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COMPREHENSrVE RADIOLOGICAL SURVEY 

OFF-SITE PROPERTY D 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

INTRODUCTION 

Beginning in 1944, the Manhattan Engineer District and its successor, 

the Atomic Energy Commission (AEC) , used portions of the Lake Ontario 

Ordnance Works (now known as the Niagara Falls Storage Site (NFSS) and 

associated off-site properties) approximately 3 \l.m northeast of LeI<Jiston, 

New York, for storage of radioactive wastes. These wastes were primarily 

r:esiduee from uranium processing operations; however, they also included; 

contaminated rubble and scrap from decommissioning activities, biological 

"uu miscellaneous waSI:e5 from cne Unive;nil:Y of Rocbescer, and low-level 

fission-product waste from contaminated-liquid evaporators at the Knolls 

Atomio_ Po",.,r L"boratory (KAPL). RecQipt of r&dio~ctive waste was 

discontinued in 1954, and following cleanup activities by Hooker Chemical 

Co., 525 hectares of the original 612-hectare site were declared surplus. 

This property was eventually sold by the General Services Administrat-ion to 

various private, commercial, and governmental agencies.! 

SCA Chemical Services, Inc. (SeA) i. the current owner of a tract 

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

that tract, conducted Juoe through September 1983, is the subject of this 

report. 

SITE DESCRIPTION 

Figure 2 is a plot plan of oif-site property B. Thl;! property is 

rectangular io shape and mea$u~es approximately 500 m long by 495 m wide. 

It occupies iii total area of 25 hectares. MacArthur Street delineates the 

west boundary and "M" Street. the north boundary; a haul road, along what 

was previously a railroad track, is the South boundary. The eastern 

boundary is a chain link fence. An out-o£-service railroad track parallels 

the eastern perimete,;. There are two inte,;ior roads, "J" Street and 

Marshall Street. A warehouse hav 10g a floor area of approx1W;.ltely 11;100 m2 
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~s lc~ated between Marshall Street and the railroad tracks, ~n the 

no:theast portion of the propeny. There is a paved parking a:r:ea at the 

intersection of "M" ar.c. Marshall Streets. 

seA is constructing a new landfill on the northwest portion of the 

site and the warehouse is currently used for temporary sto~age of chemical 

wastes. 'Ihe remainder of the property is not in use and is heavily 

overgrown wi eh brush and trees. The southeastern pordon ~a swampy and 

some small areaa are inaccessible due to surface water. 

Radiological Hiotory 

There ~s no l?.vidp.ncp (')f cO':1taminAtpd material nl1il:il f> on off-Ri t:fo 

property B; however, the 1971-72 AEC survey identified elevated radiation 

levels near the warehouse - possibly the 1:esu1.t of pte'1iOUB sto.ag,e of 

contaminated Qaterials ~n this building. 1 •2 Soil samples f1:om this 

property have indicated elevated concentrations of uranium, radium, and 

cesium.l Decontamination efforts following the 1971-72 survey were not 

successful in completely eliminating the elevated radiation levels near the 

warehouse. The 1980 mobile scan by Oak Ridge National Laboratory revealed 

above backg;cound conditions still present along Marshall Street in the 

viciniLy of tb~ warebou~e buildiug.! 

SURvty PROCEDURES 

Ihe comprehensive survey of NFSS off-site property B WaS pp.rformed by 

the Radiological Site Assessment Program of Oak Ridge Associated 

Universities (ORAU) , during June-September 1983. The survey was in 

acco;cdance with a plan dated February 3, 1983, approved by the Department 

of Energy. 'Ihe objective and ;:>rocedures from that plan arC presented in 

this section. 
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O];>jective 

The objective of the survey was to provide a comprehensive assessment 

of the radiological conditions and associated potential health effects, if 

any, on property B. Radiological information collected included: 

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

rates, 

2. lucations ot elevated surface residues, 

3. concentrations of radionuclides 10 surface and subsurface soil, 

4~ conocntrationc of rndionuclide3 in ground water, and 

5. surface contamination levels in the warehouse. 

Procedures 

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

gridding and surveying and a 40 m grid system was established by 

McIntosh and McIntosh of Lockport, NY, under subcontract. The 

grid system is shown on Figure 3. 

2. Walkover surface scans were conducted over all accessible area. 

of the property. Scanning intervals were 1-2 m along all roads, 

~n areas previously identified as having elevated radiation 

level::., and in other Greas where direct radiation mea.:5urements 

suggested possible contaminated residues. Traverses were at 

2-5 m intervals on those are:as th.::tt WAY'P rpl At;\1,;-ly il"l.a('cessible 

and had no history of radioactive use. Portable gamma NaI(Tl) 

scintillation survey meters were used for the Bcans. Locations 

of elevated contact radiation levels were noted and surface 

exposure rates were measured at these locations. 

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

1 ~ above the surface at 40 m grid intervals. Measurements were 

performed using portable gamma NaI(Tl) scintillation survey 



meters. Conversion of these measurements to exposure rates Ln 

microroentgens per hour (w R/h) • .. as in accordance with cross 

calibration with a pressurized ionization chamber. 

4. Beta-gamma dose rate measurements were performed 1 cn: above the 

surface at 40 m grid intervals. These measurements were 

conducted using thin-window «7 mglcm2 ) G-li detectors and 

portable scaler/ratemeters. Measurements were also obtained with 

(J", <I"L~~I."r ,hi"lded to evaluate contributions ot nonpenetrat1ng 

beta and low-energy gamma radiations. Meter readings were 

converted to dose rntee in microradc per hour ()Jro.d/h) b ... ~cd on 

cross calibration with a thin-window ionization chamber. 

5. Surface (0-15 em) soil samples of approximately 1 kg each were 

collected at each accessible 40 m grid interval. 

6. At locations of elevated surface radilltion lovel$, beta-gamma 

dose rates and exposure rates at 1 m above the surface were also 

measured. Surface samples were obtained from these locations 

and, following sampling, the surface exposure level. were 

remeasured for comparison with presampling levels. 

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

penetrating rad;;tr Stll"VPyt=: At p,..opo~prl h"""i?ho1.;::> l"e.atiol'\$ to 

assure that subsurface piping and ·~tilitie$ were not damaged 

during drilling. 

slight ly. 

In some cases, boreholes were relocated 

8. Boreholes were drilled to provide a mechanism for logging 

subsurface direct radiation profiles and collecting subsurface 

soil and water samples. Thirteen boreholes were drilled by Site 

Engineers, Inc., of Cherry Hill, NJ, using a truck mounted 20 em 

diameter hollow-stem auger. The locations of these boreholes are 

shown on Figure 4. 
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Gamma radiation SCaDS were performed in the boreholes to identify 

the locations of elevated direct radiation levels which might 

indicate subsurface residues. Radiation profiles were dete~ined 

by measuring gamma radiation at 15-30 cm intervals between the 

surface and ground water or the hole bottom. A collimated gamma 

scintillation detector and portable scaler were used for these 

measurements. 

Ground water samples ot approximately 3.5 liters were collected 

from six borehole locations. The samples were collected using a 

hand bailer. Soil $amplea of approximately 1 kg each were 

collected from various depths in the boreholes by scraping the 

sides of the hole: wit:h .'!i Rppr.ially COngl".'l"'l1C'!.t'p-n ~t:lmpling tool. 

9. Surface gamma scans and exploratory alpha and beta-gamma 

measurements were conducted in the warehouse. Results indicated 

nonuniform contamination of interior surfaces, requiring a 

thorough survey of the building. The floor and lower walls (to 

2 m) were gridded at 2 m intervals. Gamma scans were performed 

and locations of elevated contact radiation levels were noted. 

Gamma exposure rates at 1 m above the floor wete measured 

thrOugllout each rOOm. Total. alpha and beta-gamma contamination 

levels and transferable alpha and beta contamination were 

mcaaured using po.table detecto~~ and smears, respectively. 

Measurements were at approximately 1 m intervals on all gr idded 

low~r ,~m,..f~c.~~; on uppal:' walLq f.lnci ('eilina, surfaces:'! minimum of 

one set of measurements per 10m2 was pedormed. Samples of 

scrapings hOrn several floor cracks were obtained for analysis. 

Figure 5 i.s a plot plan of the warehouse facility, indicating 

reference designations assigned to various rooms. 

10. 'l:we'llty soH $<ll1.rples and seven watel: samples 'Mere co1.1ected from 

the Lewiston area (but not on NFSS or associated off-site 

properties) to provide baseline con~entrations of radionuclides 

tor comparison purposes. Direct background radiation levelS were 



ceasured at locations where baseline soil samples were collected. 

The locations of the baseline samples and background measurements 

arc shown on Figure 6. 

Sample Analysis and Interpretation of Results 

Soil samples were analyzed by gamma spectrometry. Radium-226 was the 

major radionuclide of concern, although spectra were reviewed for U-235, 

ll-ZJ 6, Ih-2J2, CB-Ui', 

building smears WBl'e 

concentrations. 

am! other 

analyzed 

gamma 

for 

em~tters. 

gross alpha 

Water 

and 

samples 

gross 

and 

beta 

Additional information et"lnc.":erning an.a.lyt; 1':'.111 '::'1]11; pm,=,"t and procedures 

is in Appendix A. 

Results of this survey were compared to the applicable guidelines for 

formerly utilized radi,oactive materials handling sites, which are presented 

in Appendix B. 

RESULTS 

B~~kKruund Levels and Baseline Concentrations 

Background cxpoDurc ratCG nnd b~3cline radionuclide concent~~tion5 in 

soil, determined for 20 locations (Figure 6) in the vicinity of the NFSS, 

are presented in Table I-A. Exposure rates ranged from 6.8 to 11.1l pRJh 

(typical levels fo::: this area of New York). Concentrations of 

radionuclides in soil were: Ra-226, <0.09 to 1. Z2 pCi! g (picocuries per 

gram); U-235, <0.14 to 0.46 pCi!gj U-238, <2.20 to 6.26 pCi!g; Th-232, 0.32 

to 1.18 pCi!g; and C.··137, <0.02 to 1.05 pCi/g. These concentrations are 

typical of the radionuclide levels normally encountered in surface soils. 

Radioactivity levels 1n baseline water samples are presented in 

Table I-B. The gross alpha and gross beta concentrations ranged from 0.55 

to 1.87 pCi!l (picocuries per liter) and <0.63 to 14.3 pCi/l, respectively. 

These are typical of concentrations normally occurring in surface water. 
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Direct Radiation Levels 

Direct radiation levels, meas~red at 40 m grid intervals, are 

presented in Table 2. The gamma exposure rates at 1 m above the surface at 

these grid points ranged from 4 to 12 'cR/h (average 7 ].lR/h). Surface 

contact gamma exposure rates and beta-gamma dose rates were 4 to 14 lJR/h 

(;.we:.:age 7 'JR/h) and 4 to 44 lJrad/h (average 14 'J:.:ad/h), respectively. At 

most locations, measurements perfotmed with the detector shielded averaged 

approximately 20% less than those with the unshielded detector. This 

indic.ates only i,\ e,mall portion 0':: the su,r'cul,;l;:: UU$tc (."uLe i:; du~ t.u 

nonpenetrating beta or low-energy photon radiations. 

The walkover survey identified iso lated spots of elevated contact 

radiation levels in the vicinity of the warehouse. These locations are 

indicated on Figure 7 and associated radiation levels are presented in 

Table 3. Surface contact gamma exposure rates at these locations ranged 

from 12-190 j.!R/r.; the maximum was measured at grid point 412N, 1465E. 

Exposure rates at 1 m above the surface ranged from 12 to 40 ~R/h. 

Beta-gamma dose rates ranged from 29-1350 ~rad/h. The maximum dose rate 

was recorded at grid coordinate 425N, 1498E. Contact exposure rates were 

not reduced by samphng at Clost locaHons; at some locations radiation 

levels were increased after sample removal. 

Radionuclide Concentrations ~n Surface Soil 

Table 4 lists the concentrations of radionuclides measured in surface 

soil from 40 m grid intervals. These samples contained Ra-226 

concentrations ranging from <0.29 to 3.43 pei/g. The highest level was in 

the sample collected at grid point 429N, 1486E, near the warehouse. A few 

additional samples contained Ra-226 concentrations exceed ing those in the 

baseline soil, but none exceeded 5 pCi/g above the baseline level. 

Concentrations of U-238, U-235, Th-232, and Cs-137 were not significantly 

different from those 1n baseline samples. 

radionuclides were noted in these samples. 

No other gamma emitting 



locations of elevated Radionuclide concentrations ~n samples from 

contact radiation levels are presented in Table 

Ra-226 .n these samples ranged from 9.S3 to 

5. Concentrations of 

828 pCi/g; the maximum 

grid point 397N, 1503E. concentration was measured in sample B3 from 

Several of these samples also contained elevated U-238 levels; the highest 

was 156 pCi/g in sample B3. 

Borehole Gamma-Logging Measurements 

The results of gamma scintillation measurements in boreholes indicated 

elevated levels only at borehole H13; at that lo~at;on th~ eontamination is 

limited to the upper 15 em. The gamma count rates determined by the 

borehole measurements were reliable indicators of elevated radionuclide 

levels. However. the gamma logging data was not useful in quantifying 

radionuclide concentrations in the subsurface soil, because of the varying 

ratios of Ra-226, U-235, U-238, Th-232, and Cs-137 occurring in soils from 

t11.i$ site. 

Radionuclide Concentrations ~n Borehole Soil Samples 

Table 6 presents the radionuclide concentrations measured in soil 

samples from borcholc3. BoreholeB Hl·-H12 did not contain "adiolluclide 

concentrations differing from the ranges in bueline samples. Borehole 

Hl3t in the vicinity of isolat~d hot ~potA npA~ thp wA~~hOtt8el eontained 

57.4 pei/g of Ra-226 at the surface but only 9.74 pei/g at 15 cm deep. 

Radionuclide Concentrations in Water 

Water 

8.1S pCi/l 

Table 7). 

samples 

of gross 

collected 

alpha and 

from boreholes contained from 1.72 to 

2.78 to 9.99 pCi/l of gross beta (see 

Tbe alpha concentrations are above the baseline range but all 

concentrations are within the EPA Interim Drinking Water Standards. 
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Building Contamination Lev~l$ 

The gamma scan of the warehouse identified cracks and expansion joints 

~n the concrete floor with contact radiation levels up to 130 ~R/h. The 

major ity of these cracks and joints were located in rooms l, 2, and 12. 

Samples of residue from these cracks were analyzed and the contaminant 

~dentitled as Ra-226. Exposure rates at 1 m above the floor throughout the 

building ranged from 6 to 14 ~R/h. 

Total alpha contamination ranged up to 18,700 dpm/100 cm2 on the 

floor, 520 dpm/lOO cm 2 on lower walla, aod 7040 dpm/lOO cm 2 on the upper 

wall and ceiling surfaces. Beta-gamma contamination levels reached 

135,000 dpc/lOO cm2 on the floor, 7140 dpm/100 cm2 on 10.,,,,,, "'It 1 1 A, ~"rl 

19.300 dpm/lOO cm2 on the upper walls and ceiling. Rooms 1, 2, 3, and 12 

have the highest levels of contamination, although all rOOmS except 10 and 

11 contain areas which exceed the residual contamination criteria. 

Horizontal ceiling surfaces such as beams, HVAC ducts, pipes, and ledges 

generally have elevated total alpha and beta-gamna contamination levels. 

Removable (transferable) contamination was relatively low; the maximum 

alpha and beta level s measured were 70 dpm/100 cmZ and 48 dpm/l 00 cmZ. 

Ceilings and upper walls were the locations where most removable 

cont~ination was: uu1.ed. 

~adon me~9~rQmQnts were not cond~cted i~ thic building) DCCauGC of the 

low occupancy factor, the lack of building HVAC systems and general 

weatherizin~, and the usual practice of leaving main doors open for natural 

ventilation during waste handling activities. 

COMPARISON OF SURVEY RESULTS WITH GUIDELINES 

The guidelines applicable to cleanup of off-site ?roperties at the 

Niagara Falls Storage Site are presented in Appendix B. Radiation levels 

and radionuclide concentrations, at small, isolated spots of surf ace or 

near-surface contamination. exceed these guideline values. 
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Exposure rates in contact with some of the areas of surface 

contamination near the warehouse exceed the guideline of 60JR/hj small 

surface areas inside the warehouse exceed 20 ~R/h. Exposure rates at 1 m 

above the surface are well within these direct radiation guidelines. 

Areas of surface contamination outside the warehouse contain Ra-226 

concentrations exceeding 5 ?Ci/g above background levels. These oreas are 

shown on Figure 8 and summarized in Table 9. Several of these areas 

(394-400N, 1462--1lR;6Ei 397:<, DO;)E. "ull 41ZN, 146:)1::) wuuld exceea the 

criteria even if averaged over an area of 100 m2; the other areas are small 

and isolatpd And "veraeine OVGr 100 em2 wo"ld ""d"ce the Ra-226 level to 

less than 5 pCi/g above background. 

No subsurface contamination was identified and subsurface water 

samples are within the EPA Interim Drinking 'water Standards of 15 pei}l 

gross alpha and 50 pCi}l gross beta. 

Warehouse building surfaces are contaminated with Ra-226 in excess of 

the total alpha limits of 100 dpm/lOO cm2 average and 300 dpm/100 cm2 

maximum. Approximately 1000 m2 of the floor area exceed these limits. In 

addition to the floor, the entire upper walls and ceiling areas of rooms I, 

2,3,12, ilnd 14 and small PO.ci..,Ub uf 1.1>" luwt!r wall. in rOOm~ 1, 2,3, 8, 

and 9 exceed these limits. With the exception of loose residues in floor 

c:rAckA ~ the contamina.tion .on b1,1.ildins surfaces is prima.rily £ixed. Only 

several small isolated areas were noted to have removable contamination 

levels exceeding 20 alpha dpm/lOO cm2• Floor and lower wall areas 

exceeding contamination guidelines are indicated on Figures 9 and 10. It 

should be noted that some of the floor and wall areas in this building were 

inaccessible for surveying due to stored ~aste containers. 

SUMY.ARY 

a comprehensive ."rvey of off-site property B at the :<Iiagara Falls 

Storage Site was conducted during June-September 1983. The survey 

included: surface radiation scans, measurements of direct radiation 

:0 



levels, analyses for radionuclide concentrations ~n surface and subsurface 

soil and subsurface water samples, and meas~rements of surface 

contamination in ~ warehouse. 

The results of the survey indicate small isolated areas of elevated 

direct radiation and Ra-226 contamination in surface soil and on paving 

outside the warehouse building. Fixed Ra-226 contamination is also present 

on interior warehouse surfaces. 

Although the contaminated residues on portions of this property exceed 

the suidelill~$ ~tiLabli"hH<i fur unr,,"tricted r"1",,",, to the general public 

the contaminants are not migrating from the property and, under present 

cnndir.;nns of la:l1d .::l.l"J.d :Eacilit.y USO, do not pOS:iJ pot,9nt.i,Q,1 hQalth riskG to 

the public or site workers. 
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FIGURE 6. Map of Northern Niagara County, New York, Showing Locations of 
Ba~kground Measurements and Baseline Samples. (#1-20: soil 
samples and d ireet measurements; 1<1-1-17: water samp les. ) 
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TABLE I-A 

BACKGROUND EXPOSURE RATES 
AND 

RADIONUCLIDE CONCENTRATIONS IN DASELINE SOIL SAlWLES 

-----------------
Location a Exposure Rate b 

(llR!h) Ra-226 U-235 
Radionuclide Concentrations (pCi!g) 

-~~Th~-~2~3~2-----~Cs-137 U-238 

--- _ .... - ... ------------------------------------

1 
~ 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Raul$c 

6.8 
b.5 
S.3 
7.9 
7.3 
7.7 
7.7 
7.6 
7.1 
7.1 
6.7 
7.1 
6.7 
6.8 
8.2 
7.4 
7.0 
7.7 
S.S 
8.6 

6.8 to.8.S 

a Rt:lt::L Lu F.i.,f;UL t: 6. 

0.74 .±. 0.16 C 

O.D .±. 0.19 
0.71 .:!:. 0.18 
0.67.:!:.0.IS 
0.10 .:!:. O.lb 
0.50 .:!:. 0.15 
0.63 .±. 0.13 
0.59 .:!:. 0.12 
0.63 + 0.20 
0.70 :±: 0.16 

<0.09 
0.48 .:!:. 0.13 
0.57 .:!:. 0.14 
0.68 .:!:. 0.17 
0.65 .:!:. 0.14 
0.'11 ± 0.17 
0.48 .:!:. 0.14 
0.73 .:!:. 0.16 
1.22 =- 0.22 
0.83 .:!:. 0.17 

<0.09 to 1.22 

b Heasured at 1 m above the surface. 
c Errors are 20 based on counting statistics. 

<0.19 
~O.19 

0.46 .:!:. 0.41 
<0.22 
<0.11 
<0.16 
<0.17 
<0.14 
<0.23 
<0.19 
<0.19 
<0.16 
<0.17 
<0.19 
<0.17 
<0.71 
<0.16 
<0.18 
<0.23 
<0.21 

<2.89 
~3.,D 

<3.72 
<4.10 
<3.34 
<2.33 
<2.73 
<2.20 
<4.16 
<2.98 
<2.83 
<2.84 
<2.36 
<3.24 
<3.20 
O.S8 
<2.73 

6.26 .:!:. 9.23 
<3.79 
<3.59 

<0.14 to 0.46 <2.20 to 6.26 

0.70 .:!:. 0.46 
O.Bti .:!:. 0.24 
0.88 .:!:. 0.33 
1.18 .:!:. 0.35 
O.bll ±. 0.:l4 
0.52 .:!:. 0.38 
0.83 ±. 0.24 
0.54 .:!:. 0.23 
0.83 + 0.38 
0.59 ±: 0.25 
0.49 .:!:. 0.31 
0.65 .:!:. 0.26 
0.49 .:!:. 0.26 
0.67 .:!:. 0.25 
0.72 + 0.35 
0.8~ :t O.2R 
0.32 .:!:. 0.22 
1.01 .:!:. 0.44 
1.08 =- 0.1,9 
0.84 .:!:. 0.29 

0.29 :to.OB 
0.24 .±. 0.06 
0.34 .:!:. 0.09 
0.12:tO.07 
O.14±.O.01 
0.17 :t 0.09 
0.35 ±. 0.08 

<0.02 
0.69 .:!:. 0.11 
0.69 :t 0.10 
0.48 :t 0.14 
0.68 .:!:. 0.10 
0.41 .:!:. 0.08 
0.70 .:!:. 0.10 
0.23 ±. 0.08 
0.61 .±. O.Oq 
0.38 ±. 0.08 
0.32 .:!:. 0.12 
l.OS =- 0.13 
0.08 .:!:. 0.07 

0.32 to 1.18 <0.02 to 1.05 



IABLE 1-B 

RADIOIIUCLIDE COIiCENTRAIIONS IN BASELINE WATER SAMPLES 

W1 
W2 
WS 
W4 
ViS 
W6 
W7 

Range 

Radionuc1ide Concentrations 
Gross Alpha Gross Beta 

0.95 .:t. 0.93 b 
0.95 .:t. 0.94 
0.55 .:t. 0.78 
0.63.:t.0.89 
0.73 .:t. 0.68 
1.87 .:t. 1.84 
1.161:. 0 • 66 

0.55 to 1.87 

4.79 .:t. 1.15 
9.17 .:t. 1.31 
2.73 .:t. 1.05 
5.37 .:t. 1.17 

<0.64 
14.3 .:t.2.4 

<0.63 

<0.63 to 14.3 

a Refer to Figure 6. 
b Errors are 2c based on counting statistics. 
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IA.IlLE 2 

DIRECT RADIATION L~VELS MEASURED 
AT 40 M GRID INTERVALS 

---,-------

Grid Gan:ma Exposure Gamma Exposure Be.ta-Gamma 
Location Rates at 1 m Above Rates at the Dose Rates at 1 em 

N E the Surface Surface Above the Surface 
(~R/h) ( ~R/h) (~rad/h ) 

40 1015 7 8 8 
40 1040 7 7 9 
40 1080 7 S a 
40 ll20 7 7 7 
40 1160 7 8 22 
40 1200 8 8 47 
40 1240 8 8 15 
40 1280 8 8 10 
40 1320 8 8 21 
40 1360 9 13 30 
40 1400 9 9 22 
40 1440 8 8 15 
40 1480 7 7 10 
40 1505 9 9 19 

80 1015 7 8 8 
80 1040 7 7 7 
80 1080 7 7 13 
80 1120 7 7 16 
80 1160 7 7 17 
80 1200 7 7 20 
80 1240 7 7 13 
80 1280 7 7 9 
80 1320 7 7 7 
80 1354 7 7 7 
80 1400 7 8 L8 
80 1440 8 8 17 
80 1480 8 8 9 
80 1507 12 10 17 

120 1015 7 7 12 
120 1040 7 7 7 
120 1080 7 7 17 
120 1120 7 7 30 
120 1160 6 7 24 
120 1200 7 7 7 
120 1240 7 7 12 
120 1280 7 7 16 
120 1320 7 7 21 
120 1354 7 7 16 
120 1400 7 7 18 

24 



Grid 
LQ£ilhQ!:\ 
II E 

120 1440 
120 1480 
120 1507 

160 1015 
160 1040 
160 1080 
160 1120 
160 11&0 
160 1200 
160 1240 
160 1280 
160 1320 
160 1354 
160 1400 
160 1440 
160 1480 
160 1507 

200 1015 
200 1040 
200 1080 
200 H2O 
200 1160 
200 1200 
200 1240 
200 1280 
200 1320 
200 1354 
200 1400 
200 1440 
200 1480 
200 1507 

240 1015 
240 1040 
240 1080 
240 1120 
240 1160 
240 1200 
240 1240 

TABLE 2, cont. 

DIRECT RADIAtIoN LEVELS MEASURED 
AT 40 M GRID INTERVALS 

Gamma Exposure Gamma Exposure 
Rates at 1 m Above Rates at the 

the Surface Surface 
()lR/h) ()lR/h) 

8 8 
8 8 

11 II 

6 7 
7 S 
7 7 
7 7 
7 B 
7 7 
7 8 
7 7 
6 7 
7 8 
7 7 
8 8 
7 7 

10 9 

7 7 
7 7 
7 8 
7 7 
7 ~ , 
7 7 
7 7 
7 8 
8 7 
6 • , 
7 8 
8 7 
8 8 
8 8 

7 B 
8 8 
7 7 
7 7 
7 8 
7 7 
7 7 

25 

Beta-Gamma 
Dose Rates at 1 em 
Above the Surface 

(wrad/h) 

14 
14 
18 

16 
18 
12 

7 
14 
12 

8 
14 

9 
12 

7 
11 

7 
16 

24 
12 

8 
10 
13 
13 

7 
9 

17 
15 

8 
10 

S 
17 

32 
18 
12 
17 
11 
7 
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Grid 
Locat~QD 

!'1 E 

240 1280 
240 1320 
240 1354 
240 1400 
240 1440 
2/,0 1480 
240 1507 

280 lOlS 
280 1040 
280 1080 
280 1120 
280 1160 
280 1200 
280 1240 
280 1280 
280 1320 
280 1360 
280 1400 
280 1440 
280 1480 
280 1507 

320 1040 
320 1080 
320 1120 
320 1160 
320 1200 
320 1240 
320 1280 
320 1320 
320 1360 
320 1400 
320 1440 
320 1480 
320 1507 

360 1040 
360 1080 
360 1120 
360 1160 

TABLE 2. cont. 

DIRECT RADIATION LEVELS ~5URED 
AT 40 M GRID INTERVALS 

Gamma Exposure Gamma Exposure 
Rates at 1 m Above Rates at the 

the Surface Surface 
()JR/h) ()lR/ h) 

7 7 
7 7 
6 7 
7 7 
7 7 
7 7 
8 9 

6 6 
6 6 
7 8 
6 7 
7 7 
6 6 
7 8 
7 7 
7 8 
6 7 
7 6 
6 6 
7 7 
8 8 

8 8 
8 8 
8 8 
7 7 
7 7 
6 7 
6 6 
6 7 
7 7 
7 7 
7 7 
7 8 
8 9 

8 8 
7 7 
7 8 
7 7 

26 

Beta-Gamma 
Dose Rates at 1 em 
Above the Surface 

()l rad/h) 

7 
15 

7 
16 
13 

9 
9 

9 
13 
11 

7 
7 
8 

15 
14 
13 

7 
19 

6 
7 
8 

19 
27 
42 

7 
12 

7 
11 

7 
16 

9 
10 
16 

9 

41 
7 

22 
7 



Grid 
Location 

N E 

360 1200 
360 1240 
360 1280 
360 1320 
360 1360 
352 1400 
360 1440 
360 1480 
360 1507 

400 1040 
400 1080 
400 1120 
400 1160 
400 1200 
400 1240 
400 1280 
400 1320 
400 1360 
400 1400 
400 1440 
427 1480 
400 1507 

440 1040 
440 1080 
440 1120 
440 1160 
440 1200 
440 1240 
440 1280 
440 1320 
440 1360 
440 1400 
440 1440 
440 1480 
440 1507 

480 1040 
480 1080 
480 1120 

TABLE Z, con t . 

DIRECT RADIATI0~ LEVELS MEASURED 
AT 40 M GRID INTERVALS 

Gamma Exposur'" Gacma Exposur'" 
Rates at 1 m Above Rates at the 

the Surface Surface 
()lR/h) (J.;R/h) 

7 7 
6 6 
6 7 
7 7 
7 8 
6 j 

8 8 
6 6 
8 8 

7 7 
7 9 
8 tl 

7 8 
7 8 
7 7 
6 7 
7 7 
7 7 
7 7 
7 8 

10 14 
9 9 

8 8 
/ 8 
8 8 
8 8 
7 8 
8 8 
6 7 
6 6 
6 7 
4 5 
5 5 
5 6 
9 8 

8 8 
7 8 
8 9 

27 

Beta-Gam:na 
Dose Rates at 1 Cm 
Above the Surface 

()Jrad/hl 

21 
6 
7 
7 

22 
17 
24 
6 

21 

7 
18 
16 
17 
13 
15 

7 
18 

7 
13 
14 
33 
10 

44 
19 
21 
14 

9 
21 
13 

9 
7 
5 
5 
6 
8 

25 
16 
25 



Grid 
Location 

N E 

480 1160 
480 1200 
480 1 :V,O 
480 1280 
480 132.0 
480 1360 
480 1400 
480 1440 
480 1480 
480 1507 

520 1040 
~20 1080 
520 1120 
520 1160 
520 1200 
520 1240 
520 1280 
520 1320 
520 1360 
520 1400 
520 1440 
520 1480 
520 1507 

540 1040 
540 1080 
540 1120 
540 ll60 
540 1200 
540 1240 
540 1280 
540 1320 
540 1360 
540 1400 
540 1440 
540 1480 
540 1507 

TABLE 2, cont. 

DIRECT RADIATION LEVELS MEASURED 
AT 40 M GRID INTERVALS 

GatIl!l\>l. Exposure Gamma Exposure 
Rates at 1 m Above Rates at the 

the Surface Surface 
(~R/h) (~R/h) 

5 8 
8 8 
7 8 
6 7 
6 7 
6 7 

4 4 
6 5 
6 7 
7 8 

8 8 
8 8 
8 8 
7 8 
7 7 
8 7 
7 7 
6 7 
7 7 
4 5 
5 5 
7 8 
7 8 

6 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 7 
7 6 
6 6 
7 7 
9 9 
6 7 
7 7 

28 

Beta-Gamma 
Dose Rates at 1 c~ 

Above the Surface 
(llrad/h) 

24 
2.8 
12 

7 
7 

17 
14 
~ 
I 

7 
8 

12 
10 

9 
16 

7 
7 
7 
R 

9 
9 
5 
8 
8 

<:5 
11 

8 
14 
19 
11 

7 
6 

10 
7 

15 
17 

7 



N 

'" 

Grid Locationa 

N E 

339-342 1489-1493 
341 1492 

394-400 1462-1466 
395 14G~ 

397 1503 
412 1465 
420 1464 
422 1493 
423 14M 
425 1496 
426 1465 
426 1481 

a Refer to Figure 7. 

TABLE) 

DIRECT RADIATlON LEVELS M LOCATIONS 
TORIlTTFTFn RV 'fUR WALKOVER SIlRI'ACH SCAN 

Exposure Rate (~R/h) 
Contact 1 m Above Surface 

14-28 
___ c 

28 17 
12-67 

07 20 

130 27 
190 40 

jO 22 
DO 
33 17 
67 17 
39 17 
31 12 

Surface Dose Rate 
(~rad/h) 

29 

l6D 
390 
450 
290 

400 
13:;0 

75 
74 

Sample Contact Exposur~ Rate 
ldentificationb After Sample Removal 

( ~j{/h) 

B1 67 

n2 110 

BJ 160 
B4 310 
B:> Jij 

86 29 
117 67 

B8 67 

b Radiolluclide analyses of samples presented in Table S. 
c Dash indicates measurement or sampling not performed. 



TABLE 4 

RADIONUCLIDE CONCENTRATIONS IN SURFAC.; SOIl. SAMPLES 
FROM 40 M GRID INTERVALS 

--~- - ------ ----

Grid Locationa Radionuclide Concentrations (pCi/g) 
N E Ra-226 U-235 U-238 Cs-137 Th-232 

-- - - . ~ - -

40 1016 1.13 + 0.24 <0.20 1.43 + 1.28 <0.04 0.63 + 0.32 
40 1040 0.80 "+ 0.22 <0.29 <C51 (0.04 1.07 "+ 0.37 
40 1080 0.79 + 0.23 <0.14 0.95 + 0.45 0.03 + 0.30 0.82 + 0.30 
40 lJ20 0.75 "+ 0.24 (0.18 0.30 + 0.4S 0.90 "+ 0.07 0.91 "+ 0.35 
40 1160 2.71 + 0.29 <0.17 0.S2 + 0.98 0.05 + 0.04 0.78 :+ 0.35 
40 1200 0.81 "+ 0.23 <0.2!. 1. 09 "+ 1. 48 0.06+ O.OS 0.92 + 0.3S 
40 1240 0.79+0.24 (0.20 1. 88 + 1.)0 0.07 :+ 0.06 0.86 + 0.67 
40 1280 0.79+0.26 (0.20 1.91 + 1.45 0.15"+ 0.10 0.87 "+ 0.37 

w 40 1320 0.81 +" 0.24 (0.27 (0-:-85 (0-:-0) 1.07 +" 0.30 
0 40 1360 1.03 "+ 0.33 (0.28 1.61 + 0.90 (0.04 1.11 "+ 0.37 

40 1400 1.21 "+ 0.30 (0.35 <e14 (0.07 1.09 + 0.47 
40 1'140 1.06 "+ 0.31 <0.21 <0.79 0.67 + 0.14 0.64 "+ 0.36 
40 1480 0.68 "+ 0.25 (0.23 1.35 + 1.61 0.67"+ 0.15 0.86 "+ 0.57 
40 1507 0.65 "+ 0.18 (0.14 (0-:-38 0.36 + 0.10 0.74"+ 0.30 
80 1015 1.69 + 0.26 (0.23 0.92 + 0.69 0.15"+ 0.06 0.50 + 0.23 
80 101,0 0.84"+ 0.19 (0.13 0.61 "+ 0.68 0.26"+ 0.10 1.01 "+ 0.39 
SO 1080 0~95 "+ 0~30 (0~22 1.38 +" L 78 0.71"+ 0.15 O~ 78 "+ 0.14 
80 1120 0.74 "+ 0.21 <0.14 0.30 +" 1.27 0.04 +" 0.03 0.65 "+ 0.35 
80 1160 1.29"+ 0.35 (0.20 \.lS + 0.9\ 0.64::;: 0.14 1. 68 + 0.45 
80 1200 0.70"+ 0.2/, <0.15 1.68 +" 0.62 0.1,9 :;: 0.12 0.7040.?9 
SO 1240 0.29 + 0.25 <0.23 <0-:-76 <0:10 0.43 ::;: 0.23 
80 1280 0.95"+ 0.28 (0.30 0.8S + 1.97 0.52 + 0.12 1.22"+ 0.46 
80 1320 1.01 "+ 0.24 0.14 + 0.67 1.03 + 0.63 0.28"+ 0.10 0.95"+ 0.56 
SO 1360 0.63 "+ 0.23 <0:28 <0-:-90 0.36"+ 0.10 0.80 "+ 0.38 
SO 1400 0.76 + 0.36 <0.22 <0.69 0.28 + 0.14 0.88::;: 0.55 
80 1440 0.6~ I 0.31 (0.19 <0.77 0.52"+ 0.14 0.49"+ 0.44 
80 1480 0.91 "+ 0.23 <0.32 1. SO + 1.06 0.53"+ 0.14 1.23"+ 0.42 
80 1507 0.96 "+ 0.29 <0.29 <0-:-99 0.21 "+ 0.11 1.64"+ 0.58 

120 1015 1.23"+ 0.30 <0.26 <0.77 0.19 +" 0.05 0.85 +" 0.28 
120 101,0 0.88 + 0.26 <O.ll 3.24 + 1.87 0.08 + 0.09 0.83 "+ 0.25 



TABLE 4, cant. 

RADlONUCLIlJ£ CONCENTRATIONS tN SURFACE SOIL SAMPLES 
FROM 40 M GRID INTERVAI.S 

---- ~ ~ p------

Grid Location Radionuclide Concentrations (pCi/g) 
N E Ra-226 U-235 U 238 Cs-137 Th232 

120 1080 0.73+0.21 <0.29 1.86 + 2.99 0.62 -I- 0.12 0.96 + 0.40 
DO 1110 0.81 + 0.20 (0.24 0.96 + 1. 75 0.58 + 0.11 1.05 + 0.40 
120 1160 1.10 + 0.26 (0.24 0.54 +" 1. 71 0.51 +0.13 0.66 + 0.51 
120 1200 0.66+0.19 (0.30 (0-:-89 0.80+0.16 0.90 + 0.30 
120 1?1.0 n.ft'i + 0.74 (0.17 1.23 + 0.56 0.67 + 0.15 0.77+0.55 
120 1280 0.63 + 0.25 <0.14 1.11 + 0.43 (0-:-02 0.67 + 0.36 
120 1320 0.61 + 0.34 (0.20 (0-:-73 0.57 + 0.12 0.75 +" 0.56 
120 1360 0.113 + O.? 1 (0.14 0.94 + 0.73 0.21 + 0.07 1.03 + 0.40 

'" 120 1400 0.65 + 0.21 <0.33 <1-:-04 0.89 + 0.15 1.13 + 0.43 
f--' 

120 1440 1. 00 + 0.26 <0.18 0.35 + 1.95 0.77+0.16 0.87 + 0.36 
120 1480 0.64 + 0.30 <0.17 0.58 + 0.94 0.43+0.13 0.59 + 0.55 
120 1507 0.74 + 0.29 <0.28 <0-:-91 0.37 + 0.09 0.81 + 0.40 
160 1015 1.0& + 0.23 <0.19 0.72 + 1.20 0.14 + 0.08 0.46 + O.Zl 
160 1040 0.60 + 0.24 <0.24 <0-:-69 <0-:-04 0.97 + 0.29 
160 1080 0.78 + 0.28 <0.20 1.58 + 0.80 0.75 + O.II. 0.74 + 0.28 
160 1120 0.76 + 0.24 <0.17 1.36 + 0.81 0.64 + 0.11 0.66 + 0.32 
160 1160 0.65 +" 0.24 <0.23 <0:-71 O./d +- 0.12 0.61 :;: 0.27 
160 1200 0.91 + 0.33 <0.24 <0.77 0.74 + 0.15 0.79 + 0.55 
160 1240 0.74 + 0.28 <0.18 <0.44 0.48 + 0.13 0.95 + 0.45 
160 1280 l.l~ .. 0.24 (0.16 <0.53 0.60" 0.13 0.74" 0.26 
160 1320 0.94 + 0.26 <0.17 0.74 + o.n 0.96 "+ 0.17 0.47 "+ 0.42 
160 1360 0.79'+ 0.30 (0.22 0.79+2.48 0.36 + 0.09 0.87+0.36 
160 1400 0.76 :;:: 0.19 0.58 + 0.49 1.04:;:: 2.56 0.50 T 0.12 0.97 T 0.56 
160 1440 1.14 "+ 0.24 (0-;-18 1.42 '+ 0.67 0.96 + 0.17 1.56 + 0.66 
160 1480 1.13 + 0.19 (0.17 1.02 + 0.95 0.66 +" 0.10 0.88 +" 0.29 
160 1507 0.8'. + 0.23 <0.25 1.43:;: 1.71 0.31+0.12 0.72+0.38 
200 1015 0.80:;: 0.16 <0.10 0.45 + 0.63 0.09 + 0.07 0.52 + 0.20 
200 1040 1.15 + 0.26 <0.27 1.44 + 1.68 0.20 + 0.08 0.97 + 0.32 
200 1080 0.80 +" 0.25 <0.21 0.71 :;: 1.74 0.63 + 0.11 0.87 +" 0.50 
200 1120 0.80"+ 0.20 <0.15 0.74+0.52 0.60 + 0.12 0.70 :;: 0.32 



'" N 

Grid Location 
tf E 

200 
200 
200 
200 
200 
200 
200 
204 
200 
200 
2.40 
240 
21,0 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
280 
z~u 

280 
280 
280 
280 

1160 
1200 
1240 
1280 
1320 
1360 
1400 
1440 
1480 
1507 
1015 
1040 
1080 
1120 
1160 
1200 
1240 
1280 
1320 
1360 
1400 
1440 
1480 
1507 
1017 
1040 
1080 
1120 
1160 
1200 

TABLE 4, cont. 

RADIONUCLIDE CONCENTRATIONS IN SURFACK SOIL SAMPLES 
FROI1 40 M GRID INTERVAI.S 

Ra-226 

0.96 + 0.34 
l.IN + 0.24 
1.10 "+ 0.33 
0.64 + 0.40 
0.78"+ 0.28 
0.51 + 0.19 
0.89 "+ 0.25 
1. 09 + 0.26 

b 
0.86 + 0.30 
0.1)1. :;:: 0.26 
0.75+0.20 
0.84 "+ 0.24 
0.5670.19 
0.83 "+ 0.33 
0.69 + 0.30 
0.91 +" 0.28 
0.76 "+ 0.28 
0.85 "+ 0.34 
1. 00 + 0.26 
0.68 :;:: 0.29 
0.83 + 0.23 
0.70 + 0.21 
0.49 + 0.25 
1.11 "+ 0.29 
1. 29 + a.25 
0.70 + 0.15 
0.85 + 0.26 
U. /) +" U.1U 
0.68"+ 0.16 

Radlonuclide Concentrations (pei/g), .. _______ _ 
U-235 U-238 Cs-137 Th-232 

<0.21 
<0.30 
(0.35 
(0.16 
(0.23 
(0.20 
(0.18 
(0.15 

b 
(0.15 
<a.16 
(0.19 
(0.20 
<a.19 
(0.32 
(0.26 
<0,22 
<0.27 
(0.36 
<0.13 
(0.34 
(0.22 
(0.22 
(0.22 
(0.18 
<0.30 
(0.13 
<0.21 

u.n + 0,]0 
<0-:23 

0.95 + 1.31 
1.6f1 + 1. 76 
2.25 "+ 2.34 
1.48 + 0.58 
1. 27 + 1.38 
0.53 + 0.72 
1.46"+ 1.00 
1.43 + 0.95 

b 
1.22 + 0.91 
1.68 :+ 1.19 
1.53 + 1.59 

<0-:73 
0.65 I 1.24 
1. 69 + 1. 84 

<0-:97 
0.04 I 1.86 
L.6B + 1.74 
0.77+1.94 
1. 66 + 0.49 
2.27 + 2.19 

<0-:72 
1.14 + 1.24 
1.05 + 1.67 
1. 23 + 1.42 

<0-:-96 
0.82 + 0.65 
0.82 + 1. 20 
I.U9 +" 0.80 

<0-:-80 

0.53 + 0.21 
O. S9 + 0.12 
0.60 + 0.14 
0.49 + 0.12 
0.57 + 0.12 
0.41 "+ 0.13 
0.76 + 0.15 
0.43+0.12 

b 
0.73 + 0.16 
0.19:+ 0.09 
0.14+0.06 
0.24 + 0.13 
0.46 "+ 0.13 
0.59 "+ 0.13 
0.72 + 0.16 
0.63"+ 0.13 
0.66 +" 0.22 
0.77 "+ 0.15 
0.',2+0.11 
0.75 + 0.15 
0.45+0.11 
0.20 + 0.07 
0.35 + 0.14 
0.64+0.15 
0.7j + 0.16 
0.07 "+ 0.06 
0.27+0.13 

<;0704 
0.29 + 0.09 

0.70 + 0.42 
1.05 + 0.44 
1. 21 +" 0.49 
1.00 + 0.33 
0.86 "+ 0.51 
0.60 + 0.27 
0.88:+ 0.66 
0.67 + 0.27 

b 
1.15 + 0.46 
0.76 -.: 0.30 
0.53 + 0.57 
0.88 :+ 0.35 
0.1,1 :;:: 0.27 
0.42 :+ 0.27 
1.07 + 0.69 
0.72 "+ 0.48 
0.90 "+ 0.53 
0.54 + 0.27 
1.08 + 0.34 
1.00 :+ 0.44 
0.62 + 0.49 
0.81 + 0.35 
1.55 + 0.45 
0.53 + 0.23 
1.38 -=1= 0.36 
0.78 + 0.33 
0.611 + 0.46 
0.88 1'" 0.28 
0.63"+ 0.36 



TABLE 4, cont. 

RAD IONUCL IDE CONCENTRATIONS IN SURFACE SOIL SAHPLES 
FROH 40 M GRID INTERVALS 

Grid Location Radionuclide Concentrations (pCi/!!) 
N E Ra-226 U-235 U-238 Cs-137 ... ·fj;=-ITi 

28C 124G 0.95 + 0.15 <C.27 t.36 + 0.71, 0.25 + G.ll 1.31 + G.39 
2BO 128G 1.48 ;: 0.33 (G.31 1.61 ;: I.B7 0.41 ;: 0.12 0.75 + 0.55 
280 1320 1.03 + 0.23 (0.19 0.75 + 1.46 0.51 + 0.11 0.72 + 0.37 
280 1360 b b b b b 
280 1400 0.98 + 0.23 (0.30 1.71 + 1.37 0.71 + 0.13 1.24 + 0.44 
280 1440 1. 03 "+ 0.24 <0.27 3.09 "+ 2.02 0.21+0.11 0.76+0.29 
280 1480 0.83 + 0.35 <0.23 (0-:75 0.57 + 0.15 0.96 + 0.39 
280 1510 0.94 + 0.23 <0.27 <0.90 0.29 + 0.15 0.70 + 0.24 

'" 320 1015 b b b b b 
w 320 1040 0.81 + 0.28 <0.19 (0.81 0.51 + 0.13 0.74+0.38 

320 1080 O.llh + 0.11 <0.19 I . ~4 + I.I? 0.04 + 0.04 0.6<) + 0.4(, 
320 1120 0.86 "+ 0.20 (0.20 (0.66 0.38"+ 0.11 0.63 "+ 0.46 
320 1160 1.19"+ 0.35 <0.19 <0.66 0.06 + 0.05 0.81 + 0.44 
320 1200 0.70"+ 0.26 <0.35- 1.48 .. 2.11 0.68 "+ 0.11. 0.99"+ 0.39 
320 1240 1.35"+ 0.33 <0.42 2.61 + 1.18 0.86"+ 0.16 1.30 + 0.52 
320 1280 0.73 + 0.25 (G.16 <0-:65 0.59 "+ 0.13 0.58 + 0.57 
320 1320 0.70+0.16 (0.27 <0.86 0.71. "+O.v. 0.95- "+ 0.37 
320 1360 0.71 "+ 0.23 <0.22 <0.69 0.58 ;: 0.12 1.04+ 0.30 
320 1400 0.80 + 0.28 <0.19 <0.68 0.73+0.17 0.51 ;: 0.39 
320 1440 0.80 "+ 0.26 <0.23 1.12 + 1.52 0.47 "+ 0.14 0.57 "+ 0.28 
320 1482 1.13+0.31 <0.24 <0-:78 0.69 + 0.16 1.13+0.51 
320 1510 2.39 + 0.43 (0.30 1. 78 + 2. I3 1.05+0.18 1. 29 + 0.42 
360 1015 b h b b b 
360 1040 0.46 + 0.20 <0.15 <0.69 0.24 + 0.10 0.56 + 0.44 
360 1080 0.80 + 0.21 <0.22 0.99 + 0.18 0.40 + 0.10 0.54 + 0.30 
360 1120 0.1.10 + 0.23 <0.27 2.58 + 1.10 0.42+0.11 1.12 + 0.33 
360 1160 0.80 + 0.31 (0.17 1.08 + 1.42 0.23 + 0.13 0.83 + 0.35 
360 1200 0.44 "+ 0.18 <0.21 1.66"+ 0.70 0.54"+ 0.14 0.35 + 0.41 
jbO 1240 0.61 + 0.21 <0.28 3.52. :;:- 1.56 <0:-03 0.76 ::;: 0.60 
360 1280 0.83 -:j: 0.25 <0.38 «(J.88 0.72 + 0.12 0.76 Cf 0.35 



TABLE 4, cant. 

RADIONUCL!l)E CONCENTRATIONS IN SURFACE SOIL SAMPLES 
fROH 40 M GRID INTERVALS 

Grid Location Radionllclide Concentrations (pCi/g) 
N E Ra-226 U-235 U-238 Cs-137 Th-232 

______ 0 __ 

360 1320 0.93 + 0.36 <0.23 1.43 + 1.03 0.77 + 0.17 0.65 + 0.38 
11i0 1360 0.73+0.31 <0.21 0.80 + 1.84 0.96 + 0.15 0.56 + 0.38 
360 1400 0.83 + 0.31 <0.24 <0-:76 0.88 + 0.17 1.08 + 0.46 
360 1440 1.91 + 0.49 <0.29 4.99 + 1.91 1. 69 + 0.26 l.03 + 0,58 
160 14RO h h h h h 
360 1510 1.14 + 0.30 <0.34 <0.97 0.64 + 0.15 0.82 + 0.69 
400 1015 Ii b b Ii Ii 
400 1040 0.79 + rL:lR (0.,1 (1.11 n.R3 + n.1'i 1. 14 + 0.41 

w 400 1080 1.08 + 0.26 <0.30 3.37 + 1.73 0.32 + 0.13 0.94 + 0.35 
.0-

400 1120 0.70+0.19 <0.20 <0-:74 0.22 + 0.07 0.78 + 0.34 
400 1160 0.76+0.19 <0.26 <0.93 0.13 + 0.05 0.99 + 0.38 
400 1200 0.68 + 0.28 <0.20 <0.75 0.29 + 0.11 0.60 + 0.59 
400 1240 0.68 + 0.29 <0.20 1. 43 + 0.94 0.47 + 0.11 0.84 + 0.51 
1,00 1280 0.64 + 0.16 <0.14 0.60 + 0.66 0.5~ + O.ll 0.80 + 0.28 
400 1320 0.73 + 0.19 <0.17 0.45 + 1.36 0.73+0.13 0.76 + 0.45 
400 1360 0.93 + 0.23 <0.18 LOB + 0.57 0.68+0.13 0.63 + 0.41 
400 1400 b b b b b 
400 1440 1.21 + 0.35 <0.19 1. 43 + 1.55 0.58+0.12 0.78 + 0.31 
400 1480 Ii b Ii b b 
400 1510 1.64 I 0.30 (0.20 1.23 1 0.98 0.87 -I 0.14 1. 26 + 0.38 
440 1015 Ii b b b b 
440 1040 0.90 + 0.26 <0.24 0.63 + 1.65 0.21 + 0.11 0.67 + 0.65 
440 1080 1.10 + 0.29 <0.31 2.13 + 1.52 0.2:1 + 0.10 1. 26 + 0.32 
440 1120 0.B2 + 0.35 <0.22 2.50 + 1. aB 0.24+0.13 0.72+0.42 
440 1160 0.76 :;: 0.30 <0.21 I. 68 + 2.66 0.35 + 0.14 0.52 + 0.36 
'140 1200 0.76 :;: O.Z~ 0.30 -t- 0.61 <0774 0.65 :;: 0.15 0.68:;: 0.36 
440 1240 0.59 + 0.25 <0-:19 <0.56 0.02 + 0.03 0.68 + 0.33 
440 1280 0.94 + 0.33 <0.22 1.60 + 1.44 1.15+0.20 0.64 + 0.34 
440 1320 0.60 + 0.33 <0.21 (0-;82 0.95+0.19 0.34 :;: 0.26 
440 1360 0.89 + 0.27 <0.18 1. 22 + 0.98 0.88 + 0.1', <u.29 



Grid Location 
N E 

440 
417 
429 
440 
480 
480 
480 
1,80 
480 
480 
480 
1,80 
',80 
480 
480 
480 
460 
480 
520 
no 
520 
520 
no 
520 
520 
520 
520 
520 

1400 
1440 
1468 
1510 
lOIS 
1040 
1080 
1120 
1160 
1200 
1240 
1280 
1320 
1360 
1400 
1442 
1460 
1510 
1015 
1040 
1080 
1120 
I HiO 
1200 
1240 
1280 
1320 
1360 

TABLE 4, cont. 

RADlONUCLIDE CONCENTRATIONS TN SURFACE SOIl. SAMPLES 
FROM 1,0 H GRID INTERVALS 

Ra-226 

0.55 + 0.20 
O.fi4 + 0.211 
3.43 + 0.37 
0.88 + 0.22 

h 
0.73 + 0.24 
0.49 + 0.36 
0.72:;: 0.28 
0.89 + 0.21 
0.88 + 0.26 
1.00 + 0.28 
0.74"+ 0.21 
0.94 + 0.29 
0.8/, + 0.22 
0.46+0.13 
0.98 :t: 0.30 
1.07 + 0.31 
1.39 + 0.41 

b 
0.06 I 0.25 
0.79+0.26 
0.71 + 0.23 
0.71 "+ 0.21 
0.58 + 0.23 
0.83 + 0.26 
0.881=0.23 
1.29 + 0.33 
0.44 + 0.27 

Radionuclide Concentrations (pCi/g) 
U 235 U-238 Cs-137 

(0.16 
(O.\S 
<0.27 
<0.17 

h 
<0.18 
<0.22 
(0.20 
<0.28 
<0.28 

0.24 + O.ll 
<0:-24 

0.56 + 0.51 
(0:-20 

0.06 + 0.33 
(0.27 
<0.21 
<0.29 

b 
(0.16 
(0.21 
<0.16 
<0.19 
<0.23 

0.37 + 0.47 
<0:-17 
(0.36 
(0.29 

<0.47 
<0.42 
(0.84 

0.68 + 1.04 
h 

1.58 + 1.68 
<0:88 
(0.93 

1.61 + 0.89 
<0-:-85 

3.55 + 1.35 
(0:-71 

0.94 + 1.63 
1.00 + 2.58 
0.58 + 0.34 

<0':86 
0.441 1. 30 
1.10 + 1.00 

b 
(0.70 
<0.76 
(0.70 

1.20 T 2.00 
<0-:72 

1. 75 + 1.80 
0.,,91= 1.09 
3.64 + 1.56 
1.76+1.67 

0.74 + 0.12 
0.11 + 0.06 
0.10 + 0.09 
0.59+0.12 

h 
<0.04 

0.35+0.10 
0.34 + 0.12 
0.46+0.12 
0.28 + 0.12 
0.78 + 0.16 
0.54"+ 0.16 
0.98 + 0.17 
0./,2"+ 0.13 
0.03 + 0.02 
0.45 + 0.12 
0.28+0.l3 
1. 64 + 0.24 

b 
0.09 t 0.00 
0.24 + 0.09 
0.19 + 0.07 
0.27 1= 0.09 
0.27 + 0.10 
0.29 + 0.12 
0.581=0.13 
0.85 + 0.14 
0.62 + 0.14 

Th-232 

0.34 + 0.20 
0.24 + 0.24 
0.53 + 0.33 
1.11 + 0.32 

h 
0.84 + 0.17 
1.01 :;: 0.37 
0.98 + 0.19 
1.49 + 0.42 
0.91:;: 0.15 
1.34 + 0.34 
0.75"+ 0.34 

<0-:-28 
1.22 + 0.39 

<0:-08 
0.98 + 0.38 
1.22 + 0.47 
1.37 + 0.76 

b 
0.70 t 0.J4 
0.80 + 0.29 

<0-:-21, 
0.69 T 0.24 
0.44 + 0.35 
0.62 + 0.27 
0.651=0.33 
1.06 + 0.32 
0.78 + 0.41 



w 
0'. 

Grid I,ocation 
1/ E 

520 1400 
51S 1111~ 1 

520 1480 
520 1510 

TABLE 4. cant. 

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES 
FRatl 40 If GRID INTERVALS 

Radionuclide Concentrations (pCi!l,l) 
Ra-226 U-235 U-238 Cs-137 

0.40 + 0.17 (0.08 0.42 + 0.39 (0.02 
0.96 :;: 0.23 <0.27 <0-:-80 0.35 .> O. to 
0.76 + 0.26 <0.16 0.67 + 0.86 0.58+0,12 
0.91. :± 0.25 <0.31 1.67 + 2.37 0.28 + 0.07 

a Errors are 20 based on counting statistics. 
h Sample not obtained. 

Th-232 

(0.09 
0.73 .1. 0.47 

1.06 + 0.35 
0.92 + 0.31. 



w ...., 

TABU; 5 

RADIONUCLIDIl CONCENTRATIONS IN SURFACE SAHPLES 
FROH LOCATIONS IDENTIFIED BY THE ll"ALKOVER SCAN 

Sample Grid 
Identification Location Ra-226 

Radionuclide Concentrations (pCi/g)~ 
- - - -11-235 U-238 Cs-13""7-----:Th=----;2"'3""2 

N E 

Bl )td 1/,92 9.53 -'- O.5gb 
B2 398 1465 69.5 + 1.6 
83 397 1503 828 +8 
34 412 11,65 32 /, '+ I j 

BS 420 1464 90.5 + 3.1 
B6 /,23 Jil64 63.6 +" 2.5 
37 425 1/.9B 231 ~ 'I 
B8 426 1481 89.6 :;: 2.3 

a Refer to Table 3 for direct radiation levels. 
b Errors are 2cr b~sed on counting statistics. 

11. AO + O. ~7 

2.92 + 2.09 
26.2 + 8.4 
8.90"+ 3.21. 

(C66 
(1.38 

1,.07 + 3.79 
2.50:;: 2.48 

~.7R + 0.'l2 0.11 + 0.05 <0.17 
7.63:;: 4.87 0.37 +" 0.14 <0.54 

156 + 16 <0:70 <2.59 
<29-::-9 1. 25 + 0.?7 <0.<)1 

<3.92 0.09:;: 0.16 <0.94 
<3.17 0.23 +" 0.11l (0.69 

15.2 + 9.2 (0":"26 1.?3 + 1.7<; 
3.78 :;: 5.64 0.74 + O. II (0:57 



TABU: 6 

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES 

... -- - -- ----------_. 

Bo>:ehole Grid Depth Radionculide Concentrations (pCi/!il:) 
No. a Location (m) Ra-226 U 235 U-238 Cs-137 Th-232 

N E 

HI 30 1280 Surface 0.89 + 0.20b (0.23 3.47 + 1.42 (0.03 0.60 + 0.20 
0.5 1.05"+ o.n (O.t' ILIIO:;:: 0.71 <'IL01 0.117 + 0.14 

1.2 3.03 +" 0.35 (0.35 6.69 +" 1.96 (0.04 1.14 + 0.35 
2.0 1. 01 + 0.23 (0.22 (0.83 (0.04 1.12 + 0.59 

HZ 30 1080 Surface 1.08+0.19 (0.25 1.26+1.12 (0.03 0.60 + 0.20 
0.5 0.98 + 0.24 <0.14 0.93 + 0.95 (0.03 0.95 + 0.32 
1.0 0.81 :;:: 0.28 <0.16 0.86 :;:: 1. 37 <0.03 0.92:;:: 0.29 

w 
DO 

H3 ~O 1020 Surface 0.98 + 0.29 (0.25 3.14 + 1. 88 0.17 + 0.09 1. 11 + 0.33 
0.5 1.08:;: 0.23 <0.17 1.56+0.74 (O;(J) 1.06 + 0.38 
2 0.71+0.26 <0.19 0.88 + 1.97 (0.04 0.87 + 0.32 

H4 200 1020 Surface 0.65 + 0.18 (0.11 0.72+0.61 0.14 + 0.07 0.72 + 0.61 
0.5 0.78 + 0.23 (0.17 1.08 + 0.71 0.06 =1-- 0.04 0.77 =I- 0.35 

0.61 + 0.15 <0.22 (0~71 (0~03 0.89 +" 0.31 

H5 287 1240 Surface 1.16 + 0.26 (0.20 1.56 + 0.78 0.13+0.09 0.80 + 0.29 
0.5 1.06 + 0.33 (0.21 1.35 +" l. 32 <0:04 0.80 + 0.42 

1.111 1= 0.34 <0.34 a.03! 2.44 ~O.O:; 1.14 1= O. JO 

H6 287 1400 Surface 0.61 + 0.19 (0.12 0.67 + 0.77 0.22 + 0.05 0.75 i- 0.24 
0 • .5 0.6.5 ::;:- 0.29 <0.19 1.77::;:- 0.9.5 <0703 0.84 :;: 0.36 
2 0.81 + 0.20 (0.15 0.72+0.72 0.04 + 0.07 0.94 + 0.26 

H7 JJO 14fO tiurtace O.~j + 0.14 (0.18 0.98 + I. 03 O • .l2 + 0.11 0.58 + 0.34 
0.5 0.75 +" 0.18 <0.24 2.17+1.84 0.22 + 0.08 0.61 + 0.38 
1 1.21 +" 0.33 (0.36 2.45 +" 3.22 (0~05 1. 34 +" 0.36 



TABLE 6, cont. 

RADTONIICL IDE CONCENTRATIONS TN BOREHOLE SOU. SAMPT.RS 

Borehole Grid Depth Radioncnlld" Concentrations (pCi/g) 
No. Location (m) Ra-226 U-235 U 238 Cs-137 Th-232 

N E 

...... - - - - - --

H8 400 lOl5 Surface 0.73 + 0.23 <0.10 0.53 + 0.63 0.08 + 0.06 0.74 + 0.32 
0.5 1. 35 + 0.29 (0.17 0.87 + 1. 92 <0-:-03 1.11+0.1'1 
1 1.03 + 0.30 <0.31 (0:92 (0.04 1.03+0.54 

Hq 410 144~ Sl1rf::t('p 1. ';1 + (1.?'1 (0.10 '>. I? + 1.43 0 51+0.13 1.16 + 0.39 
O.S 0.24 + 0.21 <0.13 <0:37 <0:02 0.71 + 0.30 
2 0.73 + 0.21 0.28 + 0.33 0.44 + 1.46 (0.03 0.85 + 0.29 

w HID 525 1015 Surface 0.86 + 0.25 <0.2b 1.19 + 1.29 0.33 + 0.09 0.72 + 0.26 
'" 0.5 1. 75 + 0.25 <0.16 1.67 + 0.51 <0:03 0.74+0.30 

1 1.99"+ 0.31, 1.62 + 0.51 1.39 "+ I. 36 <0.03 0.91 "+ 0.31 
2 0.91 + 0.23 <0:25 0.89 + 0.93 <0.04 1.06 + 0.41 

Hll 536 1240 Surface 0.69 + 0.20 <0.13 0.63 + 1.09 0.13 + 0.05 0.57+0.33 
0.5 I. 35 "+ 0.30 <0.30 <0:91 <0:05 l.04 + 0.32 
2 0.71 + 0.23 <O.ll 0.73 -I 0.65 <0.02 0.89 + 0.23 

812 537 1463 Surface 0.63 + 0.25 <0.20 0.83 + 0.66 0.27 + 0.08 0.57 + 0.36 
0.5 0.78 + 0.20 <0.11. 0.64 + 0.43 (0:03 0.88 + 0.41 

0.93 I 0.2(, <0.19 <0-:-09 (0.04 1.09 1= O. 37 

HIJ 426 1478 Surface 57.4 + 1.4 1.81 + 1.26 <1.10 (0.10 (0.40 
0.15 9.74 + 0.69 <0~37 (1.04 <0.06 0.38 T 0.45 
0.5 0.93 + 0.18 <0.23 1.05 + 1.62 <0.03 0.80 + 0.29 

a Refer to Figure 4. 
b Errors are 2" based on counting statistics. 



p 
o 

TABLE 7 

RADIO NUCLIDE CONCENTRATIONS tN WATER SAMPLES 

Sample 
Ident if ica tion 

WI 
\.12 
\0/3 
\,4 
IJ'i 
w6 

a Refer to Figure 4. 

Sample Type 

Subsurface (Borehole Hl)a 
Suhsurface {Borehole H2)a 
Subsurface (Borehole H6)B 
Subsurface (Borehole 117)8 
S11h~11rfR("p (IlnT"hnlp Hl0)8 
SubsUI:face (Borehole H13)a 

b ErrorH are 20 based on counting statistics. 

Grid Location Radionculide Concentrations (pCi/ll 
II E Gros~ Alpha Gross Beta 

)0 1280 3.94 + 1.21b 2.87 + 0.93 
32 1080 fi.'iO:;: 2.11 4.71:;: 1.[;4 

287 1400 4.85 :;: 2.33 3.62 + 2.00 
330 1470 8.154= 2.33 9.994=2.38 
'i?~ 101 'i 1.J?:;: ?OO 5.99 :;: 2.21 
537 1463 1.72 4= 1.61 3.37 4= 1. 53 



S'lJr face 

Floor 
L""or Walls 

Upper Walls & Ceilings 

2 Floor 

L"".r Wails 
Upper Wal Is & Ceiling. .-..... 

3 Floor 
Lower Wall s 

Upper Wal Is .5. Ceilings 

F"loor 

L<><or w. II s 
Upper Walls & Ceilings 

Floor 

Lower Walls 
urr.c.r W""llo;:. ,{ ('"~lllnQr; 

Floor 
l.o .... Qr Wa lis-

Il~per ' .. lis & Ceilings 

TI'JlLE 8 

S~lWlY OF WAREflJUSE SURVEY RESULTS 

SURFACE CONTAAHlATION LEVELS 

o Iroct Measurement Trans farabls 
Alpha Batatamma Beta-Gamrna Dose Rata 

{mrati/h) 

A I pha 8eta-Gamma 

(dpml100 em ) (dprn/IOO cm2 ) 

<39-11100 <~5()"6~400 <0.01-1.54 0-4 <3-7 
<39-310 <350-4440 <0.01-0.11 0-44 <';-24 

<39-5060 <350-19300 <0.01-0.47 0-34 <3-13 

<39-18100 <350-135000 <0.01-:1.26 0-33 <3-31 

<39-440 <350-3910 <0.01-0.09 0-1 <3-IZ 
<39-1040 <350-14600 <0.01-0,:;5 0-70 <3-48 

<39-2390 <350-11300 <0,01-0.42 0-7 <3-16 
<39-520 <35()"7140 <0.01-0.17 0-1 <3-1 
<39-1380 <350-3410 <0.01-0,08 0-19 <3-18 

<39-750 <350-1210 <0.01-0.03 0-6 <3-6 
<39-230 <350-1380 <0,01-0.03 0-3 <:3-7 
<39-130 <350-1530 <0,01-0.04 0-4 <3-7 

<39-260 <350-1180 <O,Ql-O.O.3 0-2 <3-6 ___ b 

<'Q-440 <350-197Q <0.01-0.05 0-4 <3-7 

180-390 76()..1290 0.02-0,03 0-3 <3 
<~Q_1'l('J InO-1Qll o.m-o.os 0-2 <3 
<39-100 <35()"2380 <0,01-0.06 0-3 <3 

Gamma E)(posure Hates 

dt I ~~ta( Above Floor 
((il/h) 

10-13 

6-13 

8-14 

6-8 

6-6 

8-14 



'" ,.., 

RQO'1\ 

a 

10 

n 

\2 

$1Jf' f:tco, 

f It»r 

l<1'IC.ar 'fiat tS 

Upp.r lid II' & CG! II". 

floor 
l.a~r ~aUs 

#l>per Wall< ~ Cui II "9 

floor 
Loyer :'/0 i l:s 

Upper ,(,I!, a Ce II , ng 

flo:;)'" 
t.f})(.ar fia:1 Is 

Upper Old II, .\ (;ellln;) 

n,»r 
lo.;tar llaJ 15 

Upper '';011. ~ C$1I1n~ 

Flo')o 
I.n~1' ~ai Is 

l!l>ger Wa;l. 1. {;ellln~ 

TASLE 8 .. (Xl11't .. 

S(l.!MMY Of WNiE!1OIlSE S\J!<VE\' RESUUS 

SURfACE COOTAMl/II\TlOR L£YE~S 
D i reet MMSllretnel'rt Tr~"$ Wr .. ble 

Alp~. o.."ta-o_ 8ata"'-;"",,,,,, 00$6 flate 
(dpo;/IOO c.h {..-~~/t>l 

AI~"" B.ta-Ga"""" 
(<iproIlO{l cm~) 

Ga;;r~ E:,::p~sl.lr& H~tas 

at 1 }lef·er AbovE; floor 
{If!/~) 

-
260-500 790-1440 O,02..o,O} 0-4 <3 &-14 

<39-150 160-\940 0,07-0,0' 1)-4 <} 

<39-100 :;;;0-1910 0,01-0,05 0-2 <3 

<}9-)00 <~~0-5~O <0.01.(1.02 0-2 <';-6 IO-H 
<39-19{l <~50-16W <Q.Ol-O,Q<t 0-4 <3-<\ 
<)q <350-Z0}O <O,Ol-O.(), 0-2 d 

<39-55 <35\)-\0;'0 <0,01·0,03 Q·l <3 lH2 
d9-250 <;'50-1680 <(),Ol-O.O4 0-3 <}-S 
<H-5Z <3,0-65G <i'J.OI-O,02 0-2 <3 

<39-65 1120-1130 <l,.:n·O.1}4 0-1 <3-5 IG-f] 

<3~H2(l <350-1150 (1),01-0,03 O-l <3 
<3Q..:?3{) ~"O-511O <O.OI-(),1J {k~ <3..-

~39-IOO <j~U-!l40 <0-.. 01-0.02 0-3 <,; 8-10 
<3~-)S{) <~50-8<;O <().1l1-0,()2 c-} <5--4 

<j9-IW <351)-140 <!).Ol-O,O2 O-j <3 

<39-15t>() 1410-91>200 O,O5·2.~ (1-19 <3-n 8-14 
<59-nO <~5\)-3440 <O,Ol-G,Qll il-6 <}-<) 

<39-2720 <35o-naO <:0,01-<),08 0-53 <,l.-32 



p. 
w 

Sur taco 

13 Floor 

lower W"lls 

Uppor Walls & Ceillog 

14 Floor 

Lower Walls 
UPJ,,""'· 'rl.o~ I:> .a. Colllrlg 

~ RI;;I' ftl'f Iv fI~l,u t3 5. 

TAIllE 8. coot. 

SLf.!MARY Of WAAWOUSE SUHVE: Y ~ESULTS 

:s.WUAC":: cnNTAM I NATI ON I ~\lE:I.S 

01 rsct Me~5urement 
A I P ha Bota-Gamrra 8eta-Gamma Dose Rate 

Id",/100 cm
2

) IlInd/h 1 

<39-1060 12H)-I 5000 0,0:1-0.:16 
<39-150 <:150-4620 <0,01-0,11 

<39-90 41G-156Q 0,01-0.06 

<39-520 203()-13300 0.05-0,:12 
<39-180 <350-3090 <0,01-0,08 
&5-1600 lS90-4700 0,04-0.11 

Trans terabl $ 

A.I pha 8e-tatamma 

Id",/IOO em ) 

0-9 <3-5 
0-4 <~-9 

0-4 <3-4 

0-13 <3-19 
G-6 <3-12 
0-4} .... )-~2 

Dash 1 ndl cates rraasurement not ~er forfl'loOd. 

GamP'N!J E~flc.SlJro Rates

at 1 Metor Above F lcor 

'IIlth) 

6-10 

6-12 



.p-
~-

Grid location" 
N 

339-342 1489-1493 
394--400 1462-1466 

397 1503 
412 1465 
420 1464 
422 1493 
423 14M 

425 1498 
426 1465 
420 '416 

420 1481 

Warah~se Bulldl"9 

o R~fer to I Igure ~. 

TIIllLE 9 

LI STING OF AREAS ON PROPERTY B WHERE RADIONl.{;LlUE: 

CO~ENTRATION5 EXCEED GUIDELINE LEVELS 

Radlonuclldo Estimated QuantitIes of Materl.1 Exc900lng GIlI~allnes 
ilrea 1m2) Depth 1m) Volu,,", 1m3) 

Ra~226 12 0.15 1.8 
Ra-226 2' 0_15 3.6 

Ra-226 
___ b 

Ra-226 
Ra-226 
Ra-226 
Ra-226 
Ra-226 
Ra-226 
Ra-ZZv 

Ra-226 

Ra-1ZII"lI Z,QO"''::'ooO N/A N/A 

b Dash Indlc~tes determln~tlon was not fl'Bda. 

Hemarks 

Isolated sur taco 
spots }!11th contaml .. 

na-ted area I ess than 
1 ,,2. 
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APPENDIX A 

INSTRU~NTATION AND ANAlYTICAl PROCEDURES 



APPENDIX A 

Instrumentation and Analytical Procedures 

Gamma Scintillation Measurement 

Walkover surface scans and measurements of gamma exposure rates were 

pedormed using Eberline Model PRM-6 portable ratemeters with Victoreen 

Model 489-55 gamma scintillation probes containing 3.2 em x 3.8 em NaI(Tl) 

scintillation crystals. Count rates were converted to exposure levels 

(~R/h) using factors determined by comparing the resl'onsE! of the 

scintillation detector with that of a Reuter Stokes mOdel RSS-III 

pn:ssurized iOldzation chamber at locations on the Niagara Falls Storage 

Site and off-eite properties. 

Beta-Gamma Dose Rate Measurements 

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

portable scaler/ratemeters with Model HP-260 thin-window, pancake G-M, beta 

probes. Dose rates (~rad/h) were determined by comparison of the response 

of a Victoreen Model 440 ionization Chamber survey meter to that of the G-M 

probes. 

Morenol", Logging 

BQ,I;ldhult:! gawma radiation m~ut;;uremt:!ntH were p~rfurmed utling a. Vic:coreen 

Model 489-55 gamma scintillation probe, connected to a Ludlum Hodel 2200 

portable sc~ler. The sointillation probe W~& ohielded by ~ 1.25 O~ thick 

lead shield with four 2.5 em x 7 U'Jn holes evenly spaced around the region 

of the scintillation crystal. The probe was lowered into each hole usina a 

tripod holder with a small winch. Measurements were performed at 15-30 em 

intervals in all holes. The logging data were used to identify regions of 

possibl~ residues and guide the selection of subsurface soil sampling 

locations. Due to the varying ratios of Ra-22b, U-235, U-238, Th-232, and 

Cs-137, there was no attempt to estimate soil radionuclide concentrations 

directly from the logging results. 
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Building Surface Contamination Measurements 

Total alpha and beta-ga= levels on building sUrfaC€5 were measured 

using Eberline model AC3-7 ZoS alpha scintillation and Eberline model 

HP-260 thin-window, pancake G-M detectors, respectively. These probes were 

coupled to Eberline "Rascal," Model PRS-l, portable scaler! ratemeters. 

Count rates were corrected for background and approp:riate efficiency and 

probe area facts applied. 

Removable cOntamination levels were determined by wipe (smear) tests 

of approximately 100 cmZ of the surface using 5 Cm diameter filter paper. 

These \.-ipe samples were counted for gross alpha and gross beta activity 

l,.l~in& a Tt;!unelec Mudfdl LH-5100 lvw-u<:il;kground pI.O})u:tLl.onal COUll L t:.t: , ilioud 

appropriate baCkground and efficiency corrections were applied. 

Soil Sample Analysis 

Soil samples were dried, mixed, and a portion placed in a 0.5 1 

Marinelli beaker. Ihe 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 dete=illed and the samples counted using 

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

ND-680 pulse height al'lalyzer system. Background and Compton stripping, 

peak search, peak identification, and concentration calculations were 

performed using the computer capabilities inherent in the analyzer system. 

t:ne:q~,)' pea.k.a used .cut' (j~t..ermiu .. atiQn or. cadiul.lu1;;lides or (,;a.H~Cet:n weI.:"e; 

Ra-226 - 0.609 M$V from Bi-214 (corrected for Qquilibriuo conditions) 

U-235 - 0.143 MeV 

U-238 - 0.094 MeV from Th-234 (secular eQuilibriu~ assumed) 

Th-232 - 0.911 MeV from Ac-228 (secular equilibrium assumed) 

Cs-137 - 0.662 MeV 
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Water Sample Analysis 

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

Remaining suspended solids were removed by subsequent filtration through 

0.45 \lID membrane filters. The filtrate was acidified by addition of 10 illl 

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

to dryness and counted for gross alpha and gross beta using a Tennelec 

Model LB 5100 low-background proportional counter. 

Calibration and Ouality Assurance 

with the exception of the exposure and dose rate conversion factors 

fo~ port~blQ survey sa~ma and octQ-samma mctcr$J all oU4VCY and labo~~tory 

instruments were calibrated with NBS-traceable standards. The calibration 

procedures for these portabte instruments a~e descTibed nbove. 

Quality control procedures on all instruments included daily 

background and check-source measurements to confirm lack of malfunctions 

and nonstatisticsl deviations in equipment. The ORAl: laboratory 

participates in the EPA Quality Assurance Program. 
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APPENDIX B 

SUMMARY 0,' AADLAHON GUIDELINES APPLICABLE 
IO OFF-SIIE PROPERTIES AT THE NIAGARA FALLS STORAGE SITE 



u. S. DEPARTXE~T OF P'1:RGY 

R!:SIDUAL CO~T.'-'11NATIO:; M"D WASTE COl."TROL CRITERIA 
FOR 

FO~~P~Y UTILIZED SITES REMEDIAL ACTION PROGRk~ (FUSRAP) 
AND 

?LM8TE SURPLUS FACILITIES ~~GEMENT PROGRA~ (SFMP) SITES 

Presented here are the residual ~ontamination ~leanup and waste control 
cr~tefla of general applicability to the FUSRAP project and remote SFHP 
5iles-l .. 

With the exception of limits for radium-226, the soil residual contaoinatioo 
criteri~ ~crc Qcv~lopeQ On the bast. of 11mitins ~~ximum individ~al radiation 
e~posure to DOE limits specified in DOr Order 548D.1A exclusive of exposure 
from natural background radiation or medical procedures. The aggregate of the 
~ontrihntion fro", all major pathways, based on scenarios for permanent 
intrusion, e.g., establishing residences on the site. has been assumed. In 
lIlost circU!:!stances, the probabUity 1s low that such an intrusion 'Io:ill occur. 
Also, conservative ass~ptions were used in deriving these criteria to ensure 
that a particular dose limit Would not be exceeded. Use of these criteria is 
a~~itionally conservative because the pathways conSidered In the derivation of 
the criteria a5s~e all 'Water intake and ~ost food intake is from the site. 
Also, the sites often have limited agricultural capability and the 
conta~inatlon is generally not homogeneous. The combined effect of these 
factors is such that the probable radiation exposure to the average population 
on, or in the vic1n1t;: ot. FUSR.AF sites decontaILinato:d to tl, ...... ".1.eI"l." li",1t5 
will .. ot be appreciably different from that normally received from natural 
background radiation, 

The residual contamination criteria for surf27e contamination of structures 
were developed from a proposed ANSI standar~ modified as appropriate to be 
cons1sten~ ~i~h DOE Order S480_1A and the specifie n~~d~ of FUSRAP for 
cost-effective, workable &uidelines which provide an adequate safety margin. 
The waste control criteria are consistent With applicable DOE Orders and EPA's 
re8~lations £or in$~rivp uranium milling Sites, 40 CFR 192. 

~fA re~ote S~~ site is one that is excess to DOE progra~atic needs and is 
located outSide ~ ~ajor operatir.g DOE R&D or production area. Remote sites 
are more likely to be released to the public or excessed to other ~overnment 
agencies after deconta~ination than are sites located ~1th major R&D or 
prod~ction areas. 

~f &~Sl ~13.12 (proposed) -- an adaptation to be appl1ed, as appropr~ate. 
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A. R.tSIDl'l\.!. cot."'JA.'m'ATlUr; CRITERIA FOR FOK"""Rl.Y L"'JlLlZED SITES I\:';;j F.EMOTE 
StRPLl'S l' ACILl TlES },.A..'\A(,;E~t;l P?OCP.A..'1 SITES 

The follo~"!n!l crl<eri" r"present the maximUJ:l "residual com:a.t::.inat1on limits 
lor unrestricted use of land and structures cont~inated vith radionuclides 
related to the nuclear fuel cycle at FCSRAP anc remote SFMP sites. It is 
the PQlic) of DOE to deco~ta~inote sites to contocioa:1on l~.els ot Qr 
belo~ the limits and in a manner consistent vith DOE's 
as-lC~-3$·is~reasonably-aehievable (ALARA) policy. Residual conta=1nat1on 
limits for ~7h.,r nudid .. ~ "'ill hp de""loppn ",he" TPquir",,, using thp "am" 
methodolo&:~ as waS used for thos~ represented here. 

1. Soil (Land) Criteria (Ma~i~um L1=1ts for tnrestricted Use) 

Radionucl1de 

U-23:sY 
Pa-231 
Ac-227 

'I'h-232 

Am-2t. 1S/ 
Pu-2t.l-
Pu-Z3B, 239. 240 
Cs-137 
Sr-90 
H-3 (pCi/~l ~oil moicture) 

I/Described in ORO-83l and ORO-832. 

Soil Cr1teri~/.l/,~/ 
(pCi/~ above background; 

75 
150 
150 

15 
5 pCt/g, averaged over the 
first 15 em of soil below 
the surface; 15 pCi/g ~hen 
aver3sed over 1$ em thick 
soil layers more than 15 cc 
belo~ the surfa~e ane less 
than 1.Se belo~ the surface. 

140 
40 

190 

15 

20 
SOO 
lOO 
80 

100 
5,200 

l'ln the event of occurrence of mixtures of radionu~lides, the 
fraction contributed by each radionuc1ide to its limit shall be 
deterc1ned, and the sum of these fractions shall not exceed 1. There 
are t"'o special cases for which this rule must be modified: 
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(I) If Ra-Z26 is present, then the fraction for Ra-226 should not be 
included in the su~ if the Ra-Z26 conc~ntration is less than or 
equal co the Th~230 concentration, If the Ra-226 concen:ration 
exceeds the Th-230 concentration •• then the sum shall be 
evaluat~d by replac1nb the Ra-226 concentration by the 
difference between the Ra-226 and Ih-Z30 concentrations. 

(b) If Ac-227 is prescnt, then the same rule given 1n (8) tor P~-226 
relative to Th-Z30 applies tor Ac-227 relative to Pa-231. 

31 - txcept for Ra-226, these criteria represent unrestricted-use 
residual concentrations above background averaged acro~s any 15 em 
thick layer to any depth and over any contiguous 100 m~ s'Jriac:e a"ea. 
The sa~e conditions prevail for Ra-126 except for soil layers h~n~ath 
1.5 m; beneath 1.5 m, the allo~able R,,-226 concentrat1on ma~ he 
affe~ted by s1te-spec1fic conditions and must be evaluated 
acc:ordingly. 

4/ 
- Localized concentrations in excess o~ these limits are al10~able 

provided that the average over 100 m is not exceeded. 

5/ . 10 - A curie of natural uranlU~ m~ans the sum of 3.7 x 10 10 cisinLeb'Gtions p~, seco~d (d1s/~) [.om U-238 plu5 3.7 x 10 d1s/5 
from U-234 plus 1.7 x 10 dis/s from U-235. One curie of natural 
uran~um is equivalent to 3,000 k110grams or 6,600 pounds of natural 
urani\m. 

6 1 
-' Assumes no other uranium isotopes are present. 

LIThe Ih-230 guideline is 15 pCi/g to account for ingro~th of Ra-22E 
as Th-230 decays. Ra-226 is a limiting radionuclide because its 
decay product is Ru-ZZZ gas. 

!/The Pu-24] criterion uas derived irom the Am-Z41 concentration. 

2. Structure Criteria (Maxiwurn Limits for Unrestrict~d Use) 

a. lndoor Radon Decay Products 

A s,ructure located on private property and intended for 
u~"estricted use shall be subjec~ to remedial action as necessary 
to ensure the annual averoge conecn~ration gf rarlon decay productc 
is less than 0.03 WL ~ithin the structure. 

The 1~door gacma radiatio~ af:er decontamination shall not exceed 
20 microroentgen per hour (20 ~R/h) above back~round. 
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c. Indoor/O~tcoor Structure Surface Conta~1nation 

Radionuclides 

Group I: 

Radion~~lide5 for vh~ch the 
uncontrolled area concentra:iQn 
guide !I3air ajove backgroun~1 1s 
2 ~ 10 Ci/m or less or for 
which the uncontrolled area con
cen:ration2~uide in wa!,r abo~e 
back,roun~ is 2 x 10 C1/m 
or less; includes Pa-Z3I, Th-228, 
Th-230, Ac-227, Ra-Z26, Ra-228, and 
Pb-ZID. 

Group 2: 

Rad10nuclides not 1n Group 1 for 
which the uncontrolled a,ea con
centra~}on guide i~12ir abjve back
groun~ 1s 1 x 10 Ci/m or less 
or for which the uncontrolled area 
concentration guide in water above 

21 -0 ~ 
ba~roun~ 1s 1 x 10 Ci/m or 
less; includes U-232, U-238, Th-23Z, 
Ra-223, and Po-ZIO. 

Group 3: 

Those radionuclides not in Group 
1 or Group 2; includes U-234, 
U-235, and Ra-224 
and all other beta-gamDa emitters. 

Allol.·"bl" Surf ace 11 
Residual Conta~2nat1on

(dpm/lOO em ) 

Total Removable 

100 20 

1,000 200 

5,000 1,000 

1.1 The levels may be averaged ovelj ) 11,2 provided the maximU!l1 
activ1:y in any area of 100 cm-~ is less than 3 :~::;e$ the lll:llt 
value; dpm & disintegrations ~er minute. In the event of 
occurrence of mixtures of radionuclides, the fraction contributed 
by each rad1onuc11de .0 1.s l~mit ~hall be uete~ined. and ~hc 
sum of these fractions shall not exceed 1. 

l'Given in Attachment I to Chapter XI, Table II, DOE Order 
5480.IA. 
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1). COl\iROL Of RADIOACTlvt IIASTES A.t."D P.ESIDutS FRO~ fUSP.AP AND p.E!:1::m: SFMP 
SlTE:S 

Specified here are the control requirements (criteria) fer radioactive 
~astes end residues related to the nu~lear fuel cycle aL f~SRAP and rewo"e 
SFHP sites. 

1. In,eri~ Storare 

All operational and centrel requirements specified in the following DOE 
Orders shall apply. 

... 5480 .1A, En\'irenmental Protection, Safety, and Health Protec:tiO:l 
Program for DOE OpPT~'ions_ 

b. 5480.2, Hazardous and Radioactive ~~xed Waste Y~nagement. 

c. 5483.1, Occupational Safet~ and Health Program for Government-o~~ed 
Contractor-Operated Facilities. 

d. 5484.1, Env1ro~mental Protection, Safety, and Health Protection 
Inforcation Reporting Requirements. 

e. 5484.2, Unusual Occurrence Reporting System. 

f. Control anc stabilization features will be cesigned to ensure, to 
the ex<ent reasonably achievable, an effective life of 50 years, 
and in any case, at least 25 years. 

g. I1.n-22~ cooccn~rDt1onG in the ",tmoSl'here .abo" .. faciUty "ur£a~ .. " or 
openings shall not (l) exceed 100 pCi/l at. any given point, or an 
average concentration of 30 pCi/l for the facility Site, or (2) 
exceed an average Rn-222 ~oncentration at or above any locatiOn 
outside the facility site of 3.0 pCi/l (above background). 

h. For water protection. use ex!stinE state and federal standards; 
apply site-specific measures where needed. 

2. Long-Term ~~nafement 

a. All operational requirements specified for Interim ~torage 
Fa~ilities (E.l) will apply. 

b. Control and stabl1izat~on features will be designed to ~UHUre ~Q 
the extent reasonably achievable, an effe~t1ve life of 1,000 years 
and, in any case, at least 200 years. Other disposal si:e design 
features shall con[o1l:e with 40 CPR Part 192 perfo.-.,,,nec 
guidelines/requirements. 
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~. Rn-222 cm~nGtion to the Dt~o.phert £.c~ facility surfeees or 
o?eni~g shall not (1) exceed an average release rate of 20 
pCi/m /s, or (2) increase the annual average Rn-222 concentration 
at or above any loe~tion ou~side the.faeility .it~ by more than 0.5 
pC1/1. 

d. For water prote~tion. use existing state and federal standards; 
apply site-specific measures where needed. 

c. Prior to placement of aoy·potentially biodegradable cont3~inated 
w~stes in a long-!e~ ~~nagement Facility, such wastes will be 
properly conditioned to {ll ensure that the generation and escape 
of biogenic gases will not ~ause the criteria in paragraph 2.c. to 
b~ exceeded, and (2) ensure that biodegradation within the facility 
will not result 1n pre~ature structural failure Dot in ac~ordance 
with the criteria in paragraph 2.b.. If biodegradable wastes are 
conditioned by 1nc1nerat1on, incinerat10n operat1ons will be 
carried out in compliance with all applicable federal, state, and 
local air ·",mission standards and require:nents, including any 
&taficards for r~clionuclidcs est~bli~hed pursuant to 40 erR Part 61, 
National Emission Standards for Hazardous Air Pollutants (h~SP~S). 

C •• £XCEPTlONS 

l. Procedure -- Analysis of s;J.te-specific conditions. 

2. A~plicability -- ~nere health and safety would be endangered,' or 
where cost cleatly outweighs benefits. 

D. CRITERIA SOl~CE 

Criteria 

Residual COntamination Criter1a!' 

Soil Criteria 

Structure Criteria 

Control of Radioactive ~astes and Residues 

Interim Storage 
Long-rer~ Manage~ent 
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Source. 

DOE Order S480.;~, 
40 ern Pnrt 192-

40 erR Part 192, 
proposee ~~Sl ~13.12. 

DOE Order 5480.1A 
40 eFR Part 192 



Exceptions 

Procedure 
Applicability 

40 CFR Part 192 
4.0 erR Part 192 

lIThe bases of the residual cont~1nat1on criteria are developed 10 
ORO-831 as supplemented and ORO-832. 

2/ . 
- Based on limiting the concentration of radon-222 decay products to 

0.03 WL within structures. 
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