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,, RADIOLOGICAL SURVEY 
OF BUILDINGS 401A, 402, 416, AND 429 

NIAGARA FALLS STORAGE SITE 
LEWfSTON, NEW YORK 

~.~, 
,.,,, 
rz*, INTIiODUCTION 

i,, . The Niagara Falls Storage Site (NFSS) is a’U.S. Department of Energy (DOE) surplus facility, 
located in Niagara County of western New York. The NFSS property is a portion of the U.S. 
Army’s former Lake Ontario Ordnance Works (LOOW) site. The 3040 hectare (7500 acre) 
LOOW was established in the early 1940’s for the production of TNT during World War II. ,:~ 
These operations ceased and approximately 608 hectares (1500 acres) of the property was 

transferred to the,Manhattan Engineer District (MED), predecessor agency to the Atomic Energy 

Commission (AEC). 

,,, 
The MEDlAEC actively used the site from 1944 until 1971. In 1944, the MED began to use 

buildings and open areas on the site for the storage of pitchblende (uranium ore) processing 
residues from Linde Air Products Division in Tonawanda, NY and the Middlesex Sampling Plant 

in Middlesex, NJ. From 1947 until 1954, the AEC continued to use the site for storage of 

radioactively contaminated equipment, materials, and residues ‘which resulted from the 

decontamination and ongoing uranium extraction activities at other MED controlled facilities. 

Additional wastes received for storage and subsequent transshipment included uranium and 

thorium processing wastes from various New York State facilities, material from Knolls Atomic 

Power Laboratory, the University of Rochester and the Electra-Metallurgical Company. The 

final operation at the site occurred when the original site steam plan, Building 401, was modified ,_, 
and used for boron-10 production from 1953 to 1959 and again between 1965 and 1971. 

At various time%uing ‘and subsequent’ to ‘MEDlAEC site operations, cleanup activities were 

conducted to reduce contamination to historically applicable levels. These remedial actions 
i ):: 

resulted in all but approximately 77.3 hectares.(l91 acres) of the original area being declared 

surplus and sold or transferred by the General Services Administration to private, commercial, 

or government agencies. The remaining property was retained by the AEC and its successor, 

the DOE, and placed in caretaker status. .~,. 

Nhgm F*b Slmqe site OctoLw 15. 1992 
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Various organiiations have performed radiological surveys since 1971 to characterize the 

contamination remaining at the site. Residual contamination, primarily uranium  and its daughter ?:&<s. j ,, 
products-mainly radium , as well as smaller quantities of thorium , strontium -90, and cesium-137, 

were identified during these surveys on both the, site and surrounding vicinity properties. The 

residual contamination identified exceeded the current guidelines for release to unrestricted use; 

therefore, the property was included in the DOE’s Formerly Utilized Sites Remedial Action 

Program (FUSRAP). Bechtel’ National, Inc. (BNI), the FUSRAP Project Management 
Contractor (PMC), has performed remedial actions to remove both on and off-site contamination 

::,,;.; ‘5 
and has consolidated the materials in an engineered containment structure on the NFSS. 

Most of the original site buildings were demolished during remediation. The only remaining 
structures include Buildings 401, 401A, 402, 403, 416, 429, and the Hittman building. The 

current site project plan calls for the demolition of 401A, 402, 416 and 429 and off-site release 
fl of the debris. 

At the request of the DOE, the Environmental Survey and Site Assessment Program (ESSAP) 

of Oak Ridge Associated Universities/Oak Ridge Institute for Science and Education 

(ORAWORISE), performed a radiological survey of the interior surfaces and exterior grounds .-,;,r 
of Buildings 401A, 402, 416, and 429. This report describes the procedures and results of that 

4 

,, 
survey. 

P 
/_ ; ,,. SITE DESCRIPTION “,I 

F? I 

” 
/~, ,.I 

(c: 

The NFSS is located approximately 6 km northeast of the town of Lewiston, NY (Figure 1). 

The site is bounded on the north by H Street and on the South by R Street. Security fences form  

the east and west boundaries, which roughly parallel Castle Garden Road and Lutts Road. The 
,xii: 

remaining buildings on the site, identified as Buildings 401, 401A, 402, 403; 416, 429, and the 

Hittman Building are clustered in the southeast and south central portions of the site (Figure 2). 

h Buildings 401 and 403 and the Hittman Building were not surveyed as part of this project. 

i,, 

iY .,1 
1  

F 
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Buildings 401A,“402, 416, and 429 are single-story structures and contain combined floor space 

of approximately 380 mz (Figures 3-6). Building construction is masonry block on concrete 

slabs with corrugated sheet-metal roofs. Exterior walls are constructed with a transite-type 
overlayment. The interior surfaces include tile floors, gypsum board or painted masonry block 
walls, and suspended “false” ceilings, with the exception of Building 401A where the ceiling was 

f? the underside of,the metal roof. 

P  ,,,,, i ,I ,, OBJECTIVE 
I 

c 
. 
: I 

ry 

Hy 
io i 

The objective of the survey was to determ ine the radiological status of Buildings 401A, 402, 

416, and 429, ‘relative to the FDSRAP’ guidelines and DOE Order 5400.5, Chapter IV. 

DOE/EM will use the results to determ ine if the building rubble may be disposed of without 
;I 

radiological restrictions. 

i,~>j,Z ,, 

PROCEDURES 

The survey was conducted during the period of March 9-13, 1992, in accordance with the site 
5 A:;, 

specific survey plan, using procedures and instrumentation described in the ESSAP Survey 

Procedures Manual. Appendices A and B provide an overview of instruments and methods. 
;L 

REFERENCE GRID 

:,, 

A reference grid, consisting of 1 mz grid blocks, was established on the floor and lower walls 

(up to 2 m ) in those rooms larger than 10 m2 in each of the four buildings. Measurements and 

smear sampling locations on ungridded surfaces were referenced to the floor or wall grid or to ,. “. 
prom inent building features. 

SURFACE SCANS, 

Alpha, beta, and gamma surface scans were performed on 100 %  of the floors and lower interior 

walls as well as portions of the ceilings, exterior walls, and exterior grounds for residual direct 

13 Niagsm Fda storage site - Oclober LS. ,992 3 ! ,: .<.>j 
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radiation. Scax$ were ‘performed using ‘gas proportidnai and NaI(‘l?) detectors, coupled to 
ratemeters or ratemeter-scalers with audible indicators. Locations of elevated direct radiation, ,,, .:, 
identified by surface scans, were marked for further investigation. 

SURFACE ACTNITY MEASUREMENTS 

L”ii,: ., 

Direct measurem&ts to determ ine~total ‘al&a and beta surface activity’were’performed on ‘119 

randomly selected grid blocks, representing approximately 10% of the total grid blocks in the 
u:jr,:,, 

four buildings. The initial survey plan stated that 25% of the total floor and lower wall ‘grid 

blocks would be measured. However, based on findings as the survey progressed, the total 

number of grid blocks selected was reduced. Measurements were performed at the center and 

four points equidistant between the center and grid block comers using gas proportional detectors 

coupled to ratemeter-scalers. The five measurements were then averaged to determ ine average 

activity within each 1 m2 grid block. 

Single-point direct measurements were performed every 20 mz on ungridded surfaces (upper 
walls and ceilings), in rooms less than 10 m*, on exterior building surfaces and at areas of 

elevated direct radiation identified’ by the surface scans. A  total of 125 single-point direct ,., ., 
measurements Gre ‘made on ungridded interior and exterior building surfaces using gas 

proportional detectors coupled to ratemeter-scalers. 
~./,,I 

Smear samples to determ ine removable surface activity were collected from  the highest direct 

measurement location within each grid block and from  each single-point measurement location. 

Refer to Figures 7 through 38 for measurement locations. 
,.~~ 

SOIL SAMPLING 

A surface soil sample (O-15 cm) was collected from  an area of elevated direct radiation detected 
.,, 

within the drainage ditch located to the south of Building 429 (Figure 39). 
.;:, 
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SAMpI+E AN.4L%IS AND DATA INTERPRETATION 

.:,,, ,,,, 
Samples and measurement data were returned to ESSAP’s Oak Ridge, TN facility for analysis 
and interpretation. The soil sample was analyzed by gamma spectrometry and the spectrum 

,,:, 
reviewed for Cs-137, Ra-226, Th-232, U-235, and U-238 concentrations. The spectrum was 

also reviewed for any other identifiable photopeaks. Results were reported in units of pCi/g. I ,,,: 
Smear samples were analyzed with a low background proportional counter for gross alpha and 
gross beta activity. Removable activity data and direct measurement data were then converted ,,# ,,., 
to units of dpm/lOO cm’. 

_._, .,, .,, .,, 
FINDINGS AND RESULTS 

,.,, 
SURFACE SC&S 

Interior surface scans identified a 1 m*  area of residual alpha activity, on the floor of Building 
401A, Room 11 grid block A,0 (Figure 17). Scans of the buildings’ exterior grounds identified . I,. 
one location of elevated direct gamma radiation in the drainage ditch southwest of Building 429 

(Figure 39). An additional location of elevated direct alpha radiation was noted in the closet of .., 
Building 416; h%ever, further investigation did not detect alpha act&above site’guidelines. 

All other surface scans were in the range of ambient site background. 

c L > SURFACE ACTIVITY 
,. 

Total and removable surface activity measurements are summarized in Table 1. The range of 
‘i,, 

average total activity within lm* grid blocks for each building were as follows: Building 401A, 
I-- : : <31 to 110 dpm/lOO cm*, alpha, and <430 dpm/lOO cm*, beta; Building 402, 

<47 dpm/lOO cm*, alpha, and <430 dpm/lOO cm*, beta; Building 416, <37 to 
R-7 
f;, ,t, 42 dpm/lOO cm*, alpha, and < 430 dpm/lOO cm’, beta; and Building 429, < 47 dpm/lCKl cm’, 

E3 
alpha, and <430 dpmllO0 cm’, beta. Individual surface activity measurement ranges for each 

building were: Building 401A, < 31 to 200 dpm/lOO cm*, alpha, and < 430 to 

i :  

. I 

I , , , , :  

:  : : :  
. , , .  
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760 dpm/lOO cm’, beta; Building 402, <47 dpm/lOO cm*, alpha, and <43O to 

470 dpmllO0 cm’, beta; Building 416, <47 to 180 dpm/lOO cm2, alpha, and < 430 dpmllO0 cm*, .,, 
beta; Building 429, <47 dpm/lOO cm ‘, alpha, and <430 to 440 dpmllO0 cm’, beta. 
Measurements on the exterior surfaces of the buGdings ranged from  < 47 to 100 dpmllO0 cd 

and < 320 dpm/lOO cm2 for alpha and ‘beta respectively. Removable surface activities for the 
buildings were < 12 dpm/lOO cm* for alpha and < 15 to 25 dpm/lOO cm2 for beta. 

RADIONUCLll?E CONCENTRATIONS IN SOIL &CE ,:: :;,N,C ,.,, 

Background radionuclide concentration ranges in soil for the Lewiston, New York area, .~, \ ,,s 
determ ined from  an earlier survey, were as follows: Ra-226, 0.1 to 1.2 pCi/g; U-235, <O.l 
to 0.5 pCi/g; U-238, <2.2 to 6.3 pCi/g; Th-232, 0.3 to 1.2 pCi/g; and Cs-137, <O.l to 1.1 
pCi/g. The radionuclide concentrations in the soil sample collected from  the localized area of 

elevated direct radiation within the drainage ditch were as follows: Ra-226, 6.2 pCi/g; U-235, 

0.7 pCi/g; U-238, 3.9 pCi/g; Th-232, 0.9 pCi/g; and Cs-137, 0.8 pCi/g. 

,,,:,, 

” COMPARISON OF RESULTS W ITH GUIDELINES 

., .,, : ,,.,~ ,, ,, 
DOE surface contamination and generic soil concentration guidelines for the release of a 

FUSRAP facility to unrestricted use are found in References 2 through 4. Argonne National” 
Laboratory developed site specific soil concentration guidelines that were subsequently issued 

by DOE in an August 30, 1988 memorandum.’ A ppe ndi C x provides a summary of the DOE 

guidelines. 
:; 

A  number of radionuclides have been previously identified in characterization samples. Two of 
the radionuclides<‘identitied,‘Ra-226 and Sr-90, are included in the most restrictive guideline 

categories. As the potential contaminants on surfaces were unknown, the most restrictive 
guidelines were selected for alpha and beta surface activity data comparison. 

Niigsin FaLLa stomgc site clctob3r IS. ,992 6 
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The Ra-226 surface contamination guidelines are as follows: 

1x 

: , ,  Total Activity 

,P& 100 dpm/lOO cm*, averaged over 1 m* 

300 dpmllO0 cm2 maximum in 100 cm2 

Removable Activity 

20 dpm/lOO cm* 

The Sr-90 surface contamination guidelines are: e.*i, 

Total Activity 

1000 dpm/lOO cm*, averaged over 1 m* 
3000 dpmllO0 cm*, maximum in 100 cm* 

,’ ~,, ,,j%ij, ,,. .:, 
Removable Activity 

200 dpm/lOO cm2 

Generic guidelines for residual concentrations in soil of Ra-226 and Th-232 are: 

5 pCi/g, averaged over the first 15 cm of soil below the surface 
15 pCi/g, averaged over 15-cm-thick layers of soil more than 15 cm below the surface. ,., 

The site specific soil concentration guidelines are 33 pCi/g for Cs-137 and 90 pCi/g for total 

uranium. 

,, 

,,. 
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With the exception of grid block A,0 in Building 401A, Room 11, where the average alpha 

activity within the 1 m* gridblock was 110 dpmllO0 cm2, all total and removable contamination 

levels were below these guidelines. BNI remediated this grid block during May 1992 and 
provided to BSSAP the post-remedial action total and removable surface activity level data for 

review. The data indicates that surface activity was reduced to levels below the guidelines for 

release to unrestricted use. Post-remedial action alpha surface activity levels for the grid block 

ranged from <31 to 75 dpm/lOO cm* and averaged 49 dpm/lOO cm*. 

The soil sample”collected from the drainage ditch outside of Building 429 contained 5.5 pCi/g 

above background of Ra-226. Surface scans did not indicate that the elevated direct radiation 

was distributed,’ but rather confined to an area measuring less than 1 m*., The DOE soil 
concentration guidelines provide for averaging radionuclide concentration levels over 100 m* 

areas to determine guideline compliance. A systematic soil sample, which contained 2.3 pCi/g 

of Ra-226, had been collected from the contiguous area during the previous radiological site 

survey.’ The average soil concentration would therefore satisfy the guidelines. Concentrations 
‘. of other radionuchdes were below the generic or site specific guideline levels. 

+,* 

SIJM&k$RY 

The Environmental Survey and Site Assessment Program of ORAUlORISE performed a 

radiological SUNey of Buildings 401A, 402,416, and 429 during the period of March 9 through 

13, 1992. The survey included surface scans, direct measurements and sample collection. ,.: 

;,.: 
The survey identified a 1 m* section of floor in Building 401A, where the DOE residual surface 

contamination levels were exceeded. Bechtel National, Inc. performed remediation and a post- 

remedial actionisurvey of the area. All tinal residual surface and soil contamination levels 

satisfy the guidelines for release to unrestriced use. 
,, c., 

Niigm Fal!a smrage site oelder IS. ,992 8 

,,, ,, 



>T 
,,, 

i ;,,i NFD49 
,, 

,m 

PLEXHER RD. 

STELLA 
NIAGARA 

N 
NIAGARA 

FALLS 

D KILOMETERS 4 

.,;,, 
FIGUFE 1: Northern Niagara County, New York - Area Map of the 

Niagara Fails Storage Sites 

13 Niagara rdh Stonge site October 15. 1992 9 
: _,, ,. 

,,, _.- ._,.,.,,,.,, 



;,q NFD50 
,,, 

: : ,, .,. 

N 

# BUILDING 

f 

4:: 
- FENCE 

NOT TO SCALE 

“,FlGURE 2: Plan View of the Niagara Falls Storage Site 



16 
5 6 

L-- 

5-- 7 15 

4 a 
14 

IO 

13 
3 9 

# ROOM 

FIGURE 3: Building 401A - Floor Plan 



’ g NF,,4,’ i” 

;; ” 

1 
h  i 

v 
/ 

” 

1  
2  

LG. 3  
29 - 

I 
; ,~, ,/, ,~.., i ..,,,,,, ,,,.,, 

a 

4 5  

6  7  

N 

t 

<k 
#  ROOM 

FIGURE 4: Building 402 - F loor Plan 

Nigam FdLe stom*e site. Oclokr 15. ,992 12 



!7 NFD51 
., 

rr f ; 
b, i 

P 
” 1 
; 

F 
: ,,., 
t j 

?: 

_, ~.~.~~~.... -,, 
P-m 

:,I 
F,.,. 

q 

F 

,F 

p 

P 

:, 

CLOSET L-l 

‘, 

A 

;,: 
FIGURE 5: Building 416 - Floor Plan 



p 

113 
__ .,, 

,r 1, / 

p 

” 
~*,I /., 

‘T 

I 

i” 

,z, 
Ic _ 

:. : 

F- 

m 

P, 1 

F 

c 

?- 

13 

5 6 

4 

1 

I 

2 3 

1 

,~ . ,.~ ,’ 

# ROOM 

FIGURE 6: Building 429 - Floor Plan 

Niiam Faus stom*agc site OEtoba 15, 1992 14 



L 

r-k 

I 5, 

c 

:r: 
i 

” 
/ 

NFD13 

A T 
.n . . . . . .._........ 

A B C 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID’ BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE 7; Building 401A, Room 1 - Measurement and Sampling Locations 

m Nii*nn Fda sfomgs site Ostobcr IS, 1992 1.5 



c* 

F 

NFDl4 

A B C D E F G 
G+.TH 

I 1+.4 

; / i i : 

..-........... i j............... j 14 . . . . . . . . . . . . ...) 
: j ; i ; i 

; / / / / 
L 

: / i / ( 
..-........ .._ i . . . . . . . . . . . . . ...? .._... i ._...__._.., j .,...,,._..._... i .,,_..., _,,, 

A 

I 

N 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEILING 

,,. 

FIGURE B:,,:Building 401A, Room 2 - Measurement and Sampling Locations 

Niagam Fnus stomgs site o.abcr 15, ,992 16 



F NFD15 
i,, 

. ,.. ,, 

$!y 
& 

,p ” 
i 

?, 

P- 

“3 
; ,’ 

N 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE g”” Building 401A, Room 3 - Measurement and Sampling Locations 

Nisgln Falla Stongc site ONIbcr 1s. 1992 17 

,, ,,,,, ,_ ,, ,;, 



6” 
b ~j~ 

a 
L, _ 

,” 
i, I 

m 
: 

” 
* 

r 

/ 

,- 

F! 

F 

13 

II* 

b, * 

c 

#r-f 
L 

F 

NFD16 

4.2 
4 

~ ..~. 
h ; : : i i : i” ..i i -. .b. i / : t i . . . . . . . . . . . . . . . i / j i / i j / r; j / / . . . . . . . . . . . . . . . .._............ ~ ,,.......... ‘ i / / i / / ; / i ,.............. + i : : i / i : : / / 
A B C I 

. . . . . . . . . .._... A .._.......... i. f i 
,_. .pT . . . . . . . . . . . . . . . . I I., 

A 

MEXUREMENT/SAMPLING LOCATIONS 

a GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEILING 

2 i / b / ; : 
sl f j j : i : : ; 

t.4 

FIGURE 10: Building 401A, Room 4 - Measurement and Sampling Locations 

Niima %lh stonge site - October 15. ,992 18 



i p 
., 

91 

:,y 

,r 

c 
7‘ 

b’: 

(7 
i Pi 

:r ! 

P 
I, i 

m 

; 

7 

i: ; I 

?F 
t 

, 
NFD17 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . f... : : 
i : i / : b2 ~ j ..,...,..._..., / ,..,, / j / 
: i : / / ; 

4.2 

A B C D 

+ / / j i : i j 5 + . . . . . . . . . . . . . . . . 
A 

bf.4 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT, UPPER WALLS AND CEILING 

FIGURE 11:: Building 401A. Room 5 - Measurement and Sampling Locations 



NFD18 
_ 

R-3 

“” 

rt 
P 

” 
, , 

.r: ,, 
i ; 

m  

3 

i 

: 

?- 

r 

r- 

t ,I 

1 : 

I 

y” 

A B C 

,,’ 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEIUNG 

r- FIGURE 12: Building 401A. Room 6 - Measurement and Sampling Locations 

Nisgm Fdb Stongc site - Octobu 15. ,992 20 



br 
.: t! ,, hi 

; K-y 
c,,; 

e* 

;, 
S.&d 

I. 

: i. 

? 

r: 

b j 

r 

i,, . 

P-” 

m 

r-7 

c 

3 

F 
k,,j 

m 
t, : 

N!=DlS 
,: ;. 

/ / I _ .~..“.,..‘....‘. 
El j i / / 

A . _. : : i / : / 

rm 

i / 
i * f / : / i / i / 

1.4 
1 : : : 

0 C’ 

f.- .._.. :............: 
j 7 
p; 

A .B C D E E+.8 

MEASUREMENT/SAMPLING LOCATIONS 

!zl GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEIUNG 

FIGURE 13 Bu@ng 401A, Room 7, (Hallway) - Measurement ond Sampling Locations 
.-j;: 

Nigam F& stongc site - Onober 15, 1992 21 
. ..., 
id ,a,~ 



“‘ 
&,d 
b”. 

ii 

i 

3 

I > 

p 

.~ ,~ 

I 

NFD20 

A B C D 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE 14: Building 401A, Room 8 - Measurement and Sampling Locations 

Niagara Fdb SLomgc site. October 1% 1992 22 



F 

; 

:p 
-.,.. 

.m 

.., 

c 

I) ! 

Li 

;’ 
.,i 

NFDZ 1 
,., 

MEASUREMENT/SAMPLING LOCATIONS 

f 

4:: 

q GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AtjD CEILING 

.~,., 

FIGURE 15: Building 401A, Room 9 - Measurement and Sampling Locations 

Niagsn Fall8 stomge site OEtok 15, 1992 23 



r 
A. 

NFD22 
::, 

i / * c i ,>__,,.-. 

’ : 

~ ~ j i a / . . . . . . . . . ,,,.,.. 
j / i / 
i j .._....... , j j A  

A j i i p 6 / ’ 
j / 
i i 

i ._......... i... 5 

: / : : 
A 

,’ .,, * ..:..i ,._.. / ....l. 

j : 

: / 
i i 

: 

A R Bf.6 

MEASUREMENT/SAMPLING LOCATIONS 

q GRID BLOCK 

A SINGLE-POINT, UPPER WALLS AND CEIUNG 

f lGURE ‘16: Building 401A, Room 10 - Measurement and Sampling Locations 

~ F Niagara Fdk stomggc site. cktobcr 1s. 1992 24 

I u ,, ,’ ,, 



FI, 

NFD23 

1 i i, I” 

I-- 

, :~ .,.:~ ,, 

?T 

:,E 

A 
. . . . . . . . .._............................................................................~........ i / / / i / ) j : / / j ( / j ; i j i : ) i ; ; i i j ; ... ..r i r / -...........- i.............. [ . . . . . l&- 

j : i / / : : : : : /’ 

G  H I J: 
J4.5 

A 

N 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

t 

4:: 

A SINGLE-POINT, UPPER WALLS AND CEIUNG 

FIGURE l~$t:,~uilding 401A. Room 11 - Measurement and Sampling Locations 

c Niigam Fall8 Stongs site octobsr IS. ,992 25 : ; 
:,1 



I: 

,. 

i +f; 

r 

3 
; 4;; 

i .i; 
‘I_,; 

P 

r 
i 

l- L 

m, 
P I, 

,c 
,,j j, I 

r- 

p”: 

‘Lo,, 

-. 

NFD24 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE 1$8;,,Building 401A, Room ,12 - Measurem.ent an,d ,Sompling Locations 
3’: 

Niagam Fdh stongc silt - actabcr 15. ,992 26 
.<>ii 
/me 



pm 
I~, NFD25 
I” ., 

” 
/ 

” ,,,, 4 :4~. :, :;,:, 
! 

f 

/. pi 

A B C Cl E 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE 19: Building 401A, Room 13 - Measurement and Sampling Locations 
I,$:, 

Niigarsi hib stomgc site adobe. LS. ,992 ‘27 



,n: r,_< 
NFD26 ,;:, 

:&-- 
‘$4 1 , 

,I: ,~, ,,., .., 

,3 

” 

.; 

,. ‘, 

N 

MEASUREMENT/SAMPLING LOCATIONS 

t 

4:: 

El GRID BLOCK 

A SINGLE-POINT, UPPER WALLS AND CEILING 

FIGURE 20: Building 401A, Room 14 - Measurement and Sampling Locations 



:p NFD27 
,,, 

i : ,, 

” 
S^” 

I‘- 
i, I b,.,! 

,? 

m 

,i”l 
i E ,_I 

F? 

f i’ 

a* 

r. 
e : 

r 

F 
I .,, 

8 

me 
c ,; 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT, UPPER WALLS AND CEILING 

FIGURE 21,; Building 401A, Room 15 - Measurement and Sampling Locations 

p Niwn Fdb Storage sill. Ocrobcr IS. ,992 29 
1 8 
t* ,.I,, ,, 

A B C 0 E 



,- 

/ ,, 

,- 

NFD28 

.I. 

. 

/ 

pqy i j 
Aj 

I : j / 

A ..~ ~ _ i ! 
LA 

! ; ; : : : .~ i ..i .,..,....,...,. i i : j i : 

A B C D E : / j j j j t i j 
1. i i i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

N 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT, UPPER WALLS AND CEILING 

FIGURE 22: Building 401A, Room 16 - Measurement and Sampling Locations ,., 

Niagara Fd!a stom.gc site Octobsr 15. 1992 30 
,,, 



“i 
!, ,: NFD48 

NORTH WALL 
P 
,. 

f? 
4 

c, n.n cl 
.rar *, I II 

WEST WALL 

?‘? 

I I 

” 
J,, 

5 
:, 9 

I I 

.cc EAST WALL 2, 

-I i, 
,, 

i fli MEASUREMENT/SAMPLING LOCATION’S 

4m 
l SINGLE-POINT, EXlERIOR WALL 

I i 
k’? I 

:+ 2 
i 

“” 
L ( 

F FIGURE 23: ~Euilding 401A, Exterior Walls - Measurement and Sampling Locations 

r* NiqM Fdla Stongc site ocmbcr 15. 1992 31 
i ; 



NFD29 

“F? 
I ,j 

‘-3 

17 
f: j.,~ ,:’ 

:m. 

P 
;, ( ,..,,~I 

r 

.- 

MEASUREMENT/SAMPLING LOCATIONS 

l SINGLE-POINT, LOWER WALLS AND FLOOR 

A SINGLE-POINT, UPPER WALLS AND CEILING 

0 
cl A 

FIGURE 24: Building 402, Room 1 - Measurement and Sampling Locations 

Nagan Fdb Sfongs sits. October IS. ,992 32 



/. ~. 

” 

: ., 

;m 
i : 

/” 
1: : 

j=:, 

f+ 
!.~ : 

c* 
,: 

f” 
i: ,; 

!; 

NFD30 
: s’ 

OPEN AREA 

A B C D E F G 

N 

MEASUREMENT/SAMPLING LOCATIONS G”r 

El GRID BLOCK 
t 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE 25: Building 402, Room 2 - Measurement and Sampling Locations 

Nk3g.m Fd!a skmgc site - OElokr 15. ,992 



I ! 

i” 

c 
: : 
1 

4” 
:, .1, 

Ir 

NFD31 

,/ ZIEI 

,, 
.’ 

0 

,,~. ~~..,..~ ,“,,,,~ •,:,~,, 
N 

MEASUREMENT/SAMPLING LOCATIONS 

l SINGLE-POINT, LOWER WALLS AND FLOOR 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE 26: Building 402, Room 3 - Measurement and Sampling Locations 
:,, 

Niagm Fdl9 storage site oaobcr 15. 1992 34 

- 



1-C 
I, 
IL,./ 

*g 

t” 
i; ,i 

NFD32 

N 

MEASUREMENT/SAMPLING LOCATIONS % 

El GRID BLOCK 
t 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE ,,27: Building 402, Room 4 - Measurement and Sampling Locations 



il” 
NFD33 

13 

E.I,, .,, 

17 
&, 

,rr ,., 
6, d 

I” 
I~ 

j’ 

A- 

WINDOW 

el 0 

N 

MEASUREMENT/SAMPLING LOCATIONS 

. SINGLE-POINT, LOWER WAUS AND FLOOR 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE 28: Building 402, Room 5 - Measurement and Sampling Locations 

?m Nia*an Fall9 storage site cktobsr 15, 1992 36 



r ! 

5 
j: ; 

17 : ! 

m 

: ,: 

I?, 1, : 

1’ 
I, ; 

I” 
2 1 

;y 

y. 
j 

” 

17 

F, 

NFD34 

~,, n 0 

3 .,.. v .,.....,..,. ;.. .,.., y.... j j ~~~~“‘~ 
2 ..” j- / :.. 4 . .._........... 

A/ i............... ,....... 4 p I ; 
A B c D Df.8 

i : / : / i : ; : i i 

~ 

j j 
p 

i / i 
: : i .._.._.... i 

i 

MEASUREMENT/SAMPLING LOCATIONS 

I23 GRID BLOCK 

A SINGLE-POINT, UPPER WALLS AND CEIUNG 

N 

t 

4k 

:a MErEPs 2 

FIGURE 29:‘Ruilding 402, Room 6 & 8 - Measurement and Sampling Locations 

Niigara Fdh storage sit?. ock?ter IS. 1992 37 



p 
: 

p-r 
a:,, ,* 

c 

,Py 
l .i 
:: 

,F= , 
i 

$7 /, : 

il 
, * 

i” 
j i 
: ., 

,!l 

j? 
,., 

m 

AI 
in : 

.y 

i” 

/- 

I” 

4-l 

p 

,,, 
NFD53 

MEASUREMENT/SAMPLING LOCATIONS 

. SINGLE-POINT. LOWER WALLS AND FLOOR 

- 

FIGURE 30: Building 402, Room 7 - Measurement and Sampling Locations 

Niagan FdLl sme.gc sits o-ctobcr IS. ,992 38 



jr* 

,m 
li,..i 

,I 
i I 

j 

I* 

,- 
/, : 

;” 

IT i : 

“3 
/_ ./ 

!W: 

/3 
I.,, ,,, 

ia 

I-8 

1-5 

i- 
: 

1” 
/ 

jr 

%-- 
” 

NFD46 

EAST WALL 

WINDOW 

~ 

NORTH WALL 

I l---l 0 

WEST WALL 

MD.SUREMENT/SAMPLING LOCATIONS 

. SINGLE-POINT, EXTERIOR WALL 
IA METERS 2 

FIGURE 31: Building 402, Exterior Wails - Measurement and Sampling Locations 
,.L.. 

Niagm Fslb sbmgc site - cIcmber IS. ,992 39 



!rn 

!F 
I&., ” 

w. 

,- 

,” 
~ ; 

r ii 

iI 

,.. a a^., 

IF! 2,~ 

iP? ‘, 
1~ i 

13, 

!- 
E 

j i 

!“” 

P 

i- 

F 

NFD35 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE 32: Building 416, Guard House - Measurement and Sampling Locations 

Niagam Faus stomge site Osmbsr 15, 1992 40 
,_,~: 



NFD36 

I 

i- 

. 

li 

i- 
/, 

:. 1  

A 

u 
0 

MEASUREMENT/SAMPLING LOCATIONS 

. SINGLE-POINT, LOWER WALLS AND FLOOR 

A SINGLE-POINT. UPPER WALLS AND CEILING 

N 

FIGURE 33:,:,Build,ing 429, Room 1 Office - Measurement and Sampling Locations 

Nigm Faun St.mgc site oelolmr 15. 1992 41 



f- 
’ ..’ 

,F” / 

/- 

i* 

ic 

!- 

NFD37 

ENTRANCE FOYER 

N 

MEASUREMENT/SAMPLING LOCATIONS 

t 

Gk 

El GRID BLOCK 

. SINGLE-POINT, LOWER WALLS AND FLOOR 

A SINGLE-POINT, UPPER WALLS AND CQUNG 

flGURE 34: Building 429, Room 3 (Entrance Foyer Connected to Room 2) - Measurement 
and Sampling Locations 

Nagm Fdls storage site odobcr 15, 1992 42 



:T 

8” 

I&W 

,-, 

,,, 

IF-5 

/ 

!- 

!C 
/: ! 

/- 

P 

I-- 
: .~ 

,,. 

1” 

NFD38 

._ ._. 
WIND ; i 

~ 

_ ; Lj ...,,,_,. i : : j / / 

* .............. i.. ............. i._ ..... _ ... i .._ ........ 
~1~~ ~ 

, .............. +. .... ..- .... .... : ... . ........ 

A B C D D+.7 

) / / 
i / / 
i / : 
: i 

. . . . . . ..._...” f- .._....... j.. 

p 

i 

j / 
/ / 
; ; i 

MEASUREMENT/SAMPLING LOCATIONS 

El GRID BLOCK 

A SINGLE-POINT, UPPER WALLS AND CEIUNG 

N 

FIGURE 35: Building 429, Room 4 Office - Measurement and Sampling Locations 

Nisgm Faus slomgs silt October IS. 1592 43 



,- 
,. 

/- 

a- 

N 

A SINGLE-POINT. UPPER WALLS AND CRLING f 

MEASUREMENT/SAMPLING LOCATIONS 
<k 

. SINGLE-POINT. LOWER WALLS AND FLOOR 

FIGURE 36: Building 429, Room 5, Restroom - Measurement and Sampling Locations 

Niignn Fdla skmgc Sk odobsr IS. 1992 44 



NFD39 Q 

WINDOW 

0 

Elim 

N 

MEASUREMENT/SAMPLING LOCATIONS ..I 

i 

-Jr 
. SINGLE-POINT. LOWER WALLS AND FLDOR 

A SINGLE-POINT. UPPER WALLS AND CEILING 

FIGURE 37: Building 429, Room 6 - Meosurement ond Sampling Locations 

Niagara Falls Stage site - October 15. ,992 45 
., 



0 

c 
I 

.P- 

3 : 

” 
/~ 

b- ,~ 
, 

c 
“~. 

I 

P  
: L; 

i ,, 

” 

j, : i y 

” 

NFD45 :l 

iiLl 

0 

EAST WALL 

/ 

u 

WEST WALL 

,,,,,., ‘iI,, 0 0~ n ’ 

NORM WALL 

MESUREMENT/SAMPLE LOCATIONS 

. SINGLE-POINT, EXTERIOR WALL 

I* 

FIGURE 3%: Building 429, Exterior Walls - Measurement and Sampling Locations 

N!aEam Fd!d skmgc sit2 - acldxr 15. ,992 46 



m 

c 

*...> 

[-, 
n:,‘: 

Fm 

i, 

NFD43 

I 
w 

J/ + 9 
+ + 

w 
\I, w 4, 

+ \L 
w + JI 

Q 
v 

Q 9 ‘I, 

w w \L * ‘(I v 

+ 
9 5 

2 
i 

+ 
BUILDING 429 

17 

BUllDING 
J, 402 

ASPHALT PARKING 

& 
J, w * 

44 w w 

.b w w w .~ 

w DRAINAGE DITCH 

w + 

\w”w * 

+ 

*,*- 

w w 
w J, * 

\L \L 

N 

MEASUREMENT/SAMPLING 
LOCATIONS -I:: 

q SURFACE SOIL - cl W GRASSY AREA 

ELEVATU) DIRECT RADlATlON t 

FIGURE ‘39: Building 429, Exterior - Measurement and Sampling Locations 

Niapm Fall8 stolagc site. 0sGobcr IS. 1992 47 
: :,: 

,_ 



7 3 “” :, : 

p _ E 1 I 

m
 

r f-? 

3 

> 
2,:: 

j,: 
: 

: 
: 

-,I~ 

<.. < 

g 5 ig 
3;; 
E@

 
k-20 
‘SO

S* 

W
-P 

;;; 
@

k 
/., 

u*z 
:, 

ii 2 
-t 3 z” 
@

do 
:“# 

bj& 
~.;,’ g 3 E 

~’ 

$,, 
$ 

*” 
[; i 

%
 

F- 
8 cn 

: 
:: 

‘: 
:.~ 

- 2 -2 
fi- $8 
E = 
2%

 
‘il 3 
00 
E!*s 
a 3 
p:Y 

- r 3 
8 e E PI 
= b 
.z 
‘iZ 
4 Z E 
%

 8 s 
cc 

- 

- & e 2 
u 5 0 m

 
2 c) 

- 9 5 E : z E ‘: e $ 5 - 

k n 
2 - 2 E 4 

- cu 
g 

- 2 E 4 

- P 
z - 2 s u 

- Y i q e b 
- ; %

 

3 iij 

- 

= d 9 Q
’ 

6: 
sE 
5c 
m

 
= 

= 3 V - 2 V - 5 V - Fi V 

- %
 

V 

- s V 

- - 2 i2 

- -of 
55 
8 

I 
,o 

/ 
!A( . 

= 

48 

- 2 V 

- 2 V 

- s z - 2 

- 0 %
=i 

V 

- z v 

- z z 

- - * 
t 

2: tic 
&: 

3’ 

= 

= 2 V - 2 V - 5 V 

- s V 

- 3 V 

- !G
i 

V 

- m
 

- 3 z - a: s; 
f5 

I 
0 LL; L 

= 

k 2 V - N V - 2 - 2 - 0 m
 V 

- ;; V 

- 3 2 - * - -b 
$ 32 
E:: 

3- 

- 

- 2 V 

- N V 

- 0 m
 V 

- s V 

- 0 si V 

- s V 

- m
 

- s z - 

r 
-0%

 
53 
gi 

E: 
b 

= 

- ‘” V 

- 2 V 

- 3 z - 5 z - 2 m
 V 

- ? z V 

- 2 

- d 

- -t 
$ 82 
2: 

30 

- 

i:,; 
,..ai 



TABLE 1 (Continued) 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

..,,_ by “,$! .,,; :*,;~~q;’ 
I 

BUILDING 401A 
ROOM 4 

Floor and 
Lower Walls 

N/A 4 <37 

Upper Walls 3 NIA <31 
and Ceiling 

,I 

ROOM 5 

Floor and 
Lower Walls 

upper Walls 
and Ceiling 

N/A 4 < 37-55 < 430 <37 <430 < I2 < 15 

3 NIA <31 <310 NIA N/A < 12 < 15 

Location’ 
Number of Measurement 

La&ions 

Singi&?. Grid Blocks 

Range of Total Activity (dpm1100 cm*) 

Individual Measurements Grid Block Average 

Alpha Beta Alpha Beta 

Range of Removable 
Activity (dpm1100 cm’) 

Alpha Beta 

< 430 <37 <430 < I2 < 15 

<3lO N/A N/A < I2 < 15 

ROOM 6 

Floor and 
Lower Walls 

Upper Walls 
and Ceiling 

NIA 5 <31 <310 <31 <310 < I2 < 15 

3 N/A <3l <3lO NIA N/A < I2 < I5 
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TABLE 1 (Continued) 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

::< ,;~ ,- ,~,, c:;, _, :: ;: >~ 

Range of Total Activity (dpm1100 cm’) Range of Removable 
Number of Measurement Activity (dpm/lOO cm’) 

Locations Locations Individual Measurements Grid Block Average 

SinglePt. Grid Blocks Alpha Beta Alpha Beta Alpha Beta 

BUILDING 401A 
ROOM 7 

Floor and N/A I <41 <3lO <41 <310 < I2 < I5 
Lower Walls 

Upper Walls 2 N/A <3l <3lO N/A N/A < I2 < 15 
and Ceiling 

ROOM 8 

Floor and NIA 4 <47 <3lO <4-l <3lO < I2 < I5 
Lower Walls 

Upper Walls 3 NIA <31 <3lO N/A NIA < I2 < 15 
and Ceiling 

ROOM 9 

Floor and NIA I < 47-85 <3lO <47 <310 < I2 < 15 
Lower Walls 

Upper Walls 2 NIA <3l <310 N/A NIA < I2 < 15 
and Ceiling 
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TABLE 1 (Continued) 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

Range of Total Activity (dpml100 cm*) Range of Removable 
Number of Measurement Activity (dpml100 em’) 

Loration’ Locations Individual Measurements Grid Block Average 

Single-Pt. Grid Blocks Alpha Beta Alpha Beta Alpha Beta 

BUILDING 401A 
ROOM 13 

Floor and NIA 4 <31 < 430 <31 < 430 < 12 -4 15 
Lower Walls 

Upper Walls 3 NIA <3l <310 N/A N/A < I2 < 15 
and Ceiling 

ROOM 14 

Floor and N/A 4 4 31-15 < 430 <37 -4 430 < I2 < 15 
Lower Walls 

Upper Walls 3 N/A 431 -4 430 NIA NIA < I2 < I5 
and Ceiling 

ROOM 15 

Floor and NIA 4 <31 <3ll <3l <3ll < 12 < 15 
Lower Walls 

Upper Walls 3 N/A <31 <3lO N/A N/A < 12 < I5 
and Ceiling 
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TABLE 1 (Continued) 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

Range of Total Activity (dpml100 cm’) Range of Removable 
Number of Measurement Activity (dpm/lOO cm’) 

Location’ Locations Individual Measurements Grid Block Average 

Single-Pt. Grid Blocks Alpha Beta Alpha Beta Alpha Beta 

BUILDING 401A 
ROOM 16 

Floor and NIA 4 <37-55 <430 <37 <430 <I2 <I5 
Lower Walls 

Upper Walls 3 NIA <3l <3lO NIA NIA <I2 <I5 
and Ceiling 

Exterior Walls 4 N/A <41-loo <320 N/A NIA <I2 <I5 

BUILDING 402 
ROOM 1 

Floor and 5 NIA <31 <430 NIA N/A <I2 <I5 
Lower Walls 

Upper Walls 2 N/A <3l <3lO-470 NIA N/A <I2 <I5 
and Ceiling 

ROOM 2 

Floor and N/A 6 <41 <320 <41 <320 < 12 <I5 
Lower Walls 

Upper Walls 3 N/A <3l <310 NIA N/A <12 <I5 
and Ceiling 
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TABLE 1 (Continued) 

__, 
: ~.::I :~“~I .I ‘,I : ~.T3 : z 1 ( ..J 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

Range of Total Activity (dpm/lOO cm*) Range of Removable 
Number of Measurement 

Location’ Locations Individual Measurements Grid Block Average 
Activity (dpml100 cm’) 

Singk+Pt. Grid Blocks Alpha Beta Alpha Beta Alpha Beta 

BUILDING 402 
ROOM 6 and 8 

Floor and N/A N/A < 41~ < 320 <41 < 320 < 12 < I5 
Lower Walls 

Upper Walls 2 NIA <3l ’ <320 N/A N/A -4 I2 -4 I5 
and Ceiling 

ROOM 7 

Lower Walls 

Exterior Walls 

BUILDING 416 

Floor and 
Lower Walls 

Upper Walls 
and Ceiling 

2 N/A <3l-38 <3lO NIA NIA < 12 < 15 

4 N/A <41 < 320 N/A N/A -4 I2 < I5 

< 15 

N/A 5 <37-180 < 430 < 31-42 <430 < I2 < I5 

1 N/A <31 < 430 N/A N/A -4 I2 < I5 

‘< 
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TABLE 1 (Continued) 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
NIAGARA FALLS STORAGE SITE 

LEWISTON, NEW YORK 

~:~[ 
~: 
~~ 
.F 

Range of Total Activity (dpml1OO cm*) Range of Removable 
Number of Measurement 

Location’ Locations Individual Measurements Grid Block Average 
Activity (dpm/lOO cm’) 

Single-Pt. Grid Blocks Alpha Beta Alpha Beta Alpha Beta 

BUILDING 429 
ROOM 1 

Floor and 
Lower Walls 

5 N/A <37 < 430 NIA N/A < 12 < 15-25 

Upper Walls 
and Ceiling 

4 N/A K31 <440 N/A N/A < I2 4 I5 

ROOM 2 

Floor and 
Lower Walls 

N/A 10 is41 < 430 <41 < 430 < 12 < I5 

Upper Walls 
and Ceiling 

5 N/A _<3l <3lO N/A N/A < 12 < I5 

ROOM 3 

Floor and 
Lower Walls 

5 N/A <41 < 320 N/A N/A -4 I2 < 15 

Upper Walls 
and Ceiling 

1 N/A t41 < 320 N/A N/A < 12 < 15 
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TABLE 1 (Continued) 

SUMMARY OF SURFACE ACTIVITY MEASUREMENTS 
NIAGARA FALLS STORAGE SITE 

l.lT.WISTflN. NR.W VORK 
-- . . -I _  -_. , _.I.. - -_.__ 

Range of Total Activity (dpml100 cm’) Range of Removable 
Number of Measurement 

Location’ Locations Individual Measurements Grid Block Average 
Activity (dpml100 cm*) 

SinglePt. Grid Blocks Alpha Beta Alpha Beta Alpha Beta 

BUILDING 429 
ROOM 4 

Floor and NIA 4 <47 < 320 <47 < 320 < 12 < 15-25 
Lower Walls 

Upper Walls 3 N/A <3l <310 NIA N/A < I2 < 15 
and Ceiling 

ROOM 5 

Floor and 5 NIA -431 < 430 N/A N/A < I2 4 15 
Lower Walls 

Upper Walls I N/A <3l <310 NIA N/A < I2 < 15 
and Ceiling 

ROOM 6 

Exterior Walls 

“Refer to Figures 7 through 39. 
‘N/A = Not Applicable. 
‘Data provided by BNI. 
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APPENDIX A 

MAJOR INSTRUMENTATION 
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APPENDIX A 
MAJOR INSTRUMENTATION 

The display of a specific product is not to be construed as an endorsement of the product or its 
manufacturer by the authors or their employers. ; ,:,:; 

DIRECT RADIATION MEASUREbJENT rr*:i. 
,,,, ,, 

Instruments 

Eberline Pulse Ratemeter 
Model PRM-6 “’ 
(Eberline, Santa Fe, NM) 

Ludlum Floor Monitor 
Model 239-l ,, 
(Ludlum Measurements, Inc., 
Sweetwater, TX) 

Ludlum ,Ratemeter-Scaler 
Model 2221 
(Ludlum Measurements, Inc., 
Sweetwater, TX) 

~!:,,Detect&s 
,,,:“, ,,, ,,~ ,:, ,. ,~,, ,;‘,:I ,:, :: ,,., 

;.- ..I,,, ,:_~,,‘,,<‘P ,,,‘,_ ,,,’ ,‘., ,:~L;;;;’ i, ,, _,, ,, :,,*1;; ,,~. ‘~, 
,. 

Ludlum Gas Proportional Detector 
Model 43-37 
Effective Area, 550 cm* 
(Ludlum Measurements, Inc., 
Sweetwater, TX) ~ 

“,, 

Ludlum Gas Proportional Detector 
Model 43-68 
Effective Area, 100 cm* 
‘(Ludlum Measurements, Inc., 
Sweetwater, TX) 

.Victoreen NaI(Tl) Scintillation Detector 
Model 489-55 
3.2 cm x 3.8 cm,<Crystal 
(Victoreen, Cleveland, OH) 

Niagara F* Stongc site. clcw,bCr IS. ,992 
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LABORATORY ANALYTICAL INSTRUMENTATION 

High-Purity Germanium Coaxial Well Detector 
Model GWO-110210-PWS-S. 23% Eff. 
:EG&G ORTEC, Oak Ridge; TN) 
JsexI in conjunction with: 
Ad Shield Model G-16 
IApplied Physical Technology, Atlanta, . GA) and 
Multichannel Analyzer 
1100 Vax Workstation 
,Canberra, Meriien, CT) 

,,,: 
bw Background Gas Proportional Counter 
tiodel LB-5 110 
Temielec, Oak”i(idge, TN) 

,,_” 
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SURVEY AND ANALYTICAL PROCEDURES 
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APPENDIX B 

$r 1 b 
i”,’ SURVEY AND ANALYTICAL PROCEDURES z.,,, s, 

r SURVEY PROCEDURES 
i,. ~I ,,,i,. ,,,_ I 

,F Surface Scans 

c 

:~ 
Surface scans were performed by passing the probes slowly over the surface; the distance 

between the probe and the surface was maintained at a m inimum - nominally about 1 cm. A 

: *c large surface area, gas proportional floor monitor was used to scan the floors of the surveyed 
FilWS. Other surfaces were scanned using small area (100 cm*) hand-held detectors. 

f” Identification of,elevated levels was based on increases in the audible signal from  the recording 

and/or indicating instrument. Combinations of detectors and instruments used for the scans 
” b : were: 

” 
i! Alpha gas proportional detector with ratemeter-scaler 

I f7,,,: ,,l$a : :::, ,, ,, ,’ _,, ,~:, gas’ l&nortion~~,detector with ratemeter-scaler ,,~ ~, 

: .” Gamma NaI(T1) scintillation detector with ratemeter 

?T ! $: Surface Activitv Measurements I *,:,,., 

r 

LE 
., 

,T 
,,._,~, 

;fq 

Measurements of,total alpha and total beta activity levels were performed using gas proportional 

detectors with portable ratemeter-scalers. 
g;-i 

,,. 
Count rates (cpm), which were integrated over 1 m inute, with the detector in a static position 
were converted ,to activity levels (dpm /lOO cm2) by dividing the net rate by the 4 a efficiency 

and correcting for the active area of the detector. The alpha activity background count rates for f$@  

: f-3 5 : 
iJ 

the gas proportional detectors averaged approximately 1 cpm for each detector. Alpha efficiency 

factors ranged from  0.20 - 0.24. The beta activity background count rates for the proportional 
,,, : :, ,.~:, 

: bT Nagrun m l8 skmg.gs site Occokr IS. 1992 B-l 



,q ‘!;f~, 

,;_ 

: E, 
,.,: detectors’averag’edapproximately 310 cpm. Beta efficiency factors ranged from 0.20 - 0.27 for 

m Li a,_ i a,> 
the gas proportional detectors. The effective window for the gas proportional detectors was L,.,, 
100 cm*. ” 

; 
Removable A&&v Mea&rement.$ ” 

,~~ 
Removable activity levels were determined using numbered filter paper disks, 47 mm in 

diameter. Modemte pressure was applied to the smear with two or three fingers, and 

approximately 100 cm* of the surface was wiped. Smears were placed in labeled envelopes 
with the location and other pertinent information recorded. ,: ,: 

Soil Samulin~ 
., 

Approximately 1 kg of soil was collected from the sample location. The collected sample was 

placed in a plastic bag, sealed, and labeled in accordance with ESSAP survey procedures. 
,~~ 
j,, 

ANALYTICAL PROCEDURES 

.,:I,;~ ., 
Gamma Svectrometry 

P ;, ,i / 

:r 

Soil samples were dried, mixed and/or the samples were placed in an appropriate container 

chosen to reproduce the calibrated counting geometry. The net weights were determined and 

the samples counted using high purity intrinsic germanium detector coupled to a pulse height 

analyzer system. Background and Compton stripping, peak search, peak identification, and 

concentration calculations were performed using the computer capabilities inherent in the 

analyzer system. Energy peaks used for determination of radionuclides of concern were: 

.5 

: “F 
i / 

b.1 
cs-137 
U-238 

,,,,;,: 
u-235 

0.662 MeV 

0.093 MeV from Th-234* (or 1.001 MeV from Pa-234 m)* 
0.143 MeVIO. 186 MeV 

q-j : 3 ,,, 
“,.d ,: t:/, 

m NrgM Fdk stomgc sic ckcober 15, 1992 B-2 



R 

I,, 

“” 
b,: 

m  
i ,I 

, .  
:Ur/ , .  

~,, 

Th-232 

Ra:226 
Ii&,, 

0.911 MeV from  AC-228* 
0.609 MeV from  Bi-214* 

*Secular equilibrium  assumed. 
Spectra were’ also reviewed for other identifiable photopeaks. 

, .Wl, ,d 

Removable Activity 

Smears were counted on a low background gas proportional system for gross alpha and gross 

beta activity. 

,c UNCERTAINTIES AND DETECTION, LF’$ 

r” “, 

,y 

c” 
li.“S 

The uncertainties associated with the analytical data presented’ in the tables of this report 

represent the 9.5 %  confidence level for that data. These uncertainties were calculated based on 

both the gross sample count levels and the associated background count levels. When the net 
sample count was less than the 95% statistical deviation of the background count, the sample 

concentration, was reported as less, than the, detection lim it of the measurement procedures. ,,,,, ., 
Because of variations in background levels, measurement efficiencies, and contributions from  

other mdionuclides in samples, the detection lim its differ from  sample to sample and instrument (,. 
to instrument. Additional uncertainties associated with sampling and measurement activities have _ - 

) L 

not been propagated into the data presented in this report. I_ ,., ,_ 

,~. 
CALIBRATION AND QUALITY ASSURANCE 

Calibration of allfield and laboratory instrumentation was based on standards/sources, traceable 

to NIST, when such standards/sources were available. In cases where they were not available, 
standards of an i,n,dustry recognized organization was used. Calibration of pressurized ionization 

chambers was performed by the manufacturer. ?(f,?, s :,, 
,,,. 

,6 Niigam FdLY stomgc sits octobcr 15. ,992 B-3 
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,, 

m 

,, ,. 

Analytical and field survey activities were conducted in accordance with procedures from the 
following documents: 

-Survey Procedures Manual Revision 6 (February 1991) w.,: 
-Laboratory Procedures Manual Revision 6 (April 1991) 

r, -Quality Assurance Manual Revision 4 (April 1991) :,:,~ 

The procedures contained in these manuals were developed to meet the requirements of DOE 

Order 5700.6B for Quality Assurance and contain measures to assess processes during their 

performance. 

7 
: ; Calibration of all,,field and laboratory instrumentation was based on standards/sources, traceable 

: .:~: 
to NIST, when such standards/sources were available. In cases where they were not available, 

7 standards of an ,industry recognized organization were used. 

Quality control procedures include: 

,r‘ 

,ps 

Li 

r, 
( )i,,,i ,, - 

;E - 
i ,,; -.,* 

*I 

i:,, .i 

,T 
‘Z f,’ 

Daily instrument background and check-source measurements to confirm that,equipment 

operation is within acceptable statistical fluctuations. 

Participation in EPA and EML laboratory Quality Assurance Programs. 

Training and certification of all individuals performing procedures. 
“‘Periodic%tenial and’extemal audits. ,,.,s,,: 

:,,. 

s,,,, 

~8, 

., 
,., 

:,I:: 
.,, 
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APPENDIX C 

RESID~,+L RADIOACTIVE MATERIAL GUIDELINES SUMMARIZED 

FROM DOE ORDER 5400.5 
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, ,  , I ,  APPENDIX C 
RESIDUAL RADIOACTIVE MATERIAL GUIDELIh’ES SUMMARIZED 

FROM DOE ORDER 5400.5 
,,,.,I 
,a*,< ,,, 

BASIC DOSE LIMITS 

‘. The basic limit for the annual radiation dose (excluding radon) received by an individual member 
of the general public is 100 mrem/yr. In implementing this limit, DOE applies as low as 
reasonable achievable principles to set site-specific guidelines. 

,., 
STRUCTURE GUIDELINES 

Indoor/Outdoor, Structure Surface Contamination 

Radionuclides” .,. 

Allowable Total Residual Surface Contamination 
(dpm/lOO cm2)b 

Averagecsd Maximumd,c Removable’ 

.,,,. 
Transuranics, Ra-226, Ra-228, 
Th-230 Th-228, Pa-231, AC-227, 
I-125, I-129 * 

; 
Th-Natural, Th-232, Sr-90, 
Ra-223, Ra-224, U-232, 
I-126, I-131, I-133 

U-Natural, U-235, U-238, and 
associated decay products 

Beta-gamma emitters (radionuclides 
with decay modes other than 
alpha emission or spontaneous 
fission) except Sr-90 and others 
noted above h 

100 300 20 ., 

1,000 3,000 200 

5,OOoo 15,OOOa 1 ,oooo 

5,000&y 15,oOOp-y 1 ,ooop-y 

:,:: 

r, : 
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External Gamma Radiation 

The average level of gamma radiation inside a building or habitable structure on a site that has 
no radiological restriction on its use shall not exceed the background level by more than 20 ,rNh 
and will comply with the basic dose limits when an appropriate-use scenario is considered. 

~,_, 

SOIL GUIDELINES 

Radionuclides Soil Concentration (pCi/g) Above Background’j,’ 
\, ,, 

Radium-226 
Radium-228 
Thorium-230 
Thorium-232 

Uranium 

5 pCi/g when averaged over the first 15 cm of 
soil below the surface; 15 pCi/g when averaged 
over any 15-cm-thick soil layer below the 
surface layer. 

Soil guidelines are calculated on a site-specific basis, using the 
DOE manual developed for this use. 

a Where surface contamination by both alpha- and beta-gamma-emitting radionuclides exists, the 
limits &bli&d for alpha- and beta-gamma-emitting radionuclides should apply 
independently. 

m:, ,, 
b 4s rsed’ in taco table;. dpm (disintegrations pki~“minute) means ‘the iate ‘of ‘emissibn’,‘b~~” “.i’.,;,,:,,‘,‘_‘. ,;’ 

radioactive material as determined by correcting the counts per minute measured by an 
appropriate detector for background, efficiency, and geometric factors associated with the 
instrumentation ,. 

c Measurements -of average contamination should not be averaged over an area of more than 
1 m*. For objects of less surface area, the average should be derived for each such object. 

d The average and maximum dose rates associated with surface contamination resulting from 
beta-gamma emitters should not exceed 0.2 mradlh and 1.0 mradlh, respectively, at a depth 
of 1 cm. 

c The maximumi&ntamination level applies to an area of not more than 100 cm2. 

’ The amount of removable radioactive material per 100 cm* of surface area should be 
determined by’~wilGng an area of that size with dry filter or soft absorbent naper, applying 
moderate pressure, and measuring the amount of radioactive material on the wipe with an 
appropriate instrument of known efficiency. When removable contamination on objects of 
surface area less than 100 cm2 is determined, the activity per unit area should be based on the 
actual area and,:tte entire surface should be~wiped. It is not necessary to use wiping techniques 
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to measure removable contamination levels, if direct scan surveys indicate that total residual 
surface contamination levels are within the limits for removable contamination. 

.,, 
g Guidelines forthese radionuclides are not given in DOE drder 5400.5; however, these 

guidelines are considered applicable until guidance is provided. 

h This category of radionuclides includes mixed fission products, including the Sr-90 which is 
present in them. It does not apply to Sr-90, which has been separated from the other fission 
products, or mixtures where the Sr-90 has been enriched. 

i These guidelines take into account ingrowth of radium-226 from thorium-230 or thorium-232 
and radium-228 and assume secular equilibrium. If either Th-230 and Ra-226 or Th-232 and 
Ra-228 are b& present, not in secular equilibrium, the guidelines apply to the higher 
concentration. If other mixtures of radionuclides occur, the concentrations of individual 
radionuclides shall be reduced so that (1) the dose for the mixtures will not exceed the basic 
dose limit, or (2) the sum of ratios of the soil concentration of each radionuclide to the 
allowable limit for that radionuclide will not exceed 1 (“unity”). 

j These guidelines represent allowable residual concentrations above background averaged across 
any 15-cm-thick layer to any depth and over any contiguous 100 m2 surface area. 

,k If the average concentration in any surface or below-surface area, less than or equal to 25 m*, 
exceeds the authorized limit of guideline by a factor of (100/A)“, where A is the area or the 
elevated region% square meters, limits for “hot spots” shall also be applicable. Procedures 
for calculating these hot spot limits, which depend on the extent of the elevated local 
concentrations, are given in the DOE Manual for Implementing Residual Radioactive Materials 
Guidelines, DOWCII/890/. In addition, every reasonable effort shall be made to’remove any 
source of radionuclide that exceeds 30 times the appropriate limit for soil, irrespective of the 
average concentration in the soil. 
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