
COMPru::HRNSIVE RADIOT.O!":7C;AL SURVEY 

OFF-SITE PROPERTY S 
NIAGARA FAl~S STORAGE SITE 

LEWISTON, NEW YORK 

Prepared for 

U.S. D~partment of Energy 
as part of ~he 

Formerly Utili~ed Sites -- Remedial Action Program 

J. D. Berger 

Px-ojcct. Staff 

R.D. Concra 
R,C, Gosslee 
W.O. Helton 
T,J. Sowell 

]1.". Stafford 
G.M. Stephens 
C .. F. weaver 
B.S. Zacharek 

P" .. p .. red by 

Radiological Site Assessment Program 
MAnpo", • .,,· Education, Researoh, and Training Division 

Oak Ridge Assooiated Universities 
Oak Ridge, Tennessee 37831-0117 

FINAl REPORT 

This report is based on work performed 
DE-ACOS-760R00033 with the Department of Energy. 

under contract number 



TABLE Of CONTEKTS 

List of Figures 

List of Tables 

Introdu~t1on .. .. . . . .. . . .. . .. '" 

.. .. . . 
Survey Procedures .. .. ~ .. 

Results ••• 

Comparison of Survey Results with Guidelines 

Summary '" .. .. .. • 

References • • • 

Appendices 

Appendix A: Instrumentation and Analytical Procedures 

Appendix B: Summary of Radiation Guidelines 
Applicable to Off-Site Properties at the 
Niagara Falls Storage Site 

Appendix C: RepOrt of Ground-penetrating Kadar survey 
of Property S at the Niagara Falls 
Sea.age Site 

i 

. . 

i.ii 

1 

1 

2 

6 

10 

11 

40 



FIGURE 1. 

FIGURE Z. 

FIGURE 3. 

FIGURE 4. 

FIGURE 5. 

nGURJ:; 6. 

FIGURE 7. 

LIST or FIGURES 

Xap of Niagara Falls Storage Site and Off-Site 
Properties, Lewiston, New York, Indicating the 
Location of Off-Site Property S • • • • • • • 

Plan View of off-Site Property $, Indicating 

.. .. . . 

Prominer.t Surface Features • • • • , ... . .. . 
Areas of Elevated Direct Radiation Levels 
Iden~ified by ~he -walkover Surface Scan 

Locations of 50reholes for Subsurface 
Investigations .......... . . .. . • .. . .. .. ... . . .. .. 

~ocation$ of Surface Water and Sediment Samples 
Collected ?rom Drainage Ditches • • • 

I'Lap of Northern Nlagara County, New Yo.k, ShoW.l.ll~ 

Locations of Background Measurements and Baseline 
Samples . . .. . • .... ............. t • .. • 

Locations on Property 5 Where Ra-226 Concentrations 
in Soil Exceed Guideline Levels ••••••••• 

15 

16 

17 

18 



:"IST OF TABLES 

TABLE I-A. Background Exposure Rates and Radionuclide 
Concentrations in Baseline Soil sam?les 

TABLE 1-5. Rad10nucl~de Concentratl0ns 1n Hasel1ne 

19 

Water Samples .. • .. .• ...... .......... .." 2C 

TABLE 2. 

TABLE 3. 

TABLE 4. 

TABLE s. 

TABLE 6. 

TABLE 7. 

TABLE 8. 

TABLE 9. 

TABLE to. 

DireQt ~Qivtion Lcvcla Mcoaurcd at 
40 m Grid Intervals •• • • • • .. .. . .. .. . . .. .. .. 

Direct Radiation Levels Measured at 
5 m Grid Intervals in the 
Vicinity of the Concrete Pad ... .. IIr .. • • .. .. • .. 

Direct Radiation Levels at Locations 
Identified by the Walkover Surface Scan 

Radionuclidc ConccntrntioU$ ~n Surface 
Soil Samples from 40 m Grid Intervals • . .. .. .. , .. .. .. 

Radionuclide Concentrations in Surface 
Soil Sacples from 5 m Grid Intervals in 
the Vicinity of the Concrete Pad 

Radionuclide Concentrations· in Surface 
Samples from Locations Identified by the Walkover 
Scan .•• • . . . . . . . . . . • .. .. . .. . .. . 

Radionuclid~ Concentrations in Bor~hole 
Soil Samples . . . . . . . . . . • • 

Radionuclide Concentrations in Water Samples 

Rad10nudide Concentrations in Sediment 
Samples from Drainage Ditches . . . . . . . . . . 

iii 

. . . 

21 

24 

26 

27 

31 

34 

35 

38 



COflPF:EHE:;snE l\ADIOLOGICII.L SURVEY 

OFF-SITE PROPERTY S 
~IAGARA FII.LLS STORAGE SITE 

LEWISTON, ~~W YORK 

INTRODUCTIO!-l 

Beginn!ng i~ 1944, ~he Manhattan Engineer Distri~t and its successor, the 

Atomi;::. Energy COlllmission CAEC) , used portions of the La"e Ontario O=dnance 

Works (presently referred to as the ")liagara Falls Storage Site (llFSS) and 

off-Site properties), approximately 3 ~ northeast of Lewiston, New York, for 

storage of radioactive wastes. These wastes were primarily residues from 

uranium ?rocessing operations; however, they also included: contaminated 

rubble and scrap trom decommlss1onlng act1viries, biological and miscellaneous 

wastes from the University of Rochester, and low-level fission-product .. aste 

from ""neaminated-liquid evaporators at the Kno1ls At""'!" Po"",r Laborato"y 

(KAPL). Receipt of radioactive waste was discontinued in 1954, and, following 

cleanup activities by Hooker Chemical Co., 525 hectares of the original 

612-hectare NFSS .ere declared surplus. This property was eventual:y solci by 

the General Services Administration :0 various private, commercial, and 

governmental agencies. l 

S~~ Chemical Services, :nc., (SeA) is the current owner of a tract 

identified as off-site property S (see Figure 1). A radiological survey of 

"ha, J;;racr, conducJ;;ed in April - June 198J, b ,10" ~1,x1.>Je<,:C of this repon. 

SITE DESCRIPTION 

Fi';(ure 2 is a plot plan of off-site property s. The propeny occupi"g 

approximately 9.2 hectares, and is ~ounded on the north by "M" Street and on 

the east ~y ~ampbell Street. :he Department or Energy's Niagara Falls Storage 

Site is located directly south of property S, and the town of Lewiston owns 

the parcel of land bordering the site on the west. 



thio property is presendy ,>"".ed and h l'a>:tially ov"rfJr~">'n ",i.h 

brush, ",eeds, and trees, There are no structures on the site; however, there 

is a concrete pad adjacent to ":1" Street, The Central Drainage Ditch passes 

through the propel:'ty in a north/south direction. 

Rad~ological History 

There is no evidence of storage or bu:ial of contaminated material ou 

this property, Previous su:cveys hav.. 1ndicaJ;ced eleva!."" ,·"<.11,,C10Cl level" 

along portions 0: the Central Drainage Di teh and along Campbell and "M" 

StrQet$.. These lattQl:' "u .. e~s may bQ attribut:abla to n~t\lT"!1l1'.l (H".~t1rring 

radionuclides in the roadbed slag. 1- l 

SURVEY PROCEDURES 

A comprehensive survey of NFSS o££-s1te propet"ty 5 was performed by the 

Radiological Site Assessment Program of Oak Ridge Associated Untversities 

(ORAU) , during the period of April l::J - June Z, 19tU. ',he survey was in 

accordance with a plan dated March 14, 1983, approved by the Department of 

t':Il,,:cgy'" OUl,<.:<: or lluclea. Z",,:cgy. The object:.ive and proo;;.cdurc;J from thot 

plan are presented in this section. It should be noted that the Central 

Drainage Ditch and an easement. 13 m either side of the upper bank of the 

ditch, are being surveyed and dl:'edged by Bechtel National, :nc.; this area Was 

therefore excluded from the ORAU survey. 

Objective 

The objective of the survey was to provide a comprehensive assessment of 

the radiological conditions on property S. Radiological. information collected 

included: 

1. direct radiation exposure rates and surface beta-gamma dose rates, 

2.. lo~ations oT p.le:vated surface residues, 

3. concentrations of radionuclides in surface and subsurface soil, 

4. concentrations of ,adionuclides in surrace and gt'o\md ",ater, and 

" 



,. concentrat~ons ot radionuclldes 1n $edlment samples from drainage 

ditches. 

Procedures 

1. Site Preparation 

a. Brush and weeds were cleared as needed to provide access for 

gridding and 

established. 

McIntosh of 

surveying. and a 40 In grid system ~as 

These services were provided by Mclntosh and 

Lockport, NY, under subcontract. This grid 

h.. A:n .:tt.!:,Qa, '30 m x 50 tn. a.'round a. .:!:oncrl?t$ pad acijac,mt to. "Mot 

Street was subdivided into 5 0 intervals by the ORAU survey 

team. This subdivision was performed as a result of the 

generallY elevated direct radiation levels noted in this 

area during the walkover scan. 

2. Gamma exposure rate measurements were made at the surface and at 

1 m above the surface at each accessible intersection of :naj or 

g~id lines. Measurements were performed using portable gamma 

N"I(Tl) scine1l1"tion sl,11;vey m .. t<:,$. Conveu1on of th"",e 

OIeaaurements to exposure rates in adcroroentgens per hour (uR/h) 

WaS in a~~ordan~B with ~rnR~ ~alibration with a pressurizpct 

ionization chamber. 

3. Beta·-gamma dose rate measu::ements "ere performed 1 em above the 

surface at each accessible grid 11ne intersection. These 

measurements were conducted using thin-window «7 mg/cm 2) G-M 

detectors and portable sca1.er /ratemeters. l1ensurements were also 

obtained "ith the detector: shielded to eva.l.uate contribut:lon$ of 

nonpenetrseing beta and low-energy gamma radiations. liete:: 

readinga were converted to dQse-rate in microrada p~r hour 

(~rad/h), based on cross calibration with a thin-window ionizat~on 

c.hamber. 
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collected a~ each accessible grid line intersection. 

S. Walkover surface scans were conducted over all accessi~le areas of 

the property. Scanning intervals were 1-2 m along roads and in 

areas where elevated radiation levels were observed; in other 

areas scanning was at 2-5 m intervals. Portable gamma 

scin:illation survey meters were used :or these scans. Locations 

of elevated contact radiation levels were noted. 

6. At locations of elevated surface radiation levels, gamma exposure 

rates at t m above the surfac.e and bet.a-ga:::nma dose rates at 1 em 

above the surface were measured. Surface soil samples were 

obtained from these locations and, following sampling, the surface 

exposure levels were remeasured to evaluate the effectiveness of 

Shallow sampling O~ removal of the radiatioo source. 

7. Detection Sciences Group of Carlisle, MA, performed ground 

penetrating radar surveys in the 'dcinity of the concrete pad and 

at proposed borehole locations. The purpose of these radar scans 

w .. 3 tQ identify oubou:d"",. objects or anomalies which "ight be 

indicative of bu=ials on the site and to Ide~tify ~he presence of 

underground piping or utilities which would preclude bo~ehole 

drilling. 

8. Boreholes were drilled to provide a mechanism for logging 

subsurface direct radiation profiles and collecting subsurface 

soU ,lOd water samples. Seven boreholes to ground water depth 

(2-6 rr.) and ten shallower ·~I.O-1.5 m) boreholes were drilled by 

Site Englneers, Inc., or Cherry lUll, tl.I, u:;lll~ a "u<:lI. r,IUU'I\.~i.l 

20 cm diameter hollow-stem auger. The shallow boreholes were 

pr.iniarily at locations where d11:'9Ct radiati.on me.';,J.sur:-r:om€'nf"!S: 'n.nc: 

indicated pO$$ible ,,-ontamination. 

boreholes are shown on Figure 4. 

The loca t ions of these 



Tht;:. uvreholes were gamma $cattI1ed over their entire le:.ngth fot' the 

presence of subsurface residues. Radiation profiles in the 

boreholes were determined by measurements of gamma radiation at 

15-30 cn in~ervals bet:wee:1 the surface and ground water (deep 

holes) or the hole bottom (shallow holes) and at loca,ions of 

elevated readings identified by the borehole scan. A collimated 

gamma scintillation detector and portable scaler were used for 

these meas~rements. 

Water Samples ot approximately 3.5 liters each ~ere collec,ed from 

six borehole locations using a hand bailer. Soil samples of 

approximately 1 kg each were eollectod f~Qm vatio~g depohs in the 

holes by scraping the sides of the borehole wi th a specially 

constructed sampling tool. 

9. One water sam?le was collected from an on-site ditch (see 

Figure 5). 

10. Sediment samples were collected from four locations in on-site 

~itches (see Figure 5). 

11. Twenty soil samples and seven water samples were collected from 

the Le~1ston area (but not ~n NFSS o~ ~~~n~i~tArl off-~ite 

properties) to provide baseline concentrations of radionucl1des 

for comparison purposes. Direct background radiation levels were 

measured at locations where baseline soil samples were collected. 

The locations of the baseline samples and background measurements 

are shown on Figure 6. 

Sample Analyses and Interpretation of Results 

Soil and sedimenr samples were analy;.::.c,;u ~y gaW1lld spe.:.trome:t.ry_ 

Radium-226 was the major radionuclide of concern, altho~gh spectra were 

reviewed for Cs-137, U-235, U-238. and other gamma emitters. ".,ter samples 

were analY2:"d for gross alpha and beta concentrations. 1wo samples were also 
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analyzed for 3.a-226 concentrations. Additional information concerning 

analyt1ca~ equipment and ?rocedures is contained in Appendix A. 

Results or this survey were compared to the applicable guidelines for 

formP:J"'l y l.ltili'%.Qd radioac.tivQ materials handling sites 7 whic.t-. are: prQsentQd in 

Appendix B. 

RESULTS 

Background Levels and Baseline Concentrations 

Background exposure rates and baseline radionuclide concentrations in 

soil, determined Eor 20 locations (Figure 6) in :he vicinity of the :-liagara 

6.8 to 8.a ~R/h (typical levels for this area of New York). Concentrations of 

radionl1c.lirlp~ ;0 s!'In ",,,r,., R,,-226, <n.oq on I.n !'lCi!g (picnc.uri".' PI'" 

gram); U-235, <0.14 to 0.46 pCi!g; U-238 , (2.20 to 6.26 pCi/g; Th-232, 

0.32 to 1.18 pCi!g; and Cs-137, <0.02 to 1.05 pCi/g. Th~se concentrations are 

typ1cal of the tadionuclide levels normally encountered in surface soils. 

Radioactivity levels in baseline wate~ samples are presentea in 

Table I-a. The gross alpha and 

I) .j~ to 1.~1I pC1/l (p1cocuries 

:::espectively. These arc cypical 

3urfdLe water. 

gross beta concentrations 

per 11ter) and <U.b3 to 

of concentrations normally 

ranged from 

1' • .j pCi/l, 

occurring in 

Direct radiation levels, measured at 40 rn gri.d ~ntervals, are presentee 

in Table 2. The gamma exposure races at 1 m above the surface rangec from 

9 to 16 ~R!h (average 11 ~R/h). Surface CO[1tact exposure ,aCes ~lso ranged 

from 9 to 16 wR!h (average 11 ~R!h). Beta-gamma dose rates at the surface 

ranged from 9 to 18 :;rad/h (aveLage 12 wrad!h). Measurements pedormed with 

the detect~r shielded aveLaged .1pproxicately 207. less tha:-t those with the 

unshielded detector. This indicates only a small portion of the surface dose 

r~tc !.s due ~o !1orlpene t ~ a t ing b~ ta or low-ene rgy photon T;"{ldintion.3 .. 

measurements indica:ed ~Ughtly higher levels ,)l·~ng Campbell Street. 

6 
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The "alko~"r 5u::vey identified Que area of generally higher di"r"ct 

radiation levels. This area was between grid 1ir.e 5S, 3CS, 0, and SOW, i:1 ehe 

vicinity of a concrete pad. Table 3 Dresents direc.t radiation level$ :neasured 

at 5 m intervals in that area. Exposure rates at these loc.ations ranged from 

10 to 32 wRlh at 1 ai ahove the surface and from 10 to SO ~R/h at surface 

contact. Beta-gamma dose rates ranged from 10 to 130 ~rad/h. Levels were 

generally higher on the east, west, and south sides of this pad. 

Several isolated regions ~ith contact radiation levels 

significantly higher than those on adJacent areas were also ldenti!led by the 

Slltf ace scan. These locations are shoW'll on Figura 3. and the associated 

1:'ad.iat1on lc.vclD are presented in 'Zabla I,. G.cl!J1m:;l e:>:;posure. 1:'at:;:Q.s at Qont.";lct 

with these regions ranged from 24 to 88 ~R!h. The highest level was measured 

at grid point 22S,llW near the concrete pad. Surface beta-gamma dose rates at 

these locations ranged from' 35 to 100 urad/h. 

At most locations, contact e~posure rates were not reduced by soil 

sampling; exposure rates actually increased :ollowing, sampling at several of 

the locations. For eltample, the contact eltposure ,ate after sampling at 

225,llw (location 3) was 120 ~R!h as cQ\I1pared to the level of 88 wR/h before 

sampling. These reSultS lndlcate that the contamination elttenas grea~er Chan 

.5 cm below the surface and/or is diffused rather than in discrete deposits. 

Radionuclide Concentrations in Surface Soil 

Table 5 lists the concentl;ations of radionuclides measured in surface 

soil froc 40 m g=id intervals. These samples contained Ra-226 concentrations 

ranging from 0.31 to 2.90 pCi/g. The highest level was in the sample from 

grid location 35,120W. All samples collected along the shoulder of '')1'' Street 

contained slightly elevated Ra-226 levels, ranging from 1. 48 to 2.90 pei/g. 

Ra-226 concentrations in other systematic samples and concentrations of U-235, 

U-236, and C$-137 were' not signiflc"n~ly dif[,,«:ut [com those in ba5eline soil 

samples. 

Concentrations ~f radionllclides 1n surface soil samples, collected at 5 m 

~ntct'vals from the vicinity of the concrete pad, are presented in Table 6. 
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~-226 concent~ations in the5e samples ranged from C.5S to 34.9 pei/g. Thc~c 

samples (:ontair:ed U-238 concentrations cangi<lg f-::om <0.84 to 34.2 pe1/g. ':'he 

U-238 and Ra-226 levels were generally equivalent with~n the statistical 

errors of ceasurement. This equilibrium suggests <laturally occurring 

material. The elevated areas around the pad were <loted to contain a layer of 

crushed rock. X-ray fluorescence and neutron activation analyses of samples 

of this =ock showed the composition to be primarily calcium and silicon with 

smaller or trace levels of iron, strontium, titanium, lead, ~nganese, zinc, 

copper, aluminUm, chromium, zirconium, rubidi~~, thorium, and uranium. 

The results indicate that the rock is probably pseudowallastonite - a 

slag material produced during the 3¢parat1on of elemental phosphor~s. 

Previous investigations by Oak Ridge National Laboratory have shown this 

material to be commonly used for fill and as a paving base in the Niagara 

Falls, New York area. 4 Thera is no evidence that this material was associated 

with previous Manhattan Engineer District or Atomic Ene,g, Commission 

activities on the property. 

Analytical results for samples collected frow locations of elevated 

contact radiation levels are presented in Table 7. All of these sawples 

contal.nea l<a-226 concentrations exceeding ,he basel:Lne level~. S"llIpl",. B3-B8 

were from the vicinity of the concrete pad; other analyses indicate that their 

radionuclide content ia ~ot attrib~t~bla :0 SO~Q~nmen: Qparations .~t this 

site. Sawples BI-A and BI-B are also of the same composition. Sample 82 (grid 

po~nt 1925, 47::0:) contains 62.3 pei/g of Ra-226 and 12.2 pCi/g of U-Z38. This 

sample consists mainly of soil, and the un~qual levels of Ra-225 to U-238 

indicate that this is probably contami:'!atton resulting from previous MED/ AEC 

ac:1viUes at this site. These samplea did not contain Gs-137 or other 

radionuc1ides at levels differing from those normally prescnt in soil. 

Ground Penetrating Radar Fi~dings 

The subcontractor's report, summarizing the ground penetrating radar 

survey results for property S is provid~d in Appendix C. Subsurface 

interferences (probably piping) were detected at se'Jeral points proposed for 

boreholes. necessitating sli,,;ht relocation of drilling poines. There was no 

indication of buried objects in the vicinity of the concrete pad. 
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Borehole Gawwa-LoKglu", :1easux;ewents 

31evated scintillation measurements • .. ere noced only in boreholes drilled 

in the vicinity of the concrete pad and at locati;)ns of elevated surface 

radiation levels. In all cases these measurements indicated that the 

contam1nat~on is confined within 15 to 30 cm of the surface. As evidenced by 

Sample analyses, the gamma count rates determined by the borehole meaSurements 

were reliable indicators of elevated s~b8urface radionuclide levels. 'However, 

the gamma logging data was not useful in quantifying the radionuclide 

concentrations in the subsurface SOil, because ot the varying ratiOS 0= Ra-ZZ6 

and U-238 occurring in soil and rock from this site. 

Radionuclide Concentrations in Subsurface Soil 

Iable 8 presents the radionuclide concentrations measured in soil samples 

from boreholes. The seven boreholes (Ri-R7), selected Co provide a 

representative coverage of the property, had subsurface ra<!ionuclide 

concentrstions either 'in the range of baseline samples or less than the 

mini~um detectable activity (~~A). 

llorahoJ.es H.8-lU5 were 1:1 the vicinity of the concrete pad, where the 

walkover scan survey had identified elevated direct radiation levels. Gamma 

"adiation logging did not 1<1",,=1£), the p .. 'uen<;" of signifi"a:l.t 9ubs",oh"" 

residues. The maximum subsurface Ra-226 concentration was 3.43 peilg. 

llotehole. R16 and Hl7. near isolated areas of elevated direct radiation. ~id 

not contain Ra-226 levels differing from those in baseline soils. None of the 

$ubsur:tace samples contained elevated concentrations of ']-235, :1-238. Cs-137 

or other gamma emitting rad10nuclides. 

Radionuclide Concentrations ~n Water 

The results ot "'ater sample analyses are presencea 1:1 Table 9. tc ,huuld 

be noccd that all water samples contained high ~oncentrations of dissolved 

solids, resulting in residues, Hhich adversely affected the measurement 
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."nei ti vi tieG and crrora fc r the grO[;~ "lpha ana gross b .. ta procedc.re. The 

surface water sampled, ~ollected from a dralnage dit~h. ~ontalned 15.1 pCi/l 

and 4~.4 pCl/I, gross al;>ha and gross beta, respe~tlvely. 

\later obtained fron 5ix of the boreholes contained gross alpha 

concentrations ranging from <1.70 Co 6.87 pCi/1 and gross beta concentrations 

ranging from (2.75 to 2.6.3 pC1/1. The surface water sample and the sample 

froe borehole HI were also analyzed for Ra-226 and found to contain 0.27 pC1/1 

and 0.28 pCi/1, respectively. 

Rad10nuclide Concentrations in Sediment Samples 

Concentrations of radiolluclides in four sediment samples ~ollected from 

drainage ditches (other than the Central Drainage ~itch) on property S were in 

the ranges of levels in baseline so!.l. 

COMPARISON OF SURVEY RESULTS WITE GUIDELINES 

The guidelines applicable to cleanup of the Niaga.{a Falls Storage Site 

off-site properties are presented in Appendix B. All exposure rates a~ 1 m 

above the gl:ound. .urfac .. on p""p",.C), S alOe .... 11 below the 60 ~R/h ~rit,,,::l .. 

established for open land areas. 

There is an area adjacent to the conccete pad where the Ra-226 soil 

concentrations, averaged over 100 m2 , exceed the level of 5 pCl/g above 

background. Further analySiS of samples from this area indicates that the 

elevated radionuclide levels are contained in a rock slag coomonly used for 

:il1 and as a paving base. This material originates f,om chemical processing 

opel:ations and the rad1um and uraniulD levels contained in it do not result 

from previous government activitie~ on this site. A similar material has been 

~oted at numerous locations on the NfSS and the off-site properties and in the 

'N.lagat"o F~lls and Lewi:;ton a:r:c:,a.:s. There is one at:Oall iGo13ted ,,').'reo. ,:if: srid 

locat~on 1nS, 47E which appears :0 be Ra-226 contamination assodated ·.ith 

previous site activi~ies; howeve" , the concentrations averaged ove, lOa 1:12 

would be below the 5 pCi!g cr:!.teda level. 

10 



Ground-penetrating radar did noe indicate thQ prQSQnce of .ub~urf~ce 

objects which would suggest buried materials. Borehole measurements and 

sampling indicate all subsurface so~l concentrations are within the applicable 

guidelines o~ 15 pC1/g for Ra-226. 

Radionuclide concentrations in subsurface water samples are within the 

EPA Interim Drinking Water Standards. The one surface water sample collected 

from a drainage ditch slightly exceeded gross alpha concentration limits of 

15 pC!/l, but the Ra-226 level 1n the sample (0.27 pCi/l) WaS well ~~thin the 

l!~L ~et by ehe EF~. 

SUMMARY 

A comprehensive survey of off-site property S at the Niagara Falls 

Storage Site was conducted by Oak Ridge Associated Universities during 

April-June 1983. The survey included surface radiation scans, measurements of 

direct radiation levels, and analyses of radionuclide concentrations in 

surface and subsurface soil and water samples. Analyses of sedimenc samples 

were also performed. Ground penetrating radar was used to identify subsurface 

anomalies, which might suggest buried materials. 

The results of the survey indicated areae o£ CJ;\lshcd t'Q-ck CQnt(1inins 

Ra-22.6 and U-238. This material is believed to be chemical proceSSing slag 

commonly used for fill and as a paving base in the Niagara Falls area. It is 

noe attributable to previous radioactive waste handling and storage activities 

at this s1 te. 

No subsurface soil contamination was noted. water samples are within the 

EPA Inte.rim Drinking Water Standards, with the exception 0: the one surface 

• ... ater sample. 

Radionucl!.de levels on this property do not pose potential health risks 

and there i3 no evidence that migration of the radioactive materials is 

adversely affecting adjacent properties or the gro~nd wate:. 

II 
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FIGURE 6. 
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and Direct Heasurcments; HI-W7: Water Samples). 
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TABLE I-A 

BACKGROUND EXPOSURE RATES 
AND 

RADImnJCLIDE CONCENTRATIONS IN BASELINE SOIL SAHPLES 

Location a Exposure Rate b Ra dionu cl ide Concentrations (pCi/g) 

(IlR/h) Ra-226 U-235 U-238 Th-232 Cs-13 7 

1 6.S 0.74 ±. O.lfiC <0.1 q <2.89 0.70 ±. 0.46 0.29 + O.OB 
2 6.8 0.75 .:!:. 0.19 <0.19 <3.35 0.86 .:!:. 0.24 O.24.:!:.0.08 
3 8.3 0.71 .:!:. 0.18 0.46.:!:.O.41 <3.72 0.88 .:!:. 0.33 0.34 .:!:. 0.09 
4 7.9 0.67 .:!:. 0.18 <0.22 <4.10 1.1Fl±O.1'i 0.12 ±. 0.07 
5 7.3 0.70 .:!:. 0.16 <0.17 <3.34 0.68 .:!:. 0.24 0.14.:!:.0.07 
6 7.7 0.50 .:!:. 0.15 <0.16 <2.33 0.52 .:!:. 0.38 0.17 .:!:. 0.09 
7 7.7 0.63 ±. 0.13 <0.17 <2.73 0.83 .:!:. 0.24 0.35 ± O.OB 

~ 8 7.6 0.59 .:!:. 0.12 <0.14 <2.20 0.54 .:!:. 0.23 <0.02 
'" 9 7.1 0.63 .:!:. 0.20 <0.23 <4.16 0.83 .:!:. 0.38 0.69 .:!:. 0.11 

10 7.1 0.70 .:!:. 0.16 <0.19 <2.98 0.59 .:!:. 0.25 0.69 .:!:. 0.10 
11 6.7 <0.09 <0.19 <2.83 0.49 .:!:. 0.31 0.48.:!:.0.14 
12 7.1 0.48.:!:.0.13 <0.16 <2.84 0.65 .:!:. 0.26 0.6S.:!:.0.10 
13 6.7 0.57 .:!:. 0.14 <0.17 <2.36 0.49 .:!:. 0.26 0.41.:!:.0.OB 
14 6.8 0.68 .:!:. 0.17 <0.19 <3.24 0.67 .:!:. 0.25 0.70.:!:.0.10 
15 S.2 0.65 .:!:. 0.14 <0.17 <3.20 0.72 .:!:. 0.35 0.23 .:!:. O.OS 
16 1.4 0.91 .:!:. 0.17 <0.11 Q.58 0.83 !. 0.28 0.61 !. 0.09 
17 7.0 0.48 .:!:. 0.14 <0.16 <2.73 0.32 .:!:. 0.22 0.38 .:!:. 0.08 
18 7.7 0.73 .:!:. 0.16 <O.lS 6.26 .:!:. 9.23 1.01 .:!:. 0.44 0.32 .:!:. 0.12 
19 8.8 1.22 .:!:. 0.22 <0.23 <3.79 1.O~ .:!:.U.4Y l.UJ.:!:.U.13 
20 8.6 0.83 .:!:. 0.17 <0.21 <3.59 0.84 .:!:. 0.29 0.08 .:!:. 0.07 

Range 6.8 to 8.8 <0.09 to 1. 22 <0.14 to 0.46 <2.20 to 6.26 0.32 to 1.18 <0.02 to 1.05 

a Refer to Figure 6. 
b Ilea sured at 1 m above the surface. 
C Errors are 20 based on counting statistics. 



TAJlLE I-B 

RADIONUCLIDE CONCENTRATIONS IN BASELINE WATER SAMPLES 

WI 
W2 
W3 
W4 
W5 
W6 
W7 

Range 

RArlj,onuclidQ ConcentrAtioQ~ (pCi/l) 

Gross Alpha Gross Beta 

0.95 .:!:. 0.93 b 
0.95 .:!:. 0.94 
0.55 .:!:. 0.78 
0.63 .:!:. 0.89 
0.73 .:!:. 0.68 
1.87 .:!:. 1.84 
1.16 .:!:. 0.66 

0.55 to 1.87 

4.79 .:!:. 1.15 
9.17 .:!:. 1.31 
2.73+ l.05 
5.37 .:!:. 1.17 

<0.64 
14.3 .:!:. 2.4 

<0.63 

<0.63 to 14.3 

a Refer to Figure 6. 
b Errors are 2a based on counting statistics. 
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G,id 
Location 

0 , 50E" 
C· , 40E 
C 0 
0 40W 
0 , 52Wb 

0 , 97Wb 

0 ,~20W 
a ,l60W 
0 ,200W 
0 ,235W" 

405. 50:;:a 
405, 40E 
405, 0 
405, 40W 
40:;, 54Wb 

405, 9SWb 

40S,120W 
40S,160W 
80S, 50E" 
80S, 40E 
80S. 4E" 
80S, 40W 
80S, 54Wb 

80S, 95Wb 
~OS, 120W 
80S,165Wc 

80S ,20011 
1205, SOE 
120S, 40E 
120S, I) 

IZOS, 4C"..I 
1205, sswb 

120S, 95Wb 

120S,120W 
120S,160W 
120$,200W 
160S, SOEa 
1605, 40E 

160S, 0 
160S, 40101 
160S, 53wb 

TARl.F. 2 

DIRECT RADIATION LEVELS MEASURED 
AT 40 M ~RID INtERVALS 

Gamma Expo~ure Gamma ~xp0!::lurt! 

Rates at 1 m Above Rates at the 
the Surface Surface 

(~p./:,) (~R/h) 

12 ~2 

12 ~3 

12 13 
13 12 
13 13 
12 13 
12 13 
1~ 12 
11 13 
11 12 
16 16 
11 12 
11 II 
12 11 
12 12 
10 10 
10 10 
10 10 
16 16 
10 10 
10 10 
10 11 
11 12 
10 11 
10 ~u 

9 10 
10 10 
14 14 

9 9 
10 10 
10 Ie 
II 11 
10 10 
10 10 
:0 10 
10 If) 

14 14 
10 10 
II 10 
Ie 11 
Ir. :0 

21 

'B~ L.d-G(;I.llIULU Dose 
Rates at 1 em Above 

the Surface 
(~r~"/h) 

12 
13 
13 
15 
17 
13 
13 
12 
14 
12 
18 
12 
IS 
11 
12 
10 
18 
10 
16 
10 
10 
16 
18 
11 
15 
10 
11 
: J1 

9 
12 
IZ 
12 
10 
13 
11 
10 
14 
I I 

12 
11 
15 



Grid 
Location 

160S, 96wb 

1605,123W 
160S,160W 
160S,203W 
200S, 50Ea 

2005, 40E 
200S, Q 
200~, 40W 
200S, 54Wb 
200S, 97Wb 
200S,120W 
200S,160W 
was ,200W 
240S, 50Ea 
2405, 40E 
2405, 0 
2405, 401> 
24US, ~JWb 
2405, 95Wb 

240S,120W 
240S ,I GO\" 
280S, 50E" 
280S, 40E 
280S, 0 
280S, 40'. 
2805, 54Wb 

280S, 95'",b 
280S,120W 
2805,160'..1 
280S ,200W 
nos, JOE" 
320S, 40E 
320S, 0 
12M, 4:)1'1 

320S, 51Wb 

3205, 95\.1b 

320S,120W 
320S,160W 
320S,200W 
360S, 50Ea 
3605, 40E 

TABLE 2, ;';\.)I~L. 

D:RECT RADIATION LEVELS MEASURED 
AT 1.0 t1 INTERVALS 

Gamma Exposure Gamma Exposure 
Rates at 1 m Above RatC's at the 

the Sutface Surface 
(~R/:~) ( ~R/n) 

10 :0 
10 ~O 

10 10 
lC 9 
16 16 
Ie 10 
lC 10 
10 10 
10 10 
10 11 
10 10 
9 9 

LJ 10 
13 16 
1:) 10 
10 10 
10 10 
10 10 
10 11 
10 Ie 
9 9 

16 16 
11 10 
10 10 
10 10 
:0 11 
10 10 
10 11 
10 10 
9 lJ 

15 IS 
11 1~ 

10 10 
10 11 
11 11 
10 10 
10 :0 
9 10 

10 :0 
16 16 
12 11 

22 

)3eta-Gamma Dose 
Rates at 1 cm Aoove 

the Surface 
( ~rad/h) 

15 
IJ 
10 

9 
16 
10 
10 
16 
10 
11 
10 
11 
10 
18 
:1 
16 
10 
~4 . , 
:0 
1 : 
16 
10 
10 
12 
11 
13 
11 
10 
12 
16 
Ie 
10 
13 
11 
11 
10 
12 
1') 
16 
11 



Grid 
Location 

360". II 
3605, 40W 
3605, S3Wb 

300S, 9SWb 

360S,120W 
360S,16QW 
360S ,200W 
4005, .')oea 

400S, 40E 
4005, ~ 

40i"1 S, 53wb 
4005, 96Wb 

400S,120W 
4005,160W 
4005,200W 

TABLE 2, cent. 

DIRECT RADIATION LEVELS MEASURED 
AT 40 M INTERVALS 

Gamma Exposuri'. Gan:ma Exposur~ 

Rates at 1 ill Above Rates at the 
the Surface Surface 

( ~R/h) ( ~R/h) 

:0 10 
11 ,0 
11 10 
10 10 
10 10 
9 10 

10 10 
16 16 
10 11 
11 L 
10 10 
to 11 
10 10 
10 10 
Ie 10 

Beta-Gamma Dose 
Rates at I em Above 

the Surface 
~ ~n"l/h) 

10 
15 
11 
10 
11 
12 
10 
17 
11 
12 
1 I 
11 
10 
13 
11 

a Measurement performed at property boundary. 
b Measurement performed at edge .0£ drainage dit~h easement. 
c 40 m grid intersection not accessible; measurement performed at closest 

accessible poin:. 
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Grid 
Locat~on 

55, a 
58, SIi' 
5S, lOW 
55, 151.' 
55, 20" 
58, 251;' 
5S, 301;' 
5S, 351>' 
58, 401;' 
5S, 45101 
58, 50101 

105, e 
lOS, 5101 
IDS. Ie'" 
IDS, 15101 
~OS , 20'" 
:OS~ 25'. 
lOS, JO'" 
lOS, 35'" 
IDS, 40101 
IDS, 45101 
105, 50101 
ISS, 0 
ISS, 5101 
ISS, lJW 
ISS, 15101 
ISS, 2:JW 
I~S, 2~W 

ISS, 30101 
ISS, 35101 
1 ~J s: J 40tJ 
ISS, 45101 
15S, 50101 
205, 0 
20S, 5101 
1.08, lOW 
2:]5, :5101 
2~5. 20\.; 
20S, 25101 
205, 30'" 

TABLE 3 

DIRECT RADIArIO:; LEVELS MEASURED AI S :1 GRID INTERVALS 

IN THE I!ICI~ITY OF THE CONCRETE PAD 

liamma Exposure liamI!ia Exposure Beta-Gamma Dose 
Rates at 1 Cl Above Rates at the Rates at 1 em Above 

the Surface Surface the Surface 
(uRI h) ( u3.lh) ( ~=ad/h) 

16 11 13 
11 II 11 
14 16 16 
II 10 11 
II II is 
D 12 12 
10 12 12 
II l:l IS 
14 21 21 
10 12 15 
11 12 21 
10 11 14 
11 12 12 
16 20 20 
12 16 16 
12 12 17 
13 12 12 
12 11 15 
13 11 18 
12 13 16 
12 12 12 
~2 12 15 
11 11 11 
:3 12 44 
16 14 4} 
14 12 12 
10 10 10 
10 11 11 
10 11 12 
12 12 12 
22 1'; Ii, 
14 13 13 
12 14 14 
11 11 13 
13 12 15 
30 50 96 
12 10 11 
10 10 lO 
11 10 10 
11 10 14 

.) . -" 



Grid 
Location 

20S, 35W 
20S, 40W 
20S, 45W 
20S, SOW 
253, 0 
253, 5W 
258, lOW 
255, ISW 
255, 20W 
255, 25W 
25S, 30W 
255, 35W 
255, 40W 
255, 45W 
255, SOW 
305, 0 
305, SW 
305, lOW 
30S, :SW 
}~S, 20W 
30S, 25W 
305, 30"' 
305, 351.; 
30S, 40W 
30S, 45\\ 
30S, sOW 

TABLE 3, "on t • 

DIRECT RADIAT:ON !.EVELS MEASUREJ AT 5 !.f GRID INTERVALS 
IN '::HE 'lICnTITY OF THE CONCRETE PAD 

Gamma Exposure Ga~ma Exposure Be ta-Gamma Dose 
Rates at 1 m Above Rates at the Rates at 1 <::m Above 

the Surface Surface thii! Surfa<::e 
( uK/h) ( uK/h) ( u""..t!h) 

11 10 10 
28 49 120 
12 11 16 
11 ' . 11 
10 1 i 12 
19 l' ~, 64 
32 42 130 
20 19 42 
21 27 73 
22 23 52 
?1 22 ?2 
24 22 75 
29 37 LO 
17 12 15 
11 11 14 
11 11 11 
12 II ' , 
l~ 11 Il 
16 12 12 
16 12 12 
19 12 1" 
16 12 12 
16 13 13 
14 12 12 
II 11 11 
lJ 10 13 
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'0 
'" 

a 
b 

Locationa Grid Location 

1 22S, 1,2E 
2 1928, 47E 
3 228, 1101 
4 138, 1501 
5 85, 801 
6 55, 39W 
7 145, 3901 
~ 205, 4001 

Refer to Figure ]. 

TABLE 4 

DIRECT RADIATION LEVELS AT LOCATIONS 
WENT! frED BY THF. WAI.KOVEH SURFACE SCAN 

Exposure Rate (pH/h) 
Con t ac tim Above surf ace 

Surface 
Dose Rate 
(~r.cl/h) 

sampleb 

24 16 /,0 BI A & B 
41 22 100 B2 
88 82 82 83 
28 19 44 B4 
38 18 61 85 
28 17 35 86 
38 27 69 87 
75 30 100 88 

Soil concentrations presented in Table 7. 

contact Exposure 
Rate After Sample 
R$)trlo\J.;11 (lIR/h) 

2/, 

73 
120 

30 
35 
25 
41 
70 



TARLE 5 

RADIONlJCLIllE CONCENTRATIONS IN SURfACE sorL SANPLES 
FROM 1,0 ~t GR 10 INTERVALS 

Grid Radionuclide Concentrations (pCi/H) 
Location Ra 226 U-235 U 238 Cs 137 

75, 40Eb 2.28 + 0.48a <0.27 <I.06 1.69 + 0.20 
"S. Il b 1.711 :;: 0.41 <0.211 I.~~ + 0.99 0.71+0.16 
3S, qOWb 2.03 "+ 0.38 <0.27 2.77 + 2.01 0.63 + 0.16 
3S, 52Wb ,c 2.31 "+ 0.39 <0.31 2.12 "+ 1.82 0.53 + 0.14 
3S Q7Ub,c L?l "+ 0.101 <o.n 1.94 + 2.20 0.71+0.15 
3S: 120Wb 2.90 "+ 0.41 <0.31 «:-27 0.76"+ 0.16 
3S,I60llb 1.75"+ 0.36 (0.26 2.17 + 1.97 0,70"+ 0.15 
3S. ,ooub 1.4/l + 0.11 (0.24 1.91"+ 2.09 0.76"+ 0.14 

N 40S, 40E 0.94 "+ 0.31 0.40 + 0.05 2.1,7"+ 1.19 0.28"+ 0.16 
'-J 40S, 0 1.01 :;: 0.38 <0:13 0.73+0.83 0.21 + 0.11 

40S, I,()W 0.66 + 0.25 (0.24 1.58"+ 1.13 0.38:;: 0.11 
40S, 54Wc 0.96 + 0.23 (0.50 1.06 +" 0.69 (0:09 
40S, 95Wc 0.61 + 0.28 (0.22 1.47 +" 0.93 0.44 + 0.15 
40S, now 1.05 + 0,1,2 (0.21 (0:95 0.67 + O. p, 
40S,I&OW 0.81 :;: 0.21 (0.49 (l.96 + 0.79 (l.67 :;: (l.lO 
40S,200W 0.85 + 0.21 (0.52 0.88 + 0.78 0.67 + 0.14 
ROS, I,m: 1.04 :;: 0.14 (0.22 <0:94 0.86:;: 0.18 
80S, I,E b 0.73 '+ 0.28 <0.49 0.61 '. 1.04 0.21 :;: 0.08 
80S, 40\, 0.59 + 0.23 0.14 + 0.08 1.72 :;: 1.,54 <0:01, 
ROS, ~"uc O.f>q +" 0.17 (07,1 0.111 '+ O.llfi <O.(ll 
80S, 95Wc 0.76 +" 0.33 <0.20 !. 76 "+ 1.89 0.49 + 0.11 
80S,120W 0.84 "+ 0.30 <0.51 0.67 + 0.9/J 0.67 "+ (l.12 
IID~, I ,,~wb n.Rn '+ O.~f> <0.11) <1-:-112 n.6/l +" 0.16 
80S ,20011 0.78"+ 0.23 <0.23 <0.97 0.69"+ 0.11, 

120S, 40E 0.74 :;: 0.28 (0.27 (1.04 0.72 + 0.15 
120S, 0 o.q'i + 0.?I. (o.n 1.47 + l.'i~ (1. II + n.l? 
120S, 40>1 1.08+0.13 (0.27 1.27 '+ 1.98 0.39 + 0.11 



TABLE 5. cont. 

RADlONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 40 M GRID INTERVALS 

Grid Radionuclide Concentrations (pCi/~) 
Location Ra-226 U-235 U-238 Cs-137 

1205, 55Wc 0.78 + 0.21 <0.51 1.44 + 0.69 <0.07 
l'lOS, q'iWc 0.45 + 0.23 <0.44 <0-:-94 0.33 + 0.10 
1205,1201-1 0.85 + 0.30 <0.29 1.70 + 2.18 0.96+0.16 
120S,I60W 0.74 + 0.40 <0.33 1.78 + 2.28 1.00 + 0.17 
I ?I),~, 200W 0.66 + 0.23 <0.27 1.61 + 1.93 0.49 + 0.11 
1605, t,OE 0.91 + 0.30 <0.26 2.59 + 1.66 0.67 + 0.13 
1605, 0 0.83 + 0.23 (0.48 1.19"+ 0.81 (0-:-11 
160S, 401-1 0.70+0.26 <0.21 <0-:-90 0.26 + 0.11 
1605, 53Wc 0.70 + 0.25 (0.27 (0.97 0.22 + 0.13 

tv 1605, 96W c 0.79+0.30 0.26+0.12 5.12 + 1.88 0.68 + 0.13 
'" 1605,120\-1 0.94 + 0.24 (0-:-20 1. 21, + 2.34 0.75 + O. lit 

1605,1601-1 0.99 + 0.32 (0.30 2.72 + 0.58 0.55 + 0.20 
160S,200W 0.54 + 0.1t0 (0.20 (0-:-88 0.69 + 0.14 
200S, 40E 0.80 + 0.26 <0.49 0.98 + 0.91 0.78+0.12 
200S, 0 0.76 + 0.21 (0.21 I. 22 + I. 64 0.70+0.14 
2005, 40W 0.78 + 0.28 <0.29 <0-:-94 0.61 + 0.14 
?OOS, 'i4Wc 0.95 + 0.26 0.23+0.12 <0.91 0.52 + 0.19 
200S, 97W" 0.53 + 0.30 <0-:-24 <0.89 0.71 + 0.14 
2005,12011 0.65::;: 0.25 <0.25 2.25 + 1.51, 0.65+0.14 
?OOS ,I hOW 1).4, +" 1).20 (0.34 0.63 + 0.62 0.50 + 0.10 
200S, WOW 0.73+0.21 (0.51 1.51 + 0.57 0.67 + 0.11 
21,05 40E 0.91 + 0.38 (0.25 2.02 + 1.57 0.29 +" 0.11 
?40S, () ().79 + ().10 «().21 <0-:-81, 0.45 + 0.12 
2405, 40W 0.78'+ 0.33 <0.22 <0.88 0.38 + ,0.10 
2405, 52Wc 0.80 + 0.33 (0.20 2.14 + 1.31 0.78 + 0.17 
nos, q'iWc 1.01 +0.30 (1).23 (0:-89 0,64 + 0.18 
240S, l20W 0.68 "+ 0.21 0.27 + 0.22 0.50 + 0.78 0.78 + 0.18 
240S, 16011 0.70 + 0.30 (0-:-21 (0-:-81 0.24 + 0.13 
H05,2001-1 0.66 + 0.23 (0.53 0.75 + 0.94 0.64 ::;: 0.15 



TAI.BE " cant. 

RADlONUCLIDE CONCENTRATIONS IN SUR~'AC~: WII. ~AMPLES 
FROM 40 H GRIll INTERVALS 

Grid Radionucl! de Concentrations (~Cj:/g) 
Location ka-':226 U-235 U 238 C6-137 

280S, 40E 0.79 + 0.23 <0.47 1.12 + 0.67 0.24 + 0.09 
2eos, 0 0.81 '+ 0.26 0.12 + 0.07 1.624=2.12 0.31 + 0.09 
280S, 4011 0.51 "+ 0.35 <0-:-26 <0-:-87 0.52 "+ 0.14 
2805, 54\,~ 1.64 "+ 0.31 0.24 + 0.34 0.80 + 0.45 0.95 + 0.16 
2805, 951-1 c 0.84 -:;: 0.30 <0:-20 <0:-93 0.60 -:;: 0.17 
2805,1201-1 0.66 "+ 0.211 <0.27 3.60 + 1.65 0.44 + 0.17 
2805,1601-1 0.55 +" 0 18 <0.1,8 0.56 +" 1.29 0.50 +" 0.14 
280S,200H 0.66 "+ 0.23 0.19 + 0.15 2.89 + 1.28 0.69 + 0.19 

,,, 320S, 40t: 0.91 "+ 0,25 <0-:-22 2.17 +" 1.78 0.88 +" 0.18 ,.., 
320S, a 1.01 + 0.24 <0.54 0.61 + 1. 39 0.79+0.15 
J203, 4011 0.?3 T 0.25 <0.29 (0-:-29 0.11 :;:- 0.15 
320S, 5lW" 0.73+0.28 (0.21 <0.95 0.78+0.17 
3205, 95Hc 0.79+0.28 0. ~3 + 0.46 2.17 + 1.42 0.66+0.17 
nos,lzoW 0.63 I 0.29 <0-:-34 2.25 ,~. 1.55 0.87"+ 0.16 
nos,160W 0.69 "+ 0.26 (0.23 <o-:-a3 0.95 + 0.24 
nos,200W 0.88 + 0.26 (0.30 1.74 + 1.12 0.57 -:;: 0.12 
J60S, 40[; 1. 03 T 0.34 <0.23 <0:-90 1.03"+ 0.19 
3605, 0 0.69 +0.25 <0.50 1.03 + 0.81 0.68"+ 0.12 
J60S, 40H 0.94 + 0.25 <0.49 0.59 + 1.07 0.67 +" 0.16 
360~j • 503Wr:'' 0.73 "+ 0.28 0.26 + 0.42 1.60 :;: 0.92 0.90 :;: O.iS 
3['OS, 9511 c 0.64 "+ 0.25 <0-:-23 <0-:-96 0.)8+0.14 
360S, 1201-1 0.74+0.21 (0.29 3.30+1.62 0.68 + 0.20 
3605,16011 0.31 +" 0.25 (0.17 <0-:71 0.61 "+ 0.12 
360S,200H 0.46 "+ 0.30 <0.41 1.33 + 0.69 0.42 "+ 0.10 
400S, 40E 1.03 +" 0.33 (0.25 <0-:94 0.67 +" 0.15 
4003, 0 0.74:;: 0.29 <0.22 <0.% 0.66 I 0.13 



w 
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TABLE 5, cont. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SA}(PLES 
FROM 40 H GRID INTERVALS 

Grid 
Location 

400S, /jOW 
I,OOS. 5JWc 

I,OOS, 96Wc 

400S,120W 
400S .160W 
I,OOS,200H 

Ra 226 

0.79 + 0.52 
1.10+0.28 
0.94 + 0.23 
0.89 + 0.28 
0.75 +' 0.28 
0.65 + 0.30 

Radionuclide Concentrations (pei/g) 
0-235 0 2)8 

<0.27 
<0.27 
(0.54 

0.25 + 0.12 
<0-:24 
(0.19 

<0.96 
(J .05 

0.41 + 0.\3 
<0-:98 

1.24 + 2.06 
<0-:93 

a Errors are 20 based on counting statistics. 
b 40 m grid intersection not accessible or soil not available; 

sample collected from nearest available location. 
c Sampling at edge of drainage ditch easement. 

Cs 137 

0.80 + 0.15 
0.63 + 0.13 
0.76 + 0.15 
0.52 + 0.13 
0.79 + 0.16 
0.81 IO.15 



TALliE 6 

RADIONIJCLIDE CON CENTRA TIONS IN SURFACE SOIL SAI1PLES 
FROM 5 M GRID INTERVALS 

IN THE VICINITY OF THE CONCRETE PAD 

Grid Rad ionuclide Concentrations (£Ci/g) 
Location Ra-226 0-235 0-238 Cs-137 

SS, 0 o. ]'. + 0 r30a <:0.51, 1. 59 + 0.119 0.78 ... 0 .• 6 

5S, 5W 1. II + 0.31 <0.57 0.84 + 1.17 0.66 + 0.12 
58, lOW 5.13 + 0.63 0.59 + 0.82 1.86 + 3.69 0.55 :t 0.18 
SS, 151~ 0.70 + 0.23 <0-:51, 0.1l6 '+ 0.85 0.32 + 0.11 
58, 20W 1.13 + 0.34 <0.29 <1-:-13 0.61 + 0.17 
55, 25W 0.79'+ 0.30 <0.21 (0.95 0.53 + 0.15 
SS, 301J 1.11 :; 0.21 <0.51 1.30 + o.ao 0.54 :; 0.12 
55, 35W J, II + 0.28 0.21 + 0.07 <1-:03 0.36 + 0.12 
5S, 1,01, 3.19 +" 0.45 (0-:28 2.45 + 1.62 0.32 + 0.13 

105, 0 1.15 + 0.33 (0.28 1.59+1.61 0.58 + 0.20 
lOS, 5\/ 0.75 + 0.16 <0.49 1.03 + 0.63 0.05 + 0.07 
105, lOW 2.31 + 0.35 <0.31 2.24 + 2.41 0.L3+0.1O 
lOS, 15W 1.89 + 0.39 <0.33 2.30+1.24 0.18 + 0.11 
lOS, 20W 0.91 + 0.21 <0.26 1.88 + 1.29 0.10 + 0.08 
lOS, 25W 0.86:; 0.28 <0.27 1.68 + 1.13 0.13 + 0.06 
lOS, 30W 1.01+0.29 (0.23 2.55 + 1.25 0.15 ... 0.09 
lOS, 35W 1.64 + 0.34 (0.31 1.50+0.99 0.13 + 0.09 
105, I,OW 0.95 + 0.20 (0.54 0.63+1.28 <0-:10 . 
lOS, 1.5W 1.00 :; 0.3 /, <O ... ::V. (0-:9 /, <0.05 
lOS, SOW 1.48 + 0.40 (0.26 1.67 + 1.24 (0.05 
155, 0 1.03 ~ 0.35 (0.29 2.00 + 1.05 0.34 + 0.10 
ISS, 5\-1 LI6 ... 0.30 (0.20 1.59 + 2.01 0.24 + 0.16 
15S, lOW 0.98 + 0.23 <0.45 0.97 "+ 0.70 0.06 +" 0.07 
15S, 15\, 1.03 + 0.25 <0.25 4.28 + 2.12 0.34 + 0.09 
ISS, 20!1 0.99 :; 0.),5 (0.30 1.38:; 2.3, O.ll + 0.07 
15S, 25W 0.84 + 0.26 <0.22 3.62 + 1.15 0.08 + 0.05 



W 
N 

Grid 
Location 

ISS, 30,1 
15S, 3%1 
15S, 40W 
15S, 1,5\.1 

ISS. SOW 
20S, a 
20S, SW 
20S, lOW 
20S, 15\, 
20S, 20\.1 
20s. 2511 
20S, 30\/ 
20S, 35W 
20S, 401; 
20S. 45\, 
lOS, 5011 
25S, 0 
25S. 5W 
25S, JOIJ 
25S, 1511 
25S, 20\, 
255, 25W 
25S, 30W 
25S, 35w 
25S, I,OW 

25S, 45W 
255, SOW 

RADIONUCUDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FROM 5 M GRIO INTERVALS 

Ra-226 

0.91 ... 0.28 
0.96 + 0.29 
5.25:;: 0.80 
0.96 + 0.25 
1.90 "+ 0,)6 
0.68 +' 0.15 
0.88 "+ 0.20 

26.9 +' LI 
b 
b 
b 
b 
b 

34.9 + 1.2 
0.84 +' 0.30 
0.98+0.23 
0.55 + 0.19 
1.04!:0.28 

31.5 ... 1.0 
5.51 :;:- 0.59 

16.7 :; 0.9 
2.98 + 0.48 
6.89 "+ 0.68 
2.55 I 0.38 

15.3 ... 0.8 
0.78 :;:- 0.29 
1.45 IO.31 

IN THE VICINITY OF THE CONCRETE PAD 

Radfonuclide Concentrations (pel/g) 
U-235 U-238 

0.18 .. 0.11 
(0:28 
(0.52 
<0.28 
(0.26 

0.30 + 0.03 
(0:48 
<0.99 

b 
b 
b 
b 
b 

<1.16 
(0.23 
<0.52 
<0.21 
<0.31 

1.91, ... 1.30 
<0:93 

I.B6 + 1.27 
<0:41 
<0.55 
<0.25 

0.96 ... 1.00 
<0:55 
<0.2~ 

2.22 ... 1.71 
1.28 +' 1.1,9 
5.28 :; 2.72 
1.25 :;:- 1.62 
2.94 "+ 2..43 
1.17+1.67 

0:09 
25.8 + 3.7 

b 
b 
b 
b 
b 

34.2 + 4.4 
I. 36 "+ 1. 70 
1.26 + 0.72 

<0:84 
2.37 + LSI, 

IS.2 ... 1.9 
3.19 +" 2.39 

11.6 :; 1.4 
2.88 + 3.32 
3.47 "+ 1.94 
2.99 + 2.60 

1l.2 :;: 2.3 
1.12 + 0.79 
1.63+1.88 

Cs 137 

<0.06 
0.30 + 0.14 
0.43:;: 0.19 
0.29 + 0.09 
0.44"+ 0.t6 
0.36 +" 0.12 
0.43 "+ 0.08 
1.15 + 0.20 

b 
b 
b 
b 
b 

0.40 ... 0.17 
0.54 "+ 0.13 
0.68 + 0.15 
0.40"+ 0.15 
0.61, "+ 0.16 
0.65 :;:: 0.11. 
0.46 + 0.15 
0.1,1 :; 0.13 
0.11.1 + 0.16 
0.55 +" 0.19 
0.1.8 +' 0.18 
0.98 +" 0.17 
0.78 + 0.15 
0.07 :; 0.11 



co 
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a 
b 

Grid 
Location 

30S, 0 
30S, SW 
30S, lOW 
3llS, 15W 
30S, 20W 
305, 25W 
30S, 30W 
305, 35\/ 
]05, 40W 
lOS, 451< 

30S, 50W 

TABLE 6, cont. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAHPLES 
FROH 5 M GRID INTERVALS 

IN THE VICINITY OF THE CONCRETE PAD 

Radlonucl1de Concentrations (~Ci/!l> 
R,,-7?6 11-21'1 \I-23B 

0.'11 + 0." <0. '15 1.1,5 + 1.0!! 
0.95 + 0.29 <0.24 <0'.-97 
0.71 "+ 0.28 (0.20 1.80 + 2.59 
0.59 + 0.43 (0.28 0-:-03 
0.70"+ 0.20 (0.27 2.47 + 1.67 
0.83 + 0.34 (0.28 2.25 + J.19 
0.95 + 0.31 (0.27 <0.93 
0.70 + 0.26 0.32 + 0.51 (0.85 
0.98 + 0.25 <0747 1.10 + 0.79 
1.0;; + fl.79 (fl.n 1.52+1.27 
0.65"+ 0.20 (0.52 0.97+0.75 

Errors are 20 based on counting statistics. 
Sample not available due to presence of concrete pad. 

Cs 117 

0.65 + 0.14 
0.64 + 0.13 
0.57 "+ 0.16 
0.59 + 0.2/, 
0.45 + 0.12 
0.75+0.16 
0.51 + 0.14 
0.54 + 0.15 

<0-:-25 
0.70+0.18 
0.12+0.08 



TABL~ 7 

RAnrONUCLlVE CONCENTRATIONS IN SUHFACE SAMPLES 
F~OM LOCATIONS WI(NTIFJ~f) IlY ,'HE ),IAJ.l:OVI!R SCAN 

5amplea 
ti~. 

Grid 
Location 

Hadionuclide Concentrations (pCi/g)b 
Ra-226 

BI-A (Gravel) 22S, 42E 8.47 + o.nc 
BJ-B (Rock) 225, 42E 168 "+ 7 
B2 1925, 47E 62.3 "+ 1.8 
B] 22S, lW 32.1 "+ 1.2 
I!fo 13S, 15W 11.6 ~ 0_7 

85 8S, SE 23.7 + 1.\ 
86 5S, 39W 15.9 "+ 0.8 
87 )/,S, )9W ,,_ 33 !: 0_ 1,2 

88 20S, 40W 33.2 + 1.2 

a Refer to Figure 3. 
b Refer to Table 4 for direct radiation levels. 
c Erro~s aro 20 basad on counting 9tatistics. 

U 235 U 238 

(0.48 9.68 + 4.04 
10.3 + II.I 126 "+ 23 

(1~46 12.2 + 7.2 
(0.91 32.2 + 4.9 
<0_5!! 6_21 :;:- If .0/1 

<0.98 22.0 + 3.7 
<0.82 15.5 + 4.5 
<0_111 2.56 "+ 1.56 
(1.10 26.6 + 4.0 

Cs-137 

0.65 + 0.16 
<0~64 

J .59 + 0.2/, 
0.92"+ 0.\8 
0_53:;:- 0.13 

0.55"+ 0.16 
0.34 +" 0.12 
0_23"+ 0.15 
0.26 :E 0.15 



TARl.P. R 

RAJ) IONUCL IDE CONCr;NTRATlONS IN IlOREHOU; SOIL SAMPLES 

Boreholea Grid Depth Rad ionuel ide Concentrations ( ~Ci/g) 
No. Location '(m) Ra-226 U-235 U-238 CS-c137 

HI 27S ,220W Surface 1.18 + O.73 b <0.29 1.59 + 1.39 0.40 + 0.10 
0.5 0.78 t 0.26 <0.21 2.01 t 1.49 <0-:-03 
1.0 0.78 +" 0.20 (o.n O.ql +" 1.77 <0.03 
2.0 0.83 "+ 0.29 (0.23 <0-:-~12 (O.OIi 
3.0 1.03 +" 0.24 (0.27 <0.85 (0.03 

H2 1 (,S, 173\, Surface 0.88 + 0.20 <0.26 1.70 + 0."19 (0.0) 
O.S 0.65 t 0.24 <0.18 0.63 t 0.37 (0.03 
1.0 0.90 +" 0.19 (0.16 0.12 +" l.hO (n.ot. 

w 2.0 0.74 i 0.18 (0.17 0.51 +" 0.29 (0.1)) 

'" 3.0 0.76 + 0.2t, (0.20 0.87 +" 0.89 «(l.0) 

113 1lS, 97W Surface 0.73 + 0.23 <0.20 1.41 + 1.48 n.lO + (J.05 
0.5 0.96 t 0.26 (0.24 0.64 t 0.51 <0-:-03 
1.0 0.84 +" 0.21 <0.21 1.45 +" 11.51 (0.03 
2.0 1.14 +" 0.39 (0.33 2.58 +" 3.65 (0.116 
3.0 0.85 "+ 0.28 (0.20 1.08 +" 1.85 <0.03 

114 255, 521-1 Surface 0.96 + 0.29 (0.29 (0.92 (0.03 
0.5 0.85 '+ 0.25 (0.17 1.49 + 1.45 <0.04 
1.0 n.RO +" n.n <n.1R (0:88 (0.011 
1..0 0.94 + 0.33 <0.22 1.00 + 0.74 <o.rn 
3.0 0.64 + 0.19 (0.20 1.35 ~ 1.66 (0.04 

HS 228, 30E Surface 0.70 + 0.23 (0.22 1.62 + 1.75 0.19 + 0.07 
0.5 0.91 + 0.24 <0.20 0.83 '+ 1.41 <0-:-03 
1.0 0.69 + 0.71. (n.?n 1.02 ::;:- n.67 (0.01 
2.0 1.19+0.41 <0.32 2.1l1 + 1.99 <0.05 



l'ABL€ g, CQnt~ 

RADIONUCJ.IDE CONENTRATIONS IN BOREHOLE ~OIL SAMPLES 

lIorehole Gr ld Depth Radionuclide Concent ra t Ions ( ~Ci/l;!) 
No. Location (m) Ra-226 U-235 !l 238 Cs 137 

116 160S, 45E Surface 0.67 + 0.25 <0.20 2.44 + 1.69 <0.03 
0.5 0.84 + 0.20 <0.20 1.07+0.75 <0.04 
1.0 0.7S "+ 0.2/, <0.20 <:() .82 (0.04 
2.0 0.77 +" 0.21 <0.22 1.17 + 0.80 <0.03 

!17 296S, 1,5£ Surface 1.26 .. 0.33 (0.25 1,.63 + 2.11 0.68 .. 0.13 
0.5' 0.90"+ 0.19 <0.24 2.0t, "+ 0.62 <0'701, 
1.0 0.91 +" 0.31 <0.22 1.90 +" 0.61 <0.01, 

w 118 195, I,OW Surface 21.7 + 0.8 J. 78 + 0.99 17 .8 + 1.5 0.32 + 0.10 
a- 0.5 3.43 "+ 0.55 (0'723 2.37 + 2.13 <0'702 

),0 1.70 + 0.33 <0.35 <1'719 <0.0.) 

H9 145, 31\./ Surface 6.73+0.58 <0.37 4.56 + 2.53 0.33 + 0.09 
0.5 2.30 + 0.34 <0.26 2.30 + 1.74 <0'701, 
1.0 I. 55 +" 0.36 <0.25 1.16 +" 0.56 (0.04 

lllO 8S. 411< Surface 0.91 .. 0.20 <0.21 2.98 .. 1.23 0.01, .. O.O~ 

0.5 0.88 +" 0.19 <0.29 1. 59 +" l. 71 <0'704 
1.0 1.08 I 0.26 (0.24 1.00 IO.53 (0.01, 

III I 135, 23W Surface 0.89 + 0.19 (0.20 0.74 + 0.65 (0.04 
0.5 0.69 +" 0.25 (0.20 1.39 "+ 1.76 (0.04 
1.0 0.89"+ 0.29 <0.23 1.66 "+ 1.70 <0 ... 0'1 

H12 13S, 19W Surface 1.93 + 0.35 (0.23 2.14 + 1.09 0.19 + 0.[0 
0.5 0.83 "+ 0.29 <0.23 <0:-86 <0:-01, 
1.0 0.92 +" 0.26 <0.23 1.59 + 1.77 <0.01, 



TAB!.F. 8, cont .. 

RAn IONlICL I DE CONCENTRATIONS IN HIlWt:IHJI,F. SO II. SAMPLES 

UOreIlO\f; (i-x'ld Ut.:::plil '!\utlluum . .: 1 hlt::: CVIII • .:t::II .... I.' d Lion Elo ( I,Cl/ll) 
No. Location (m) Ra-226 U-235 U-238 Cs-137 

liD 135. 911 Surface 0.18 + 0.26 <0.18 1.56 + 1.42 0.06 I 0.05 
0.5 0.78"+ 0.38 <0.21 2.38:;'- 1./8 <0-;-01, 
1.0 0.79 "+ 0.24 <0.21 1.01 '+ 0.51 (O.OJ 

H14 225. lOll Surtace 4.34 t 0.40 0.66 + 0.1,5 3.74 + 0.67 0.23 + 0.10 
0.5 I) .8) :;.- 0.40 <0':25 1.14:;'- 1.80 (0-;-03 
1.0 1.09 :f 0.23 (0.21 <1)'~-87 <0.01 

HI~ )SS. 2111 Surface 1.08 + 0.25 (0.20 1.87 + 1.98 0.06 + 0.10 
0.5 0.84 :;.- 0.24 (0.22 1.71 :;.- 0.66 0.05 :;.- o.oa 
1.0 0.91 :f 0.24 <0.29 2.81 :;.- 0.62 (0-;-04 

1116 235. 41E Surfacu 0.99 + 0.25 <0.23 t.t4 + U.)l 0.09 I 0.09 
0.5 0.89:£ 0.26 <0.20 <0";85 (O-:-U4 
1.0 0.9:; .! 0.24 <0.20 <0.7J (0.03 

HI7 1935. 46E Surface (J.~4 + (J.n <0.28 1.18 + 1.99 <0.04 
0.5 O.U4 Io.ze <0.24 1.OJ ;- 1.69 (0.04 
J .0 J .01, !. 0.23 (0.27 2.,'14 +" () .62 <0.05 

a Refer Lo Figure 4. 
b Errors are 20 ba~ed 011 counting statistics. 
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'I'Allllc 9 

RAn IONueL WE CONCENTRAT IONS IN WATER SM1PLES 

Sample 
No. 

Sample 
Type 

Grid 
Location 

Radionuclide Concentrations (pCi/l) 
Gross Alphaa Gross Beta Ra 226 

WI Surface b (Drainage Ditch) 355, 54W 15.1 + 2.l d 41.4 + 3.1 
1-12 Subsurface (Borehole HJ)c 275,220W 6.87 + 3.17 26.3 "+ 3.7 
f/3 SubourfacQ (BorQho!Q U2)C 16S,173W J. 5~ "+ ? ~fi.( .. 0-:7, 

W4 Subsurface (Borehole H)C 325, 97W 4.21 "+ 2.32 19.7 + 3.8 
I-IS' Subsurface (Borehole H4)C 258, 52W 3.49 + 3.20 7.70! 3.69 
lJ6 SubGurfacQ (Bos::-enole IIsl c 22S, 30E O-:u I.,.h + 7.'i 
1017 Subsurface (Borehole IIn c 2968, 1,5E (J .70 7.99 + 4.12 

a Large amounts of dissolved solids resulted in relatively poor detection sensitivities. 
b Refer to Figure 5. 
C Refer to Figure 4. 
d Errors are 20 based on counting statistics. 
e Dash indicates the analysis was not performed. 

0.27 + 0.06 
0.28 "+ 0.06 _-=-_c 



TABLE 10 

RADIONlJCI.IDE CONCENTRATIONS HI SEDIMENT SAMPLES FROM DRAINAGE DITCHES 

Samplea 

No. 
Grid 

Location 
Radionuclide Concentrations (pei/g) 

SI 
S2 
53 
s', 

35S, 5~\; 

35S, 0 
118S, 9SH 
118S,120>l 

Ra-2.26 

0.81 + 0.23 b 

1.19 "+ 0.29 
0.69 +" 0.24 
0.99 ... 0.21> 

a Rofer to Figure S. 
b Errors are 20 baeed on countiog statistics. 

lJ-235 lJ-238 Cs-1J7 

<0.',9 0.57 + 1.36 0.08 + 0.10 
0.08 + 0.11 <0~83 0.15 "+ 0.07 

<0~J9 0.49 i 0.51 0.25 +" 0.06 
<0.2J <0-:-99 1.27 -= 0.20 
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:NS!RU~N!ATION AN~ ANALYTICAL PROCEDURES 



APPENDIX A 

Instrumentac10n and Analytical Procedures 

Gamma Scintillation Xeasurements 

Walkover surface scans and measurements of gamma exposure rates were 

performed using Eberline Model PRM-6 pOrtable raremeters with V1ctoreen Model 

489-55 gamma scintillation probes containing 3.2 Ctl x 3.8 Ctl Nal(Tl) 

crystals. Count rates were converted to exposure levels (~R/h) USing factors 

determined by comparing the response of the scintillation detectors with that 

of a Reuter Stokes Madel RSS-lll ptessurized ionization chamber at several 

locations on the Niagara Falls Starage Site and off-site properties. 

Beta-Gamma Dose Rate Measurements 

Measurements were performed using Eberline "Rascal", Model PRS-l, 

scaler /ratemeters wi th Hodel HP-260 thin-window, pancak.e G-M, beta probes. 

Dose rates (~rad/h) "'ere determined by comparing the response of a Victoreen 

Model 440 ionization chamber survey meter Co that of t~e G-M probes. 

Borehole Logging 

Borehole gamma radiation measurements were performed using a Victoreen 

!'!"d .. l 489-~5 gamma $"lncl11.acio[l p.ob"" connecte.d to .. Ludlulr. Model 2200 

portable scaler. The scintillation probe was shielded by a 1.2) Cm thick lead 

shi~ld with four 2.3 mm " 7 "'" hil]"~ evenly spaced arou[ld the region of the 

scintillation detector. The probe was lowered i:lto each hole using a tripod 

holder with a small '.tinch. T:te borehole "'as scanned and measurements were 

performed at intervals of 15-30 Cm to identify rt::gions of possible reSidues 

and guide the st::lection of subsudace soil sampling locations. Due to the 

varying ratios of Ra-226, U-235, U-238, and Cs-137 on the NFSS ?t'operties 

there '.as no attempt to estimate soil radionuclide concentrations directly 

from the logging results. 

A-I 



Soil and S~dim~nt ~Ampl~ Analy~i" 

Soil and sediment samples were dried, mixed, and a portion pla"ed in a 

O.S-liter Marinelli beaker. The quantity placed in each beaker was chosen to 

reproduce the calibrated counting geometry and ranged from 600 to 800 g of 

soil. Net soil weights were determined and samples counted using solid state 

Ge(Li) and intrinsic germanium detectors coupled to a Nuclear Data Model 

IHJ-6~!U pulse height analyzer system. Background and Compton stripping, peak 

search, peak identification, and concentration calculations were performed 

uSing the compute. capabilities inherent in the analyzer ~yQtcm. Energy peaks 

used for determination of radionuclides of concern were: 

Ra-226 - 0.609 MeV from 5i-214 (corrected for equilibrium conditions) 

U-Z35 - 0.143 MeV 

U-238 - 0.093 MeV from Th-234 (secular equilibrium assumed) 

Cs-137 - 0.662 MeV 

Water Sample Analysis 

Water samples were rough-filtered through Whatman No. 2 filter paper. 

Remaining Buspended BQlid3 ~crc removed by eubaequent filtration through 

0.45 ~m membrane filters. The filtrate was acidified by addition of 10 ml of 

concentrated nitric acid. A known volume of each sample was evaporated to 

dryness and counted for gross alpha nnd gross beta using a Tennelec Model 

LB 5100 low-background proportional ~ounter. 

Analysis for Ra-226 was performed using the standard technique EPA 

600/4-75-008 (revised). 

Caiibration and Qua!lty Assurance 

W":ith the exception o£ C~c.poourc and dose ratg eonvot'siQn £a.c!:ors for 

portable survey gamma and beta-gamma meters, all survey and laboratory 

instruments were calibrated ;lith NBS-traceable standards. The calibration 

procedures for these portable instruments are described above. 
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Qualit;; control pror:",dllr"~ nn ,.11 in~rrllmpng t~~lud"d daily backgrou<ld 

and check-source measurements to r:oni1rm lack 0; malfunctions and 

nonstatistical deviations in eqc:1pment. The ORAU laboratory part1dpate" 1n 

the EPA Qualit;; Assurance Program. 
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APPENDIX B 

!SlJMMARY OF RA<lTATTON r.rrTnF.T.TNF.S 

APPLICABLE TO OFF-SITE PROPERTIES AT THE 
, NIAGARA FALLS STORAGE SITE 



U. S. DEPAR~~T OF E~;:;:RGY 

RES:D~AL CO~T&~I~ATID~ ~\~ WASTE CO~,ROL CRITERIA 
FOil 

rO~~RLY U7ILIZED SITES RE~IAL ACT:ON PROG~~ (r~Sp~) 

~~OTE S~RPLUS YACILITI£$ ~~GEHE~7 PROC~~ (S~) SITtS 

F~esented here a~e the residual contamination cleanup and waste contro! 
criter1a of ~eneral ap?licability to the FUSRAP ?rojec: and remote SFMP 
~ites.J • 

'ith the exception 0: limits for radium-226, the soil resid~al contamination 
criteria were develope': on the basis of limiting :naximllt:! individual rad1at1on 
exposu.e to DOE l~mits specified in DOE Order 5480.1A exclusive of exposure 
from natural ba~kground radiation or medical procedures. The aggregate of the 
cont::r1bUCion froe all ::najor pat.h"Q:Y:i, batH::d un ~d.;;;ena:r;1os fO:t" perm.anent: 
intrusion, e.g., establishing residences on the $ite, has been assumed. In 
most circ=stances, thE l'fobabnity is 10'"' that such an intrusion \Jill occur, 
Al~o, Qonsarv~tive a$su=ption~ uer@ us@rl i~ d@riving th~se er1te~1a tc ~n~ure 
that a ?artic~lar dose li~it Yould not be exceeded. Use of these criteria is 
additionally conserwat!ve because thE pa:hyays considered 1n the deriwation of 
the criteria ass~e all ~ater intak~ and ~ost Iood intake is from the site. 
Also, the sites often have limited agricultural capabilicy and the 
contacination is generally not homogeneous. The ccmbined effect of these 
factors is such that the probable radiation exposure to the average population 
on,'or in the vicinity o!. FUSRAP sites decontaminated to these criteria limits 
will not be ap?rec1ab2y different from that normally received trom natural 
background radiation. 

The reSidual contamination criteria for su:f27e contamination of str~ctures 
were developed from a proposed ANSI standar~ modified as ap?ropriate to be 
consistent ~1th 00£ Order 54S0.1A and the ~pecif1e n~~ds of FUSRAP for 
cost-effective, workable guid~lines which provide an adequate safety margin. 
The waste control criteria are consistent With applicable DO! Orders and EPA's 
"p!:"ht~,on~ ~OT' in .. ~dv~ tlI"ar.ium mill in!; sites. 40 en 192. 

~/A :e~ote S:~~ site is one that is excess to DOE prog~ac=atic ~eeds and is 
located outside a ~ajor operating DOE R&D o~ production area. Re~ote sites 
are more likely to b~ .eleased to the publ~c or excessed to other government 
agencies after deconta~ination than are sites located ~1th major R6D or 
production areas. 

3,.1 &'15 I t;13.12 (proposed) -- an adaptation to be applied, as appropr,1.lte. 
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A. lU:SIDl'Al CO~-;A.':INA':'lOt! CRITE?lA rop. l'O?'!tRLY :'-;lLlzEb S:n:S A!:-:l !'.!!1:l!J: 
stR.l'!"r~ r ACI:'ITl::S ~.A1\AGEX;;:;1 ~i\OG?.A.~ SITES 

The follo~'~!'<g criteria represent the malCimu:n ·re5ic·~al conta.cination li=1ts 
for cnrestricted use of land and structures ccnt~inated ~ith radlonuclides 
related to the nuclear fuel cycle at l'USRAP and re~ote Sl'HP sites. It 15 
the policy of DOE to deco~ta=inate sites to conta~ioa:1on le~el$ at cr 
belo~ the limits and 1n a manner cons1sten~ ~1th DOE's 
as-lO~'-a~ -i s- Teas onably-achi evable (Al..A.RA) pol! c:;. Res 1d 1.'31 CC:1 t a.:~ 11,,:1on 
ll=its fo~ r;her n~c11des v11l be developec vhen requltec uSlng the &am~ 
nethodolog,- as ~as used for those represented here. 

1. Soil (Lane) Criteria (Maxi~um L1cits for Unrestricted Use) 

Radionucl1de 

1) ,. 15/ -"atu.a -
U-23~', 
U-23~' 
!h-23(1l1 
1ta-226 

U-23s!1 
Pa-231 
Ac:-227 

'Ih-232 

Am-241 S/ 
Pu-241-
Pu-238 , 239. Z40 
Cs-137 
5r-90 
?-; (pCi/~l ~Q.l ~oi5t~.e) 

l/Describ~d tn ORO-53 1 and ORQ-832. 

2/ 31 4/ 50il Criteri~ ,_ t_ 

(pCi/e above background) 

7S 
150 
150 

15 
5 pC1/g. average~ over the 
first 15 em of scil below 
the surface; !5 pCi/g ~hen 
~veraged over 15 C~ thi~k 

soil layers cor~ than 15 ~ 
belo~ the surface an~ less 
than l.'su: belc'L.~ th~ .1~'r"fal:ey 

15 

2U 
800 
100 
se 

lCO 
5.200 

l/In the event 0: occurrence of ~ixtures of radionuclides, the 
fraction cont~ibuted by each radionuclide to its licit sr.&ll be 
ceter:ined. and the scm of these fractions shall nOt exceed I. !here 
are :vo special cases for which th~s rule must be mod!fiec: 
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(a) If Ra-226 is present, then th~ fraction for Ra-226 should r.ot be 
included in the su~ if the Ra-22o concentration is less than or 
equal to the Th-2:l0 c"ncer.t ... t;l.,m. II the lto-226 """c~n~rat10n 
exteecis the Th-23C concentration, .then the ~U1t shall be 
evaluated by replacins the 1ta-226 concentration by the 
diffp.r9n~~ b@tuee~ the ~~-226 and ~h-230 coneener~tion~_ 

(b) If Ac-227 is present, then the saoe rule given in (a) for Ra-226 
relative to Th-23D applies for Ac-227 relative to Pa-Z:H. 

l/txcept for Ra-226, these criteria represent unrestricted-use 
resjdual concentrarions above background averaged acro~s any lS ~ 
th~ck layer to any depth anc over any contiguous 100 ~- sur!a~e area. 
The same conditions prevail for Ra-226 ~xcept for soil layers b~n~ath 
1.5 m; beneath 1.S m, the allo~able R~-226 concentration may be 
.. if"ctec by ~lt"-5jJt;!clfi" c<.>odiU,mb and m'~5" be evaluated 
accordingly. 

41 
- Locali%~d conLen~rat~or.s in ~~~~ss o~ rh~g~ li~1t$ ar~ allo~able 

provided that the average over 100 c" 1s not exceeded. 

2./;, curie of natural unniutl means the sum of 3.7 It 1010 

diSintegrations per seco§d (cis/s) from U-238 plus 3.7 x 10 10 dis/s 
from U-234 plus 1.7 x]O dis/s from U-235. One curie 0: natural 
~rani~ is equivalent to 3,000 kilogracs o~ 6,600 pounds of natv,al 
1.!ranitm.. 

6 I 
-' Assumes no other uraniu~ isotopes are present. 

!/ rhe Th-23C g~1deline is 15 pCi/s to account fo= ingro~th of Ra-22E 
as th-230 decays. Ra-226 is a limiting ~adionuclide because ics 
decay pTcdu~t is Rn-222 gas. 

!/The Pu-2'! criterion ~as derived from the Ac-24] concentration. 

~. Structure Criteria (Maximum Limits for Unrestricted Use) 

a. Indoor Radon Decay Products 

h s:ructure locatec on private property and intended fot 
u:1:-estr!cted use Shall 'pI" subject to remedial action as necessary 
to ensure the annual ~~er4ge c~nccftt~ation of r~d~n de~ay p~oduc~s 
is less than 0.03 WL ~ithin the structure. 

The indoor gacma radiation after decontamination shal! net ey.ceecl 
20 mtcroroentgen per hou= (20 ~R/h) above background. 
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c. Indoor/Outdoor Structure Surface Conta=1nat1o~ 

Group I: 

Rad1onuc11cies for which the 
uncontrolled area concentratiQr. 

, / 
guide 1:,air asove back£roun~ 15 
2 x 10-'· Ci/m or less or for 
.hich the uncontrolled area oon­
ceneration2,u1de in wa~~r abo~e 
backgroun~ is Z x lU C1/~ 

or less; includes Pa-231, !h-228. 
!h-230, Ac-227, Ra-226, Ra-22S, and 
Pb-ilO. 

Group 2: 

Rad10nuclides not in Group 1 for 
~hich the uncontrolled area con­
centra~7on guide iDl~ir aes~e back­
groun~ is 1 x 10 Ci!~ or less 
or for which the uncontrollec area 
concentrat~9n guide 1n_;ater ~bove 
badkgroun~ is 1 x 10 Ci/~ or 
less; includes U-232, U-238, !h-232 , 
Ra-223, and Po-210. 

Group 3: 

Those r~dionuc11des DO= in G~oup 
1 or Group 2; includes U-234, 
U-23S, and Ra-224 
and all oth~r beta-ga~a emitters. 

Allo~able 5uriact 1/ 
Residual ContQ~2nat1on­

(dpollOD em ) 

100 20 

1,000 200 

5,000 1,000 

1/ A 

- The levels ilia), be :1\'eraged ove.;- 1 I'll proviCed ehe maximum 
ac:iv1t)" in an~' area of IDC c:m~ is less than 3 ti::es the lioi: 
value; dpm - ~is1ntegrations per ~inute. In the e~ent of 
cccurrence of mixtures of radionuclides, the fraction contributed 
by each rad1onuc11de to 1:S limit shall be determined, and ohe 
sum of these !ractions shall not exceed 1. 

2/ 
- Given in Attachcent to Chapter Xl. Table II. DOE Order 

5480.1A. 
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E. CN:"l'Rl'lt llr 1U.r,10AC'l'IV! 'l:AS'l'ES A...';1:\ l'!"SIllU!S I'RO'" I'U~p'>.1' A.I:ll P"'"!!)T! SI'!-!? 
S 17ES 

Specified here are the control re~~irements ler1teria) fer racioactive 
~as:es and residues related to the nuclear fuel cycle at fUSP~P and recote 
SFMP sites. 

1. Icteric Stora~e 

All operational and control requirements specified in the fo11owing DOE 
Orders shall ap?lY: 

A. 5480.1A, Environmental Protection, Safety, and Bealth 'rotectioD 
Program for DOt Cpera:ion~. 

b. 5480. Z, Ha"ardous and Rad10ac:1 'Ie Y..1;o;ed Waste !'.anagement. 

c. 5483.1, Occupational Safety and Health Program for Governmer.t-o~~ed 
Contractor-Operated Facilities. 

~. 5484.1, EnVironmental Protection, Safecy, and Health Protection 
lnforcation Reporting Requirements. 

e. )484.2, Unusual Occurrence Reporting System. 

f. Centrol ane stabilization features will be cesigned to ensure, to 
the extent reasonably achievable, an effective life of 50 years, 
and in any case, at least 25 years. 

g. Rn-222 .concent.rat:ions in 'the .at.mospht?r~ ~bovt;' f.<lc11ity $t:T't'';H.~P~ OT" 

openings Shall not (1) exceed 100 pCi/l at, any g1 ven point. or an 
averag~ concentration of 30 pCi/1 for the facility site, or (2) 
exceed an avera~e Rn-Z22 concentration at or above any location 
outside the facility site of 3.0 pCi/l (above background). 

h. For ~ater protection, use existing state and federal standards; 
apply site-specific ~easures yhere needed. 

Z. Long-Term ~~naeement 

B. All ope~at10nal require~~nL~ ~p~C1l1~d ror Interim StQra~e 
Facilities (H.l) ~ill ap?ly., 

b. Contro: Qn~ 5tabilication fe~tures ~ill b8 d~sign6d to ~n~ura to 
the extent reasonably achievable. an effective life of I,OCO years 
and. in any case, at least 200 years. Other cisposal si~e design 
features shall ~onform With 00 CFR Part 192 perfo~ance 
guidelines/requirements. 
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c. Rn-122 emanation to the at~osphere froe facility su~faces or 
openi2g sr.all not (1) exceec an average release rate of 2C 
pC1/m Is, or (2) increase the annual average Rn-222 concentration 
at or above any location outside the-facility site by more than C.S 
pCi!! • 

d. For Vater protection. use existing state and federal standards; 
apply site-specific measures vhere needed. 

e. PUor to placelCent ot ally"potentially biod"~riltlable coot",,,,1nated 
vastes in a Long-Term Managemer.t Facility, such wastes will be 
properly conditioned to (1) ens~re that the generation and escape 
of bicg~nie g~~co ~ill not CQuse the criteria in paragraph 2.c. to 
be exceeded, and (2) enSUTe that biodegradation ~ithic the fa~ility 
will cot result in pre~ature structural failure oot in accordacce 
with the ~riter1a in parairaph 2.b.. If biodegradable ~asteS are 
conditioned by incineration, 1nc!nerat1on operations .~ll be 
carried out in compliance with all applicable federal, state, and 
local air "emission standards and :requi:remects, including any 
standards for radionuclldes established pursuant to 40 CFR Par: bl. 
Natiooal Emission Standards fer Hazardous Air Pollutants (~~SP~S). 

C. " EXCEPTIONS 

1. "Procedure -- A:,all'sis of site-specific conditions. 

2. Anplicabi11ty -- k~ere health and safety would be endangered; or 
where cost clearly outweighs benefits. 

D. CRITERIA 50l~CE 

Criteria 

Residual Contamination Cr1ter1~/ 

Soil Cri teria 

Structure Criteria 

Control of Radioactive Wastes a~cl Residues 

Interin: Storage 
Long-Term Manage~ent 
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Source 

DOE Order 5480.;~, 
40 CFR Fart 192~' 

40 eFR P:ut 192, 
prQPo~~c ~~~I ~13_:2_ 

DOE Orde" 5480.111. 
40 CFR Pan In 



Ex~eptio:"1s 

Procedure 
A?pl::cabilit)' 

40 en Part 192 
ItO erR Part 192 

I/lhe bases of the reSidual contam1naT:1on cri1:e,1" ",r .. d~vo:loped 1n 
ORO-B3l as supplemented and ORO-S32. 

2J , - BQ~~d on 1.~1ting the conc~nt.$tion of r~dcn-222 dccny products to 
0.03 WL vithin structures. 
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DETeCTION SCIENCES GROUP 

INTRODUCTION AND SUMMARY 

Beginning April 25, and continu~ng through Apr'l 3C, 1983, Detection Sciences 
GrOup conducted a ground-penetrating radar survey on A~ea S, G and F at the 
former Lake Ontario Orenance ~orks, Lewiston, New York. The radar survey WlS 
performed in accoraance with Oak Ridge Associated Universi:ies, 1nc. ?urchase 
Graer No. C-29923-001, Letter Release No.1, dated Apri 1 14, 1983, and pe~ 
field instructions received from O.~.A.U. personnel. 

The first area to be surveyed was a site at the nOrthern edge of Area S, 
just south of 'M" Street. The radar survey zone was from 05 to 305, 
extending from 01-1 to 501-1. The r~du onomalies and the radar survey 1 irl~, Qr~ 
shown in Figure 1. A total of 17 ~oreholes were surveyed in Area S. Of these 
17 locations, 10 appeared to have possible subsurface obstructions, anc were 
rr,ovea to more berign 1 n,,,,,,i on; no more than 5 lIeters from the original 
I oc at ions. The resu It S 0" the boreho 1 e survey; ng and the co-ordi nates of 
relocated boreholes are given in Table 1. No': all subsurface targets are 
drilling obstacles; a ball af clay, for example, will show UP as a discrete 
object, yet ~t would present no drilling problem. The conservative aporoach, 
however, is to regard all such subsurface targets as potential obstacles, 
and to move the boring to a locat~on where the radar chart is ccm:lletely 
berign. 

The section within Area 5 that was gr1d-surveyed containea a few areas that 
show Ilf'l ~5 having a strong contrast to the surrounding natural subsurface 
strata. Some of the radar Signatures appear to be caused by the reinforcing 
steel used in a concrete slab. There are dist~nct "edge scars" observed with 
these reoar-l ike si gnatures, further suggesting the presence of bur; ed slabs 
cf reinforcec concrete. Because of the former industrial use of the Site, it 
is iikely that the signatures are, in fact, due to buriec concrete slab 
foundations. 



DETECTION SCIENCES GROUP 

DESCRIPTION OF THE SURVEY 

For :his survey, Detection Sciences Sroup used the 120 Mhz antenna with its 
radiation shield. The 120 '1hz antenna prc'lides sreater penetration than can 
be ootained using righer frequency antennas. Because of prevailing ground 
conditi"ns at tne site, the use of a high frequency antenra woulQ not 
proviae sufficient penetration ~n many cases. 

Using the survey vehicle to tow the Bctenna Jroved to :>e impractical on this 
survey. Much of the area covered by the 10 meter g~id system was locatee in 
areas of rough terrain containing earth :llOunds, trees, tall stalky growth, 
dl1U ,wampy areas. Towing the anter.na with a vehlCle requires a relatively 
smooti', uninterrupted terrain; for these reasons tI",e racar transect l~nes 
were aone by hand, pu:ling tne antenna across all proposed survey lines. 

The borehole surveying was done with our time-saving method employing a 
knotteo rope with a center pi vat. The rope is 12 meters 1 eng witn a loop as 
a center Divo~, ana painted knots spaced 2 meters apart, Th~ rope is 
stretched tau";; wi th the center , 00;), or pi vO:, over the proposed boreho'8 
I ocat ion. Upon comp 1 et i on of the fi rst survey 1 i ne, the rope is Ji voted 90 
to act as a guide for the second, orthogonal s~rvey line without the 
neces s it), of 1 ayi ng out a surveyors taDe. Orange pi n fl ags nad been 01 aced 
by O.R.A.U. at tne sites of proposed boreholes. Upon completion of the radar 
survey, the pi n fl ags were marked by Detect; on Sci ences Group 'o'Ii th the gr'. d 
coordinate~ and the borehole desgination. The ~orehcle desi':Jnations assigned 
by Detection Sci ences Group are numbered to show tne area and the sequence 
in wh~ch the radar survey was done. :The designation sequence is assigned by 
Detect i on Sci ences Group for reporting purposes Dn 1 y, ana are not O. R. A. U. 
designations.) ~he grid coordinates and borehcle designations are listed '.n 
Table 1 of this report. 



DETECTIO:-J SCII:.~CES GROUP 

RESULTS OF TKE SURVEY 

ir. Area S a section 50 meters by 30 meters was surveyed in gri·j pattern 
wit' 5 meter spacing between radar trar.sect iines. This sect on of Area S 
was grid-pattern s~rveyed :c locate any concentration of bur ed materials, 
anc to ob:air information about any subsurface disturbances that might 
ir.terfere with the placement of a number ~f sr.al1ow borings. r~e c~arts for 
tl'. is area i"d i c ate the presence of wh at appe ars :0 be indus t ria I decr is 
(reoars from concrete foundations, sheet 11eta I, pi pes, etc.). The shallow 
borehoies were therefore located where the radar did not show any potertial 
obstae'les and -::he appearance of -:he ground was reI atively berign. The radar 
charts stlllwing vertical profl1es of the survey transect l,nes fOr Area S are 
bound separately. in book fcrm. The radar charts for Area S are 1 ace',ed #1 
t!',rough #19, in the sequence in which the :lata was recorded. (The c~art 
numbers are keyed to the entry number:; in ,;he Field Log~ contained in the 
Appendix of this reoort.) On the charts, the subsurface anomalies are 
highlighted with orange marker. A list~ng of these anomalies is compiled in 
Table II, toqether with a descri"tion of the anomaly. 

Before beginni ng the radar survey, Detection Sci ences Group was presented 
with a map containjng proposed locatio~s for boreholes. The boreholes for 
tni5 site were deSir;nated either "deep" or "shallcw" by U.fi.A.U. '<1ost ct the 
locations shown on the map were markeo in the field by orange pin-flags 
placed by O.P"A.U., but there were a few locatbns that had not Deen 
flagged. At the locaticn~ that had not been ~reviOI,;$ly flogsed, Detection 
Sciences Group placed orange pin-flags at the approximate lecations, as 
scaled from the 11ap. Prior to surveying each borehole, Detection Sciences 
Group used a waterproof fe It-t i:J marker- to wri te the coore i nates and the 
specific corehole cesignation on each orange pin-flag. A total of 17 
boreholes were surveyed at this site~ they were designated 51 through 517. Of 
these 17 boreho'le locations, 10 were relocated because of subsur-face distur­
~ances. -:he boreholes were moved if: 1) the dri 11 ing rig might possibly 
encounter di ffi cu 1 ty dri 11 ; ng through subsurface materi a 1 s at the proposed 
location~ 2: there are utilities present; or 3) the proposed location is 
inaccessible to the radar antenna. A detailed list of the proposed co­
ordinates ana the final co-ordinates for the b~rehole lccations ;s shown in 
Tab le I. 
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DETECTION SCIENCES GROUP 

TABLE I 

BORING LOCATIONS DETERMINED BY RADAR 

AREA S 

Boring Direction of Proposed Final 
Numbe.r Rl?locat;nn Lncati(ln Lc"aT.'nn 

51 220W, 275 220W, 275 
52 Move 2m West 171W, 165 173W, 165 
53 Move 2m South 97W, 305 97W, 325 
S4 52W, 255 S2W, 25S 
55 Move 2m West 41E, 235 39E, 235 
56 45E, 160S 45E, 1605 
57 4~E, 295.5:' 45E, 295.5:' 
S8 Move ,-:n South 40W, 195 40W, 215 

59 Move 2m East 3911, 14S 3711, 145 

510 Move 2m West 39W, 85 41W, 8S 
S 11 2SW, 255 25W, 255 

512 Move 2m East :SW, 135 23W, 135 
513 Move 4m West 15W, 135 19W, 135 
514 lOW, 225 lOW, 225 
515 Move 5m South 8.SW, 7.55 8.5W, 12.5S 
516 3D£, 225 3DE, 225 

S17 Move 4m North 46E, 1935 46E, 1895 



DETECTION SCI ENCES CiROU P 

Chart Line Coordinates 

#4 40W 205 225 

#7 30W 26$ 275 

#10 lSW 22.SS 305 

#14 55 12.SW lSW 

#17 20S 39W 41W 

#18 25$ SW 6W 

#18 25S 45W 47W 

#19 30S 34W 38W 

TABLE II 

RADAR ANDMALI ES 

AREA S 

Depth, Ft. 

3.0 

5.4 

Near surface 

Ne~r surface 

Near surface 

4.5 

3.3 

Near surface 

Notes 

High dielectric 

Concentration of Material 

High dielectric 

Concentration of Material 

Concentration of Material 

Hyperbola (metal) 

High dielectric 

ConcRntr~tinn of Material 



DETECTION SCIENCES GROUP 

RADAR EQUIPMENT 

Detection Sciences Group owns a modifiec SIR $YSTEM-S radar system wah an 
integrai Mo:orola M6800 microprocessJr unit. Our proprietary mo::lificati~ns 
to t~e racar system h:lve proviae::l increased range anc sensitivity, as weI' 
as. imoroving the overai 1 efficien:y of the data-£athering process. Detection 
SClences Group has also developed special auxilliary eq~ipmen: to facilitate 
our rodar ~ur·vl:'y~. The i no; vi dua I components Of the radar equi pment are: 

:;SSI Model 4800 Control Unit. "'he control unit conta:ns the bulk of al: 
the radar electroniC5 and ~y5tcm controls, ond has a~ oscilloscope 
display. 

Motoro la Mode 1 M68MM01.AI1A2 Monoooard Mi cro""mput"r _ 1'0" microcomputer 
has real-time procesS1ng capability for baCKground removal, digital 
filtering, running averages, and other radar sisnal-proc!ssing algorithms. 

Hewlett-Packard Model 3964A Instrumentation Tape Recorder. This 1igh 
quality, four-channel tape recorder provides master tapes of all oata 
recorded in the fielc. 

EPC Laboratories, Inc. Model 2800 Chart Recorder. This scanning chart 
recorder generates the hare-copy radar graphic charts (vertical pro~iles; 
used to interpret the radar d~ta, 

GSSI Radar Antenna Units. The radar antennas 
frequencies; the depth requirements of the survey 
frequency se 1 ected for tht su,.-'vey: 

operate at different 
determine the operating 

[ ] 900 MHz [J 600 M~z [] 3JO MHz (J 120 MHz [] 80 MHz [] 10 M~z 

Sears SOOYA Solid State Inverter. This Dower supply unit provides both 
120 volt ac power as ';Iell as 12 volt dc power for operating all field 
equipment fram the 5urvey v~hi~l~'~ ~l~~tr;~.l system. 

Honda SOOYA Genertor. This gascline-powerea generator is used for surveys 
in remote 1ccotions where vehicle access is not possjble. 

Remote Stop/Start Un; t. The remote s topl start feature allows the operat­
or to contrel the raaar system fro~ the antenna locat~on. 

Odometer Wheel Assembly. This ":'ifth wheel" attaChed to the survey 
vehicle provides a~tomatic logging of Incremental distance traveled 
along toe survey path, and autom(ltiC(llly log:; the ground ~t()t~on3 on the 
radar charts. 

Support Equipment. The various support equipment inc:udes the Micro-co~pu­
ter Control Box, the Rerrote Control/Market Unit, Hand-neld Market Unit, 
towing sleds, towing ;1arnesses and miscellaneous electrical cables and 
connectors. 



DETECTIOl" SCIE"'CES GROUP 

APPENDIX 



496 IIEALO ROAD CARI.JSLE. MASSACIIUSETTS 01141 

TAPE NO.: g.z..s '1.. LOCATION: SA £'&#/6# SJ1!;. eLi EN T: iJA?A. /.J. 
DATE: -1;25/83 L EIVI.sTtM/ AlY A~E.9s S,a- ~r 

RANGE 
RANGE 

RANGE FILTER SENSI- SCAN SETTING 
TAPE TAPE 

I.IUL TIPLY SPEED CHANNEL COMI.IENTS 
ADJ GAIN TIVITY 

~I X2 X4 ~ M L 1111,2112,61641302 jSlDI 1~~11%6 ~ 2 4 

70z ~ ! 'i;:f ~ Z-!JD J/5Z.-83 

GRID MARKER TAPE COUNT fiRST LAST 
COMMENTS 

CODE 
START FINISH 

MARK MARK 
AR.6f' oS SlY 6i6'A NO, LINE 

/ f4.v - 000 "{3 /(}s 30...$ ~L.-<: K/? S I1 ~9.s ~ ~,y-~ ,. ~ 

z l,:g,v - Pf3 "83 " 
., 

" .. 
-- -

3 1.5/1.) Z#a ID83 IZz. H " II 
, -,- .... t, 

1 l"botJ .3 #0 /ZZ. It? 5& .. .. 
sQM!T .3s 

- --

5 a5" -1 :1"0 1.1 Zo3 ., 22$ " .f if e! 5lA~ ..... 15.s-.2Q:j 

~ " (f" "0 z()3 231 I"'zss 30:3 " -HAd'-~....., --~ 
'n, 

., 
, '-.""'''''' ., ljo~ 7;0 Z31 271 5's " " S7JtI.4!':r 4 s I' . ~~---.. 

'1 Ib., 8";17 £7/ 3/6 .. ;, 
" II .' 

--- '-"" 

Cf .!Ow ..t "0 3/.( 3.1:. " .. " .. .j 

'''-- --'"-'--''' 

1t'P.5s ItJ 15(,;) 3.#'0 31..2- -to 1 .. " N" VIS/~ te. .rid PM! .. ,c...a.l' A 

JJ IIJuJ 4J1D '101 ,(/8 " .Jus " . ---

IZ. 5l1J 5 .,.~ 1"8 "'186 " ., ., 
'o~1f .!i.. 

I' ~uJ , #0 "St. 513 " .. " " --

1-4 I~.s 7#0 .523 578 {liw "{5 !V E-P/JJ f)I'FJ~~~'" l.oCMll 
PAGE I OF /Z 
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H6 HEALD ROAD CARLISLE, MASSACHUSETTS OtHt 

t 6J1l169· 1999 

TAPE NO.: 8252... 
DATE: "'/2S/S3 

LOCATION: .509 ('#EH/(,..-Jt SJ.S.CLIENT: CJ,~,~, V 
.(EItIIST&:J..v A'Y A'..t2!Ws .:5,6-. IF 

RANGE 
SCAN SETTING 

TAPE TAPE 
RAt·HlE RANGE FILTE!'I SENSI-

MUI. TIPLY SPEED CHANNEL COMWENTS 
AOJ 

~z leot 
GAIN 

It hi L 
TIVITY 

QI"1. z~.e I,u M I ~.~!swto 10 ~117f6 iI: l • ' XI 

7tJ2 ~ { If,..s ~ 25b ~ J/..52 -83 

GRID MARKER TAPE COIlNT FIRST LAST 
COMMENTS 

CODE MARK MARK 
NO. LINE START FINISH I.sr~ 3£ ,.H.E.4 S .5 It db!> ~~ ...... .!"~ 
15 1/0..5 8#CI 57' £35 fa) 5J!)w E-f1'tJ IrIJ SH .:Sr"£T3S; -L/'i/"u AI 
If, d~ 2 #0 635 I6'Bb " '/ " " .. 
.17 JtJ$ 3 #0 t8t 7~1 " , ' . , 

..:iGrla ''.is fCJ :.: ..!IiU,) 
.. 

/8 125s 1#0 7f-r 78' I' II " " " 
II 

19 ku ~ "tJ 78., KIZ, /If .. " , , ., 

zO 5} ~ ;0 ff2. 37' 6E tAl E-fIi'A/ /I/!? 2 ... ,/·W~~""'~3 2e~r 

1-1 .. 7 ." () B11 flJf 6A/ I "Is AI-rs " 

zz sz. 1#"0 ?tl1 J'.!10 "AI ~s I.:,s /7/;u x~ 

2$ " ~'tJ ~JO 16£ tE "/t/ E-..w I, 

24 S3 3#0 ptt 91f1 1£ N . f..s AI-rs 97 LV )( ..3()~ 
z5" " 4-#'// 9e8 /~/.3 £e:. I".) ~-w V 

2t .5i 5 ~() 1013 IIJJ8 bN 6d N-'~ 52. tV X ZSs 
t1 •• , ,~ 1038 IOU 6~ i.~ B -1',,1 ' , 

PAGE I!. OF Iz.. 
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496 H EAl.D ROAD CARLISLE, MASSACJJUSETTS 0 I 14 I 

(611))69'1999 

TAPE NO.: 'i/Z5Z 
DA TE : ¢.r/lf 3 

LOCATION: -SC.9 CAE'lYltjfL SPS. CL I EN T: tJ • .e. AI. t/ 
U#/I.srpA/ ,of" Y 

HANbt. IAt't. IAPE 
RANGE RANGE FilTER SENSI- SCAN SETTING 

MUL TlPLY SPEED CHANNEL COMIIENTS 
AOJ GAIN TIVITY 

IU ~LO,\ 16 13~ 111(6 1 2 .. 
i4

xa X4 fI M L 161.2 126.6 112•0 111.4 

70t.. I ~""!;S ~ & ~ ~ ~ .,f15Z-S3 

ORIO MARKER TAPE COUNT F~ST LAST 
COMMENTS 

CODE IoIARK MARK 
.;?£M S NO. LINE START FINISH 

ZB 58 1#,0 /tJ63 /t?35 6.11 6S N~S ~ ZH -f'tJttJ X /7 s 
2!J " Yro /p8S //~7 ~.: Iki £~/(j I, 

"""Q~-
30 5' 2 :#0 //01 //.3Z- iAi ./s N-PS .J~41 Jt' /"3 

3( " .3.Jfo //32- //!J7 1.# 'Ai E"'a/ " 
.3l. .510 1Fo 1157 1176 bl.l IS If/-;ps 391tJ X ffs 
.3~ ./ S -Ito 1171. 124"/ JIi: I,IIJ E-rMJ 1/ 

31 511 , -#0 1201 :/Z3! 611 &.:!J N' .... .s ZSuJ "es.s .~ 'r.,2i't 

.35 :!JI/ 7~o lZ!Ji /258 6C! 1111 e-IV , . 
31. SIZ, 11 "'0 1258 /$81 IN ,Is A/-;s 2SMJ X /3.s 
37 " 2";0 It 81 I~I/ J£ .lttJ C-a) .. ~#~s 
3B S/~ 3-#0 1.3/1 1337 t.¥ is A'-rs /.5aj x 1.3~ .!iUI B 7P "1"/ oS 

~., " ., :10 1331 1.3'!J 'E Iw ,E-r1lJ It 

1t> ~/-t S,a 1.3'3 /tJ81 6'" Is #-s /P/() X ZZS 

.." ., ~.,() 1387 /I/o 1£ .!11(} Iff-Ill " 
PAGE.3 OF /Z 
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496 II EA LD ROAD CARLI SLE, MASSACHUSETTS (11141 

TAPE NO.: U,Sz. LOCATION: 501 t"#5~/a¥t. ..sJ/S. CLIENT: d . .e./'I.U. 

DATE: 1/Z'/83 LEf4)I.5r4JN AlY 

RANGE 
H"'N<;~ 

RANGE f!LTER SENSI- SCAN SETTING 
TAPE TAPE 

Mill TIPLY SPEED CHANNEL COMMENTS 
AOJ 

XI I ~2 )(" GAIN It Id L 
TIVITY 

OI.ee:;.6 112.6 64 lu Isw- 10 3%117(6 ~ Z 'i 

702. _ If;~ ~. ~ 250 ~ ~ ~ :f1.5Z·a3 

GRID MARKER TAPE COUNT FIRST LAST 
COMMENTS 

COOE MARK MARK 
NO, LINE START FINISH 

-12 1515" 7#0 /II&J /13/ ,6# . 60S AI ... .s /APL# g,s-fl) x 7...s-_c;" 2H~1l ~b 

13 " "8#0 1{.31 /7'.57 6E 611) £-rw " ", SIt. 2-!'c> /"57 /471 tAl l.vs .v~.s .!JOEA ZZS 

15 II ..3#0 1{77 /1'~ 6& /'11) e --lI'"LLJ 
., 

." ,s5 -t#o /":1' I,!!J/Z. 6.1/ ;t,s, H-i1"5 -fIE }(~.:$.!$ 

11 u' 5"#'0 15/2- 15Z., ~& 6.uJ E-II-tV " 
18 lSL 6 <lib 15z<J I!> 50 1,11/ ts J'I-l'S 1sg X~. 
"11 ., :Z#(J 15!jO /5', 6£ htJ ff -*'id •• SHAAl ~ 

57J 51 ~.,O 1!W1 15'), tN 6 s AI~s (5'E X 295:.5":5 
5/ s'/ Z#o 15'3' /6tJ' 'E SA) E-ViV /0 SJ1 .'HJ RLw A 

.5'.2 $.1 ..J r;¢t!J lIP' liz 1 6N -1,$ AI w,:s &)I.4E 11>1 liD l,3 FX .iI'''."s, 
53 • 1.:#/) 16t1 Ittl b E /,W E-rllJ I, 511 IJAl /UJ 

: 5i Gl .. DbO tJ~5 61'1 65 AI-""'s CJ£ JC . ~ S /"L/", .• J./,.". 2- ~ 

55 II 7:10 OS~ D1' bE 6/lJ E. ....... u.J ;I' 

-PAGE "1. OF /2. 



rTE ...... TIC" ~ :-:,"E1I :.~~ES ---;Rv-JP L__ _ ., ~_ 1 _ '-' 
H6 HEAl[) ROAD CARLlStE, MASSAClIlJSETrs 01141 

(617)]69 -1999 

TAPE NO.: ,?ZS2. 

DATE: .f~6~3 
LOCATION; SM c:1Y'6i'/a:fL .s~. eLI eN T. d. ~.A.t/ 

J.e/IJI.$TAN AIr 
RANGE 

SCAN· SETTING 
TAPE TAPE 

RANGE RANGE I'lL TER SENSI-
CHANHEL MilL TlPL Y SPEED COM"'ElfTS 

An.1 GAIN TIVITV 
XI ~a X4 H M L !~1.2 2M 112.8 6.4 Iu. SuN. I~ !3~llo/I6 

1t§4 
. 

70t ~ ! 6 ~ 2&(J ~ ~ ·!X!!_~ .g~ 

GRID MARKER TAPE COUNT FIRST LAST 
COMMENTS 

CODE MARl< MARK 
NO. LINE. START FINISH 

51. 15''1 _ :J;tI!" t1~ /48 J,...., i..s #---r- S /dP Zl'I. ,z(l1i:)-' J"'-. ~1!j".!J:S 
S'1 " ..g -110 /'11 /86 I.e 6tU 1£ W'1iJ s-,,, lUll PHArr '" 
59 OoB :, ffO /8' 2Zs ,/I 65 "' .... ,s 5"1£ x zC>~ S 
~, 65 ~ ,Fa 225' Z67 JE .(/() P -fiJ'~) /' ... S't .. MI;#".I'Ir 
(.0 &'1 7:¢tJ 1Z61 3"0 'Iff 2.5 Al--rs .it> E )( to.!J 
61 91 1f .:1'"-0 ,3()O 3.3e 6E 'aJ C -'Pbl ,. 
1,2 1G-/.3 Z~O 538 311 1';1/ 6,$ iAJ -;5 PI, E X .!IstJ-s SWIIItP 

63 " ..J'iitI(:> I~?~ ~f "'1e 64- r--A/ " J ,., 
&_~ 1-1tJ 41</ {51 6AJ Is "v-s 9:") c x "?.?Ss 

t5 
,. 

5 ito 151 11f I.E. 5,J'1Q £-I'A) " 
hi. (flZ J tl-o 1Bt .)If 1o)J ,~ )}-rs /3"1 ~ lJ_1~t?.s' 
/'1 /1 7-t/-1 [5d1 s.:f6 Ie (/L E -f>'n II 

lB I ()11 fIb "3S 57Z, (II 6-S N-PS 20" E )( zgr 9 
1.9 " '2. 'itO !S1L J;tl (.t. .s tI IF ..-AI ~~fI' 1 

PAGE 5 OF /2. 
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UC fEL- [101'4 ~LIENLES LJRuLJP 496 IIEALD ROAn CARLISLE. MASSACIIUSETTS 01141 

(61J\ 369 -1999 

TAPE NO.: JjZ52 LOCATION: .seA Cl/EHIOJL SVS C Lt EN T: tJ.,e .r:). (/. 
DATE: ~/Z&1s3 lEJOI.57lJ1II /lY 

RANGE TAPE TAPE 
RANGE RANGE FillER SENSI- SCAN SETTING 

SPEED CNANNEL IoIUL TIPLY COMMENTS 
AOJ GAIN TIVITY 

XI 1 Xl? IK4 H 101 L I ~ 1.2 125.6112.816.4[3.2 [st.DII 15 13 ~ 11%6 1 2 4 

7hZ. ~ ! i ~ 256 ~ ~~ ~ .,;&;~ '83 

ORID MARKER TAPE COUNT FIRST LAST 
COMMENTS 

CODE MARK MARK 
NO. LINE START FINISN 

7tJ 6-1 .!5.#O 62} 6"6 .£11' , .s AI~.s -t;;J ~J'f 2@J.17· ~x/,s-s 

71 I' 1:1"0 6.(£ 674 lE tAl E~I1/ " 
7z. I.? , ,s."to 671 7oZ. 'AI £,5 AI-r.s- 731'0'" x /21.~ 

73 .. , o¥o 762. 7Z7 'E I., ~ E-="", /.1 f, 

74 t;'l 7 tlfJ 72,7 ?)I tAl I..,s Al-r,.g /25£ X /7o.s 
7..s- " 8 -'0 751 178 ~.t! 6~ ~IV " 
l' ciA//) 2 "0 778 305 'tV 6.5' AI......",.s /-fti $' X' ~7 .:s 
77 , .5 ;Il!o 505 S'33 I.E l.tV E"""'a) • r 

79 GIl 1tfQ fE3 If""6 & N 6~ ~;i SUlI1HI' 15'1.£ .x ~ ~ti.s ~:: .,,, 
'1 5 :Jfo 75' ?az bE.. +~ Ji. -....w J ,. 

"so ItS- g t. "1''' ZSz. fti1 6 N 6~ jf-"'!:: A'"I! X /1$ 
11 .. 7 10 M? 1~( "f I"; I!!.~ =-
iJ~ GI5 1 'i/o '31 q~ tM 25 AJ-vs 2.(}( J! J( 3DS 
93 ~ 1- .# () q56 q~ If£. (.&,J C-lP'llI Ir .. 

PAGE t OF 12. 



496 HEALD ROAD CARLISLE. MASSACIIUSETTS 01141 

(611)169 -1999 

TAPE NO.: 12.52. LOCATION: SCI/ CHEHIt'Al SVS. CLIENT: 4£.R. d. 
DATE: -?P7fl3 /JikJISTM' NY 

RANGE 
SENSI- SCAN SETTING 

TAPE TAPE 
RANGE RANGE fiLTER 

SPEED CHANNEL MULTIPLY COMMENTS 
AOJ GAIN TJVITY 

XI xl '114 Ii M L IDI." ~D.!j 11~.6 11i4 3.Z f>uM 15 

~ 
[(ie I 2 4 

702... ~ ! .: ~ 250 ~ ~ JZ5Z - 2J'3 

GAID MARKER TAPE COUNT fiRST LAST 
COMMENTS 

CODE MARK MARK 
NO. LINE START FINISH 

51'1 Sll. .3.;0 911. /171., 611/ 6.$ ~~$ AtP2!H -r'lJn~ x 705 z~ ..... ~"'" 

!5 Go" 1.rfo ItJ/f /d.3S ~E -fA) E- tV .. 
<J.t Sol"! ..r"O N3S' /OS9 6A1 6..:5 N-S :!!J?tJ E x zoos 7. i 
'87 I, 6#'0 I1J5~ /tJ7.I. Ie ZuJ iE-tU " .. ;, 

8f 618 7 :Fo 1076 11~3 .N ts AI-;.s 31t>£;< 3-92 :$ /fPIJ/J Y g, II $#0 //d~ IlL" ,~ 1/,iV """-tV ~I *' 
jo FI z.. -/-0 Ill'" 1/-(7 6/J h5 ))- ...... '" _3.,9 C )I ~~ 

'II '/ 3'0 //~7 //68 bE bUi .t:_LJ/ " 
ft r2. ., ~o 11,8 Ill) J bN is N-fI'S 3S71f x /lfS 
;J ,. .f':;!() 11'1 I,?IP l£ 2./IJ _T-P,j} k 

'1 F3 I> I/o /e/O 112 as '111 6.5 N-.5 --J!f ~ x Zl_d! 

?S' " 7 ;jo ~.I3 12.57 bE Jw C. -1"0) /1 

'II r1 ~ -ifo f.t.57 128"1 tAl , s /Il-"'s .;17)0£ X II S 
97 /I 2#{) I lib., /~/5 Lr= 6 W E-j(} .... 

PAGE '1 OF 12. 



496 HEALD ROAD CARLISLE. MASSACIIUSETTS 01141 

(611) 1&9 -1999 

TAPE NO.: 32.52... LOCATION: $.64 ~/Ml .:sKS- CLIENT: t!J./! . .I9.tJ. 
DATE: -14'9;73 ~4J/.srdN AlY. 

RANGE 
RANGE 

RANGE Fil TER SENSI- SCAN SETTING 
TAPE TAPE 

MUl TlPl Y SPEED CHANNEL COMMENTS 
ADJ GAIN 

H M l 
TWITY 

I ~1.212~.6 112.8 6.413.2js!m 15 13%P~;;6 I_ I XI X2 I X4 

702 ~ I f 
, 
~ 25~ ~ ~ J/S2 -83 0 

GRID MARKER TAPE COUNT FIRST LAST 
COMMENTS 

COOl: MARK MARK 
NO. LINE STAAT FINISH 

?'if F.5 ...3 rtttJ 1.31.$ 1.345 ioll ~.s K ..... .s ~ 2N ~ ..-.......... 7joft'! k ArI~ 

n " 1';0 13-15 L!J7Z- Ie II) e-~ ~ A. " 
IIJO r( 5-''' 137Z. /393 iAJ 4.5 If!-$ 992.£ )( /4 :3 
101 " 6.it) 1-"3 /111 6e5 6'AJ t--'aJ " 

lot ':-7 7.po 11/l 1-i.f.3 ~)J .is #--J:'9 /tI"" E ~ .ESf's ioU'. 
I&>3 II "1 -#tP 1443 11f,4 ~& '-'1) t=-rg) J' ... 
101 F& 2,fo 1/16-1 /186- IN 60S Ji...,. s /o/6"'-.E X 3fls wer 
IO~ 1/18.5 k501 J,f Pl-w Mye j/&fSr - i;"-

II 3~ tw " 
... 

~/P6 I Sot: - 063 I/f~5 Z//)~ #-...."5 / II?.:VI -LrfiJ ;!tJ H C 'A~.,,,./ .r • j.. 

11J7 btJe z. :10 063 IS1 " " ,,-Pc;, " /1'1 AI 
/IJ8 71'1 ~ ;Ill /,51 ZZ1 /1 " " ... J 
/01 'JOe 1-:(0 111 2'JS " " " ... J 

1/' 0 , f1f 510 21)5 3,1 ,. ,. • • , . 
/fl IMi: 1#0 3l>'i ~-t~ It -/ . " , 

PAGE 8 OF It. 
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Ho ilEAL" 'HlAO CARLISLE, MASSACHUSffTS 01141 

(6111 l6!t -ltn 

TAPE NO.: flzsz 
DATE: '¢Sft3 

LOCATION:..sc:.IJ. CPiUtICAL S~_ CLIENT: tJ . .-e,/l.L/ 
,tE AJISTM AI Y 

/lANGE 
SCAN SETTING 

TAPE TAPE 
RANGE /lANGE flL TfR SENSI-. 

CHANNEL MUl TIPl Y SPEED COMMENTS 
AOJ GAI~ TIVITY 

XI X2 IX4 
H ~l 151.2 125.E 1,2 .8 16.4 15.2 ISlAI 15 13~ ~I'% I 2 4 

'lox ~ Jl 250 V,@. ~ ~ J/~-$3 
GRID MARKER TAPE COUNT fiRST LAST 

COI.lIolENTS 
COPE NARK IoIARK 

NO. LINE START FINISH 

III liD/!. 7#~ "'!Zz. 1'1t. 14(J;s ZIPS ,1- - /~ .5'"1'/ Z(iY Z:H'~)!~.l! A' ..... ~ 

/I~ !;Z4: I#~ --IQZ .5-1, II . , .. . , ,-
1// IJ.30.t 2-#0 S--;9 £/1 . , ' ' 

, . 
' . 1~4/ 

/I~ IfM 3#~ t/I 6i.8 .. A' # ,I, 11'1. 

II, I~~ '1#0 £';8 7el. II I, I, I, ... 
VI? I/~ .:'J#o 7.e~ 7?9 /15.5 I, ., .. .c~.t/ 
118 /105 ( #tJ 77" Yf~ J58e 50£ £" .....y4/ / IifJ 5'/1 2W Z(J /115 

1/"7 I/~ 7 #0 .ffr ftJ,j- ItoE. S()E. " ." II 

/ZtJ 'IP. 8#-0 IpS 9'"6'i .. .- ., 
I' 1,1/ .J 

III /7{)5 2,0 j$'J /111:3 II " II II' II 
I---
112 ~.s 3#0 /.Pf.5 It"~ " .. " " #IS 
1Z3 1'05 . Jf ;fO 1~1 1/'11i to II ., " IIIJ 
/'t~ lDo.s .5 -fib //4.1' //'13 I' " j Of d 

/ZS ZIOfl , =#0 /1" .3 /211- " 
./ " It-\S 

PAGE <J Of /L. 



496 H EA LD ROAD CAR LI S LE. MASSACIlUSETTS GI 14 L 

TAPE NO.: EZ5l.. LOCATION: $('/1 C~/Ul .$'II!;;, CLIENT: tJ . .f! • .4.V. 
DATE: +';&';73 .l.EMlfsnMI AJr 

RANGE 
RANGE 

RANGE FILTER SENSI- SCAN SETTING 
TAPE TAPE 

MULTIPLY SPEED CHANNEL COMMENTS 
AoJ GAIN 

XI X2 1X4 H 
TIVITY 

M L 151 .2 ~5.6 112.8 164 III Ista.\ 15 I~~ ~ I 2 4 

701. ~ 1 " ~ Z50 ~ ~ ~ .7/.52 - S.3 

GRID MARKER TAPE COUNT FIRST LAST 
CoMWENTS 

CODE MARK MARK 
110. LINt ~TAfn tIN!~tI 

It I. IH/~ 7#0 /24Z, IZ/,z. 21P .5 l5O...s A/-'r's ' ~.sfl 
'" C/'y 4J 

IZi Illo,; Y~o I.4sZ /Z65 II " " .. JrJ[£ 
1.30 I IDOl. Z#o /ZB5 /.kJ3 I' IZSL.!f ,. 

~t)~t.V 

/31 IIlSE 3#0 8tH 13z3 .?'(o:s IZ5~5 " ."£/faJ 
/32- IZto.s 1#" 1/..3Z3 139d 19t>~ /4:1£ £-rI.J ItPSI1 .JI!! ~LJI1 0_ /~I/ 
O.? '/t S:;(tJ /3ttJ 1/11'" #.1£ ~OE I, . , 

~, 

/31 toe i:$t> /1/1 /11;? 2'#:$ 121"ls #....,.:5 " /HAJ 

1/.:5 IS'~E 7.#0 I/#Z !14M' " ;!1tJ.s " . , " 

/31. 1251j Y':f:() /165' 11'1 1:{'£ .5b.6 ,I£....".ttJ 
., 11ft' 

137 1J.(tJ..s UO 11'f9/ 1i51./? 'iIJ£ 50£ .. ' . ~. 

1.18 l1tJj 3:#0 IS/() 1.6.3L 'lS£ 5()~ 0' No S-aLJ'7B~ • 

/>~ 2ga5 .t{ 1/ () IS31. 1,5,b SS£ " I, ,,;~ ~,~#~ " " 
110 2""5 5 ti') /5(.0 /6g.tj ""lSI! It " 

I. 57iJ.eT"Ii E. " 

Iii 13cW , "0 1~&'1 IW/ qo t I' .. II {t' 
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496 HEALI) ROA[) CARLI S LE, MASSACHUSETTS 01 HI 

TAPE NO., US2.+K«3 LOCATION, ...s:t:I t',kW/~ .sK'S. CLIENT: .tJ . .R . .IJ.t1. 
DATE: 1j,/A.,3 ll1JJU/rdl./ .-flY, 

RANGE 
SCAN SETTING 

TAPE TAPE 
RANGE RANGE FILTER SENSI-

MUL TlFLY SPEED CHANNEL COIolIolE.Iotn; 
AOJ GAIN 

H 101 l 
1"WIlY 

1~1.2-;li8 164 13.2 ISI.IM 15 3") 110/16 I I 2 

~ 
it )(2 )(4 

7()l. ! ~ ~ ZGO ~ ~ :rISZ~83 

GRID MARKER 1"APE COUNT fiRST LAST 
COIoiIolENTS 

CODE MARK MARK 
NO. LIHE START FINISH 

M2- '3105 7-#0 1~1 'b18 ./,{J~ l.so,li E-rhJ A'i:J.s"'H /HAl 
. .1" ,-A.'~A' ~I I CUb ~ ., 

//3 .i7>~ - 000 dlo 2{OS 5/() $ AI ...... :;; /~51t zt£ <!:/)~ ~.;~ 
IN I Joe. 2#c> OIiD /16 t45s 1.:165' s ,.. 

" 
.. 

//'1 II.J 

1/5 rT()I. ~~o /I/, /37 2'JO:l -XtS.s " ' . I, ... 

i/J ~e 1~tJ /.17 2,JI> • ztl5 ~o.s I. .. .. /tYlIIE 

1141 I rft" tJ~ ""'a S-#t> Z30 "'!9'J zyo.s 3.!::tJ .. " , . ..., 

1/18 lP.e of rF.t> 28' 3U I~ i1ZO,5 .. " •• I#/V II> 

1-11 1/4'e' 7 ftJ 3Z. 357 ~~ >, I' 0> 
I' //74/ 

1/.f2! ! Illfi 9~O "3~7 1,tP ,L1P~ .34?S /t ,. I, 

" 
~~ (1/11IV~} tr' l. I rzs~ ~ ~I~ "",' -

15J Iltt - ~Dt> 0'" ,30D.S 3ZiS 1l/-JI'.5 I@. $11 L(?~ //'fG I;!! 
10 

I'''Z 13ZP~ t :/tJ obI> liZ? 1/2S,c: 6Z.G J! ........ JtI P , I /r;,f ,.. 

/53 13/05 .!J~C> /Z7 m /3f& gDF (( " , l I /V) .§ .. :a 
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496 II EA LD ROAD CAR LISLE. MASSACHUSETTS 01141 

(617) 169 -1999 

TAPE NO.; 'jJZS3 LOCATION; Sed t'#,MIML ..s~,.. CLIENT: ~ . .R . ...9. {). 
DATE: f/Zo/r.J L.G.t.¥S'TIMJ AlY 

RANGE 
RANGE 

RANGE FILTEA SENSI- SCAN SETTING 
TAPE TAPE 

MUL TIPLY SPEED CHANNEL COMMENTS 

'"' " "I" ,,,. ":j/' TIVITY 
inz 

~ 
112.8 16 .4 13.2 ~LlJj I~ 13' 14115

;;6 I 2 4 

7"2 ~ !b zso ~ ;X ~ ...T7.5Z-£3 

GRID MARKER TAPE COUNT FIRST LAST 
COMMENTS 

CODE Mil.AK MARK 
NU. LIN~ lHAIH fINI~H 

1/5 -4 13~ .fwflo 1J'3~ ? /itJE.. BOE £-"liJ /fi)S.If z(iiJ ZVI //I.tf! ' 
1.55 1Z'il'$ 5;¢D c... 3£3 /.506 IMe .. ,. /....y"v 
l.5b 1.1~ " <#() 1.3.3.3 375 /5SL; /ZDB .. ., 

" 
Ifj1 [i.ll§ 7~o '313 jot Z~5 [210..$ AI-'s .. /4£ 

1/.:56 l.5>e 11'0 1o"i ~ ., ~ I' 0' II 

IPI 1.Jet''' 2:ftJ -13J. so.s LtJDE /~~ c--..kJ .. /...?'Q 

160 /,,~ ;1#0 .5£5 530 ~ ::JiS":s Al-r..5 " /4'£ 

161 I~.e -4 #t:J . 5' :;,J.l> ~.5 3-0..s .. 
" //TL!!. 

162-~& Sr1f) S't> . b XtS illlOs /I " /';;4/ 
1/63 l.lllS /.#fJ C-D I tetl.! /1.16 E-'~ II /1/# 
164 zlbs .., Jt..?J /' /,5'2- " It&?1 ,f ,. 

~ 1115 
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