


........... __ .................... ~. 

............ .......... ......... __. . . . .  .~ __ . 

- 
I his repoi; was prsparad us an accoui;; o f .  sorcd by an ar,ancy of the 

s?!. Neither i i iei ln+&d Stato~"oi?r:ii-,:=:-:! noraliy agzccy 

i.rsef-!nes.: of any inf 

endorse:iimt, rccoirii,;eni;a!ion, or favoring by the  L':iitc:! Siztes Goveifinent or 
ariy z p n c y  thereof. Tne :'!ew and opinions of 3iJthOrS expressed hs:ain ck~ not 
necessarily siai; or reflcc! !hose of the l lni ted Statas Covnr!-imeiit or any ?x jcnq  
thereof. 



HEALTH AND SAFETY RESEARCH DIVISION 

Nuclear and Chemical Waste Programs 
(Activity No. AH 18 85 0; ONkWCO1) 

RESULTS OF RADIOLOGICAL MEASUREMENTS TAKEN IN THE 
NIAGARA FALLS, NEW UORK, AREA (NF002) 

J. K. Williams* and 3. A. Dlerven 

*Biology Division 

Date Published: November 1986 

Investigation Team 

B. A. Berven - RASA Program Manager 
W. D. Cottrell - FUSRPLP Project Director 

W. H. Shinpaugh - Field Survey Supervisor 

Survey Team Members 

E. T. Loy 
R. S. Ray 
C, N. Smith 
R. R. Smith 

Work performed as part of the 
RADIOLOGICAL SURVEY ACTIVITIES PROGRAM 

Prepared by the 
OAK RIDGE NATIONAL LABORATORY 

Oak Ridge, Tennessee 37831 
operated by 

MARTIN MARIETTA ENERGY SYSTEMS, INC. 
for the 

US.  DEPARTMENT OF ENERGY 
under Contract No. DE-AC05-840R21400 





FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 

TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii 

ACKN0WLEII)GMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xi 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

SURVEY METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

SURVEY RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

GAMMA MEASUREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

SOIL SAMPLING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

SIGNIFICANCE OF FINDINGS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

... 
111 





1 Area surveyed during the mobile gamma scan of Wiagara Falls. 
New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

2 Anomaly locations in the Lewistcm-Lake Ontario Ordnance Works area . . . . . .  12 

3 Anomaly locations in the Niagara Falls area . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

4 Anomaly locations in the Grand Island-Tonawanda area . . . . . . . . . . . . . . . . . . .  14 

5 Locations of soil samples in the Lewiston-Lake Ontario Ordnance Works 
area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

6 Locations of soil samples in the Niagara Falls area . . . . . . . . . . . . . . . . . . . . . . . .  16 

7 Locations of soil samples in the Grand Island-Tanawanda area . . . . . . . . . . . . .  17 

V 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Background radiation levels in the Niagara Falls area . . . . . . . . . . . . . . . . . . . .  

Results of the gamma exposure rate measurements outdoors on the south 
side of Pletclaer Road . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Results of the gamma exposure rate measurements outdoors on the north 
side of Pletcher Road and south side of Old Pfetcher Road . . . . . . . . . . . . . . . .  

Results of the gamma exposure sate measurements outdoors in the 
Lewiston. New York. area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Results of the gamma exposure rate measurements outdoors northeast 
of Niagara Falls area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Results of the gamma exposure rate measurements outdoors in 
Grand Island-Tonawanda area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Results of the gamma exposure rate measurements outdoors Niagara Falls, 
New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Results of biased soil sample analysis on the south side of Pletcher Road . . 

Results of biased soil sample analysis on the north side of Pleteher Road 
and south side of Old Pletcher Road . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Results of biased soil sample analysis in the Lewiston. New York. area . . . .  

Results of biased soil sample analysis northeast of Niagara Falls area . . . .  

Results of biased soil sample analysis in Grand Island-Tonawanda area . . .  

Results of biased soil sample analysis in Niagara Falls. New York . . . . . . . .  

19 

28 

21 

22 

23 

24 

25 

. . 27 

. . 28 

. . 29 

. . 30 

. . 31 

. . 32 

Summary of anomalies in the Niagara Falls. New York. area . . . . . . . . . . . . . . .  34 

vii 





Research €OFOF this project was s 
Technology, U.S. epartnient of Energy. The author 
E. G. DeLaney, 

B. S. Ellis, and '16. W. Stewart of the 
reporting of data for this survey. ciak the manuscript 
preparation by J. W. Crutcher, Biology ~ i ~ ~ ~ ~ ~ Q ~  and P. artman, ~~~~r~~~~~~~ 
Resources Organization. 

hector, Division of Facility and 
members of his staff. The authors recog e valuable cont 

In addition, the authors 

ix 





The results nf a radiological survey of 10 g a ~ ~ a  radiation anomalies in the 
eprt .  These ~ ~ ~ ~ a t ~ ~ n  ~ ~ ~ ~ a ~ i ~ ~  
ng the period October 3-16, 1984, 

Miagara Falls, New Uork, area are presented 
were identified by a mobile gamma s c ~ ~ n ~ ~ ~  s 
and were r ~ ~ ~ ~ e ~ ~ e ~  for an onsite survey to determine if the elevated Ie~els 
may be related to the t ~ ~ ~ s ~ ~ t a t i ~ n  of ~ a ~ l ~ a ~ ~ ~ v e  waste material to the k 
Ordnance for storage. In th survey, radiological measurements ind  
gamma ex e surface; outdoor gamma exposure rat 
face, range of gamma exposure rates during scan; and uranium, radium, and thorium con- 
centrations in biased surface soil samples. 

rates at 1 rn above 

The results show 38 anomalies (35 located al etches Road and 3 associated with 
other unrelated locations) were found to exceed rly Utilized Sites Remedial ~ c t ~ ~ n  
Program (FUSRAP) remedial action guidelines and were recommended for formal charac- 
terization surveys. (Since the time of this surveyp remedial actions have been ~ ~ n ~ u ~ ~ ~  on 
the 38 anomalies identified as exceeding EUSRAP g u ~ ~ ~ ~ i ~ e s ,  and the radioactive material 
above guidelines has been removed.) The ~ ~ ~ ~ ~ ~ ~ n g  62 anomalies are associated with 
asphalt driveways and parking lots, which used a phosphate slag material (previously iden- 
tified as cyclowollastonite, synthetic CaSiOJ). This rocky-slag waste terial was used for 
bedding under asphalt surfaces and in general gravel applications, st of the contam- 
inated soil and rock samples collec at the latter anomalies had approximately equal 
concentrations of 2261t3a and 2 3 * ~ ~  therefore, are not related to materials connected 
with the Niagara Falls Storage Site (NFSS), i n c ~ ~ d i n ~  material that was transported to 
the NFSS. 

X i  





July 85-17, 1985. AnonaaSy locations are shown in 
a1 surveys at these anomalies is to deter- 

mine if ~ o ~ ~ ~ ~ ~ n a t e ~  materials f so, to determine if they are in excess of 
remedial action ~~~~~~~~~~ estab gara Falls Storage Site (NFSS) in FUS- 
RAP. This report provides the logical survey results of the I anomalies identified 
by the mobile gamma scanning van. 

s 

~ ~ d ~ ~ l ~ ~ ~ ~ ~ ~  sumeys of these a ~ ~ ~ ~ ~ ~ ~ s  iwcludcd: (1) gamma exposure rates, (2) a 
gamma scan of the entire ground surface outdoors, and ( 3 )  samples of outdoor soil. A 
c o ~ p r e ~ e ~ s ~ v ~  description of the; survey methods and ~ ~ ~ t ~ ~ ~ n ~ a t ~ ~ ~  has been presented 
in another 

s 

iation levels for the Niagara Falls area are presented in 
The data are provi ed for purposes sf coxnparisosl with the survey results Table 1. 

presented in this section, 

All measurements presented in this report are gross readings; ~ a ~ ~ g r o u n ~  radiation lev- 
Similarly, ~~~~~r~~~~ concentrations have not been sub- els have not been subtracted. 

tracted f ~ n i  r ~ d ~ ~ n ~ c ~ ~ ~ e  ~ n c ~ ~ ~ t ~ a t ~ ~ ~ s  in soil samples. 

1 
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ResriBts of gainma exposure rate measurements taken at 23 anai;,dic< on the south side 
of Fletcher Road are presented in Table 2, Generally, the gamma exposure rates scataned 
23 to 86 pK/h (microroentgens' per hour) in a 3-ft (0.9-m) wide band along the edge of 
the pavement, and 11 to 17 pR/h along a 3-ft (0.9-m) wide band from thc pavemeut to 
the ditch. Gamma exposure rates at  1 in above the groiind surface ranged frons 11 to 23 
pK/h and averaged 16 pR/k  Gamma exposure rates at the ground surface ranged from 
29 to 230 pR/b and averaged 59 pR/h. The maximum gamma exposure rate (230 ai&%> 
was measured at 8960 keet (2688 m), scanning east from Creek Road (anomaly #23). 

Results of gamma exposurc rate measimiments taken at 12 anomalies on thc north side 
of Pletcher Road and south side of Old Pletcher Road are presented in Table 3.  @en- 
erally, the gamma exposure r a t a  on the north side of Pletcher Road scanncd 20 to 5'7 
pW/h in a 2-ft (0.6-m) wide band along the edge of the pavement, and 9 to 17 pW/h along 
a 2-ft (0.6-m) wide band from the pavement to the ditch. Gamma exposurc rates at 1 rn 
above the ground surface rariged from 17 to 23 pR/h and averaged 19 pR/h. Gamma 
exposure rates at the ground surface ranged from 29 to  77 pR/h and averaged 411 pR/h. 
The maximum gamma exposure rate measurcd (77 ,pR/h) was found on the south side of 
Old Pletches Road 570 feet (171 m) east of the MOL4 entrance (anomaly @5) .  

New York, Areso 

Gamma measurements were taken at 12 anomalies located in the Lewiston, New York, 
area as noted in Table 4. Gamma exposure rates at 1 m above the ground surface ranged 
from 11 to 200 pR/h and averaged 35 pR/h. Garma  expsswe rates at the ground sur- 
face ranged from 29 to "10 pR/h and averaged 104 bW/h. The maximum gamma expj- 
sure rate measured (710 pR/h) was found in a small area approximately 10 ft wide ( 3  m) 
by 59 f? (18 m) in length along a ditch and gravel driveway at 738 Upper Mountain Road 
(anomaly #43). 

Results of gamma exposure rate measurements taken a t  12 anomalies northeast of 
Niagara Falls are presented in Table 5. Gamma exposure rates at 1 m above the ground 
surface ranged from 16 to 49 pR/h  and averaged 28 &/h. Gamma exposure rates at the 
ground surface ranged from 26 to 140 pW/h and averaged 57 pR/h. The maximum 
gamma exposure rate, 140 pcK/h, was found in the southwest corner of a residential 
asphalt driveway, averaging 10 ft wide (3 m) by 13 ft (4 rn) in length, at 2924 Military 
Road (anomaly #52). 

*The roentgen (W)  i s  a unit which was defined for radiation protection purposes for people 
exposed to penetrating x rays or gamma radiation. A microroentgen (FR) is one millionth of a 
roentgen. A milliroentgen (mR) is one thousandth of a roentgen or one thousand microroentgmms. 
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Niagara Fans, New 

Gamma ~ e a s ~ r e ~ e ~ t ~  were taken at 35 identi anomalies located in the Niagara 
ew York, area as noted in Table '7. Gam I m above the 

a expsIIre rates 
ound surface ran from 17 to 160 &L The m ~ ~ ~ m M m  

gamma exposure rate (160 ~~~~~ was measured at the surface of a gravel driveway at 
4801 Buffalo Avenue, region #4 (anomaly @I). 

urface ranged fro 9 to 85 &Jh aand 

Sixty soil samples were: taken at 53 anomalies. These biased samples were selected 
from positions having elevated gamma exposure sates. The Imcatbons of the samples are 
shown in Figs. 5 ,  6, and 7, and the results of analysis are presented in Tables 8 through 
14, Single soil samples were taken from the surface (0-15 crn) at areas of" elevated gamma 
radiation. In many instances, a sample could not be taken because the ground was too dry 
and rocky or the anomaly was associate with asphalt p ~ v ~ ~ ~ ~ t ,  

South Side of Fletcher 

The concentration of 226Ka in 13 soil samples taken on the s ~ ~ t l - a  side of Pletcher Road 
ranged from 12 to 430 pCi/g (pieacmries* per gram) and averaged 79 p@i/g. The max- 
imum concentration of 2 2 6 ~ a  in soil (430 p ~ i / g )  was sampled at anomaly #z, approxi- 
mately 8960 ft (2688 rn) east from Creek Road (NF 2Bl). Uranium concentrations in 
the soil ranged from 1.1 to 5.0 pCi/g and averaged 2.3 pGi/g. he maximrum concentra- 
tion of 2 3 s ~  (5.0 pCi/g) was also found at anomaly #a3 (NF Ell Concentrations as 
high as 4.1 pCi of 232Th per gram of soil were sampled at anomaly #23 (NF002BX ). 

North Side of ~ ~ e t ~ ~ ~ r  Road and Swth Side of 

The concentration of 226Ra in seven soill samples taken on the north side of Pletcher 
Road and south side of QId Pletcher Road ranged from 23 Ps 120 pCi/g and averaged 47 
p ~ i / g .  ~khe maximum concentration sf "Qa in soil ( I  20 pCi/g> was sampled at anomaly 

Be9 Paetcher Roa , approximately 570 ft (171 m> east of the KOA entrance 

*The curie i s  a unit used to define the radioacti~ity in a substance and equals that quantity of 
The picocuxie is one any radioactive isotope undergoing 2.2 x 

million-millionth of a curie, or that amount yielding 2.2 disintegrations per minute. 
disintegrations per minute. 



4 

The concentration of 226Ra in nine soil sampks taken in the B~cwiston, New York, arm 
ranged from 6.0 to 180 pCi/g and averaged 42 pCn/g. The r n a x h ~ m  concentration of 
226wa in soil (1x0 p ~ i / g )  was sampleti at a m m a ~ y  , ~ Q - J ,  at thc junctioo of ~ i g h w z y s  18 
and 104 (ORNL/RL4SA-85/4O)' (NF002B53). IJraniiirn concentrations in the soil ranged 
from 1.0 to 76 pCi/g and averaged 18 pC.i/g. The maximini concentration of 23slJ (70 
pCr/g) was found at anomaly f43, 7 3 8  IJpper Mountain Woad UW3l02B55). Conccotra- 
tioirs as high as 560 pCi of 232Th per gram of sail were also samplcd at aaonaaly #a3 
( N F00285 5). 

The; concentration of '*%a in 12 soil samples taken northeast of Niagara Falls ranged 
from 1.2 to 40 p ~ i / g  and averaged 14 p ~ i / g .  "he maximwm eoncantratioan of 2 2 6 ~ a  in 
soil (40 pCi/g) was sarriplcd at anomaly #SI, Military Road approximately 400 ft (1361 rn) 
north of Ilighavay 3 1 (0RNL/RAtsA-85/42)3 (MF0028333). Uraniinrn concentrations in 
the. soil ranged from 1 . 1  to 33 pCi/g and averaged 10 pCi/g. The maximum con~entrahi~n 
of 238U (33 pCi/g) was sampled at anomaly #54,  Walter S .  Kozdranski Co., Inc., 1865 3rd 
Avenue (NFOC2B48). Concentrations as high as 45 pCi of 23211~ per gram of soil w w t :  
found at anonmaly #52, 2924 Military Road (NF002B30). 

The concentration of 226Ra in S Z Y ~ P I  soil samples taken in the tirand Island-Tonawanda 
area ranged from 1.4 to 25 pCi/g and averaged 6.3 LpC:i/g* Ursrnium concentrations in the 
soil ranged from 1.2 to 26 pCi/g and averaged 6.3 pCi/g. The maximum concentratism 
of 226Ra (2.5 pCi/g), 7 3 2 ~ h  (39 pCi/g), and 2 3 8 ~  (26 pci/g) in soil were sampled at anom- 
aly #63, 3860 Grand Island Boulevard (NFQ02B43). 

~ k e  concentration of ? 2 t ~ a  in 12 soil samples taken in the Niagara F ~ F ~ S ,  ~ e t v  York, 
area ranged from 4.1 to 150 pCi/g and averaged 37 pCi/g. The maximum esnceniratien 
of 226Ra in soil (150 pCi/g) was samplcd at anomaly #%7, near the junction of BufMo 
Aveniae and IIyde Bark Boulevard ( ORNL/RASL4-85/41 a4 (NF002B24). Uranium COB- 

centrations in the soil ranged from 3.7 to 52 pCi/g and averaged 22 pCi/g. The 
maximum concentration of 238U (52 p@i/g) was sampled at anomaly #SI, 6901 Bnffalo 
Aveiirae (Region #I, NF002B25A). Concentrations as high as 20 pCi of 232'13 per gram of 
soil were found at anomaly #91, 2434 Willow A~enue (NF002846). 
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s 

As a. result of the ORNL onsite survey of 1 anomalies in the Niagara Falls, 
Yo&, area, thr and #U), locate ions of  ways E8 
and 104 (OR ighway 32 and  AS^- 

 SA- 85/41): were 
found to exceed W S R A P  remedial action ~ ~ ~ ~ e ~ ~ ~ e s  were r ~ ~ m ~ e ~ ~ ~  for formal 
radiological ~ ~ a r ~ c t ~ r ~ ~ a t ~ ~ n  surveys,5 The a n ~ ~ ? a ~ i e s ,  in ~ ~ ~ ~ t ~ o n  to the 35 ~ n o ~ ~ ~ ~ ~ s  
located along Pletcher Road, have been rem 

The remaining 62 anomalies do not result from materids wnnecte with NFSS. con- 
taminated rocks at several anomalies appeared to be 
identified as ~ ~ ~ ~ o w o ~ ~ a s t o n i ~ e ~  ~ o J ) . ~   his r waste material was orice 
involved in the electrochemical p stion of elemental ~ h ~ ~ p ~ ~ ~ ~ ~ s  using u r a n ~ u m ~ ~ e a r ~ n ~  
raw materials and reyortedly originated from the former ~ ~ ~ ~ ? ~ r y  Furnace in Niagara 
Falls, New York. Previous radiological surveys in the greater Niagara Falis, New York, 
area have revealed that this material was used for bedding un er asphait surfaces and for 
general gravel applications.' 

Essentially all the contaminated soil and rock samples collected had approximately 
equal concentrations of '%a and 238U. This indicates that a26Ra and 238LJ are nearly in 
secular equilibrium and, furthermore, suggests that the rocks probably originated from a 
singular source. Thorium-232 in this latter slag or rock is believed (from previous 
analysis) to be tied up in monazite inclusions in the material.l0 The origin of this 
thorium-bearing material i s  unknown, but possibly was from some type of mineral extrac- 
tion in the Niagara Falls area." Five anomalies are attributable to slag material with 
elevated amounts of thorium: anomaly 2 (789 Upper t. Road), anomaly #43 (738 

t. Road), anomaly #52 (2924 Military Road), anomaly #63 (3060 Grand Island 
Blvd.), and anomaly #91 (2434 Willow Avenue). 

mwm S ~ D E  OF PLETCHER ROAD 

Measurements of the gamma exposure levels outdoors at 23 anomalies determined that 
the exposure rate at 1 m above the ground surface ranged from 11 to 23 pR/h and aver- 
aged 16 pR/h. For comparison, the typicdl background for the Niagara Falls, New York, 
area is 9 pR/h, and the background for the state of New York"Ti2 averages 9.5 pR/h and 
ranges from 6,s to 13 pR/h (one standard deviation) based on 51 measurements. Thirteen 
soil samples taken from anomalies in this area had ~ n c e n ~ r a t ~ o n s  of 226Ra in excess of 93 
times average background levels, while the 238U concentration was 2.4 times average back- 
ground levels. 

The ratio of 226Ra to 238U activity is consistent with contaminated material originating 
from the NFSS. The concentration of these nuclides at the identified anomalies was found 
to be in excess of relevant FUSRAP remedial action guidelines' ( i s s ,  the weighted average 
in excess of 5 pCi/g of 226Ra over 880 m2 in the upper 15 cm of soil). 



Measurements of the gamma exposure levels outdoors a t  12 anomalies determined that 
the exposure rate at 1 m above the ground surface ranged from 17 to 23 gK/h  and 
averaged 19 pR/h. For comparison, the typical background for tbe Niagara Falls, New 
York, area is 9 gR/h, and the background for the state of New York"*'2 averages 9.5 
pR/h and ranges from 6.8 to 13 pR/h (one standard deviation) based on 51 
measurements. Seven soil samples taken from anomalies in this arm had concentrations of 
22SRa in cxcess of 55 times average background levels, while the 238U coacentration was 
1.9 times average background levels. 

'rhe ratio of 226Ra PO 2 3 8 ~  activity is camistent with contaminated material originating 
from the NFSS. The concentration of these nuclides at the identified anomalies were 
found to be in excess of relevant FIBRAP remedial action guidc8ines5 (Le., the weighted 
average in excess of 5 pCiJg of 226Ra over 1.00 m2 in tIie upper 15 crn of soil), 

LEWISTON, NEW YORK:, A 

Measurements of the gamma exposure levels outdoors at 12 anomalies determined that 
the exposure rate at 1 m above the ground surface ranged from 11 to 200 b d X J h  and aver- 
aged 35 pR/h. FOP comparison, the typical backgrouad for the Niagara Fails, New York, 
area i s  9 pR/h, and the background for the state of NFW York" l 2  averages 9.5 pRJh send 
ranges from 6.8 to 13 pR/h (one standard deviation) based on 51 measurements. Nine 
soil samples taken from anomalies in this area had concentrations of 22BRa in excess of 49 
times average background levels, while the 238U concentration was 19 times average back- 
ground levels. 

With the exception of anomaly #47 (junction of Highways IS  and 104, 
OKN L/RASA-85/40),2 which has been previously reporte to exceed FUSMAP remedial 
action g~idelines,~ soil analyses indicate that 226Ra and 238U concentrations were apprsxi- 
mately equal, The anomalies from this region are associated with phosphate slag material 
used as bedding for asphalt driveways and fill applications and are not related to rnaterii~ls 
connected with the WFSS, including material that was transported to the NFSS. 

THEAST OF NlAGABA FALLS AREA 

Measurements of the gamma exposure levels outdoors at 12 anomalies determiid that 
the exposure rate at I rn above the groun surface ranged from 16 to 49 &/h and aver- 
aged 28 &/h. For comparison, the typical background for the Niagara Falls, New York, 
area i s  9 pR/h, and the background for the state of New Y ~ r k ' ' * ' ~  averages 9.5 pW/h and 
rangcs from 6.8 to 13 wRJh (one standard dwiation) based on 51 measurements. Tv~elvc 
soil samples taken from anomalies in this area had concentrations of 2"6aa in excess o f  16 
times average background levels, while the 238U concentration was 10 times average back- 
ground levels. 



Measurements of the gamma exposure levels outdoors at 32 ~~~~~~~~~ ~ ~ ~ ~ r ~ j ~ ~  that 
the exposure rate at 1 m above the ground surface ~ a ~ ~ e ~  from 9 to 86 p 
aged 26 plR/h. For comparison, the typical ~ ~ c ~ ~ ~ Q ~ ~ ~  for the Nagara Fa 

and the background 
to 13 pR/h (one st zsed on 51 measur 

soil samples taken frcsrn anomalies in t 
times average background levels, while the 2381J ~ o ~ c ~ ~ t ~ a t ~ ~ ~  was 23 times average back- 
ground levels. 

With the exception of anomaly #87 (near  ti^^ of nffalo Avenue 

remedial action guide~ines,~ soil a yses indicate that "%a and 2 3 8 ~  

r asphalt ~ ~ ~ ~ ~ w a ~ ~  and fill applli 
were approximately equal. The from this region are ~~~~~~~~~~ as so cia^, 
phosphate slag material used as 
not related to materials connected wit 
to the NFSS. 

NFSS, including materid that wab ~~~~~~~e~ 

NOTE: Since the tima of this survey. remedial actions have been ~~~~~~~~~ on the: 38 
anomalies identified as exceeding FBJSRAP guidelines, and the radioactive material above guide- 
lines has been removed. 
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Table I. Backgrod radiation levels in the: ~~~~~a F a b  area 
~ 

-I _.-llll-_.l̂ 

Radiation level QC 

Type of radiation radionuclide concentration 
measurement sample _I 

Range Average 

Gamma exposure rate at I m 
above floor or ground surface (pR/h). 8-18 9 

Concentration of radionuclides in soil 
(pCi/g)b 

0.76-1.2 0.96 2 3 8 ~  

=Ra 0.48-1-2 0.85 
I 

aValues obtained from four locations in the New York area. 
bSoil samples obtained from six locations around the Niagara Falls area.” 
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re rate ~~~~~~~~~~ 

(Distance measurements in? feet scanning east from Creek Road) 

Gamma exposum rates 
( r R / h )  

_ -  ^ _ _ _ -  - Range of gamma 
Gamma Gamma exposure rate 

Anomaly Distance exposure exposure rate during scan 
number Ut) rate at 1 m at the surface OWfi) 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2200 

2950 

3950 

4080 

4300 

4880 

5775 

6460 

6875 

7025 

7138 

7192 

7312 

7340 

7407 

7452 

7525 

7600 

7915 

7927 

8343 

8628 

8960 

14 

23 

I6 

a 

a 

17 

a 

16 

15 

13 

a 

a 

19 

a 

a 

17 

a 

20 

11 

a 

a 

a 

a 

37 

86 

57 

49 

49 

63 

49 

43 

34 

43 

49 

49 

51 

49 

49 

29 

49 

57 

71 

49 

49 

57 

230 

11-86 

11--86 

11-86 

11-86 

11-86 

11-86 

11-46 

11-86 

11-86 

1 1  -436 

1 1-86 

1 1-86 

11-86 

11-86 

11-86 

11--86 

11-86 

11 -86 

11-86 

11 - 4 6  

11-86 

11-86 

11-238 

'Reading not taken. 



Gamma exposure rates 
( P W W  

Range of gamma ~ -ll--.-l_._llll- __I_ 

Gamma Gamma exposure rate 
AIlomL-ily Distance exposure: exposure rate during scan 
number ut> rate at B rn at the surface (clR/bd 

24 746 a 33 9-57 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

1169 

1298 

11 488 

2333 

2363 

2538 (large area) 

2768 

2844 

6170 

Old Pletcher Road 
490 feet east 
of KOA entrance 

570 feet east of 
KOA entrance 

a 

20 

17 

20 

a 

19 

a 

a 

17 

a 

23 

29 

31 

46 

57 

33 

34 

33 

33 

57 

33 

77 

9-57 

9-57 

9-57 

9-5 43 

9-57 

9-57 

9-57 

9-57 

9-57 

9-57 

9-57 

aReading not taken. 
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Table 4. Reaalts of the 
i 

Gamma exposure sates 
( H W )  

Range of gamma --____... .... ~ 

Gamma Gamma exposure rate 
Anomaly exposme exposure rate during S C F ~  

number Location rats at 1 m at  the surface ( / a w l  
- 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

961 Ridge Road 

House between 889 

1084 Ridge Road 

Circle gravel drive 
south side Ridge 
Road ai TP45 

1011 Upper Mt. Road 

783 Upper Mt. Road 

789 Upper Mt. Road 

738 Upper Mt. Road 

4971 Creek Road 

4979 Creek Road 

4945 Creek Road 

Junction of Highways 
18 and 104 (NE side 
of 104 and 18)b 

4986 Creek Road and 
adjoining lot 

and 91 3 Ridge Road 

I___ ...._. ~ ._.. -. .. . ._. 

17 34 14-34 

22 34 1/1-34 

29 49 14-49 

20 40 17-43 

20 

17 

43 

200 

a 

11 

14 

16 

51 

43 

130 

710 

a 

29 

29 

47 

17-57 

1 7 4 3  

29-130 

17-7 10 

a 

17-29 

1 4 2 9  

14-17 

16 40 11-40 

~ 

'Anomaly not found. 
bB. A. Berven, Results of Radiological Measurenreatts T d e n  at Junction of High- 

ways 18 a i d  104 in Niagsra Fallss, New York, Oak Ridge National Laboratory, 
ORNL/RASA-85/40 (December 198 5). 



2% 

49 

50 

51 

52 

53 

54 

55  

56 

57 

55 

59 

60 

h r o s s  street from. 5439 
and 5447 Military Kwdd 

(N W comer of Military 
Road and Highway 31)  

Reservoir State Park 

(both sides of creekla 

2924 Military Road 

6560 Niagara Falls B1v 

Walter S .  Kazdranski 
CO., hC., 1865 
3rd Avenue 

Nuts and Bolts 

Save-Rite Discount Store, 
4301 Military Road 

Louie's Place, 4509 
Military Road 

46 I 1 and 46 13 ItXilitary Road 

Prince of Peace Church, 
Military Road (Rectory, 
908 N. Military Road) 

Metropolitan Life and 

15 

24 

28 

34 

26 

49 

29 

23 

b 

b 

43 

20 

29 

46 

29 

1 40 

71 

86 

43 

43 

26 

43 

77 

49 

13-29 

14-60 

14-29 

34-940 

17-86 

17-86 

17--63 

13-51 

17-57 

17-43 

29-77 

13-49 

erven, ResuIts of Radiologicul Measurements Taken near Junction of High- 
Military Road in Niagara Falls, New Y o F ~ ,  Oak Ridge Natianal Laboratory, 

ORNL/R ASA- 8 5 /42 (December 1985). 
bReading not taken. 
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Ga.mma exposure rates 
( f l R / h )  

Range of gamma ....I-_.____ l_-.l _...... __ 

Gamma Gamma exposure rate 
Anomaly exposure exposure rate during scan 
number Location rate at 1 rn at the surface ( P W N  

l__l __ .....__I.__ ______ __ 

61 Kelly’s Country Store 21 
31 21 Grand Island Blvd. 

62 Mobil Service Station 9 
1685 Grand Island Blvd. 

63 3060 Grand Island Blvd. 29 

64 3050 Grand Island Blvd. 34 

65 3044 Grand Island Blvd. 31 

66 KOA Campground 13 
2570 Grand Island Bhd. 

49 a 

29 11-29 

140 29-1 60 

57 11--57 

51 13-5 I 

17 12-1 7 

aReading not taken. 
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67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

SE corner of Cudaback 
and Portage Road 

Between 245 and 257 Portage Road 

Nilrgara Falfs High School, 
Pine Street and Portage Road 

1318-1324 Portage Road 

Harris and Lever Florists, 
Portage Road 

574 Portage Road 

N W  corner Ferry Avenue and 

584 Portage Road) 

Road and 1338 Wiagara Street 
Property between 434 Portage 

348 Portage Road 

356 Portage Road 

254 Portage Road 

Between 242 Portage Road and 

208 Portage Road 

Opposite 5704 Buffalo Avenue 

6901 Buffalo Avenue 

Payne's Floor Covering 

Region #I 

Region #2 

Region #3 

Region #4 

7723 Buffalo Avenue 

55 12 Buffalo Avenue 

17 

a 

9b 

9' 

29 

1 7d 

a 

29 

29 

16 

23 

29 

e 

29 

17 

16 

16 

86 

57 

a 

43 

a 

23b 

17' 

57 

3dd 

a 

49 

51 

37 

51 

91 

e 

91 

71 

57 

57 

160 

86 

a 

17-43 

57 
9 -23b 

9-1 7c 
29-57 

17 -34d 

37 

29-49 

29-5 1 

16-37 

23-57 

1 3-9 1 

e 

29-9 1 

17--7 1 
11--57 

11 -57 

18-168 

29-86 

57 
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Gamma exposure rates 
(PR/h) 

Range of gamma I .~ - . - . - - -_ I___._  

Gamma Gamma exposure rate: 
Anomaly exposure exposure rate during scan 
number Location rate at 1 rn at the surface (PR/h) 

.. . ._ . _- 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

Buffalo Avenue (230 ft  west 

Occidental Chemical Corp., 

Opposite ALOX Corp., 
Buffalo Avenue 

Buffalo Avenue (east side of 
Hyde Park intersection)‘ 

Buffalo Avenue opposite SOH10 

1928 Buffalo Avenue 

Buffalo Avenue opposite 
Carhorundum Corp. 

2434 Willow Avenue 

2430 Willow Avenue 

3017 Lewiston Road and 
property on south side 

4831 Lewiston Road 

4842 Lewiston Road 

Intersection Rankine Woad and 
Lewiston Road (west side) 

Lewistan Road (west side) 

of 53rd Street) 

Buffalo Avenue 

Intersection McKinley and 

29 19 Porter Road 

2923 Porter Road 

Corner of Pine Street and 
29th Street (Wilson 
Farms Store) 

19 

19 

29 

17 

10 

a 

86 

31 

11 

a 

a 

a 

14 

14 

a 

a 

29 

43 

43 

86 

71 

29 

110 

110 

57 

29 

57 

86 

43 

43 

43 

34 

a 

51 

19-43 

17-43 

17-86 

14-71 , 

10-29 

110 

29-1 10 

14-57 

14-29 

57 

86 

43 

14-43 

1 4 4 3  

34 

a 

11-51 

aInaccessible - private property. 
bGamma exposure rates due to brick on side of school. 
‘Gamma exposure rates due to brick building on side of street. 
dReading taken on contact with granite steps in front of building. 
‘Anomaly not found. 
‘B. A. Berven, Results of Radiological Measurements Taken near Junction of Buffalo Avenue 

and Hyde Park Blvd. in Niagara Falls, New York, Oak Ridge National Laboratory, 
ORNL/RASA-85/4 1 (December 1985). 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2233 

2954) 

3950 

4080 

4300 

4880 

5775 

64110 

6875 

7025 

7138 

1182 

9312 

7340 

4487 

7452 

7525 

7606) 

7915 

7?27 

8343 

8628 

$96 

0 15 28 rf: 1 

0-1 5 71 + 2  0.60 5 0 5  1.9 

0-1 5 64 6 2 0.71 -+ 8.4 1.5 

f E f f 

8' f f f 

0-15 77 k 2 0.79 4 a 9  2.0 

f f f f 

0-1 5 37 * 1 8.79 t 0.3 1.1 

0 8 5 .  37 rt 1 0.96 +- 0.6 1.4 

@-! 5 35 c 1 0.63 _+: 0.3 1.6 

f f f f 

f f f f 

0- IS 42 t 1 1.4 +- 8.1 3.7 

f f f f 

f f f f 
0- 15 0.55 k 0.1 1.1 

f f f f 

0-15 29 J- 0.6 0.95 _t 0.5 2.1 

0- 15 88 +- 2 1.0 -Jc 8.6 2.4 

f T f f 

f f f f 

0-1 5 72 c 1 0.99 +- 1 2.1 

15 438 5z 10 4 . 1  5.0 

"Biased samples are taken froin areas shown to have elevated gamma exposure rates. 
b~domtions of soil samples are shown on ~ i g .  2. 
"Scanning east from Creek 
dlndicated counting error i s  at the 95% confidence level ( -+ 2a). 
eAnalytica9 error of measurement results is g t 5% (95% confidence level). 
f ~ o t  sampled. 



28 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

745 

1169 

1298 

1488 

2333 

2363 

2530 

2768 

2844 

6170 

Old Pletcher Road 
490 feet east of 
KOA entrance 

Old Fletcher Road 
570 ft east of 
KOA entrance 

f 

NF002B3 

NF002B4 

NF002W6 

NF002BT 

f 

NF002B8 

f 

f 

f 

NF002B5 

f f 

0-15 23 J- 2 

0-15 33 +. I 

0-15 39 -t- 0.5 

0---15 53 -+ 2 

f f 

0-15 33 1 0.5 

f f 

f f 

0-15 25 k 0.6 

f f 

0-15 120 2 4 

f f 

0.90 k 0.4 1.3 

1.2 +- 0.4 1.4 

0.83 f 0.6 1.8 

0.58 3: 0.4 1.5 

f f 

1 . 1  k 0.5 2.4 

f f 

f f 

0.75 f 0.3 1.3 

f f 

<0.99 3.0 

i a s d  samples are taken from areas shown to have elevated gamma exposure rates. 
bLscations of soil samples are shown on Fig. 2. 
'Scanning west from Harold Woad. 
dhdicated counting error is at the 95% confidence level ( k 2a). 
'Analytical error of measurement results is < 3.5% (95% confidence level). 
fNot sampled. 



. 

. 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

961 Ridge Road 

House between 889 
and 913 Ridge Road 

1084 Ridge Road 

Circle gravel drive 
south side Ridge 
Road at TP45 

1011 Upper Mt. Road 

783 Upper Mt. Road 

789 Upper Mt. Woad 

789 Upper Mt. Road 

738 Upper Mt. Road 

4977 Creek Road 

4979 Creek Road 

4945 Creek Road 

Junction of Highways 18 
and 104 (NE side of 
104 and 18)f 

4986 Creek Road and 
adjoining lot 

e e 

NF002B58 0-15 

e e 

NF002B56 0-1 5 

NF082B54 0-5 

NFQO2B55 0-15 

e e 

e e 

e e 

NFQ02B53 0-15 

NF002B54 0-10 

.6i t 0.1 4.3 

r, t e 

7.6 -r- 0.2 0.32 * 
16 -+. 0.6 0.71 f 0.3 13 

24 F 0.4 8.29 & 0.1 

e e 

1 1  t 0.5 45 k 18 

14 I 0.4 I6 rf: 3.0 

92 C 5 560 rt 180 

e e 

e e 

e e 

180 +- 3 0.60 -t- 0.4 

24 

e 

9.3 

13 

70 

e 

e 

e 

0.97 

26 & 0.6 0.74 C 0.2 22 

iased samples are taken from areas shown to have elevated gamma exposure rates. 
%ocations of soil samples are shown on Fig. 2. 
%dicated counting error is at the 95% confidence level ( f 20.). 
dAnalytical error of measurement results is < -+ S% (95% confidence level). 
'Not sampled. 
%. A. Berven, Results of Radiological Measurements Taken at Junction of Highways 18 

and 104 in Niagara Falls, New York, Oak Ridge National Laboratory, 
ORNL/RASA-85/40 (December 1985). 



Anomaly 
number Locationb 

49 

50 

5 1  

52 

53 

54 

55 

56 

57 

55 

59 

60 

P.cmss street from 5439 
and 5447 Military Road 

(NW coiner of Military 
Road and Highway 31) 

(NW corner of Military 
Road and Highway 31) 

Reservoir State Park 

Reservoir State Park 

Military Road '400 ft 
north of Highway 31 
(both sides of crwb:)e 

Military Road '400 ft 
north of Highway 31 
(both sides of creek) 

north of Highway 31 
(both sides of creek) 

Military Road -400 f t  

2924 Mililary Road 

6560 Niagara Falls Dlvd, 

Walter S. Kozdranski 
Co., Inc., 1865 
3rd Avenue, 

Nuts and Bolts 
Products, Inc., 
21 15 3rd Avenue 

Save-Rite Discount Store, 
4301 Military Road 

Louie's Place, 
4509 Mi!itary Road 

4611 and 4613 Military 
Road 

Prince of Peace Church, 
Military Road (Rectory, 
908 N. Military Road) 

and National Fuel, 
1329 N. Military Road 

Metropolitan Life 

NFM2B35 

NFW2R37 

NF002B38 

NFO02B33 

NF002B32 

NFOOZB34 

NF002B30 

NF002D47 

NFOOZB48 

NFOCJ2B49 

NFOO2836 

f 

f 

f 

NF002B31 

0--I 5 

0-1 0 

0- 15  

0-1 0 

0-10 

0- 10 

0-10 

0-10 

0-1 0 

0-10 

5-15 

f 

f 

f 

0-10 

___ 

.... 

3.7 1 0.1 

2.8 t- 0.09 

19 f 0.5 

40 k 1 

7.2 4 0.1 

18 k 0.9 

12 5 0.4 

3.7 r 0.1 
46 1 0.6 

1.2 1': 0.04 

9.2 2 0.3 

f 

f 

f 

13 zk 0.4 

__ 
BBiasd samples are taken from areas shown to have dcvated gamma exposure rates 
blocations of soil sarnplss are shown on Fig. 3. 
'indicated counting error is at the 95% confidence levcl ( -+ 2a). 
dAnahttlcal error of iiieasurement results is < k 5'90 (95% mnfidcnce level). 

0.92 :k 0.4 

0.90 f 0.2 

0.83 -+ 0.1 

0.62 :k 0.3 

0.97 t 0.3 

0.68 t- 0.7 

45 k 10 

0.69 k 0,4 

0.85 k 0.6 

OS3 k 0.2 

0.45 rfi 0.2 

f 

f 

f 

0.81 2 0.2 

3.7 

2.4 

18 

4.7 

6.0 

19 

10 

2.8 

33 

1.1 

8.7 

f 

f 

f 

I 1  

...... 

'B. A. Bcrvea, Results of Radiological rWeasurenmmts Taken near Junction of Highway 31 and hftlitary Road in Niagara 

'Not sampled. 
Falls, New York, Oak Ridge National Laboratory, ORNL/RASA-85/42 (December 1985). 



62 

63 

64 

65 

66 

Kelly's Country Store, 2EM4 0--10 3.3 +: 0.08 5.9 k 1 2.9 
3 B 2 I Grand Island Blvd. 

Mobil Service Station, 39A @-lo 1.4 -t- 0.06 1.3 .+ 0.3 1.2 
1685 Grand Island Blvd. (dirt) 

Mobil Service Station, 0-10 6.1 Ifr 0.2 9.6 +_ 2.0 6.8 
1585 Grand Island Blvd. (rock) 

Mobil Service Station, ~ ~ ~ Q 2 ~ ~ 0  1@15 2.8 k 0.08 3.2 -+ 0.8 2.8 
1485 Grand Island Blvd. 

3060 Grand Island Blvd. NF002B43 &I5 25 +- 0.5 39 -+ 9 20 

3050 Grand Island Blud. NF002B42 6-10 3.2 +- 0.06 5.9 rt 1 3.7 

rand Island B'lvd. e e e e e 

KOA Campground, NF'002B411 &15 2.0 k 0.2 1.9 t- 0.4 1.7 
2570 Grand Island Blvd. 

aBiased samples are taken from areas shown to have elevated gamma e x p u r e  rates. 
bLocations of soil samples are shown on Fig. 4. 
"Indicated counting error is at the 95% confidence level 4 b 2a). 
dAnalytical error of measurement results is < t 5% (95% confidence level). 
'Not sampled. 



Anomaly 
number 
_.I__ 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

71 

78 

79 

80 

81 

82 

83 

84 

85 

86 

Locationb 
I_.__ __ 

SE corner of Cudaback 
and Portage Road 

257 Portage Road* 
Between 245 and 

Niagara Falls High School, 
Pine Street and 
Portage Road 

1318-1324 Portage Road 

Harris and Lever Florists, 
Portage Road 

574 Portage Road 

NW Garner Ferry Avenue and 
Portage Road (probably 
504 Portage Road) 

Propeefy between 434 
Poi-iage Road and 1338 
Niagara Street 

368 Portage Road 

356 Portage R.oad 

256 Portage Woad 

Between 242 Portage Road 
and Payme’s Floor 
Covering 

200 Portage Road 

Opposite 5704 Buffalo 

6901 Buffalo Avenue 

Avenue 

Region # a  

Region # I  

6901 Buffalo Avenue 
Regions #2, #3, 

7723 Buffalo Avenue 

551 2 Buffalo Avenue 

Buffalo Avenue (230 ft 
west of 53rd Street) 

6901 Buffalo Avenue 

and 54 

Occidental Chemical Corp., 
Buffalo Avenue 

Opposite ALOX Corp., 
Buffalo Avenue 

NFW2B21 

2 

e 

e 

e 

e 

NF002B22 

NFUO2B23 

e 

NFW2B27 

NF002B25h 

NF0021125R 

e 

e 

e 

e 

e 

NF002B26 

(t-15 

P 

e 

e 

e 

e 

e 

e 

e 

e 

0-15 

0-1 5 

e 

a-15 

0-! 5 

0-! 5 

e 

e 

t 

e 

e 

0--15 

6.5 * 0.2 

e 

e 

e 

e 

e 

e 

e 

e 

e 

36 * 1 

51 C 2 

e 

12 * 0.3 

57 * 1 

19 C 0.7 

e 

e 

e 

e 

e 

29 f 0.5 

0.47 -+ 0.3 

e 

e 

e 

e 

e 

e 

e 

e 

e 

0.68 1 0.4 

0.45 t 0.3 

e 

0.44 2 0.2 

0.68 2 0.4 

0.17 * 0.1 

e 

e 

e 

e 

e 

0.51 * 0.3 

5.3 

e 

e 

e 

e 

e 

e 

e 

C 

t 

32 

45 

e 

11 

52 

18 

e 

e 

e 

e 

e 

26 



33 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

93 

99 

100 

Ruffdo Avenue (east side of 
E%yde Park intersection)' 

Buffalo Avenue opposite 
§OHIO 

I(E20 &ffai0 Avenue 

Buffab Avenue opposite 
Carbmndum Carp. 

2434 Wiblow Avenue 

2439 Willow Avenue 

3017 kewiston Road aad 
property on south side, 

4831 Lewlston Road 

4842 Lewiston R o d  

Intersection Rankine Road and 
M s t o a  Road (west side) 

hwiston Road (weat side) 
Yntersection McKinley and 

2919 Porter Road 

2923 Porter Road 

Corner of Pine Street and 
29th Street (Wilson 
Farm Store) 

8-15 

0-1 5 

e 

0-1 5 

0--15 

0-15 
e 

E 

e 

e 

e 

e 

e 

e 

150 C 4 

Iff It 0.2 

e 

55 * 1 

7.7 I 0.3 
4.1 t 0.2 

e 

C 

e 

e 

e. 

C 

e 

e 

0.92 f 0.5 

0.74 * 0.2 

e 

0.40 It 0.3 

20 * 5 

9.8 -+ 2 

e 

e 

2.3 

15 

e 

18 

7.0 

3.7 

e 

c 

c 

e 

e 

t 

e 

C 

~ ~~ 

" B i d  samples are taken from areas shown to have elevated gamma exposure rates. 
blocations of soil samples arc shown on Fig. 3. 
cIndicated counting error i s  at the 95% confidence level ( -+ 2a). 
dAnalytical error of measurement results i s  4 I 5% (95% wnfidcnm level). 

'B. A. Berven, Resultr of Radiolagical Measureinem Taken near Junction of Buffah Avenue and Hyde Park Btvd. in 
'Not sampled. 

Falis, New York? Oak Ridge National Laboratory, ORNt/RASA-85/41 (December 1985). 
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Table 14 (continued) 

Tables 
Gamma 

Anomaly Type NFSS related Property Figure exposure Soil 
number Location anomaly anomaly description number rate analysis 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

7915 ftb Ra-226 YesC Open field 2 

7927 ftb Pia-226 Yes Open field 2 

8343 ftb Ra-226 Yes Open field 2 

8628 ftb Ra-226 Y esc Open field 2 

8960 ftb Ra-226 Ye@ Open field 2 

746 ftd Ra-226 Yes Open field 2 

11 69 ftd Ra-226 YesC Open field 2 

1298 ftd Pia-226 Y esc Open field a 
1488 ftd Ra-226 Y e-sc upen field 2 

2333 ftd Ra-226 Yesc Open field 2 

2363 ftd Ra-226 Yes O ~ R  field 2 
2530 ftd Ra-226 Ye@ open field 2 

2748 ftd Ra-226 Yes Open field 2 

2844 ftd Ra-226 Yes Open field 2 

6 170 ftd Ra-226 YesC Open field 2 

North Side of Pietcher Road and &lath Side of 81d Pleteher Road" 

Old Pletcher Road Ra-226 Yes field 2 
490 €e& east of 
KOA entrance 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

a 
3 

3 

3 

3 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 
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Table 14 (continued) 

Tables 
Gamma 

Anomaly Type NFSS related Property Figure exposure Sail 
number Location anomaly anomaly description number rate analysis 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

Occidental Chemical 
Corp., Buffalo Avenue 

Opposite ALOX Corp. 
Buffalo Avenue 

Buffalo Avenue (east 
side of Hyde Park 

Buffalo Avenue opposite 

1920 Buffalo Avenue 

Buffalo Avenue opposite 
Carborundum Corp. 

2434 Willow Avenue 

SOHIO 

2330 Willow Avenue 

3011 hWiStoR Road and 
property on south side 

4831 Lewiston Road 

4842 Lewiston Road 

Ra-226 

Ra-226 

Ra-226 

Ra-226 

Rh-226 

Ra-226 

Th-232 

Th-232 

Ra-226 

Th-232 

Ra-226 

No-concrete' 

No-aspRalte 

YesC 

No-asphalte 

W0-8sphaltG 

No-gravel, 
asphalt' 

No-granite, 
slag, fill 
materiale 

No-granite, 
slag, fill 
material' 

No-asphalte 

NQ-rOckSC 

No-asphalt' 

Business 

Parking lot 

Vacant lot 

Parking lot 

BUSiR@SS 

Vacant lot 

Residenee 

Residence 

ReSidencc: 

Residence 

~ e s i d ~ ~ ~ e  

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

1 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

13 

l a  

93 

13 

13 

13 

BJ 

13 

13 

13 

13 
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F
 

r
-
 

r- 
r- x 



42-46 

47 

48-59 

60-63 

64-45 

66. 

63. 

68. 

69. 

70- 9% 

epartment of Energy, Teclnni~caE Services Division, Oak 
rations Office, Oak TN 37831 
rr Oak Ridge Asso IJniversities, P.0 .  Box 1 17, Oak 

3’7831 
E. G. DeLaney, U S .  
Site ~ ~ o ~ m i ~ s ~ a n ~ ~ ~  Projects, Office of Nuclear Energy, 199 
Road, Germantown, MD 28874 
C. E. Miller, U. Department of En rector, Surplus Facilities 
xment, Rickland perations Office, P. 550, Richland, WA 9935 
J. IF. Wemec, Bechtef ~ a t ~ a ~ ~ ~ ,  Inc., k Ridge Turnpike, Oak R 
37831 
G.  P. Turi, U.S. Department of Energy, Division of Facilities and Site Decsmmis- 
sioning Projects, 
town, MD 208’74 
J. W. Wagoner TI, U.S. Department of Energy, Division of Facilities and 
~ e ~ ~ ~ ~ ~ s s ~ o ~ i n g  Projects, Office of Nuclear Ewergy, 19901 Germantown 

epartment of Energy, Directar, ivision of Facilities and 

ffice of Nuclear Energy, 1990% Gemantown Woad, 

855 L‘Enfant Plaza, SW, Suite 40 
Office of Assistant Manager, Energy Re 
Operations Office, Oak Ridge, TN 37831 
Office of Scientific and Technical Information, U.S. Department of Energy, Oak 
Ridge, TN 37831 




