determine the actual lateral boundaries between two adjacent tanks using either the 

magnetometer or the EM device. 

3.3 Tonk PCl>th 

To determine the depth of the tanks, the half width rule for dipoles was used. In this 

method, the depth of the anomaly source is related to the half-width of the anomaly. The 

half-width is the horizontal distance between the maximum of the anomaly and the point 
where the total field is one-half the maximum value. For dipole sources the depth to the 

center of the source is twice the half-width. 

Profiles drawn across the anomaly were used to determine the half-width and thus depth to 

the center of the source. From the half-width rule, a depth of about 7 feet to the center of 

the crushed tanks was determined. There is uncertainty with this method, particularly in 

that we are measuring a composite anomaly from more than one object. This method also 

generally over-estimates depths. 

4.0 DISCUSSION AND RECOMMENDATIONS 

To drill an angle hole beneath the crushed tanks without hitting the tanks, the bottom, 

outside edge of the adjacent tank or tanks needs to be determined. The perimeter of the 

combined tank mass was determined with the magnetometer and EM device and is marked 

in the field. The depth to the bottom of the tanks below the marked perimeter, however, is 

more problematic and requires some assumptions. 

Th~ approximate depth to the center of the tank mass is estimated to be 7 feet below the 

ground surface. The depth to the top of the tanks and the thickness of the crushed tanks can 

not be determined from the data, so the depth to the bottom of the tanks is unknown. 

Further, the tanks may have been stacked during burial, with one tank on top of another. 

The dimensions of the individual tanks are not known, but the number of local, paired highs 

and lows along the composite anomaly suggests less than 6 to 10 tank locations in plan view. 

This would support the possibility of stacked tanks. 
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Disposal documentation provided by the COE indicates that the contaminated soil was buried 

4 feet below grade. As the crushed tanks were place on top of the contaminated soil, the 

report of the previous 2,4-D site study suggested that this implied that the contaminated soil 

was buried much deeper than 4 feet. Four feet may, however, be a reasonable estimate of 

the soil cover over the tanks. 

If one assumes that 4 feet of soil covers the tops of the tanks and the center of the tanks is 

estimated to be 7 feet below grade, then the bottom of the tanks would be 10 feet below 

grade. In our opinion, 10 feet below grade may be excessive as it appears that burying the 

tanks to this depth would be unlikely with such a wide area available for disposal. An 

estimated depth of 10 feet to the bottom of the tanks would, in our opinion, err on the side 

of safety when planning the borings. It is our recommendation that the borings planned for 

sampling beneath the tanks be drilled with an appropriate offset and inclination to pass at 

least 10 feet below the flagged perimeter of the tanks. 

Included in this report is an appendix entitled "Important Information About Your 

Subsurface Vhste Management (Remediation) Report" to assist you and others in the use and 

limitations of our report. 

SHANNON & WILSON, INC. 

Theodor W. Hopkins, R. G. 
Geologist 
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~ Geotechnical and Environ nentc1I Con!t1 ·tarits 

Attachment to Report Pa&e 1 of:! 

Dated: March 31, 1994 
To: u. s. Army Corps of Eni:ioeers 

Walla Walla, Washington 

Important Information About Your Geotechnical Engineering/ 
Subsurface Waste Management (Remediation) Report 

GEOTEOINICAL SERVICFS ARE PERFORMED FOR SPECDlC PURPOSES AND PERSONS. 

Consulting geotechnical engineers prepare reports to meet the specific needs of specific individuals. A report prepared for a civil 
engineer may not be adequate for a construction contractor or even another civil engineer. Unless indicaed otherwise, your consullant 
prepared your report expressly for you and expressly for purposes you indica~. No one other than you should apply this report 
for its inte.nded purpose without first conferring with the consultant. No party should apply this report for any purpose other than 
that oril:inally contemplalcd without first conferring with the geotechnical cnginecr/gcoscicntist. 

AN ENGINEERING REPORT IS :BASED ON PROJECI'-SPECIFIC FACTORS. 

A geotechnical engineering/subsurface waste management (remediation) report is based on a subsurface exploration plan designed 
to consider a unique set of project-specific factors. Depending on the project, these may include: the general nature of the structure 
and property mvolved; its size and configuration; it's historical use and practice; the location of the structure on the site and its 
orienlation; other improvements such as access roads, parking Jo~, and underground utilities; and the additional risk created by scopc­
of-service limiations imposed by the client. To help avo\d costly problems, have the conwlting engineer(s)/scicntist(s) evaluate how 
r-·· factors which change subsequent to the date of the report, may affect the recommendations. Unless your consult~ geotcchnical/ 

c:Dillleer and/or scientist indicat!S otherwise. your report should not be used: 1) when the nature of the proposed project is changed 
(ror ctample, if an office building will be erected instead of a parking garage, or if a refrigerated warehouse will be built ins1ead of 
an unrcfri~ one, or chemicals are discovered on or near the site); 2) when the size, elevation, or configuration of the proposed 
project is altered; 3) when the location or orientation of the proposed project is modified; 4) when there is a change of ownership; 
or 5) fur application to an adjacent site. Geotechnical/civ,l engineers and/or scientist. cannot accept responsibility fur problems which 
may occur if they are not consulted after factors which were considered in the development of the report have changed. 

SUBSURFACE CONDITIONS CAN CHANGE. 

Subsurlace conditions may be affected as a result of natural changes or human influence. Because a geotechnical/waste management 
engineering report is based on conditions which ~isled at th~ time of subsurface exploration, construction decisions should not be 
base.d on an engineering report whose adequacy may have be.en affected by time. Ask the ge.otechnical/\WSte management consultant 
to advise if additional tests are desirable before construction starts. For e:itample, groundwater conditions commonly vary seasonally. 

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also 
affect subsurtii.ce conditions and, thus, the continuiq: adequacy of a geotechnicallwaste management report. The a:eotechnical/civil 
engineer and/or scientist should be kept apprised of any such events, and should be consulted to determine if additional tests are 
necessary. 

MOST GEOTECHNICAL RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS. 

Site exploration and testing identifies actual surfiice and subsurface conditions only at those points where samples are talcen. The data 
were extrapolated by your consultant who then applied judgment to render an opinion about overall subsurface conditions. The actwtl 
interf.lce bel'M!en materials may be far more gradual or abrupt thm your report indicales. Actual conditions in areas not sampled 
may differ from those predicled in your report. While nothing can be done to prevent such situations, you and your consullant call 

·._ together to help minimi:ze their impact. Re~ your consultant to observe subsurface construction operations can be particu­
·-JY beneficial in this respect. 

A REPORT'S CONCLUSIONS ARE PRELIMINARY. 

The conclusions contained in your geotechnical engineer's report are preliminary because they must be based on the assumption that 
conditions revealed through selecti'oe exploratory sampling are indicati-.e of actual conditions throughout a site. Because actual 
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subsurlace conditions can be discerned only during earthwork, you should retain your geotechnical engineer to observe actual conditions 
and ID ~ conclusions. Only the geotecbnical engineer who prepared the report is fully familiar with the background information 
needed to determine whether or not the report's n:commendalions based on those conclusions are valid and whether or not the 
contractor is abiding by applicable recommendations. The geotechnical engineer who developed your report cannot assume 
responsibility or liability for the adequacy of the report's recommendations if another party is retained to observe construction. 

THE GEOTECHNICAL ENGINEERING/SUBSURFACE WASI'E MANAGEMENT (REMEDIATION) REPORT IS 
SUBJECT TO MISINTERPRETATION. 

Costly problems can occur when other design professionals develop their plans based on misinerpretation of a aeotechnical 
enginecring/subsurf.ace management (remediation) report. To help avoid these problems, the geot.ochnical/civil engineer and/or scientist 
should be retained to work with other project design professionals to explain relevant reot.ochnical, geological, hydrogeological and 
waste management findin&s and to review the adequacy of their plans and specifications relati\e to these issues. 

BORJNG LOGS AND/OR. MONITOR.ING WELL DATA SHOULD NOT BE SEPARATED FROM THE 
ENGINEERING/WASTE MANAGEMENT REPORT. 

Fmal boring logs developed by the geotechnical/civil engineer and/or scientist are based upon interpretation of field logs (assembled 
by site personnel), field test resulls, and laboratory and/or office evaluation of field samples and data. Only final boring logs and 
data are customarily included in geotcchnical engineering/waste management reports. These final logs should not, under any 
circums1anceS, be redrawn for inclusion in architectural or other design drawings, because drafters may commit errors or omissions 
in the tnmsfur process. 

To minimile the likelihood of borina log or monitoring well misin~rpretation, contractors should be given ready access to the comple1e 
geotechnical engineering/waste management report prepared or authoriled for their use. If access is provided only to the report 
prepared for you, you should advise contractors of the report's limitations, assuming that a contractor \WS not one of the specific 
persons for whom the report was prepared and that developing construction cost estimaes was not one of the specific puipOSeS for 
which it was prepared. While a contractor may gain important knowledge from a report prepared for another party, the contractor 
should discuss the report with your consultant and perform the additional or alternative \VOrk belii,,>ed necessary to obtain the data 
specifically appropriate for construction cost estimatq purposes. Some clients hold the mistaken impression that simply disclaimiq: 
responsibility for the accuracy of subsurface infonnation always insulat:s them from atlendant liability Provid~ the best available 
information to contractors helps prevent costly construction problems and the adversarial attitudes which aggravate them to a 
disproportionate scale. 

READ RESPONSIBILITY CLAUSES CLOSEL~ 

Because geotechnical engineering/subsurface waste management (remediation) is based extensively on judgment and opinion, it is fur 
Jess exact than other design ·disciplines. This situation bas resulted in wholly unwarranted claims being lodged against geotechnical/ 
waste management consultants. To help prevent this problem, geotechnical/civil engineers and/or scientists have developed a number 
of clauses for use in their contmcts, reports and other documents. These responsibility clauses are not e.xculpatory clauses designed 
to transfer the engineer's or scientist's liabilities to other parties; rather, they are definiti-.e clauses which identify where the engineer's 
or scientist's responsibilities begin and end. Their use helps all parties involwd recopize their individual responsibilities and bike 
appropriate action. Some of th~ definitive clauses are likely to appear in your report, and you are encouraged to read them closely. 
Your enginea/scientist will be pleased to give full and frank answers to your questions. 

'))94 

The preceding paragraphs are based on information provided by the 
ASFE/.Association of Engineering Firms Practicing in the Geosciences, Sil\er Spring, Maryland 




