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L-50, and R-IO. The L-30 and L-50 residues, under procurement contract 

provisions, were and are the property of African Metals Corporation, a 

subsidiary of Union Miniere du Haut Katanga. These were stored in bulk 

in the concrete vat designated Building 411 and in two concrete accel

ators (Buildings 413 and 414). Under agreement with the U.S., the 

residues were stored in these leased facilities for 25 years; the lease 

is in force through June 1983. 

Another residue of the Tonawanda operations, designated R-lO, 

was retained in U.S. ownership and was stored in bulk on the ground sur

face north of Building 411. It is reported that the residues were covered 

with soil in th~ early 1960's and seeded to reduce erosion. However, 

while some herbaceous vegetation remains, no evidence of significant soil 

capping was found. 

Until 1948, the residues of high grade pitchblende processed in 

St. Louis were returned to Belgium (Q-ll and K-65 residues). Following 

1948, K-65 residues from the St. Louis operations were stored in 55-gal 

drums which were shipped to LOOW and stored in several rooms of Building 

410 (including Rooms 1, 3, and 4--see Appendix G, Figure Gl-2). During 

1950-52, the K-65 residues were transferred from drums into bulk storage 

in both the upper reservoir and modified lower section of the old water 

storage tank at the northeast portion of the current Site, Building 434 

(see Appendix G.l and Figure 4-3). The K-65 residues remain the property 

of African Metals and are stored at the Site under lease agreement with 

the U.S. The barrels were shipped off-site. 

The MED constructed uranium reduction and casting plant operated 

by Electromet (Niagara Falls) resumed operations for a time during 1948-49. 

The uranium containing C-slag (reduction bomb liner) and broken graphite 

crucibles from the casting operations were placed on the ground south of 

the fire water resevoir, Building 409. These were shipped to Y-12 in Oak 

Ridge fo'r uranium recovery in the late 1950's. However, small amounts of 

these materials were located during the Site characterization (see Chapter 

5.3.4). 
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Following World War II, the Tonawanda refinery was dismantled 

and contaminated portions r~moved to LODY. Additional contaminat~d metal, 

concrete, lumber, and other materials were received at LOOW frqm St. Louis, 

Cleveland, Wilmington, and Canonsburg during the late 1940's and from the 

Winchester, Massachusetts, Raw Materials Laboratory in the early 1950's. 

These materials have either been removed from the LOOWduring the mid-

1950's or 1972 decontamination, remain off the current Site, or are part 

of the contaminated rubble in the north-central section of the Site (see 

Chapter 5.3.2) . 

During 1950-52 LOOY was used as an interim storage point for 

uranium billets. The rolling mill process to be used at Fernald, OH, 

(NLO) was developed through experimental work in Bethlehem Steel's 

Lackawanna plant. Billets were processed to rod form at the Simonds Saw 

and Steel rolling mill, Lockport. No uranium was' warehoused at either 

site. LOOY served as storage for both incoming and outgoing material. 

No evidence of this storage was found during Site characterization. 

In the period 1950-53, wastes from the University of Rochester, 

Knoll's Atomic Power Laboratory (KAPL), Schenectady Naval Research 

Laboratory, and the Middlesex Sampling Plant were received and stored at 

the Site. The University of Rochester shipments are described as animal 

residues and wastes, along with contaminated materials. Maps from the 

mid-1950's locate this material off-site due north of the central portion of 

the current Site; however, Site operations memos suggest these were 

moved to the northwest portion of the current Site in the mid-1950's 

decontamination (see Chapter 5.3.3). 

Mat.erial from KAPL and Schenectady were stored near Building 433 

in the north-central portion of the current Site (see Chapter 5.3.2). 

Evaporator bottoms from a low-level processing plant at Schenectady 

believed to contain fission products and plutonium were stored in 55-gal 

drums within an area designated the Baker-Smith area. This material was 

transferred to the Oak Ridge burial grounds during the late 1950's and the 

buildings were destroyed. Soil samples taken during Site characterization 

from around the concrete pad showed no detectable plutonium. No signifi

cant alpha contamination was found on the pad (see Chapter 4.3). 
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The originEll stec:un plant of the J..,OOW, Building 401, was modified 

to bea boron isotope separa.tion plant in 19537:54.· Some decontamination 

in the boron plant area was required at the time of construction. The 

architect engineer was Songmaster-Breyer; Hooker Electrochemical Company 

served as the operating contractor. The separation plant operated until 

1958 and then was placed in standby due to surplus Boron-lO. 

Concomitant with the separation plant development, AEC made the 

decision to cease use of the LOOW for storage or disposal of additional 

contaminated materials. From mid-1958 until 1964 the plant remained in 

standby and a maintenance contractor was retained for surveillance, rou

tine upkeep of government property, water meter reading, and occasional 

receipt of shipment of surplus materials or AEC exhfbits. 

From mid-1964 through 1970 the Boron-lO plant was operated under 

contract with Nuclear Materials and Equipment Corporation (NUMEC). NUMEC 

was also responsible for residue surveillance, site maintenance, shipments 

and receipts, and materials and exhibits. The water monitoring system was 

initiated during this period. 

Of the 1511 acres of the LOOW, AEC retained 213 acres until the 

early 1970's when parcels were deeded to Niagara-Mohawk and the Town of 

Lewiston, including the sewage treatment plant northwest of the current 

Site. 

Since boron operations ceased, 190 acres have been retained as 

a DOE storage area. In 1972, National Lead Company of Ohio (now NLO, Inc.) 

was given responsibility for maintenance and security of the Site. 

Recently, NLO has, under DOE guidance, undertaken projects for radon abate

ment and upgrading of Site facilities. The Site is now identified within 

the Surplus Facilities Management Program which is the responsibility of 

the DOE Remedial Action Program Office. Portions of the original LOOW out

side DOE ownership are being evaluated currently by the Assistant Secretary 

for the Environment (DOE) to determine whether remedial actions are neces

sary under the purview of the Formerly Utilized Site Remedial Action 

Program, also a responsibility of the Remedial Action Program Office. 
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A. 2. SITE DESCRIPTION AND SOIL CHARACTERIZATION 

A.2.l. Ecosystem Types 

Vegetation types present within the Site are: (1) mixed second 

growth forest, (2) northern shrub, (3) pasture-grass, and (4) aquatic emer

gent plants within the ditches. No area of the Site has been left as undis

turbed northern deciduous forest since the Department of Army's construc

tion during the early 1940's. Soils, derived from lake sediments and 

glacial tills, are high in calcium and have low concentrations of complex 

organic compounds within clay lattices (see Section A.2.2). Aquatic habi

tats have been created by ditches which, during spring and fall, carried 

significant volumes of water into three drainages (Fourmile, Sixmile, and 

Twelvemile creeks). The only current Site drainages are the Central Drain

age Ditch and West Ditch which empty into Fourmile Creek. 

Vegetation can be characterized as totally overgrown and re

flects the 30-35 years of natural succession in some areas of the Site. 

Dense undergrowth is common throughout the Site dominated by both shrub 

and tree species. Canopy species generally range from 6-25 cm in diameter 

and are predominantly species of maple, ash, and oak. Exceptions to this 

dense growth pattern are those areas covered by old foundations and debris, 

areas currently being maintained, and several of the contaminated areas. 

In these areas, grass and low shrub cover are dominant. The cause of the 

sparseness of tree species in contaminated areas can only be speculated. 

The soils are extremely poorly drained and standing water occurs 

occasionally. Toxicity to plants from the types of contamination found on 

this Site cannot be explained by toxicity of single metals or of nuclides. 

The synergistic effects of these materials on vegetation are not known. 

However" a more probable explanation may be related to the composition of 

the contaminating materials which can be described physically as a poor 

substrate for plant growth and is both sterile and infertile. 

The diversity of vegetation over the Site creates excellent 

wildlife habitats similar to the immediate areas surrounding the Site. 
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The intense nature of the environmental survey of the Site necessitated 

the clearing of'·; v~getation to facilita'te' the. establishment of the survey 

grid. These cleared areas, if left undisturbed, will return to their 

previous overgrown state and will encourage selected wildlife species to 

occupy the area. 

The ecosystem is typically inhabitated by the following mammals: 

opossum, masked shrew, short-tail shrew, starnose mole, little brown myo

tis, and Keen's myotis. Highly adaptive species (such as the white-tailed 

deer, racoon, and great horned owl) flourish in this ecosystem as well as 

throughout the state (Davis, 1977). Permanent resident, winter resident, 

and migratory bird populations are typical of those described by Kendeigh 

(1961) for the deciduous forest-edge association. Some of the more common 

bird species listed by Kendeigh (1961) are the red-headed woodpecker, 

common (yellow-shafted) flickers, common crow, bluejay, catbird, brown 

thrasher, American robin, starling, brown-headed cowbird, American gold

finch, chipping sparrow, field sparrow, and song sparrow. All of the 

animals listed above are common on"the Site, although no quantitative sur

veys were made during appropriate seasons. 

Aquatic systems on the Site consist primarily of drainage 

ditches. These drainageways carry runoff waters and former process 

discharge. Currently, almost all of the several ditches discussed in this 

report contain low volumes during most of the year and have large flow 

only during periods of heavy rainfall since little topographic relief 

occurs. 

The three largest of these ditches (the Central Drainage Ditch, 

the West Ditch, and the South 31 Ditch) are approximately 20 ft wide and 

bordered by 10-12 ft banks. These waterways are choked with dense growths 

of aquatic macrophytes such 'as cattails (Typha sp.) and marsh grasses 

(Phragmites sp.). The remaining ditches are much narrower and shallower 

and do n"ot support aquatic vegetation. They are located primarily along 

roadways. 

I 
.1 



" 

~ -' 

A2-3 

A.2.2. Soils Characterization' 

Soils on the DOE-Niagara Falls Stprage Site are part of the 

Rhinebeck-Ovid-Madalin Association (Higg'ins et al., 1972). This asso

ciation consists of nearly level to gently sloping soils which have 

evolved fro~ lacustrine silts and clays (Figure A2-l). 

t 
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Me = Made Land 

RbA = Rhinebeck Silt Loam 
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SOILS MAP OF THE DOE-NIAGARA FALLS STORAGE SITE 

(Source: Higgins et al., 1972.) 
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The Madalin soil series is the predominant soil type of the 

Site where samples were taken for soil characterizations. However, in 

most locations, the top 60 cm (24 in.) of soil have been altered by man's 

activities. Thus, the following Madalin soil description may not be 

accurate for the top 60 cm of most soil samples taken. 

Madalin Soil Series 

The Madalin soils are poorly to very poorly drained, having a 

medium textured surface layer and a fine textured subsoil. These soils 

are developed from calcareous lake-deposited clay and silt originating 

from ancient glacial lake Iroquois. 

Madalin soils have a seasonal high water table which is on or 

very near the surface. In early spring and during other extremely wet 

periods, these soils are often ponded. If these soils are not artifi

cially drained, plant roots are often confined to a depth of less than 

50 cm (18 in.). A typical Madalin soil profile is described below. 

Ap 0-15 cm (0~6 in.), very dark gray (lOYR 3/1) 

silt loam, gray (lOYR 5/1) when dry; moderate, 

fine, granular structure; friable; abundant 

fine roots; slightly acid; clear, irregular 

boundary. 15-20 cm (6-8 in.) thick. 

B21tg 

B22tg 

15-38 cm (6-10 in.), light brownish-gray (lOYR 

6/2) silty clay loam; common, medium, distinct, 

yellowish-brown (lOYR 5/6) mottles; weak, coarse, 

prismatic structure that breaks to moderate, 

coarse, blocky structure; firm; plastic; plentiful 

fine roots, very thin, very dark gray (lOYR 3/1) clay 

films on block faces; slightly acid; gradual, wavy 

boundary. 8-16 cm (3-6 in.) thick. 

25-43 cm (10-17 in.), light brownish-gray (lOYR 6/2) 

silty clay; common, medium, distinct, strong-brown 

! . 
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(7.5YR 5/6) mottles; weak, coarse, prismatic structure 

breaking ~o moderate, medium; blocky structure; firm, 

plastic; plentiful fine roots on prism faces; slightly 

acid; gradual, wavy boundary. 15-30 cm (6-12 in.) 

thick. 

43-66 cm (17-26 in.), light olive-gray (5Y 6/2) silty 

clay; common, medium, distinct, yellowish-brown 

(lOYR 5/6) mottles; weak, coarse, prismatic structure 

breaking to moderate, medium, blocky structure; firm, 

plastic; thin clay films on ped faces; neutral; gradual; 

Wavy boundary. 15-38 cm (6-15 in.) thick. 

66-127 cm (26-50 in.), light olive-gray; (5Y 6/2) silty 

clay; common, distinct, yellowish-brown (lOYR 5/6) 

mottles; weak, thin, platy structure; firm, plastic; 

no roots; calcareous. 

The solum ranges from 60-100 cm (24-40 in.) in thickness, and 

this thickness corresponds well with the depth to carbonates. Reaction 

generally ranges from medium acid to neutral, but it is mildly alkaline 

in the lower part of the solum in some places. Coarse fragments gener

ally are absent, but in some places a few pebbles and stones are present 

in any horizon. Bedrock is at a depth of more than 100 cm (40 in.). 

The Ap horizon dominantly is 10YR in hue, 2 or 3 in value, and 

1 or 2 in chroma. If this horizon is dry, value is 5 or less. The Ap 

horizon is less than 25 cm (10 in.) thick and less than one-third the 

thickness of· the solum. An A2 horizon occurs in some places and ranges 

from 10YR to 5Y in hue and 5 to 7 in value; its chroma is less than 2. 

The A2 horizon mayor may not be mottled. Where this horizon is mottled, 

the mottles are distinct or prominent. The A2 horizon ranges from silty 

loam to 'silty clay loam. 

The Bt horizon has hues ranging from 10YR to 5Y and values 

ranging from 4 to 6. Chromas of 2 or less are dominant in 60 percent 

or more of the soil between the bottom of the Ap horizon and a depth of 

76 cm (30 in.). The Bt h;)rizon ranges from silty clay loam to clay and 

has an average clay content of 35 to 55 percent. The lower part of the 

B horizon is mildly alkaline in some places. 
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·The C horizon is similar to the B horizon in color. Below a 

. depth of 76 em (30 in.), the Chorizon has chroma of more than 2. Mot

tling is generally less and not sccontrasting as in the B horizon. 

The C horizon generally is similar to the B horizon in texture, but it 

consists of varied silt and clay in some placesr Glacial till occurs 

below a depth of 102 cm (~40 in.) in some places. The C horizon is 

calcareous. 

Soil Core Analysis 

Core samples of uncontaminated soils on the Site were analyzed 

for the purpose of characterizing soils and determining the most suitable 

locations for interim storage of radioactive residues. On-site coordinates 

were selected for coring to represent prime areasbejng considered for in

terim storage. Coordinates selected fo.r this analysis did not include the 

R-IO area, Navy dump area~ and other areas known to be contaminated. Soils 

were cored at 61 cm (2 ft) intervals to a depth of 4.3 to 4.9 m (14-16 ft) 

using a split-spoon sampler (see Appendix B, QA Document EE-SP-ll). 

Sampled core increments were placed in plastic bags and shipped 

to BeL for analysis. Soil characteristics were determined on each sample. 

These include: particle size analysis, pH, cation exchange capacity, and 

percent organic matter. Procedures for all determinations were adapted 

from standard soils analyses being performed at Ohio State University (see 

Appendix B, QA Documents EE-SP-IOl, EE-SP-I02, EE-SP-l03~ and EE-SP-I04). 

Table A2-1 shows particle size, pH, lime test index, and cation 

exchange capacity of uncontaminated soils within the DOE-Niagara Falls 

Storage Site. Throughout the Site, cation exchange capacity and soil 

organic matter is low. Vegetation effects on shallow soils are apparent 

in the 0-0.6 m (0-2 ft) increment only . 
. While migration of nuclides, rare earths, and metals should be 

minimal through these high clay soils, the occurrence of many saturated 

zones increases potential for lateral as well as vertical migration 

(Figure A2-2). Even within these clay-rich soils, many areas of sand, 
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TABLE A2-1. SOIL CHARACTERISTICS OF UNCONTAMINATED AREAS WITHIN THE DOE-NIAGARA 
FALLS STORAGE SITE 

DEPTH 
LOCATION (ft)* SAND Yo SILT Yo CLAY 1. PH LTI 

ORGANIG 
CEC t1A TTER 'I, TEXTuRE 

N03 E24 0- 2 71.0 16.0 13.0 8.q 80 5.9 1.9 SANOY LOAM 
2- 4 8.9 AO 3.4 1.4 
4- 6 11.0 30. 0 59.0 13.5 75 7.9 0.4 CLAY 
6- 8 9.0 .2'+. 0 67.0 ~.5 75 7.9 0.6 CLAY 
8-10 113.0 28.0 53.0 8.5 75 8.6 0.4 CLAY 

10-12 .H.O 26.0 43.0 3.5 75 6.3 0.4 CLAY 
12-14 413.0 16.0 33.0 6.6 75 4.1 0.3 SANOY CLAY 

N03 E32 0- 2 413.0 28. 0 23.0 8.2 71t 10.1 2.0 LOAM 
2- 4 213.0 26.0 45.0 8.4 75 7.2 0.5 CLAY 
4- 6 41.0 26.0 33.0 8.6 75 5.4 0.1 CLAY LOAH 
6- 8 513.0 30.0 11.0 8.8 75 3.1 • 0 SANOY LOAH 
~-10 61.0 28.0 11. 0 8.9 75 2.7 .0 SANOY LOAM 

10-12 51.0 30.0 1<3.0 8.7 75 2.5 0.0 LOAN 

N03 E40 0- 2 51.0 30. 0 19.0 7.13 74 5.4 2.3 LOAM 
2- 4 57.0 30. 0 13.0 R.o 75 1." .0 SAN DY LOAM 
4- 6 55.0 32.0 13.0 8.7 75 1.8 .0 SANOY LOAM 
6- 8 59.0 28.0 13.0 8.6 75 1.4 0.1 SANOY LOAM 
8-10 63.0 24.0 13.0 ~.7 75 1.6 .0 SANOY LOAM 

10-12 37.0 26. 0 37.0 8.5 75 3.1 0.0 CLAY LOAH 

~ 
LOAH I 

....... 



TABLE A2-1. (Continued) 

DEPTH 
LOC~TION (ft)* SAND ~ SILT "I. CLAY 1. PH 

N03 E48 0- 2 59.0 26.0 15.0 7.9 
2- 4 31.0 52.0 17.0 8.4 
4- 6 31.0 26.0 43.0 8.5 
6- 8 35.0 28.0 37.0 8.5 
8-10 43.0 26.0 31.0 8.5 

10-12 61.0 18.0 21.0 8.5 

N05 E28 0- 2 7.9 
2- 4 43.0 26.0 31.0 8.4 
4- I) 35.0 24.0 41.0 d.6 
6- 8 23.0 28. 0 49.0 8.7 
8-10 43.0 26.0 31.0 8.4 

10-12 55.0 18. 0 27.0 6.7 

NOS E36 0- 2 53.0 12.0 35.0 7.8 
2- 4 8.1 
4- 0 41.0 26.0 33.0 8.5 
6- 8 33.0 26.0 41.0 d.8 
8-10 45.0 26.0 29.0 8.8 

10-12 55.0 26.0 19.0 8. 7 

LTl 

74 
75 
75 
75 
75 
75 

74 
75 
75 
75 
75 
75 

73 
75 
76 
76 
76 
76 

ORGANIC 
CEC M to iTER "I. 

8.3 3.9 
4.0 0.5 
5.2 0.3 
4.7 0.2 
3.2 0.2 
2.2 0.2 

5.0 5.7 
4.7 1.e:; 
3.8 0.7 
3.4 0.3 
3.5 1.6 
2.2 0.2 

11.9 4.3 
6.3 1.5 
1).1 0.3 
6.1 0.3 
4.5 0.4 
3.4 0.2 

TEXTUJ;.E 

SANDY LOAM 
SILT LCA,M 
CLAY 
CLAY LOAH 
CLAY LOAM 
SANDY CLAY LOAM ~ 

,N , 
00 

CLAY LOAM 
CLAY 
CLAY 
CLAY LOAM 
SANOy CLAY LOAM 

SAN'DV CLAY LOAM 

CLAY LOAM 
CLAY 
SANOY CLAY LOAM 
SANOY LOAH 



TABLE A2-1. (Continued) 

DEPTH 
LOCATION (ft)* SAND 1. SILT 7. CLAY 7. PH 

NOS E~Lt- 0- 2 4g.0 34.0 17.0 7.7 
2- ~ 53.0 30.0 17.0 6.0 
4- 6 37.0 24.0 39.0 6.4 
6- 6 35.0 26.0 37.0 6.4 
6-10 41.0 26. 0 31.0 8.5 

10-12 61.0 20.0 lQ.O 6.6 
12-14 67.0 16.0 17.0 8.6 

N07 E24 0- 2 53.0 26.0 21.0 7.6 
2- 4 41.0 28.0 31.0 13.2 
4- 6 25.0 28.0 47.0 8.6 
6- 8 75.0 10.0 15.0 8.8 
6-10 67.0 26.0 7.0 8.9 

10-12 33.0 26.0 41. 0 8.6 
12-14 71.0 18. 0 11.0 9.0 

NO? E32 0- 2 47.0 26.0 27.0 7.9 
2- ~ 27.0 26. 0 47.0 8.4 
4- 6 33.0 26.0 41.0 6.3 
6- 8 31.0 26.0 43.0 6.5 
8-10 45.0 26.0 29.0 8.0 

10-12 53.0 24.0 23.0 6.5 
12-14 3Q.0 24.0 37.0 8.4 

LTI 

73 
74 
75 
75 
75 
75 
75 

74 
76 
77 
77 
77 
77 
77 

73 
75 
75 
75 
74 
76 
75 

ORGANIC 
CEC MA TTER 7.' 

7.g 3.3 
4.7 0.4 
3.4 0.3 
3.6 0.1 
2.9 0.1 
1.7 0.1 
1.7 0.1 

9.9 5.2 
7.7 2.3 
7.0 O.~ 

2.0 0.2 
1.1 0.2 
3.4 0.4 
0.3 0.1 

9.3 2.ll 
7.6 0.2 
6.1 1.0 
5.0 0.3 
8.8 0.2 
2.5 0.1 
2.7 0.3 

, ,I 
--""""\ ,~'''''''I 
\.- ,,' .. ~;;; ",' .. , ..•. -.-.,.01 

...---..... .., 
~,. ",. ,~, .. I, 

TEXTURE 

LOA 11 
SANOY LOAM 
CLAY LOAH . 
CLAY LOAM 
CLAY LOA~I 

SANOY LOAM' 
SANOY LOAM > 

N 
I 

SANDY CLAY LOAM 
\0 

CLAY LOAM 
CLAY 
SANDY LOAM 
SANDY LOAM 
CLAY 
SANOY LOAM 

SANDY, CLAY LOAM 
CLAY 
CLAY 
CLAY 
SANDY CLAY LOAM 
SANOY CLAY LOAM 
CLAY LOAM 



TABLE A2-1. (Continued) 

DEPTH 
LOCATION (ft)* SAND Y. SILT Y. CLAY 1. PH .L TI 

N07 E40 0- 2 ,+9.0 26.0 23.0 8.1 74 
2- It 31.0 26.0 43.0 8.6 75 
4- & 41.0 22.0 37.0 8. 7 75 
6- 8 67.0 12.0 21.0 8. -3 75 
8-10 85.0 10.0 5.0 9.0 75 

10-12 85.0 8.0 7.0 13.0 75 

N07 E48 0- 2 57.0 26.0 17.0 6.6 67 
2- 4 39.0 24.0 37.0 8.5 75 
4- 6 31.0 26.0 43.0 8.4 75 
6- 8 47.0 24.0 29.0 8.6 75 
8-10 37.0 22.0 41.0 8. 7 75 

10-12 39.0 28.0 33.0 8.8 75 

N04H04 0- 2 45.0 24.0 31.0 7.9 75 
2- 4 37.0 28.0 35.0 7.13 7 .. 
4- 6 29.0 24.0 47.0 8.1 75 
6- 8 23.0 2&.0 51.0 hl 7fj 
8-10 25.0 26.0 49.0 8.1 75 

10-12 27.0 26.0 47.0 ,~, 1 75 
12-14 33.0 22.0 45.0 8.1 75 
1 Lt- U; 35.0 24.0 41.0 8.1 75 

OR.GANIC 
CEC I-iATTEk Yo 

12.2 2.8 
5.0 0.3 
4.5 0.2 
2.1 0.1 
1.1 .0 
0.9 0.1 

B.6 4.2 
0.2 

4.7 0.3 
3.8 0.3 
4.7 0.3 
3.6 0.3 

~.1 1.7 
1.5 

4.9 0.7 
fj.8 1.1 
4.9 0.7 
5.8 0.7 
,~ .1 0.7 
3.4 O. p. 

TEXTURE 

LOAH 
CLAY 
CLAY LOAH 
SANOY CLAY LOAM 
LOAMY SAND 
LOAMY SAND 

> 
N 

SANDY LOAM . I 
I-' 

CLAY' LO/.H 0 

CLAY 
SANDY CLAY LOAN 
CLAY 
CLAY LOAM 

SANDY CLAY LOAH 
CLAY LOAH 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 



,~ ....... ", .... ' 

TABLE A2-1. (Continued) 

DEPTH 
LOCIlTION (ft*) SAND Yo SILT 1. CLAY i. PH 

NOc. H13 0- 2 61.0 20.0 19.0 6.5 
2- 4 51.0 20.0 29.0 7.6 
4- 6 35.0 26.0 39.0 6.2 
6- 6 31.0 28.0 41. a 8.3 
8-10 27.0 24.0 49.0 6.3 

10-12 41.0 26.0 31.0 8.3 
12-14 67.0 22.0 11.0 6.4 
14-16 45.0 24.0 31.0 8. ? 

N08 W04 0- 2 '+ 7.0 34.0 19.0 7. 8 
2- 4 19.0 28. a 53.0 8.2 
4- G 17.0 22.0 61.0 8.3 
G- e Z9.0 26.0 ·45. a 6.3 
8-10 Z9.0 26.0 45.0 8. It . 

10-12 37.0 22. 0 41.0 8.3 
12-14 59.0 18.0 23.0 ~.5 

NOB Wt3 0- 2 61.0 20. 0 19.0 7.2 
2- 4 41.0 22.0 37.0 8. 0 
4- G 47.0 22.0 31.0 8.0 
6- e 57.0 22.0 21.0 8.3 
8-10 57.0 20.0 23.0 8.3 

10-12 53.0 22.0 25.0 8.3 
12-14 41.0 24.0 35.0 6.4 

L TI 

67 
72 
75 
75 
75 
75 
75 
75 

73 
74 
75 
75 
75 
75 
75 

71 
74 
75 
75 
75 
75 
75 

ORGANIC 
CEC MATTER 7. 

11.1 3.7 
9.0 1.2 
6.1 0.3 
4.1 0.2 
5.0 0.5 
2.7 0.3 
3.7 0.1 
4.5 0.3 

7.0 2.2 
9.0 0.4 
7.0 0.3 
4.3 0.2 
2.7 0.3 

11.1 0.3 
9. 0 0.2 

6.6 2.3 
6.7 0.4 
5.Z 0.4 
1.8 0.4 
1.6 0.1 
3.2 0.5 
4.9 0.5 

TEXTURE 

SANOY·· LOAM. 
SANOY CLA·Y 
CLAY LOAM 
CLAY 
CLAY 
CLAY LOAM 
SANOY LOA~ 
SANOY CLAY 

LOAM 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
SANDY CLAY 

SANOY LOAM 
CLAY LOAM 
SANOY CLAy 
SANOY CLAY 
SANOY CLAY 
SANOY CLAY 
CLAY LOAM 

.~ ....... ~ ,~, 

.--r,:1 0"'-""-':'# 

LOAM 

:to> 
N 

LOAM. I ..... ..... 

LOAM 

LOAM 
LOAM 
LO,\M 
LOAM 

.,....c.-.~~,~ 

\-- ."'-''>'> 



TABLE A2-1. (Continued) 

DEPTH 
LOC~TION (ft)* SAND Yo SILT 7, CLAY Yo PH 

~04 W02 0- 2 51.0 28.0 21.0 8.1 
2- 4 73.0 14.0 13.0 8.3 
4- 6 39.0 20.0 41.0 6.2 
6- 8 45.0 20.0 35.0 8.2 
8-10 59.0 14.0 27.0 8.2 

10-12 61.0 16.0 21.0 8.3 
12-14 65.0 16.0 19.0 8.~ 
14-16 63.0 20. 0 17.0 8.4 

S04 W06 0- 2 47.0 32.0 21.0 8.1 
2- 4 69.0 12.0 19.0 1J.5 
4- 6 71.0 10.0 19.0 8.3 
6- 8 75.0 6.0 19.0 S.3 
8-10 87.0 4.0 9.0 8.5 

10-12 81.0 6. 0 13.0 8.4 
12-t4 41.0 20.0 39.0 6.3 
14-16 C;'5.0 16.0 29.0 6.3 

S04 WI0 0- 2 51.0 26.0 23.0 7.9 
2- 4 41.0 20.0 39.0 S.2 
4- G 33.0 22.0 45.0 8.3 
6- 8 23.0 28.0 49.0 8.3 
8-10 53.0 16.0 31.0 8.4 

14-16 73.0 10.0 17.0 8.4 

LTI 

74 
75 
75 
7C; 
75 
75 
75 
75 

74 
75 
75 
75 
75 
75 
75 
7'5 

73 
74 
75 
75 
75 
75 

ORGANIC 
CEC HATTER 7, 

6.1 3.2 
4.1 0.4 
2.2 0.3 
1.6 0.3 
1.4 0.1 
1.6 0.2 
1.5 0.4 
2.2 0.2 

4.5 1.9 
1.6 .0.2 
0.9 0.2 
0.9 0.2 
0.3 0.1 
0.3 0.1 
1.4 0.4 
1.9 0.3 

12.1 3.4 
7.0 0.7 
5.0 0.6 
3.6 0.3 
1.9 0.2 
2.1 0.4 

TEX TURE 

LOAM 
SANOY LOAM 
CLAY 

. SANDY CLAY' LOAM 
SANOY CLAY LOAH 
SANOY CLAY LOAH 
SANOY LOAM .~ 
SANOY LOAM , 

f-' 
N 

lOAM 
SANOY. ~OAM 
SANOY LOAM 
SANOY LO,AM 
LOAMY SAND 
SANOY LOAH 
CLAY LOAM 
SANDV CLAY LOAM 

SANOY CLAY LOAH 
CLAY LOAH 
CLAY 
CLAY 
SANDY CL~Y LOAM 
SANOY LOAH 



TABLE A2-1. (Continued) 

DEPTH 
LOCATION (ft)* SANO i. SILT i. CLAY i. PH L TI 

S04 W14 0- 2 45.0 22.0 33.0 7.9 73 
2- 4 2'3.0 26. 0 43.0 8.2 74 
Lt- & 25.0 24.0 51.0 6.3 75 
6- 6 23.0 24.0 53.0 6.4 75 
6-10 23.0 26.0 51.0 6.3 75 

10-12 21.0 22.0 57.0 8.3 75 
12-14 9.0 22.0 69.0 6.3 75 
lft-t6 7.0 26.0 65.0 6.2 75 

SOR WO 4 0- 2 43.0 34.0 23.0 7.9 7Lt 
2- 4 41.0 34.0 25.0 8.1 75 
4- 6 31.0 26.0 41.0 6.1 75 
&- 8 53.0 26.0 1'3.0 8.2 75 
8-10 25.0 24.0 51.0 8.2 75 

10-12 6.1 75 
12-14 27.0 30.0 43.0 8.1 75 
14-16 31.0 30.0 3'3.0 8.1 75 

S08 Wt2 0- 2 45.0 32.0 23.0 8.1 7i+ 
2- 4 29.0 50. 0 21.0 8 •. 3 75 
4- G 2'3.0 30.0 41.0 8.3 75 
6- S 3'3.0 32.0 2'3.0 8.2 . 75 
8-10 35.0 16. 0 47.0 8.2 75 

10-12 49.0 22.0 2'3.0 8.2 75 
12-14 39.0 28.0 33.0 6.2 7r; 

ORGANIC 
CEC MATTER i. 

11.5 3.3 
&.7 0.'3 
7.4 0.3 
4.9 0.3 
5.2 0.3 
3.0 0.2 
3.6 0.6 
2.7 0.5 

7.6 2.4 
G.4 0.4 
3.3 0.4 
1.'3 0.2 
3.3 0.4 
3.5 0.6 
3.3 0.1 
2.6 0.& 

6.2 3.2 
5.2 0.8 
5.5 0.3 
4.4 1.3 
2.5 0.4 
2.2 0.5 
1.6 0.4 

..-"' ....... ~ -.~ .~~ ~~"~, 
....... . , .. .J ". .' ",.") .,..... .....1 

TC:XTURE 

SANOY CLAY LOAM 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY ~ 

N CLAY . I 
...,.. 
w 

LOAH 
LOAM 
CLAY 
SANOY LOAM 
CLAY 

CLAY 
CLAY LOAM 

LOAH 
LOAH 
CLAY 
CLAY . LOAM 
CLAY 
SANOY CLAY LOAM 
CLAY LOAM 



TABLE A2-1. (Continued) 

DEPTH 
LOCATION (ft)* SAND 1. SILT 1. CLAY 1. PH 

S12 WO 2 0- 2 51.0 24.0 25.0 8.3 
2- 4 33.0 26.0 41.0 8. I) 
4- 0 25.0 28.0 47.0 8.5 
6- S 45.0 16.0 37.0 8.S 
8-10 83.0 6.0 11.0 8.8 

10-12 89.0 4.0 7.0 6.9 
12-14 53.0 20.0 27.0 8.5 
14-16 IH.O 12.0 7.0 8.8 

S12 W06 0- 2 57. a 22. a 21.0 7.9 
2- 4 45.0 18. 0 37.0 8.1 
4- 0 &1.0 18.0 21.0 8.4 
b- e 33.0 24.0 43.0 1}.3, 
8-10 49.0 22.0 29.0 8.4 

10-12 31.0 26.0 43.0 6.2 
llt-16 41.0 24.0 35.0 8.3 

S12 W14 0- 2 47.0 28.0 25.0 ~.O 
2- 4 27.0 24.0 49.0 8.lt 
4- 6 25.0 26.0 49.0 8.4 
6- 8 21.0 26.0 53.0 8.it 
6-10 23.0 26.0 51.0 8.4 

10-12 25.0 24.0 51.0 8.1t 
12-14 25'.0 24.0 ')1.0 6.3 
14-16 27.0 24.0 49.0 d.3 
16-18 21.0 28.0 ~1.0 8.3 

L TI 

74 
71) 
75 
7S 
75 
75 
75 
75 

73 
74 
75 
75 
75 
75 
75 

14 
7S 
75 
75 
75 
75 
75 
7S 
75 

ORGANIC 
CEC MATTER Y. 

1t.0 2.2 
4.5 0.6 
4.0 0.3 
2.S O.S 
2.1 0.2 
0.1) 0.1 
1.9 0.0 
1.5 .0 

7.7 3.1 
5.9 0.5 
1.6 0.1 
3.4 0.3 
l.l 0.3 
3.2 0.3 
3.6 0.2 

10.1 3.1 
1t.7 0.4 
5.5 0.6 
5.2 0.4 
4.7 0.4 
4.0 0.3 
3.5 0.3 
3.0 0.7 
3.3 0.7 

TEXTURE 

SANOY CLAY LOAH 
CLAY 
CLAY 
CLAY LOAM 
LOAHY SAND 
SAND 
SANOY CLAY LOAH ;t.-

, N 
LOAHY StiND I 

t-' 
.I:"-

SANOY CLAY LOAM 
CLAY, LOAM 
SANOY CLAY LOAH 
CLAY 
SANOY CLAY LOAM 
CLAY 
CLAY LOAH 

LOAH 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 



~.;: , .•.•• ~ , '.l ,~ .. " .. - .... 

TABLE A2-1. (Continued) 

DEPTH 
LOCATION (ft)* SAND Yo SILT "I. CLAY Yo PH LTI 

S02 El0 0- 2 49.0 24.0 27.0 6.3 15 
2- 4 55.0 22.0 23.0 6.6 75 
4- 6 51.0 20.0 29.0 6. 7 76 
6- 8 47.0 24.0 29.0 8.7 76 
6-10 53.0 20.0 27.0 8.7 76 

10-12 43.0 26.0 31.0 8.6 76 
12-14 '+9.0 2'+.0 27.0 8.6 16 
1'+-16 35.0 32.0 33.0 6.5 76 

S02 E15 0- 2 51.0 26.0 23.0 8.1 74 
2- 4 29.0 28.0 43.0 8.4 75 
4- 6 25.0 24.0 51.0 d.7 75 
6- 8 43.0 28.0 29.0 6.7 75 
8-10 37.0 24.0 39.0 8.6 75 

10-12 51.0 24.0 25.0 8. 7 75 
12-14 53.0 30.0 17.0 8.6 75 
1'+-16 55.0 26. 0 19.0 8.& 75 

S02 E19 0- 2 53.0 34.0 13.0 7.5 72 
2- 4 33.0 26. 0 39.0 8.2 75 
4- 6 2g.0 2'+.0 47.0 6.3 76 
6- 8 29.0 26. 0 45.0 8.5 76 
8-10 31.0 24.0 45.0 6.5 76 

10-12 83.0 8.0 9.0 6.6 76 
12-14 51.0 20. 0 29.0 8.5 76 
llt-16 81.0 10. 0 9.0 8.0 76 

·r··--·---··"" 
". 

ORGANIC 
CEC MATTER "I. 

7.9 2.6 
5.0 0.3, 
2.3 0.1 
2.5 0.1 
2.'+ 0.3 
2.0 0.3 
2.1 0.4 
2.3 0.5 

7.7 3.'+ 
6.e; 0.4 
3.2 0.3 
1.6 0.1 
2.7 0.3 
3.5 0.1 
2.0 0.1 
1.6 0.1 

7.9 5.6 
4.1 0.3 
2.7 0.2 
2.8 0.2 
2.9 0.2 
1.7 0.2 
2.0 0.2 
2.2 0.1 

~"...-,. ~~""'l 
._ ;~v,·,,- ~ .. ) ,-_-.. ,,-,· . .,..,~t 

TEXTURE 

SANOY CLAY LOAM 
SANOY CLAY. LOAM 
SANOY CLAY LOAM 
SANOY CLAy'LOAM 
SANDY CLAY LOAM 
CLAY LOAM 
SANOY CLAY LOAM ~ 

CLAY LOAM N 
I 

....... 
\Jl 

SANDY CLAY LOAM 
CLAY 
CLAY 
CLAY LOAM 
CLAY LOAM 
SANOY CLAY LOAM 
SANOY LOAM 
SANOY LOAM 

SANOY LOAM 
CLAY LOAM 
CLAY 
CLAY 
CLAY 
LOAMY SAND 
SANOY CLAY LOAM 
LOAMY S'ANO 



TABLE A2-1. (Continued) 

DEPTH 
LOCATION (ft)* SAND 1. SILT Y. CLAY 1. PH L TI 

S03 £06 0- 2 57.0 22.0 21.0 8.2 74 
2- 4 43.0 26. 0 31.0 8.5 15 
4- 6 29.0 28.0 43.0 8.5 76 
6- 8 35.0 26.0 39.0 6.5 15 
8-10 31.0 24.0 45.0 8.6 15 

10-12 65.0 16.0 19.0 8.6 15 
12-14 73.0 16.0 11.0 8.7 15 
14-16 61.0 16. 0 21.0 6.6 76 

$01 E03 0- 2 63.0 26.0 11.0 7.3 72 
2- 4 37.0 26.0 37.0 8.3 75 
4- 6 63.0 20.0 17.0 8.5 76 
6- 8 59.0 18. 0 23.0 6.5 76 
8-10 71.0 12.0 17.0 6.7 76 

10-12 61.0 It. 0 23.0 3.5 76 
12-14 81.0 12.0 7.0 8.8 76 
14-16 19.0 12.0 9.0 8. 'l 76 

SOl EI0 0- 2 .. 7.0 26.0 27.0 8.4 75 
2- 4 '+1.0 28.0 31.0 8.4 75 
4- 6 35.0 28.0 37.0 6.6 16 
6- B :n .0 22.0 41.0 6.6 76 
6-10 31.0 _22.0 '+7.0 8.5 76 

10-12 61.0 16.0 23.0 6.1 76 
12-14 63.0 6.0 11.0 6.8 76 
1'+-16 15.0 10.0 15.0 8.8 76 

ORGANIC 
GEG "lATTER 1. 

7.9 2.3 
6.5 0.3 
4.3 0.4 
3.8 1.5 
4.0 0.3 
1.8 0.1 
1.8 0.1 
2.6 0.1 

13.7 5.7 
2.7 0.4 
4.1 0.3 
2.3 0.3 
1.8 0.2 
2.1 0.2 
1.4 0.3 
1.1 0.2 

4.7 2.3 
6.1 0.4 
1.2 0.3 
3.2 0.3 
3.3 0.5 
1.8 0.3 
2.3 0.1 
1.1 0.1 

TEXTURE. 

SANOY C.LAY LOAM 
CLAY LOAM 
CLAY 
CLAY LOAM 
CLAY 
SANOY LOAM· 
SANOY LOAM > 

IV 
SANOY CLAY LOAH I 

...... 
0-

SANOY LOAM 
CLAY LOAM 
SIlNOY LOA.M 
SIlNDY CLAY LOAM 
SANDY LOAM 
SANOY CLAY LOAM 
LOAMY SAND 
LOA MY SAND 

SANOY CLAY LOAM 
CLA Y' LOAM 
CLAY LOAM 
CLAY 
CLAY 
SANDY CLAY LOAH 
LOA M.Y SAND 
SANDY LOAM 



TABLE A2-1. (Continued) 

DEPTH 
LOCATION (ft)* ~ANo Yo SILT Yo CLAY Yo PH 

S07 E18 0- 2 29.0 42.0 29.0 6.5 
2- 4 &3.0 14.0 23.0 8.5 
4- 6 35.0 40. a 25.0 8.5 
8-10 G5.0 24.0 11.0 6.6 

10-12 :n.o 26.0 41.0 8.5 
12-14 37.0 24.0 39.0 8.5 
14-16 57.0 20.0 23.0 8.5 

401 NW 0- 2 43.0 22.0 35.0 801 
2- 4 47.0 22.0 31.0 8.0 
4- 6 37.0 24.0 39.0 8.0 
G- 6 35.0 24.0 41.0 8.0 
6-10 33.0 26.0 41.0 8.1 

10-12 25.0 28.0 47.0 8.i 
12-14 25.0 28.0 47.0 7.9 
14-16 13.0 24.0 63.0 7.8 

401 NE 0- 2 7.2 
2- 4 75.0 14.0 11.0 7.8 
4- 6 49.0 26.0 25.0 8.1 
6- 6 29.0 30. 0 41.0 8. 0 
8-10 35.0 26.0 39.0 7.9 

10-12 33.0 26.0 39.0 7.~ 

12-14 23.0 26.0 51.0 7.9 
IIt-t6 21.0 40.0 39.0 8. 0 

LTI 

75 
7G 
7G 
7G 
7G 
7G 
7G 

74 
74 
75 
7r; 
75 
75 
75 
75 

73 
74 
75 
75 
75 
75 
75 
75 

ORGANIC 
CEC MA TTER 01, 

3.8 0.9 
3.4 0.7 
2.7 O.~ 

1.5 0.1 
2.5 0.3 
3.0 0.3 
1.5 0.4 

G.4 1.5 
7.1 2.3 
6.7 1.G 
5.2 1.3 
5.2 0.9 
4.0 O.b 
6.8 0.6 
6.5 0.7 

6.8 10.9 
6.8 7.5 
6.5 1.5 
6.8 1.1 
6.9 1.4 
5.9 1.2 
6.8 1.2 
3.6 0.7 

~-,-...., 
?'_ .•.• _~,.s ,".,<.41 

TEXTURE 

CLAY LOAM 
SA~OY CLAY LOAM 
LOAM 
SANOY LOAM 
CLAY 
CLAY L·OAH 
SANOY CLAY LOAM ~ 

N 
I 

CLAYl:.0AH 
...... 
-.J 

SANOY CLAY LOAM 
CLAY LOAH 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 

SANDY LOAH 
SANOY CLAY LOAM 
CLAY 
CLAY LOAH 
CLAY LOAH 
CLAY 
CLAY LOAM 



TABLE A2-1. (Continued) 

DEPTH 
L(l~ATION (ft)* SAND 1. SILT ':I. CLAY 7. PH 

401 E 0- 2 51.0 24.0 25.0 8.0 
2- 4 35.0 26.0 39.0 8. 3 
4- 6 33.0 28.0 39.0 6.3 
6- 8 8.1 
8-10 51.0 18.0 31.0 8.2 

10-12 55.0 24.0 21.0 6. 1 
12-14 59.0 20.0 21.0 8.1 
14-16 39.0 28.0 33.0 8.1 

401 S 0- 2 45.0 20.0 35.0 7.7 
2- '+ 41.0 24.0 35.0 8.0 
4- G 41.0 20.0 39.0 8.4 
6- S 45.0 24.0 31.0 7.9 
8-10 45.0 24.0 31.0 7.9 

10-12 53.0 26.0 21.0 8.1 
12-14 49.0 28.0 23.0 8.1 
14-16 49.0 28.0 23.0 8. 1 

401 W 0- 2 57.0 24.0 - 19.0 S.3 
2- 4 41.0 24.0 35.0 6.3 
'+- 6 37.0 24.0 39.0 8.2 
6- 8 29.0 2'+.0 47.0 6.3 
8-10 17.0 22.0 61.0 8.3 

10-12 33.0 24.0 43.0 8.2 
12-1'+ 21.0 30.0 49.0 8.3 
14-16 21.0 30. 0 4+9.0 8.3 

] = ( m 

LTI 

74 
75 
75 
76 
76 
16 
76 
76 

74 
74 
76 
75 
75 
75 
75 
75 

75 
76 
76 
76 
76 
76 
76 
76 

OF,GANIC 
CEe MATTER 'Y. 

7.9 3.1 
9.0 1.9 

19.2 1.7 
8.4 2.0 
5.2 0.8 
3.2 O.E 
3.1 0.4 
3.4 0.5 

5.8 2.5 
6.5 1.0 
5.9 1.1 
5.2 1.1 
4.1 0.8 
2.7 0.4 
2.7 0.6 
1.8 0.5 

14.9 2.5 
7.6 1.1 
9.0 1.9 
7.0 1.0 
5.2 0.5 
7.2 1.7 
4.1 0.7 
5.2 O.A 

TEXTURE 

SANDY CLAY LOAM 
CLA Y LOAM 
CLAY LOAM 

SANDY CLAY LOAH 
SANDY CLAY·'LOAH 
SANDY CLAY LOAM > 

N 
CLAY LOAH I 

~ 
()) 

SANDY CLAY LOAH 
CLAY LOAM 
CLAY LOAM 
SANDY CLAY LOAM 
SANDY CLAY LOAH 
SANOY CLAY LOAH 
LOA~t 
LOAM 

SANOY LOAM 
CLAY LOAM 
CLAY LOAH 
CLAY 
CLAY 
CLAY 
CLk Y 
CLAY 



n 
t .. ; 

., 

A2-l9 

especially in disturbed areas, were found. Figure A2-3 shows percent 

. sand, silt,; and clay for cores by grid coordinate (s~e Figure· A2-2 for 

coordinate location). See Appendix I for discussion of water in saturated 

zones. 
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FIGURE· A2-2 • LOCATIONS OF SPLIT-SPOON SAMPLED WELLS AND CORES ON 
THE DOE-NIAGARA FALLS STORAGE SITE DURING 1979~80 

(Frequency of saturated zones are indicated.) 
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AREAS OF THE DOE-NIAGARA FALLS STORAGE SITE 
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A.3. METEOR01.0GICALDATA 

, ' 
! : 

TABLE A3-I. GENERAL DAILY METEOROLOGICALCONDI!IO~S IN THE AREA OF THE 
DOE-NIAGARA FALLS STORAGE SITE DURING THE PERIOD OF THE 
CHARACTERIZATION* 

i 
I 

~ .: 

r" Wind Wind Humid-
(. 

Temp Speed. Direc-:! ity L 
Date Time (OF) (mph) tion Barometer** (%) Remarks 

~ .', 

6/28/79 2: 20 PM 78 1-2 W 30.1 64 
6/29/79 12:20 PH 81 3-5 W 29.96 67 

c - 7/02/79 10:00 AM 68 5 W 29.78 67 
;' 

7/03/79 10:00 AM 71 3-5 NW 29.85 (R) 64 
7/04/79 8:10 AM 67 0 29.96 67 
7/05/79 2:15 PM 63 2-3 N 30.14 (R) ·49 
7/06/79 11:00 AM 69 2-3 W 30.26 (R) 50 

:~ 7/09/79 10:00 AH 79 0 30.12 (F) 64 Clear " 7/10/79 10:00 AM 78 2-3 W 29.95 (F) 60 Cloudy, rain 

t 
7/11/79 10:00 AM 76 3-5 w 29.95 66 Clear, sun 
7/12/79 10:00 AM 78 0 30.05 65 Humid, clear 
7/13/79 10:00 AM 82 0 29.95 70 Humid, clear 

<' 7/16/79 10:00 AM 82 0 30.09 70 Humid, clear 
~ 7/17/79 10:00 AM 78 5 NE 30.19 56 Clear, sun :~ 

L 7/18/79 10:00 AM 78 0 30.15 54 Clear, sun 
7/19/79 10:00 AM 76 0 30.18 56 Clear, sun 
7/20/79 10:00 AM 78 0 30.20 52 Clear, sun 

i1: 7/23/79 10:00 AM 83 0 30.15 68 Clear, sun, humid L> 
7/24/79 10:00 AM 83 0 30.15 70 Clear, sun, humid 

f 7/25/79 10:00 AM 72 0 30.01 66 Rain, humid 
~ 7/26/79 10: 00 A..~ 73 5-10 W 29.85 63 Cloudy, humid 
1 

7/27/79 10: 00 At-! 71 0 30.01 60 Cloudy 
7/30/79 10:00 AM 81 0 30.06 58 Clear, sun 
7/31/79 10:00 AM 80 0 29.94 60 Cloudy, humid 

., 8/01/79 10:00 AM 72 0 30.00 60 Cloudy, rain 
L 

8/02/79 10:00 AM 75 5-10 W 29.80 64 Rain 
8/03/79 10:00 AM 75 0 30.05 65 Clear, sun 
8/06/79 10:00 AM 68 2-5 NE 30.13 60 Clear, sun 
8/07/79 10:00 AM 69 305 S 30.05 60 Cloudy 
8/08/79 10:00 AM 69 0 30.02 60 Cloudy 
8/09/79 10:00 AM 70 5 SE 30.20 64 Clear, sun 

~ .. 8/10/79 10:00 AM 73 5-8 W 29.78 70 Cloudy, humid 
8/13/79 10:00 AM 75 0 30.08 50 Clear, sun 
8/14/79 10:00 AM 68 3-5 W 29.95 58 .C1ear, sun 

' ... ,. 



A3-2 

TABLE A3-1.- (Continued) 

Wind. .Wind Humid-
Temp Speed Direc- ity 

Date Time (oF) (mph) tion Barometer** (%) Remarks 
! 
t· ... 

8/15/79 10:00 AM- 69 0 30.05 60 Cloudy 
8/16/79 10:00 AM 63 0 30~35 58 Clear, - sun 
8/17/79 10:00 AM 72 0 30.25 57 Clear, sun 
8/20/79 10: 00 AL'1 74 2-5 NW 30.15 58 Clear, sun 
8/21/79 10:00 AM 75 0 30.15 65 Clear, sun 
8/22/79 10:00 AM 71 0 30.05 58 Clear, sun 
8/23/79 10:00 AM 68 0 30.00 67 Cloudy, rain 
8/24/79 10:00 AM 73 0 29.95 65 Cloudy 
8/27/79 10:00 AM 68 0 30.05 62 Cloudy, rain 
8/28/79 10: 00 _A.."1 70 0 30.01 75 Cloudy, rain 
8/29/79 10:00 AN 71 0 29.90 66 Cloudy, rain 
8/30/79 10:00 AM 78 10-15 SW 30.00 67 Clear, sun 
8/31/79 10:00 A..~ 65 0 30.18 70 Clear, sun 
9/3/79 10:00 AM 71 2-5 W 29.98 58 Clear, sun 
9/5/79 10:00 AM 78 0 30.10 54 Clear, sun 
9/6/79 10: 00 AN 69 2-5 W 29.70 62 Dull, rain 
9/7 /79 10:00 AM 68 10 W 30.05 58 Overcast 
9/10/79 10:00 AM 67 10-15 W 30.00 - 58 Overcast, rain 
9/11/79 10:00 AM 68 0 30.25 50 Clear, sun 
9/12/79 10:00 AM 71 5-8 W 30.15 52 Clear, sun 
9/13/79 10:00 AM 73 10-15 SW 30.08 60 Overcast 
9/14/79 10:00 AM 70 _ 2-5 SW 29.85 68 Overcast, rain 
9/18/79 10:00 AM 71 5-8 S 20.90 52 Clear, sun 
9/19/79 10:00 AM 55 5 NW 30.20 48 Clear, cool, sun 
9/20/79 10:00 AM 63 10-15 W 30.15 45 Frost, clear, sun 
9/21/79 10:00 AM 65 0 W 30.00 64 Overcast 
11/4/79 10:00 AM 50 0 30.18 Sun, pleasant 
11/5/79 10:00 AM 43 0 30.44 Sun, clouds later 
11/6/79 10:00 AM 54 0 30.10 Overcast, rain 
11/7 /79 10:00 AM 44 5 W 30.20 Overcast, rain 
11/8/79 10:00 AM 42 15-20 W 29.85 Overcast, damp, rain 
11/9/79 10:00 AM 45 2-5 W 30.00 Overcast 
11/10/79- 9:30 AM 42 10 W 29.85 Partly cloudy 
11/11/79 9:00 AM 42 0 30.25 Overcast 
11/12/79 9:00 AM 39 3 NW 30.40 Ocercast, damp 
11/13/79 9:30 AM 42 0 30.10 Overcast, damp 
11/14/79 11: 05 A..~ 50 10 NW 30.20 Partly cloudy 
11/15/79 10:00 AM 42 5 S 30.00 Overcast, wet snow 
11/16/79 10:00 AM 30 5 W 30.28 Clear, bright, sun 
11/17/79 9:00 AM 50 0 30.15 Partly cloudy 
11/18/79 9:00 AM 45 0 30.05 Foggy 
11/19/79 11:00 AM 52 0 30.20 Clear, sun 
11/20/79 11:30 AM 60 0 30.20 Clear, sun 
11/21/79 12:30 PM 50 5 E 30.35 Overcast 
11/22/79 8:30 AM 55 3 SW 30.15 Cloudy, heavy rain 



P L : ;Q A3-3 

n TABLE A3-l • (Continued) 
. .i 

n Wind Wind -Humd-
Temp Speed Dit'ec"'- , ity 

U Date Time (OF) (mph) tion Barometer** (%) Remarks 

11/23/79 3:30 PM 65 0 30.03 Cloudy, light rain 
( . 11/24/79 8:30 AM 50 5-7 W 30.15 Overcast, heavy rain I -. 

L 11/25/79 8:30 AM 40 0 30.30 Clear, sun 
11/26/7911:00 AM 60 0 29.60 Overcast, rainy , , 11/27/79 9:00 AM 52 35-45 SW 29.50 Very windy, cloudy i 

\ 11/28/79 9:30 AM 48 20-30 SW 29.75 Partly sunny, windy 
11/29/79 11:00 AM 39 5-10 W 29.90 Partly sunny 

! 
11/30/79 10:30 AM 36 10-15 NW 30.05 Overcast, damp 
12/1/79 10:00 AM 31 3-5 NW 30.15 Light snow 

\ 12/2/79 9:00 AM 25 10-12 NW 30.40 Snow, partly sunny 
12/3/79 28 0 30.50 Sunny intervals 

r . 12/4/79 10:00 AM 36 10-15 NW 29.95 Partly sunny 
~ 12/5/79 9:00 AM 43 20-30 W 29.70 Partly sunny, windy l 

12/6/79 10:00 AM 50 3 W 29.68 Overcast 
12/7/79 9:00 AM 41 5-10 S 29.80 Overcast 
12/8/79 8:00 AM 34 40-60 W 30.05 Windy, overcast 
12/9/79 10:00 AM 41 10-12 SW 30.10 Overcast, lite snow 
12/10/79 9:00 AM 48 3-5 SW 30.24 Overcast, damp 

r 12/11/79 10:15 AM 58 15-30 SW 30.02 Mild, sun , 
'1 . 12/12/79 11:00 AM 30 5 W 30.03 Overcast 

12/14/79 4:30 PH 47 5-15 NW 29.95 42 Partly sunny 
1 ': 12/17/79 2: 30 PH 20 20-25 W 29.95 36 Snow, overcast ., 

12/18/79 11:00 AM 28 3-4 NE 30.30 38 Snow, overcast ;~ 
"- 12/19/79 1:00 PM 28 5 E 30.14 38 Overcast, heavy snow 

12/20/79 8:30 AM 10 0 30.42 37 Clear, cold, sun "'. > 12/23/79 9:30 A.~ 27 0 30.25 42 Clear, ~ sun 
~ . 12/24/79 8:10 AM 50 3-5 SE 30.00 56 Rain ~,,; 

12/25/79 10:00 AM 48 15-20 W 29.55 63 Heavy rain 
r' 12/26/79 8:10 AM 38 3-5 NW 30.00 52 Damp, overcast , 

12/27/79 10:10 AM 39 5 W 30.20 45 Overcast, damp { . 
t·~· 

12/28/79 8:30 AM 40 5-10 ~-l 30.30 46 Partly sunny 
< . 12/31/79 9:30 AM 38 0 30.10 46 Clear, sun 
1 1/2/80 11:00 AM 36 3-5 W 30.05 45 Overcast, lite snow , 
< . 
1~, , 1/3/80 11:00 AM 23 3 N 30.30 42 Partly sunny 

1/4/80 9:30 AM 22 5-8 E 30.35 39 Sunny 
1/5/80 8:30 AM 23 10 E 30.10 39 Cloudy 
1/6/80 8:00 AM 20 0 30.25 38 Partly cloudy 

'. 

1/7/80 8:30 AM 38 30-50 W 29.60 41 Wind, rain, sleet 
1/8/80 8:45 AM 20 10-20 W 30.20 39 Overcast 
1/9/80 9:30 AM 27 3-5 W 30.05 42 Sunny 
1/10/80 9:00 AM 33 0 30.05 42 Sunny 
1/11/80 10:00 AM 48 40-50 SW 29.80 52 Windy, rain 
1/12/80 8:30 AM 42 3 S 30.15 42 Overcast, damp 
1/16/80 10:00 AM 39 6-8 E 30.40 45 Sunny 
1/17/80 8:45 AM 50 2-3 S 30.10 45 Partly sunny 
1/18/80 10:30 AM 0 0 30.18 49 Overcast, damp 

~ , 
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TABLE A3-1. (Con~inued) r ~: 
i 

. -Wind Wind Humid- ---
Temp Speed Direc- ity 

Date Time (C!F) (mph) tion Earometer** (%) Remarks 

1/20/80 8:30 AM- 40 10 -- -. W 30.30 42 - Overcast 
1/21/80 8:-35 AM 30 5 W 30.10 40 Overcast 
1/22/80 -7:10 AM 38 2 S 29.75 43 Overcast, flurries 
1/23/80 10:30 AM 22 10-20 W 29.60 39 Partly sunny 
1/24/80 12:30 PM 20 10-15 W 29.65 36 Partly sunny, snow 
1/25/80 10:15 AM 22 3-5 S 29.70 37 Overcast 
1/28{80 10:30 AM 30 5 W 30.20 39 Sunny 
1/29/80 9: 00 &'1 20 5 W 30.20 38 Overcast 
1/30/80 10:30 AM 19 12-14 NW 30.40 39 Partly sunny 
1/31/80 4:00 AM 12 10-12 NW 30.30 35 Overcast, cold 
2/3/80 10:00 AM 11 10-12 NW 30.30 34 Cold, overcast 
2/4/80 2:30 PM 22 5 W 30.30 33 Sunny 
2/5/80 10:20 AM 22 6 W 30.40 32 Sunny 
2/6/80 7:00 AM 19 10 E 30.30 33 Overcast 
2/7/80 11:00 AM 38 3-5 E 30.35 34 Sunny 
2/8/80 10:30 AM 36 5 W 30.50 35 Sunny 
2/9/80 8:30 AM 28 2-5 SW 30.00 35 Overcast 
2/10/80 10:00 AM 30 5-10 W 30.10 35 Partly sunny 
2/11/80 10: 30 &'1 32 5-6 W 30.30 34 Sunny 
2/12/80 12:30 PM 40 10 W 30.20 36 Sunny 
2/13/80 10:30 AM 30 5 SW 30.30 35 Partly sunny 
2/16/80 9:00 AM 15 10-15 W 30.20 34 Overcast, breezy 
2/17/80 10:00 AM 50 3-5 S 29.90 35 Overcast 
2/18/80 9:30 AM 45 3-5 W 30.10 45 Overcast 
2/19/80 9:00 AM 39 5 w 29.90 38 Overcast 
2/20/80 9:30 AM 37 3-5 W 30.15 40 Sunny 
2/21/80 9:30 AM 10 15-20 NW 30.30 37 Sunny, windy 
2/22/80 9:30 AM 24 10-15 W 29.79 36 Snow-blow 
2/23/80 8:45 AM 18 10-15 NW 29.90 35 Partly sunny 
2/24/80 1:45 AM 2 40-60 W 30.35 30 Cold, windy 
3/1/80 4:20 PM 29 10 SW 30.20 30 Sunny 
3/2/80 3:50 PM 40 5-7 SW 30.00 33 Overcast 
3/3/80 3:30 PM 40 3-5 W 29.67 42 Rain, fog 
3/4/80 9:30 AM 34 5-7 W 30.03 40 Overcast 
3/5/80 9:30 AM 29 5 SW 29.70 43 Overcast, snow 
3/6/80 9:25 AM 10 10 S 29.75 39 Partly sunny 
3/7 /80 8:30 AM 22 25-35 W 29.80 35 Sunny, windy 
3/8/80 9:30 AM 20 10-15 NW 30.35 32 Sunny 
3/9/80 9:10 AM 24 20-30 E 30.00 30 Snow, windy 
3/10/80 8:45 AM 38 5-10 SW 29.85 36 Snow 
3/11/80 9:10 AM 55 10 NE 29.95 35 Overcast 
3/12/80 9:45 AM 38 10-20 W 30.10 40 Sunny, windy 
3/13/80 9:45 AM 60 10-15 SW 30.25 35 Sunny 
3/14/80 9:00 AM 65 0 30.00 40 Sunny 
3/15/80 9:00 AM 48 10-15 W 29.75 38 Heavy rain 
3/16/80 8: 25 A.1I1 48 5 NW 29.90 45 Sunny 



r '.- ~ 

" A3-5 ~ 

0 " , TABLE'A3-1. (Col'ltinued) '. ~i 
',' 

n 1; 
Wind. Wind Humid-

Temp Speed Direc- ity n Date Time (~F) (mph) tion Barometer** (%) Remarks 
[.. 

3/25/80 10:00 AM 38 5-7 W 30.0S! 40 Overcast 
r') 
i ' 3/26/80 1:00 PM 50 5 W 30.30 45 Sunny 1 : 
I , 3/27/80 11:00 AM 60 3 E 30.40 43 Sunny 

3/28/80 9:00 AM 55 5-10 W 29.85 48 Rain 
f' 3/31/80 9:30 AM 42 3~5 E 29.85 49 Rain 
i 

4/1/80 1:45 PM 50 5-7 30.20 I.; NE 47 Overcast 
4/2/80 2:30 PM 50 0 30.20 46 Partly sunny 

" 4/3/80 10:00 AM 50 5 NE 30.30 42 Sunny 
\ 4/4/80 10:30 AM 48 5-10 NW 29.60 48 Overcast 1 , 
!- . 4/7/80 9:10 AM ,60 15-20 NE 30.10 42 Partly sunny 

4/8/80 2:30 PM 70 20-30 S 30.00 47 Partly sunny 
4/9/80 3:00 PM 58 0 29.80 53 Rain, overcast 
4/10/80 12: 30 PM 49 3-5 N 28.50 49 Rain, overcast 
4/11/80 10:30 AM 47 5-7 NW 28.60 48 Overcast 
4/14/80 8:00 AM 40 20-30 E 30.05 45 Heavy rain 
4/15/80 1:00 PM 45 10-20 W 29.60 45 Overcast 
4/16/80 10:30 AM 46 10-12 W 29.85 43 Partly sunny 
4/17/80 9:30 AM 42 5-10 N 30.40 ' 40 Sunny 

" 
4/18/80 9:00 AM 50 5 N 30.25 45 Sunny 

~. , 4/19/80 2:30 PM 65 3-5 W 30.12 37 Sunny 
4/22/80 58 5-8 NW 30.10 40 Sunny 

"6 " 4/23/80 1:30 PM 55 10 NE 29.80 44 Sunny , ' 

1 , 
4/24/80 10:35 AM 50 3-5 N 29.92 42 Sunny ~ .. 
4/25/80 10:45 AM 45 5 N 29.93 45 Rain 

~ .. , 4/28/80 9:00 AM 52 3-5 N 29.92 53 Overcast 
~ 4/29/80 9:30 AM 50 3 NE 29.85 54 Rain" heavy , 
~.~; 4/30/80 11:00 AM 58 0 29.90 55 Overcast 

5/1/80 10:30 AM 63 3-5 N 30.05 54 Sunny 
! 5/2/80 10: 00 A..}.f 70 0 30.00 54 Sunny , ' 

~ .' 5/5/80 9:30 AM 76 0 29.90 50 Sunny L~ 

5/6/80 9:00 AM 60 0 29.70 51 Overcast 
5/7/80 11: 00 AM 52 10-15 W 29.78 46 Sunny 
5/8/80 11:'10 AM 55 5 W 29.92 42 Sunny 
5/9/80 10:35 AM 52 5 W 30.02 43 Sunny 
5/12/80 9:00 AM 58 3-5 NW 30.04 46 Overcast 
5/13/80 8:15 AM 50 5 NE 29.85 52 Rain 

"'-" 5/14/80 3:30 PM 60 3 SW 30.04 48 Partly sunny 
5/15/80. 10:15 AM 58 3-5 N 30.20 45 Sunny 
5/16/80 11:00 AM 64 0 30.40 44 Sunny 
5/19/80 10:30 AM 65 0 30.20 52 Sunny 
5/20/80 9:00 AM 60 0 30.15 57 Sunny 
5/21/80 10:30 AM 70 0 30.10 55 Sunny 
5/22/80 10:30 AM 72 3 N 30.15 55 Sunny 
5/23/80 10:50 AM 74 3-5 NW 30.10 50 Sunny 
5/26/80 9:00 AM 67 0 30.10 50 Sunny 



,TABLE A3-I. (Continued) 

Wind Wind Humid-
Temp Speed Direc- ity 

Da'te Time (OF) (mph) 'tion Barometer** (%) Remarks 
t .. 

5/27/S0 10:00 AM 62 0 30.15 49 Partly sunny 
5/2S/S0 9:00 AM 59 0 30.20 49 Cloudy, rain 
5/29/S0 9:00 AM 70 5 N 30.1S 49 Sunny 
5/30/S0 10:00 AM 74 0 30.05 54 Sunny 
6/2/S0 10:00 AM 61 0 29.90 63 Overcast, rain 
6/3/S0 9:30 AM 65 0 30.00 5S Overcast 
6/4/S0 10:00 AM 5S S.,..10 W 30.05 55 Sunny 
6/5/S0 S:30 AM 60 3..;5 NW 30.30 53 Sunny 
6/S/S0 S:OO AM 65 10-12 W 30.00 56 Overcast 
6/9/S0 S:15 AM 53 3-5 SW 29.S2 54 Overcast 
6/10/S0 1:00 PM 55 5-10 W 29.95 47 Overcast 
6/11/S0 S:15 AM 53 3-5 W 30.20 46 Sunny 
6/12/80 S:15 AM 60 1-2 N 30.36 47 Sunny 
6/13/S0 11: 30 Al'1 72 1-2 N 30.29 46 Sunny 
6/16/S0 11:00 AM 59 6-10 N 30.1S 53 Sunny 
6/17/S0 10:30 AM 63 0 30.25 47 Sunny 
6/1S/S0 1:15 PM 75 S-10 N 30.05 47 Sunny 
6/19/S0 1:15 PM 76 0 30.00 ' 50 Sunny 
6/20/80 '9:30 AM 63 10-15 NW 29.90 62 Heavy rain 
6/23/S0 9:00 AM 75 0 30.20 50 Sunny, warm 
6/24/S0 10:15 AM SO 0 30.18 50 Sunny 
6/25/80 1:00 PM S2 0 30.15 50 Sunny, hot 
6/26/80 3:30 PM SO 3-5 S 30.00 50 Sunny, hot 
6/27/S0 10:45 AM 65 5 N 30.05 56 Overcast 
6/28/S0 3:10 PM 72 3-5 SW 29.95 52 Partly sunny 
7/1/80 3: 30 PM 74 5-8 NW 30.05 50 Sunny 
7/2/80 3:00 PM 72 0 30.10 52 Sunny 
7/8/80 2:00 PM 79 7-10 NW 29.50 54 
7/9/80 10:35 AM 79 0 30.12 65 
7/10/S0 10:00 AM 74 0 29.90 55 
7/11/80 9:00 AM 72 3-5 NW 30.05 56 
7/14/S0 9:30 AM 76 5 N 30.1S 52 
7/15/S0 3: 30 PM S2 6-10 S 29.50 53 
7/16/80 2:10 PM 79 5 NW 29.92 52 

,7/17/S0 3:00 PM SO 5 W 29.95 52 
7/1S/S0 10:00 AM 80 0 30.15 54 
7/21/80 9:00 AM S6 0 30.00 58 
7/22/80 9:30 AM 70 0 30.05 58 
7/23/80 10:00 AM 69 0 30.15 53 
7/24/80 9:30 AM 73 0 30.20 54 
7/25/80 8:00 AM 71 3-5 S 30.20 74 
7/28/80 1: 30 PM 69 3 S 30.05 69 
7/29/80 11:15 AM SO 5-10 NW 30.00 53 
7/30/S0 2:10 PM SO 8-10 N 30.06 56 
7/31/80 1:30 PM 80 3-7 N 30.10 55 
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TABLEA3';;;L (Continued) 

Wind Wind Humid-
Temp Speed Direc- ity 

Date Time (oF) (mph) tion Barometer** (%) Remarks 

8/1/80 9:00 AM 72 0 29.95 92 
8/2/80 8:15 AM 76 0 29.97 60 
8/3/80 8:15 AM 68 0 29.82 100 
8/4/80 10:35 AM 80 0 30.10 50 
8/5/80 10:50 AM 80 5-8 N 30.10 54 
8/6/80 10:00 AM 78 2-5 N 30.20 55 
8/7 /80 9:30 AM 81 0 30.15 68 
8/8/80 9:20 AM 82 0 30.10 68 
8/11/80 3:30 PM 79 7-10 N 30.03 64 
8/12/80 9:00 AM 73 0 30.10 69 
8/13/80 8:30 AM 68 0 30.15 80 
8/14/80 2:00 PM 70 3-5 N 30.00 88 
8/15/80 10:10 AM 70 8-10 N 30.10 68 
8/18/80 8:30 AM 69 0 30.15 75 
8/19/80 11:00 AM 74 5 W 30.10 75 
8/20/80 11:00 AM 80 0 30.10 55 
8/21/80 1: 30 PM 83 0 30.00 62 
8/22/80 11: 30 AH 84 3-7 NW 30.15 60 
8/25/80 12:30 PM 82 2 N 30.30 52 

* Source: U.S. Air Force, Lewiston, NY, and New York Public Health Ser-
vice, Buffalo, NY. 

** (R) = Rising; (F) = Falling. 
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FIGURE A3-1. NIAGARA FALLS AIRPORT 5-YEAR WIND ROSE SUMMARY, JANUARY 1955 TO 
DECEMBER 1959 

(24 observations per day.) 

(Source: R. B. MacMallin Associates, unpublished data 
supplied by New York State Health Department, Buffalo, NY.) 
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A.4. ~~O MONITORING PROGRA}I FOR URANIUM AND RADIUM CONCENTRATIONS IN 
SURFACE WATER AND GROUND~vATER AND RADON CONCENTRATIONS IN AlR 

.'~",: . 

A.4.l. Water Monitoring Data 

NLO, Inc., has an active quarterly monitoring program on and 

near the DOE-Niagara Falls Storage Site. Complete data are avail

able from NLO, Inc., and Assistant Secretary of the Environment (ASEV) 

of the Department of Energy (DOE). Locations of these sampling points 

are shown in Figures A4-l and A4-2. 

On-site, s'urface water samples are taken in two locations 

(east of Building 411 and at the north perimeter fence) quarterly and data 

are available since April 1972. In addition, the Central Drainage Ditch 

is sampled off-site at Balmer Road. 226Ra values in the Central Drain

age Ditch east of Building 411 ranged from less than 0.5 to 2.3 pCi/l 

(x = 0.9 pCi/l) and at the north perimeter fence 0.9-63 pCi/l (x = 
10.8 pCi/l). In the Central Drainage Ditch at Balmer Road, the range 

of 226Ra was less than 0.5-36 pCi/l (x = 5.9 pCi/l). 

238U activity was determined quarterly since June 1977. The 

range of 238U activity at the sampling station east of Building 411 was 

2-2659 pCi/l (x = 390 pCi/l). The range at the north perimeter fence 

was 13-1396 pCi/l (x = 222 pCi/l) and at Balmer Road it was 2-93 pCi/l 

. (x = 23 pCi/I). 

Although gross alpha and beta values are available, they offer 

no information beyond the 226Ra and 238U values since they are low and 

fairly constant. Values given represent gross activity and are largely the 

result of particulates in the water, not soluble 238U and 226Ra. 

Nine groundwater wells 20-25 ft are located near the spoil pile-

three to the west, three to the north, one to the east across the Central 

Drainage Ditch, one to the ,southeast west of the Central Drainage Ditch, 

and one near the intersection of Campbell and R streets. Data on 226Ra are 

available from April 1972 and for 238U from June 1977. Wells west of the 

area had 226Ra values ranging from less than 0.5-87.8 pCi/l (x = 32 pCi/l), 
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FIGURE A4-1. NLO, INC., ON-SITE WATER SAMPLING LOCATIONS 
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FIGURE A4-2. NLO, INC., OFF-SITE WATER SAMPLING LOCATIONS 
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while those nort:h of. the a+ea ranged from le';ss than 0.5.,..26.4 pCi/l (x = 

2.8 pCi/l). The well southeast oftlle area but west of t:he Central Drain-. , .' 

age Ditch ranged in 226Ra con~entrat:ion from less than 0~S~27 pCi/l and 

averaged 2.9 pCi/!. The two wells east Of·Ehe Central Drainage Ditch 

contained significantly less 226Ra, ranging from less than 0.5-2.3 pCi/l, 

averaging approximately 0.7 pCi/l. 

238Uin groundwater on-site ranged from 1-11 pCi/l, with 

the 11 pCi/l being east of the Central Drainage Ditch. Why this well was 

higher in 238U than the others, especially since 226Ra values were mini

mal east of the drainage ditch, is unknown. See Appendix I for discussion 

of uranium and '236Ra in saturated zones at the Site. These samples were, 

in general, taken from saturated zones more shallow than the 6-7.6 m 

(20-25 ft) zone sampled by NLO, Inc. 

A.4.2. Radon Monitoring Data 

NLO, Inc., in conjunction with the Assistant Secretary for the 

Environment (ASEV) of the DOE, has been monitoring radon concentrations 

in air at the Site perimeter and off-site in and near homes and businesses. 

Both the Environmental Measurements Laboratory (EML) and Mound Laboratories 

have been involved in these studies; and since the summer of 1980, off

site monitoring has been intensified (ASEV). 

Humphrey (1980) reviewed the radon monitoring at the Site 

through 1979. He noted that 222Ra levels in inhabited areas surrounding 

the Site were <0.5 pCi/1 compared to an ambient air background of 0.23 

pCi/l. Ambient air radon concentrations approached background within 

0.5-1 mi of the Site. At the Site periphery, stations on the fence west 

of the southwest storage building and R-lO and spoil pile area exceeded 

the 3 pCi/l guideline for uncontrolled areas. These stations had annual 

average concentrations of '4.28 and 5.68 pCi/!. 
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A.5. CENSUS DATA 
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NIAGARA FALLS 

70,068 

FIGURE AS-I. 

PORTER 

7123 
3.6 People/House 

4,950 Houses 

157 Vacant 

3.9 People/House 

LEWISTON • 
16.100 2,536 Houses 

239 Vacant 

----_._- ----.. 
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INDIAN 

RESERVATION 
'<:vVINY>.1Y' 162 

NIAGARA 

9614 

Scale in Miles 

i 
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WHEATFIELD 
9497 

WILSON 
5649 

CAMBRIA 
4383 

PRELIMINARY 1980 CENSUS INFORMATION IN THE MUNICIPALITIES WITHIN 
NIAGARA COUNTY WHICH SURROUNDS THE DOE-NIAGARA FALLS STORAGE SITE 



TABLE AS-I. CENSUS INFORMATION FOR THE AREA SURROUNDING THE 
DOE-NIAGARA FALLS STORAGE SITE 

High Adult To t'a 1 
School Elementary School Total Education Teachers 

Lockport 3,450 3,056 6,506 -0- 354 
Niagara Falls 5,642 5,748 11,390 3,355 616 
North Tonawanda 3,138 3,220 6,358 1,200 420 

Barker Central 665 689 1,354 -0- 80 
Lewiston-Porter Central 1,583 1,933 3,516 800 215 
Newfane Central 1,130 1,188 2,318 -0- 130 
Niagara-Wheatfield Central 1,674 2,569 4,243 -0- 253 
Royalton-Hartland Central 1,155 1,166 2,321 -0- 127 
Starpoint Central 1,132 1,317 ,2,449 -0- 133 
Wilson Central 961 943 1,904 -0- 122 
Lutheran 850 100 950 -0- 44 
Catholic 2,884 974 3,858 -0- 227 
Stella Niagara 207 -0- 207 -0- 20 

Niagara County 
Community College 

Niagara University 

., 

,\ 

. i ; 

No. of College or 
Schools University 

11 
20 
10 r'· .' 

2 
5 
6 j~. 
7 :1 

':N 
3 
2 
3 
8 

17 
1 

3,880 
3,924 
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TABLE AS-2. POPULATION FIGURES FOR NIAGARA. COUNTY, NY* 

Area 1970 1960 % Change 1977 Est.** 

Niagara Co. 
(532 sq mi) 

Lewiston Twp. 

Lewiston Village 

Porter Twp. 

Ransomville 

Youngstown 

235,720 
(169,911 
urban, 
87,077 
rural) 

15,888 

3,292 

7,429 

1,034 

2,160 

13,686 

3,320 

7,309 

1,848 

16.1 

-0.8 

1.6 

*U.S. Department of Commerce, Bureau of the Census. 1973. 
teristics of the Population. Pt. 34. New York. Sect. 1. 
ington, D.C. 

16,943 

3,301 

7,774 

2,357 

Charac
Wash-

**U.S. Department of Commerce, Bureau of the Census. 1979. 1977 
Population Estimates for Counties, Incorporated Places, and Minor 
Civil Divisions in New York. Current Population Reports. Popula
tion Estimates and Projections. Series P-25, No. 845. 
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APPENDIX B: QUALITY ASSURANCE PROGRAM AND DOCUMENTS 

B.I. INTRODUCTION 

A program to conduct a detailed characterization of the 

DOE-Niagara Falls Storage Site at Lewiston, NY, was contracted by 

Battelle's Columbus Laboratories (BCL) through the National Lead Company 

of Ohio (NLO) operating under its prime contract with the U.S. DOE. The 

purpose of the program was to establish levels of radioactive contamina

tion on and under the Site surface and within the Site buildings to pro

vide data for engineering assessments for decontaminating and/or con

trolling the on-site storage of radioactive residue and waste. 

B.2. SURVEY PLANNING AND IMPLEMENTATION 

This was the largest detailed characterization ever con

ducted under DOE directive. It was obvious from the program concept 

that the acquisition of the enormous number of samples and direct or in

direct radiation data required to conduct a detailed study of an inactive 

190-acre site required a system to assure the quality of the ,program. 

The quality assurance (QA) task was, therefore, initially delegated the 

responsibility of quality control and auditing within BCL. Since a 

formal quality assurance system has not been previously employed in this 

type of program, a complete quality assurance program was not foreseen in 

the program planning stage as necessary to satisfy the quality needs of 

the program. 

The program plans and specific task procedures of opera

tion were conceptually planned by the program manager to respond to the 

contract and partially drafted but not documented at the beginning of 

the program. Most of the instructions to the operating surveying staff 

were verbal communications from the program manager directly or through 

the task leaders. This was largely the result of delays in the approval 

of the contract and individual tasks. This delay limited the on-site 

operations to such a minimal time period of satisfactory weather that 
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the survey operation was required to start on the day of the contract 

approval without the benefit of time to prepare and approve written plans 

and procedures. The maximum effort required to conduct the surveys and 

a biweekly staff rotation resulted in a postponement of the preparation 

of many of the documents until the conclusion of the initial on-site 

survey activities. The procedures contained in this appendix document 

how the survey was performed although they were not in documented form 

during the initial on-site survey phase of the program in August to 

October 1979. 

An indoctrination meeting was conducted at the beginning of each 

staff rotation period to assign responsibilities and instruct new staff mem

bers in the conduct of their task. Instructing staff of the details of 

performing each task, including record book documentation, was the responsi

bility of the task leader. The task leader was also responsible for review

ing the progress of sample collection, gridding, and record book data entries 

each day. This review was for the purpose of charting the progress of the 

survey, scheduling, preventing omissions, and detecting any anomalies in the 

survey which would require an overcheck. 

Surface soil and subsoil samples were packaged in polyethylene bags 

and vegetation samples in paper bags and identified at the collection site. 

The samples were then returned to the storage buildings, separated into their 

sequential grid coordinates, and the soil samples placed in metal containers in 

controlled storage to await transfer to BCl for screening, dissolution, and 

spectroscopic analyses of Procedures NS-NS-115 and NS-NS-116. Smear 

papers from the building and structural surveys were likewise identi-

fied, counted for alpha and beta with blanks, duplicates, and standards 

for control, and archived. laboratory record books and data sheets con

taining the survey meter data, numbered smear paper counts, and cor

responding identification of the numbered smear papers, air monitoring 

data from constant air monitors (CAMs) and air grab samples, and radon 

gas analyses were controlled by task leaders and stored for data trans

ferral to a computer and subsequent archival at BCl. 

Environmental exposure levels of X- and gamma radiation were 

measured in January-February 1980 by planned placement of approximately 

900 thermoluminescent dosimeters (TlDs) on the Site and surrounding 
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areas. This TLD system was implemented in accordance with ANSI Standard 

N 545-1945, Performance, Testing, and Procedural Specifications for 

Thermoluminescence Dosimetry (Environmental Applications) and BeL Pro

cedure EE-SP-17. The TLD placements and identification of individual 

badges were recorded in the program record books. 

All survey instruments were calibrated to a standard trace

able to the National Bureau of Standards at the beginning of the program 

and again at the survey termination. One instrument repairman was on

site to repair and maintain the survey meters and other instrumentation 

in reliable working condition. 

Although the health physics task was initially to be conducted 

by the sponsoring organization, it was determined upon entry to the Site 

that BeL would assume the responsibility for the radiological safety of 

the BeL staff and subcontractors. A health physics plan (EE-QAP-2) was 

drafted immediately and implemented throughout the program although it 

was not approved in final form until after the initial on-site survey 

was completed. This document identified the health physics staff and 

assigned responsibilities and authority to them for the radiological 

safety of the conduct of the survey program. The plan addressed the 

indoctrination and training of the program personnel, administrative 

controls, dosimetry and exposure detection methods, prelimi~ary sur

veys to evaluate and control hazardous areas, procedures to be imple

mented, release of equipment from the Site, protective respiratory and 

clothing requirements, and radiation exposure limits for program per

sonnel. 

B.3. PROBLEM AREAS 

The conduct of an extended duration characterization at a site 

beyond convenient commuting distance can result in personnel and instru

mentation problems not normally encountered in a home-based program. Ra

diological survey instruments, especially alpha meters, contain fragile 

components which are easily damaged in field use. This results in a sig-

nificant amount of repair and maintenance and requires a well stocked 
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ins,tr~ent .rep'a~.r shop, with stalldards forverifyingehe in$truments' 

af':~~ll;~~X' and. cap'a~Je. ~echnicians. A $1,lpply of sPare. survey.~eters and 

fast rep~:i.r. ~:apabilitY?lre essential to prevent costly delays. 

Care shou~d be exercised in the selection of the program man

agement and task leaders to select capable individuals who havea~ni-

mum of business and personal connnitments and are willing to maintain the 

progr,,!-m stability with their presence. Personnel changes and rotation 

should be.· expected and planned but can result in problems in maintaining 

continuity to, the. program operation. Training and reindoctrination ses

sions for the new and rotated staff are necessary and can best be accom

plished with the inclusion of written procedures in the training for 

clarity and reference. Particular attention should be given to data 

recording requirements and sample control to assure a uniform, complete 

documentation of the survey. 
Subcontractors may refuse to accept jobs or come on-site with 

r 
j 
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anxiety for their safety because of publicity concerning radioactivity on the 

Site. A thorough indoctrination to give the subcontractors a true prospective 

of the relative dangers from radiation they may encounter and the precautions 

taken for their safety are necessary to relieve their fears while main

taining their respect for the radioactivity. 

Personality differences and work habits can cause a disruption of 

the working atmosphere when the survey personnel are together during and after· 

working hours for several weeks. Care should be exercised in the selection of 

compatible responsible personnel. Problem personnel should be replaced in the 

next regular personnel rotation or their return to the home-base expedited by 

mutual agreement or unilateral action if the severity of the problem warrants 

the action. 

Problems may be encountered in performing surface and subsurface 

radiological surveys for contamination on inactive sites in the eastern 

section of the country because of dense vegetation, overgrowth, and access to 

the areas. A preliminary visit to the site is necessary to evaluate the acces

sibility and plan for a land clearing and access task if needed. 
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B.4. RECOMMENDATIONS FOR RADIOLOGICAL SURVEYS 

It is reconunepded that a thorough, written plan be prepared, re

viewed, and approved prior to the initiation of the task. An effective 

plan can only be prepared by program personnel with adequate technical 

knowledge and a firsthand knowledge of the site to be surveyed. A visit 

to the survey site is, therefore, a prerequisite to the planning of a 

survey. The plan should include: goals and objectives, work scope. 

schedule. applicable standards. codes and specifications, written pro

cedure requirements. for the implementation of each task with a schedule 

requiring the procedure document completion and approval prior to ini

tiation of the task, a program personnel organization chart with assigned 

responsibilities and authorities, personnel training and qualification, 

materials and instrumentation requirements, procurement control, sub

contractor requirements and control, radiological safety, instrument re

pair and maintenance, records, archives, radioactive sample transporta

tion, and audits. 

The instructional procedure prepared for each task should ad

dress the scope and purpose, applicable specifications, standards or 

codes, materials, equipment and instrumentation, detailed instruction 

for performing the task including sample treatment and storage, if 

applicable, and the approved method of data recording and documentation 

of the task. 

Major radiological survey programs should be conducted with coordi

nated but independent health physics and quality assurance tasks. These two 

tasks should have personnel on-site at all times with the responsibility and 

authority to exercise any means necessary to assure the radiological safety 

and the quality of the program operations. 

Since the quality of the survey data measured on-site depends upon 

the accuracy and reliability of the instrumentation, a well-eguipped instru

ment laboratory with qualified personnel is necessary to m.aintain the quality 

of the program data. This task should not only have the capability of repair

ing malfunctioning instruments but also check sources and recalibration capa

bilities with a complete daily record system to validate each instrument in 

use. 
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The task leaders should be responsible for preparing the task in

structional pt(j~edures; arid'tr~:i,tiiilg',th,~ ',task 'personnel to assure each person 

is qualified to perform the procedure as written and distributed. The task 

leader should schedule'andsupervise the work, review the data, and chart the 

progress daily to assure the records are complete and there are no omissions 

or anomalies in the survey data which wouldtequire an overcheck. 

The program manager should be responsible for keeping thoroughly 

informed of the program progress and any weak areas and coordinate the total 

activity. The quality assurance system should be designed as a major manage

ment tool in evaluating and managing the program. The QA effort can only 

be effective, however,if the program management is well trained in quality 

assurance and has the knowledge and willingness to use it to the maximum 

extent. 

The responsibility for sample containment, storage, inventory con

trol,distributiori, and archival system should be assigned to a single person. 

A program generating large numbers of samples can be severely hampered by 

uncoordinated sample control. 
The procedures contained in this appendix document the operations 

by task performed on this program and can be utilized in whole or in part in 

establishing specific procedures of operation for similar radiological surveys. 

The program plans will vary with each radiological survey; ,however, by follow

ing the established outline and taking time to think before there is only time 

to react, the program implementation and final compilation of the data will be 

organized and time-efficient. 

QA documents referenced in this report but not reproduced are pa~t 

of BeL's QA system and can be obtained upon request. 
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QUALITY ASSURANCE PROGRAM PLAN FOR THE RADIOLOGICAL 
SURVEY OF THE DOE-NIAGARA FALLS STORAGE SITE 

1. Program Objective 

The objective of the radiological survey is to establish a data base 

for the engineering assessment of decontamination and decommissioning 

alternatives for the DOE-Niagara Falls Storage Site. Components of 

the survey are: 

Buildings (Detailed, Intermediate, Residue, Foundation) 

Surveys 

Surface Surveys 

Subsurface Surveys 

Ditch Surveys 

Environmental Radon Surveys 

Biotic Surveys 

Nonradiological Surveys. 

Sample collection will require a field team on the Site for approxi

mately 11 weeks. Preliminary screening of soil and sediment samples 

will be made on-site. Radon analyses will be conducted on-site. 

Radiochemistry of selected samples will be conducted at BCL's Colum

bus laboratories and at LFE (Richmond, CA). 

2. Program Organization and Responsibilities 

2.1 The program manager is Dr. Beverly S. Aurnsus; the deputy pro

gram manager is Mr. T. L. Anderson. 

2.2 The program organization includes: 

Thomas L. Anderson, field coordinator, subsurface survey 

leader 

Mary Anne Eischen, surface and ditch survey leader 

William C. Baytos and Steven E. Pomeroy, building survey 

leaders 

Duane A. Tolle, biota survey leader 

Joseph F. Dettorre, personnel and equipment coordinator 

Carl A. Alexander, chemistry task leader 

Donald L. Lozier, quality assurance leader 

F':' ~ , 
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William C. Bradforcl and Ra,lph D. Fiint, instrumentation 

leaders' 

George E. Kirsch and Jack Wissirtger,hea1th physics leaders. 

2.3 Responsibilities of key personnel include: 

EE-QAP-1 
Revision 0 
Page 2 of 7 

2.3.1 Overall conduct of the program, its completion, inter-

pretation and reporting are the responsibilities of 

program management. 

2.3.2 Conduct of daily field activities is the responsibility 

of the field coordinator. 

2.3.3 Completion of individual surveys, data recording, and 

reporting are the responsibilities of each survey task 

leader. 

2.3.4 Availability of key personnel, support personnel, and 

equipment on-site are the responsibilities of the per-

sonne1 and equipment coordinator. 

2.3.5 Quality assurance documents, audits, and sample archival 

are the responsibilities of the quality assurance leader. 

2.3.6 Equipment maintenance, repair, calibration, and documen-

tat ion are the responsibilities of the instrumentation 

leaders. 

2.3.7 Health physics procedures, monitoring, and enforcement 

will be the responsibilities of health physics leaders. 

3. Codes, Standards and Specifications To Be Met 

3.1 Health Physics 

3.1.1 Subcontractor personnel will be monitored while they are 
.; :' 
~I on-site and exposures allowed will not' exceed those allowed 
:ij 

I 
i 
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for meJIlbers of theg~n~FCll. gublic f2.~ thl;! time period.
o 

3.1.2 Members of the project will be monitored while they are 

on-site and. exposures allowed,will not exceed those 

allowed for occupational radiation workers for the time 

period. 

3.2 All DOE, NRC, and EPA codes and standards appropriate will be 

followed during the survey. Appropriate standards are identi-

fied in the individual quality assurance procedure documents. 

3.3 Data reported will be based on ANSI standards, published litera-

ture, and well-documented procedures. Data formats will be as 

compatible as possible with other radiological surveys. 

4. Identification of Procedures To Be Documented 

4.1 Health Physics (HP) Operations 

4.1.1 Health physics operations procedures 

4.1.2 Preliminary HP screening, field sites 

4.1. 3 Preliminary HP screening, buildings 

4.2 Building Survey Procedures 

4.2.1 Building gridding procedures 

4.2.2 Detailed building survey procedures 

4.2.3 Intermediate building survey procedures 

4.2.4 Residue building survey procedures 

4.2.5 Foundation building survey procedures 

4.3 Surface Survey Procedures 

4.3.1 Gridding procedures 

4.3.2 Instrumental survey procedures 

4.3.3 Soil sampling procedures 

F \ . 
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4.4 Subsurface Survey Procedures 

4.5 Ditch SuiveYProce'dures 

4.6 Biotic Survey Procedures 

4.6.1 Vegetation collection procedures 

4.6.2 Animal collection procedures 

4.7 Environmental Radon Procedures 

4.7.1 Terradex radon cup procedures 

4.7.2 Collection of radon samples near soil (15 cm diam.) 

4.7.3 Grab sample collection 

4.7.4 Flow-through system sample collection 

4.7.5 Radon analysis using gas scintillation 

4.8 Radiochemistry Procedures 

4.9 Beckman II Wide-Beta Analysis of Soils, Smears, and Filters 

4.10 PC-III Analysis of Smears and Filters 

4.11 Mass Spectroscopy Procedures 

4.12 Thermoluminescent Dosimeter Procedures 

4.13 Sample Archival Procedures 

4.13.1 Soils and sediments 

4.13.2 Drill cores 

4.12.2 Smears and filters 

5. Identification of Quality Assurance Requirements 

5.1 Data Verification 

EE-QAP-l 
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5.1.1 All data recorded will be countersigned by a designated 

person. 

5.1.2 Data transcribed for manual or computer analysis will 

.~ be checked by a designated person. 

5.1.3 Calculated values will be verified randomly to assure 

';. (1) correct algorithm use and (2) correct calculation 
~---.:> 

~: 

:; 
~- -: 

procedures. 

5.2 Specimen Identification 

5.2.1 Soil. sediment, and vegetation samples will be identi

fied by grid point coordinates. 

5.2.2 Smears and filters will be identified by unique sequence 

number corresponding to location, data" and personnel 

where applicable. 
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7.2.2 Location, type of install~tio~, and depth of drilling 

will be determined by the~ubsu~face survey task leader. 

7.2.3 

7.2.4 

BCL staff will be assign~dto all drill operations. 

Hea1thphysics monitoring will be the responsibility of 

the health physics task leader. 

7.2.5 Satisfactory performance will be determined by the pro-

gram manager. 

7.3 Radiochemis"try Subcontractor 

7.3.1 A reputable laboratory recognized in the research area 

will be used to assist in the radiochemistry task. 

7.3.2 The subcontractor must comply with BCL chemistry quality 

assurance procedures. 

7.3.3 Method selection will be the responsibility of the 

chemistry task leader. 

7.3.4 Satisfactory performance will be determined by the program 

manager. 

8. Coordination and Storage of Records 

8.1 Field Records 

All field records will be collected by the field coordinator 

and screened by him before filing. 

8.2 Records will be stored on-site in the concrete block building 

used for coordination .and sample archival. 

8.3 Records generated at BCL will be screened by appropriate task 

leaders before filing. 

8.4 All record books will be audited by the quality assurance task 

leader before filing. 

8.5 All record books will be filed in the office of the field co-

ordinator until the completion of the program. 

8.6 All record books will be filed in BCL's record department at 

the completion of the program. Computer analyses, tables, and 

figures will be retained in program files in the office of the 

program manager. 
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HEALTH 'PHYSICS PLAN: 
RADIOLOGICAL SURVEY OF DOE-NIAGARA FALLS SITE 

1. Scope 

EE-QAP-2 
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This document is the plan of the health physics program of protection for 

BCL staff and pro~ram subcontract workers at the DOE-Niagara Falls Site 

during the radiation survey program. 

2. Puruose 

The purpose of this document is to provide a comprehensive plan of health 

phvsics protection for the radiological survey team. The documented plan 

f 

is prepared for review, approval and implementation as an organized operation 

3. Standards 

3.1 Title 10 CFR Part 20, "Standards For Protection Against Radiation". 

3.2 DOE Manual Chapter 0524. 

4. Health Physics Organization 

4.1 The health uhysics program responsibility is assigned to J. F. Dettorre 

and Section 588 H.P. Staf~ by the program manager. All decisions re

lated to program personnel health physics protection shall be made by 

the health physics staff and be final. 

4.2 The organization of the health physics staff is sqown in Fi~ure 1. 

5. Indoctrination-Training 

5.1 All staff and contract personnel associated with the radiolo~ical survey 

shall receive an indoctrination-training session to inform them of the 

radiological considerations relevant to their work at the site. 

5.2 The indoctrination-training session shall include the following topics 

as a minimum. 
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PRINCIPAL INVESTIGATOR 

B. S. Ausmus, 

CO-PRINCIPAL INVESTIGATOR 

T. L. Anderson 

HEALTH PHYSICS SERVICES 
TASK LEADER 

J. F. Dettorre 

HEALTH PHYSICS SERVICES 
SUPERVISOR 

G. E. Kirsch 

J. Wissinger 

R. J. Riester 

E. R. Swindall 

FIGURE 1. PROGRAM HEALTH PHYSICS 
ORGANIZATION CHART 
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5.2.1 Identifica·tion and description of radioactive materials known 

to be on sit~;· Le., uranium, its principal daughter, radium 226, 

radon gas and other associl:i.1:e..(!, daughters. i 

5.2.2 Locations of known contamination/storage areas on the site. 

5.2.3 Radiation measurement devices. 

5.2.3.1 Alpha Survey meters. 

5.2.3.2 Beta-Gamma Survey meters. 

5.2.3.3 Alpha and Beta-Gamma Smears for removable contamination.' . 

5.2.3.4 Radon gas measurement. 

5.2.3.5 Air sampling. 

5.2.4 Philosophy of BeL radiation protection program regarding minimal 

radiation exposure. 

5.2.4.1 Public radiation level of 500 mRem/yr. 

5.2.4.2 Prorating of radiation exposure. 

5.2.5 Personnel monitoring techniques. 

5.2.5.1 Film badges. 

5.2.5.2 Dosimeters. 

5.2.5.3 Lanel air monitors. 

5.2.5.4 Bioassavs. 

5.2.5.5 ~fuole body counts. 

5.2.6 Respiratory protection program. 

5.2.6.1 BCL policy. 

5.2.6.2 Equipment and procedure. 

5.2.6.3 Snecial training for personnel requiring respiratory 

protection. 

5.2.7 Industrial safety and hygiene. 

5.2.7.1 Injuries, insect bites, stings. 

5.2.7.2 Protective clothing, eyeware, respiratory protection 

for dust and non-radiological-toxic chemicals. 

6. Administrative Controls 

6.1 Check and verify previous radiation exposure history of staff. 

6.1.1 Maintain radiation exposure records. 

6.2 Establish radiation record on personnel not previously having a radi

ation work history. 
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6.2.1 Take a baseline urine bioassay sample. 
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6.3 Maintain radiation exposure history on stand"ard NRC-4 forms. 

6.4 Usage of respiratory equipment. 

6.4.1 Establish personnel physical condition and train in accordance 

with NS-NS-3. 

6.5 Maintain pocket ion chamber records, lapel filter records and film badge 

records. 

1 7. Dosimetry and Exposure Methods 
L 

1'- . 

7.1 Personal dosimetry devices shall be film badges and pocket ion chambers (PIC). 

7.1.1 Film badges shall be read on a two week interval. 

7.1.2 PIC dosimeters shall be read and recorded daily. 

7.2 Portable survey meters shall have the capability of monitoring for 

al?ha, and beta-gamma. 

7.3 Exposure from suspended particle radiation shall be monitored by con

tinuous air monitors, high volume air samplers and lapel air sam?lers 

as the need demands. 

7.3.1 Lapel sampler filters shall be counted daily with a 12 hour decay 

period. 

8. Techniques 

8.1 Perform a preliminary radiological survey of buildings and enclosures 

as per EE-SP-12. 

8.2 Perform a preliminary site surface radiological survey based on the 

aerial survey data. 

8.3 Establish the personnel health physics precautions based upon the results 

of the preliminary surveys. 

8.3.1 Areas> 0.25 mr/hr shall be restricted. 

8.3.2 Areas> 2.0 mr/hr shall be tagged with yellow flags. 

8.3.3 Protective clothing and respiratory equipment (where required) shall 

be used in all areas determined in the preliminary survey to contain 

excessive levels of contamination. 
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8.3.4 Personnel shall monitor themselves at the termination of each (A..'"-1 

and PM) work period 1. e. portable PAC-4G monitor. 

9. Procedures 

9.1 Applicable sections of existing BCL procedures shall be employed. These: 

pr6cedures include: 

9.1.1 NS-NS-3,-3.l· Respiratory Protection Program. 

NS-NS-lO Collection of Environmental Radiological Air Samples. 

NS-~S-14 Collection of Environmental Radiological Sediment 

Samples. 

NS-NS-17 Beta-Gamma Radiation Monitoring of the Nuclear Sciences 

Site. 

NS-NS-18 Smear Survey Collection. 

PU-NS-21 Lapel Air Monitoring System for Radiological Particles. 

PU-NS-7 Soil Core Sampling. 

10. Survey of Equipment Before Leaving Site 

10.1 All equipment used on the site in suspect contaminated areas shall be 

checked for fixed and transferable contamination. The maximum contamin

ation levels are as follows: 

a) fixed alpha <50 dpm/lOO 2 em on contact 

b) fixed beta-gamma 0.25 mR/hr on contact 

c) transferable alpha 20 dpm/lOO 2 em 

d) transferable beta-gamma 200 dpm/lOO 2 cm . 
10.2 Equipment found to be contaminated in excess of the maximum levels 

shall be decontaminated to comply with the requirements. 

11. Protective Respiratory Equipment and Clothing for Entering Residue Storage 

Buildings 

11.1 The following clothing items and respiratory equipment shall be worn: 

a) Fire retardant plasticized paper one-piece coveralls 

b) Safety shoes 
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c)! Booties and boot'ie bags 

d) Rubber· gloves 

·e) Cuffs am~ wrist:.s taped 

f) Head covering (hood) 

EE-QAP-2 
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g) A . self-contained breathing apparatus, pressure-demand type for 

concentrations suspected to be <10,000 times the appropriate 

concentration guide • 

11. 2 Self-contained. pressure-demand breathing apparatus shall always be 

worn when initially entering buildings suspected to contain gaseous 

radioactive material. 

11.3 Clothing and respiratory equipment requirements may be reevaluated 

based upon the results of the preliminary monitoring data. 

11.3.1 Clothing requirements shall be contingent upon the gaseous 

and particulate airborne concentrations. 

11.3.2 Fire retardant plasticized paper clothing shall be worn if 

gaseous components are an integral part of the airborne con

centration. 

11.3.3 A reduction in the respiratory equipment protection factor 
~ 
~ (PF) may be established by the following formula based on 
L 

concentration guide (CG) hours. 

C (concentration) x T (collection/exposure time. hrs) 
CG hrs = CG (concentration guide) x PF (protection factor) 

Example: C = 1.5E-6 ~Ci/ml 

T = 20 hours 

CG = 3E-8 ~Ci/ml for Rn222 
plus short-lived daughters 

PF = 50 

CG hrs = 1.5E-6 x 20 
3E-8 x 50 

CG hrs = 20. 

Since the guideline maximum CG hrs for occupational exposure 

in one week is 40 hours, an additional step provides the weekly 

percentage of permissible exposure or concentration. 

Weekly percentage = CG hrs x 100 
40 hrs 

= 20 
40 x 100 
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= 50%. of th~ pt:!rmissible concentration basedi 

on Rn222 -and_ short lived daughters. 

11. 3.4 If the unadj usted concentration is L 5 x 10-6 \.lei/mI. then the 

concentration may be permitted 'ror 40 hours _ (100% of Weekly Guid~ 

with a respirator having a protection factor of 50; such as. a 

full face mask with a radon daugher cartridge. Adjustments may 

also be made based on time; such as. 2 hours exposure would per

mit a concentration to be 20 times 1.5 x 10-6 \.lCi/ml or 3.0 x 10~.) 
\.lCi/ml with the respirator P.F. of 50 included. 

12. Limitations On The Use Of Uncovered Shoes, Booties Over Shoes. and Boots 

In Fields and Buildings 

12.1 Uncovered shoes may be worn in areas having transferable surface conta

mination of the following limits: 

a) Alpha - <20 dpm/100cm2 

b) Beta-gamma - <200 dpm/lOOcm2 

12.2 Booties (minimum) shall be worn as protection over shoes in areas 

having transferable surface contamination of the following limits: 

a) 

b) 

Alpha - 20-200 dpm/cm2 

2 Beta-gamma - 200-2,000 dpm/lOOcm 

12.3 Boots shall be worn in areas having transferable contaminaton of the 

following limits: 

a) Alpha - >200 dpm/100cm2 

b) Beta-gamma - >2,000 dpm/lOOcm2 

12.4 The booties and boots shall be removed and packaged at the boundry 

of the contaminaton area upon leaving. 

13. Radiation Level Limits For Subcontractors (Non-Radiation Workers) Entering 

A Field Area or Building Having A Radiation Level Above Background 

13.1 Airborne concentrations shall be within permissible limits for 

unrestricted areas (public exposure guides). 

13.2 External radiation (By) shall be within the prorated public exposure 

guide of 500 mrem/year. 
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Therefore. a s~bcontractoi" schedultid 'for a 3 week work period shall 

be limited to 30 mrem, assuming the non-radiation worker classification. 

13.2.1 Field equipment containing an inherent shielding effect may 

be considered in calculating the dose assessment. 

a) A bulldozer operator is shielded from ground surface 

radiation by distance and steel. 

13.3 Subcontract personnel may be considered radiation workers after proper 

qualifications of training, previous work exposure qualification, 

physical examination, and bioassays and be subject to the permissible 

radiation worker annual exposure limit of 5 Rems. 
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This procedure establishes the building and structure surface grid lay

out method, size and identification for performing detailed instrumental 

and smear radiological surveys. 

2. Purpose 

The purpose of this procedure is to assure that the entire building and 

structure surfaces have been encorporated with the approved survey pat

tern and that all survey data are traceable to a specific location. 

3. References 

3.1 U.S. Nuclear Regulatory Commission, Divison of Fuel Cycle and Ma

terial Safety. 1976. Attachment A [to Reg. Guide 1.86]. Guide

lines for decontamination of facilities and equipment prior to re

lease for unrestricted use or termination of licenses for byproduct, 

source, or special nuclear material. Washington, D.C. 6 p. 

3.2 American National Standards Institute. 1978. Control of radio

active surface contamination on materials, equipment and facili

ties to be released for uncontrolled use. ANSI N13.l2. New 

York. Draft. 

4. Equipment 

4.1 Meter sticks, meter square forms 

4.2 Meter tapes 

4.3 Lift devices (ladders, front-end loaders, power lifts) 

4.4 Blue or black, white and red marking devices (crayons, spray paint, tape, 

chalk lines) 
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5.1 Grid siie. ; 

5.1.1 All buildings designated for detailed survey shall be marked with:. 

a 2 meter square grid system on the floors, walls and ceiling to 

provide the markings for smear and instrumental radiological moni

toring. 

5.2 Health Physics. 

5.2.1 Entry to any designated building for gridding shall be permitted 

only after completion of a preliminary, personnel health physics 

safety survey as per EE-SP-12 and authorization of the health 

physics officer on site. 

6. Procedure 

6.1 Secure permission for access to the building from the health physics 

officer. 

6.2 Measure the external and internal dimensions of building and all rooms. 

6.3 Prepare a sketch map of the building surfaces for the record. 

6.4 Designate north, south, east, and west on the building surfaces and sketcl 

6.5 Mark the 2 meter grid by painting or taping a + at the grid intersects. 

6.5.1 All grids originate in upper left-hand corner of each wallar 

northwest corner of floors and ceiling. 

6.5.2 Identify the grids with the X-Y coordinate system, with the 

horizontal as the X axis on walls and the west to east axis as 

the X axis on floors and ceilings. 

6.5.3 Identity markings shall be made with indelible markers except 

in the facility office where removable tape can be used. 

6.6 Grids shall be identified by the following guidelines: 
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6.6.1 Identify grid blocks by: X 

** = C-l, * = A-3. 
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letters, Y = numbers. Therefore, 

6.6.2 Identify intersections of 2-meter grids by X and Y numbers. 

Therefore, 11 = 1-1, @ = 3-2. 

6.7 The center of each 2-meter square shall be marked with a one meter 

square plot for smear survey. See Diagram 2, designation "a". Any 

partial area greater than 1/4 m2 shall also be marked for smear survey. 

2H r---) 
b \2M 

I X ~ 
~------~--~:~~~:------+------+~ ._-___ 1. 

r -, r 1 c 

L -+- -+- -I ~ 
• 

L J 

Diagram 2 

6.8 The intersection of each 2-meter square shall serve as the center point 

of a one meter square plot marked for the instrument survey. Any such 
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partial area greater than 1/4 m2 shall also be marked. Partial meter 

survey areasalori:gthe "zero" or origin lines-need not be marked. See 

diagram.2. 

6.8.1 One square meter drawn based upon intersection of grid lines 

(instrument survey). Designation "b". 

6.8.2 Marking only corner angles is an acceptable marking system. 

While variation may be necessary for special surfaces, markings 

for smear survey shall be blue or black and instrumentation 

survey markings shall be red. Designation "c". 

6.9 Notify building survey team leader that building markings are complete. 

6.10 Documentation for surface gridding may be limited to the outline drawing 

of all rooms in the building and the notation of internal and external 

dimensions. The sketch map shall be placed in the permanent laboratory 

record of that building survey by the Team Leader. 
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GRID ESTABLISHMENT FOR FIELD SURFACE SURVEYS 

1. Scope 

This procedure describes the methods employed in establishing the 

grid pattern used in surface surveys at the DOE-Niagra site. 

2. Purpose 

The purpose of this procedure is to establish a 50' x 50' grid pattern 

on the 190-acre DOE-Niagara site from which to locate radiological 

monitoring ·points and water, sediment, soil, and vegetation sample 

collection points. 

3. References 

3.1 "Proposed Research Program on Radiological Survey, DOE-Niagara 

Falls Site" to Feed Materials Production Center, National Lead Com

'pany of Ohio, by Battelle-Columbus Laboratories, June 22, 1979. 

4. Equipment 

4.1 Aerial radiological survey report (EG & G) 

4.2 Surveyor's transit 

4.3 2" x 2" x 16" stakes 

4.4 Alphabet (N,E,S,W) and number (0-9) dies 

4.5 ~"x 2" x 3' lathes 

4.6 .. Indelible waterproof markers 

4.7 Red and yellow flagging 

4.8 Orange spray paint 

4.9 Brush clearing equipment (i.e., bulldozer, chain saws, axes) 

4.10 Decontamination gear for brush clearing equipment 

5. Procedure 

5.1 Identify area of excessive radiation from aerial survey maps. 

r-
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5.1.1 Perform initial, cursory insturmental field survey to 

verify and mark "hot" areas 'identified in aerial survey. 

5.1.2 Delineate "hot" areas with yellow flagging. 

5.2 Locate zero coo~dinates at intersection of main streets on 

site (intersection of 0 Street and Campbell Boulevard is 

coordinate NO,EO) using surveyor's transit. 

5.3 Mark transects in 50-foot intervals in lines sighted due 

north, south, east, and west of grid point NO,EO. 

5.4 Sight and mark transects from 50-foot points on intersecting 

NO,EO lines to cover 190-acre site area with 50 ft. x 50 ft. 

grid. 

5.4.1 Mark grid points falling on streets or asphalt or concrete 

surfaces with metal PK spikes. 

5.4.2 

5.4.1.1 Mark surface with grid coordinates using orange 

spray paint. 

Mark grid points on penetrable surfaces with 2 stakes -

one permanent, one temporary. 

5.4.2.1 Drive 2 in. x 2 in. x 16 in. stake into ground at 

grid point and stamp exposed end with grid 

coordinates using number and letter dies. 

5.4.2.2 Drive 1/2 in. x 2 in. x 3 ft. lathe into ground 

at grid point; label lathe with grid coordinates 

using waterproof marker; tie top with red flagging. 

5.5 Clear overgrown areas using appropriate methods (i.e., chain 

saws, bulldozer, axes, etc.) to permit sighting. 

5.6 Do not drive heavy equipment (i.e., bulldozer) into areas of 

known contamination. 

5.7 Clear contaminated areas using hand tools and wearing protective 

L clothing. 

5.8 Check equipment for contamination and clean as appropriate. 

(Wash and dry hand tools with cleaning solution and disposable 

towels. Package and discard refuse as low level nuclear waste. 

Wash bulldozer in designated area.) 
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This doctnnent describes the method for collecting surface radiological 

data at the DOE-Niagara site~ 

2. Purpose 

This procedure controls the methods used in conducting surface 

radiological surveys of the 190-acre DOE-Niagara site. Results of 

the survey wiil be used to establish background levels of radio

activity and to locate areas of contamination for intensive sampling. 

3. References 

3.1 Itproposed Research Program on Radiological Survey, DOE-Niagara 

Falls Site" to Feed Materials Production Center, National 

Lead Company of Ohio, by Battelle-Columbus Laboratories, June 22, 

1979. 

4. Equipment 

4.1 Survey meter, low level gamma (NAI) Ludlum model 125 micro 

r meter and carrying strap. 

4.2 Survey meter, beta-gamma Eberline geiger counter model E-l20 

with an HP-ZID probe fitted with spacers which hold head 1 cm 

from surface being read. 

4.3 Clipboard and black ink pens. 

4.4 Approved data collection forms. 

4.5 Approved, bound, numbered BCL laboratory data book. 

4.6 Yellow flagging tape. 
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5. Procedure 

5.1 Begin surVey in area~hich has been gridded by surveyors and 

cursorily surveyed by Health Physics Officer. 

5.2 Wear protective clothing in area of contamination. 

5.3 Begin survey at one end of a gridded transect. 

5.4 Take two radiological readings, at each grid point. 

5.4.1 Read micro r level of gamma radiation at 1 meter level. 

(Use carrying strap to adjust instrument at 1 meter 

level while person carrying meter is in upright position.) 

5.4.2 Read beta gamma radiation level at 1 cm from ground surface. 

(Clear or trample ground cover or debris with foot before 

setting probe down to avoid puncturing membrane.) 

5.5 Record readings on approved data sheets carried on clipboard 

by person making the 1 meter gamma measurements. (Hands are 

free for recording because instrument is carried on strap.) 

5.6 Flag the stake with yellow tape at points where readings are 

in excess of background (0.25 mr) and take additional readings 

as instructed by the principa~ investigator. 

5.7 Note "hot" spots encountered which do not fallon grid points. 

5.8 Record location of obstructions (i.e., buildings, fences, etc.) 

or topographical features which eliminate readings at conse

cuti.ve grid points. 

5.9 Use one data sheet per transect. 

5.10 Check all data sheets for completeness of data (i.e., names of 

survey team, date, location, instrument numbers, signatures, etc.). 

5.11 File data sheets in a 3-ring binder. 

5.12 Record day's activities, areas surveyed, locations and levels 

of contamination encountered, suspected sources, weather 

conditions and all other appropriate information in bound, 

approved BCL laboratory data book. 

5.13 Obtain appropriate approval signatures for both data sheets 

and laboratory data book. 
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This document describes the methods used for collecting vegetation 

samples at the DOE-Niagara site. 

2. Purpose 

This procedure controls the methods used in the collection of 

vegetation samples for radiological analyses for selected isotopes. 

Data is to be used to indicate the potential for and/or extent of 

uptake of radioactive materials in plant tissues and transport into 

the terrestrial food chain. 

3. Reference 

3.1 "Proposed Research Program on Radiological Survey, DOE-Niagara 

Falls Site" to Feed Materials Production Center, National Lead 

Company of Ohio, by Battelle-Columbus Laboratories, June ?2, 1979. 

4 • Equi pmen t 

4.1 Grass shears, sharp knife 

4.2 Two-gallon brown paper bags 

4.3 Waterproof marking pens 

4.4 Yellow flagging tape 

4.5 Yellow spray paint 

4.6- Pre-moistened disposable towelettes 

4.7 Heavy-duty polyethylene waste disposal bag. 

5. General Conditions 

5.1 Begin sample collection in area only after surface radiological 

survey has been conducted. 

5.2 Wear protective clothing in areas marked higher than background. 
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5.3 Take vegetation samples simultaneously with soil samples 

to pr'event back-tracking and reentering contaIllinated areas. 

6. Procedures 

6.1 Collect sample at grid point. 
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6.1.1 Collect baseline samples from area of background levels, 

i.e. southeast quadrant and extreme southwest quadrant; 

one sample every 15th grid point. 

6.1.2 Collect sample at every yellow flagged grid point (every 

point measured in excess of background) 

6.2 Clip or cut predominant, soft-stemmed, living vegetation at 

ground level. Do not include soil or roots. 

6.3 Place sample in paper bag pre-pumbered with grid point location. 

6.4 Collect sufficient sample to nearly fill bag when vegetation is 

lightly compressed. 

6.5 Mark vegetation samples from contaminated areas with yellow 

marking. 

6.5.1 Use either yellow flagging to tie around bag in field. 

6.5.2 Or use yellow spray paint to mark samples when storing 

t in archive. 

6.6 Decontaminate cutting tools and hands with pre-moistened 
o ~ 
~ towelettes between each sample. 
4 
~.-; 

6.7 Dispose of used decontamination materials as low level nuclear 
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This document describes the procedure for the collection of animal 

tissue in designated areas at the DOE-Niagara site, including species 

identification and storage, for subsequent radio-chemical analysis. 

2. Purpose 

This procedure controls the method for collection of animal tissue. 

Analytical results of this survey will indicate the trophic distribution, 

tissue concentration, and movement of radioactive elements in terrestrial 

food chains, if any, at the spoil pile area, navy dump area, and south

east control area. 

3. References 

3.1 "Proposed Research Program on Radiological Survey, DOE-Niagara Falls 

Site" to Feed Materials Production Center, National Lead Company of 

Ohio, by Battelle-Columbus Laboratories
1 

March 7, 1980. 

4. Equipment 

4.1 Quart- and gallon-size ziplock plastic bags 

4.2 Bait: catfood, apples, and peanut butter 

4.3 Raccoon-size live traps 

4.4 Skunk-size live traps 

4.5 Rat snap traps 

4.6 Museum special mouse snap traps 

4.7 #2 leghold traps 

4.8 22-caliber rifle 

4.9 State collector's permit 

4.10 Rubber boots 

4.11 Protective coveralls 

4.12 Film badge 

4.13 Paper labels with string 

4.14 Pliers 



4.15 Rubber gloves 

4.16 Freeze;r 

4.17 Skinning knife 

4.18 Disposib1e towelettes. 

5. Proc_edur~' 
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5.1 SampJe areas only after instrumental field survey has been com

pleted. 

5.2 Obtain instructions from the Health Physics Officer concerning 

protective clothing, and personnel precautions. 

5.3 Locate traps in areas where animal sign (burrows, feces, tracks, 

etc.) has been observed. 

5.4 Bait mouse and rat traps with peanut butter and bait leg-hold 

and live traps with apples and catfood. 

5.S Mark location of traps with plastic flagg{ng and on a map of the 

area. 

5.6 Check traps each morning after setting and baiting. 

5.7 Dispatch live animals in traps with rifle. 

5.8 Mark all specimens with tags, indicating sample number, animal 

species, weight, date, and grid coordinates. 

5.9 Dissect leg muscle and bone from medium and large size animals, 

weigh and put each tissue type in separate large 'ziplock bag with 

label. (Use clean gloves for each new animal and clean skinning 

knife with towelettes). 

5.10 Put reptiles, amphibians, and small mammals in plastic ziplock 

~ag without dissecting. 

5.11 Store all labeled, ziplock bags with specimens in a freezer. 

5.12 In all areas identified to contain radiation in excess of background, 

rubber or plastic gloves shall be worn and decontaminated or dis

carded after handling each specimen. 

5.13 Package and dispose of contaminated wipes, gloves, and animal 

tissue, and other contaminated refuse as low level nuclear waste. 
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This document describes the procedure for the collection 6f sediment 

samples in designated locations of the Main Drainage Ditch, the West 

Ditch and the East-West Ditch for radiological analyses. 

2. Purpose 

This procedure controls the method of obtaining samples necessary 

to develop a radiological profile of the sediments of the Central Drainage 

Ditch, the West Ditch, and the South 31 Ditch. Results of this survey 

will indicate the extent and nature of contamination to sediments 

and runoff from the refuse pile, firehouse and boron building areas, 

and discharge from Building 411. 

3. References 

3.1 "Proposed Research Program on Radiological Survey, DOE-Niagara 

Falls Site" to Feed Materials Production Center, National Lead 

Company of Ohio, by Battelle-Columbus Laboratories, June 22, 1979. 

4. Regulations 

4.1 DOE Manual, Chapter 0524. 

4.2 Title 10, CFR, Part 20. 

5. Equipment 

5.1 Shovel. 

5.2 Heavy plastic bags, 12 in. x 24 in., and ties. 

5.3 Premoistened, disposable towelettes. 

5.4 Metal 1 gal-paint cans. 
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6. General Conditions: 

6.1 No samples are to be taken until after a surface survey of 

alpha, beta, and gamma radia.tion levels at lcm and 1 m has 

been conducted. 

6.2 Readings of surface radiation will have been made at each 25-

foot interval on a transect running the length of the ditch. 

Half of the transect points will correspond approximately to 

50 ft x 50 ft surface grid points into which the study area 

has been surveyed. 

6.3 

6.4 

Points where surface radiation readings were equal to or greater 

than 0.25 mr are flagged with yellow tape. 

Sediment samples are taken at every 50-foot location corresponding 

to a grid point and at any intermediate 25~foot transect point 

which has been yellow-flagged. 

6.5 When and where possible, sediment sampling should move from 

areas of low or no contamination to areas of higher contamination. 

6.6 All personnel collecting sediment samples wear protective 

clothing. 

7. Procedures 

7.1 Locate ditch transect at gridded sampling point, or 25-foot 

interval point (transect extends across width of ditch from 

waterline to water line). 

7.2 Remove approximately 200-300 g "divet" sample of the top 2-3 

inches of sediment with a cleaned shovel. 

7.3 Remove large roots and vegetation from the sediment sample. 

7.4 Take three samples per sampling location; one at each end 

of the transect slightly below water line and one at the 

mid-point of the ditch. 
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7.5 Composite all three samples into one heavy pl~sJ;ic Q~gmarked 

with the station number (grid identification). 
", -.-

7.6 Double bag.$edimen:t sampl~s in individually seale,dand 

labelled plastic bags. 

7.7 Clean the gloves.of the person. handling the sample and the 

digging surface of the shovel with premoistened towelettes 

between each station. (It is not necessary to clean equipment 

between subsampl~s at one station.) 

7.8 Dispose of used cleaning materials in a heavy plastic waste 

disposal bag carried with the sampling team. 

7.9 Mix bagged samples by hand to assure complete compositing 

of sub~amples. 

7.10 Transport the bagged samples to the archive room and store each 

sample in a I-gallon metal paint can labelled with the sample 

identification. 

7.11 Mark cans containing samples taken from a contaminated location 

with yellow spray paint. 

7.12 Arrange the samples in sequential order in the archive room. 
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1. Scope 

B-47 

PROCEDURE FOR THE COLLECTION OF DITCH 
AND CREEK SEDIMENT SAMPLES 

This document describes the procedure for the collection of sediment 

samples in designated locations of off-site areas of the Central Drainage 

Ditch, the West Ditch, the 531 Ditch and portions of Fourmile, Sixmile. 

and Twelvemile Creeks. 

2. Purpose 

This procedure controls the method of obtaining samples necessary to 

develop a surface radiological profile of the sediments of off-site areas 

of the Central Drainage Ditch, the 'fest Ditch, the S31 Ditch and portions 

of Fourmile, Sixmile, and Twelvemile Creeks. 

3. References 

3.1 "Proposed Research Program on Radiological Survey, DOE-Niagara Falls 

Site" to Feed Mate,+ia1s Production Center. National Lead Company of 

Ohio, by Battelle-Columbus Laboratories, June 22, 1979. 

3.2 Extension of proposal listed in 3.1, 28 February, 1980. 

4. Regulations 

4.1 DOE Manual, Chapter 0524. 

4.2 Title 10. CFR, Part 20. 

5. Equipment 

5.1 Shovel. 

5.2 Heavy plastic bags, 12 in. x 24 in., and ties. 

5.3 Premoistened, disposable towelettes. 

5.4 Polyethylene widemouth bottles. 

5.5 Standard sediment samplers. e.g. Ekman Sampler. 
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6 .• 1 T,akesediment samples at 100-foot intervals in the ditches and in 

the three streams at three desposition zones upstream and downstream 

from each road intersection with the stream. 

6.2 When and where possible, conduct sediment sampling from areas of 

low or no contamination to areas of higher contamination. 

6.3 All personnel collecting sediment samples wear protective clothing. 

7. Procedures 

7.1 Locate ditch transect at gridded sampling point on-site or 100-

ft interval points off-site (Figure 1) and at selected points 

in natural drainages (Figure 2). 

7.2 Remove approximately 200-300 g "divet" sample of the top 2-3 inches 

of sediment with a cleaned shovel or sediment sampler in areas of 

deep water. 

7.3 Remove large roots and vegetation from the sediment sample. 

7.4 Take three samples per sampling location; one at each end of the 

transect slightly below water line and one at the mid-point of the 

ditch or stream. 

7.5 Composite all three samples into one heavy plastic bag marked with 

the station number (grid identification). 

7.6 Double bag sediment samples in individually sealed and labelled 

plastic bags. 

7.7 Clean the gloves of the person handling the sample and the digging 

surface of th~ shovel with premoistened towelettes between each 

station. (It is not necessary to clean equipment between subsamples 
f ' 
1 at one station.) 
~ ~.: .' 

"'---

7.B Dispose of used cleaning materials in a heavy plastic waste disposal 

bag carried with the sampling team. 

7.9 Mix bagged samples by hand to assure complete compositing of sub

samples. 
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7.10 Transport the bagged samples to the archive room and store each 

s;;unple ill a:Widemouthpo1yethylene bottle labelled with the ~ample 

identification. 

7.11 ArFange SatnP.~~ labels, sequeIftial!y within,ca, drainage .ditch· or 

creek and' identify by both drainage and station numb~r •. ' 

7.12 ~rk bottles containing samp1~s taken from a contaminated loca.tion 

with yellow spray paint. 

7.13 Arrange the samples. in sequential order in the arcpive room. 

r 
r 

! 



I: 
L 

APPROVED BY 

.;5 B-52 

QUALITY ASSURANCE DOCUMENT 

PROCEDURES FOR RADIOLOGICAL SURVEY OF 
FOUNDATIONS AND ASSOCIATED STRUCTURES 

BATTELLE 
Columbus Laboratories 

505 King Avenue 
Columbus. Ohio 43201 

Prepared by 

February 13, 1980 
Date 

APPROVED BY 

Date 

APPROVED BY 

. Date 
3£=6~<--

EE-SP-9 
Revision 0 

Date 

> Date 
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C.B-53 

PROCEDURES FOR RADIOLOGICAL SURVEY OF 
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This procedure describes the method of performing a radiological survey 

of foundations and associated structures. 

2. Purpose 

The purpose of this survey is to establish the type, quantity, and 

specific location of any radiological contamination in/on foundations 

and associated structures which have been designated free of 

radiological contamination. 

3. References 

3.1 U.S. Nuclear Regulatory Commission, Division of Fuel Cycle and 

Material Safety. 1976. Attachment A [to Reg. Guide 1.86]. 

Guidelines for decontamination of facilities and equipment prior 

to release for unrestricted use or termination of licenses for 

byproduct, source, or special nuclear material. Washington, D.C. 

6 p. 

3.2 American National Standards Institute. 1978. Control of ra

dioactive surface contamination on materials, equipment and 

facilities to be released for uncontrolled use. ANSI N13.l2. 

New York. Draft. 

4. Equipment 

4.1 Survey meter, alpha, PAC-4G-3, portable gas proportional counter 

with an AC-2lB probe modified for alpha. 

4.2 Survey meter, beta-gamma, Eberline geiger counter, Model E-120, 

with an HP-2l0 probe or the equivalent. 

4.3 Smear papers and alpha-beta smear counting instrumentation 

(Beckman Wide-Beta II and PC-III). 

, . , .. 
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4.4 Personnel film badges, radiation detection X,St y. 

4.5 Pocket dosimeters (PICLdailyy radiation monitor. 

4.6 Ladders and other climbing and access gear. 

5. Procedures 

EE-SP-9 
Revision 0 
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5.1 Using instrumentation (4.1 and 4.2) survey surfaces of foundations 

and au~iliary structures at 0.5 cm from the surface. 

5.2 Record any readings above background by location. 

5.3 Randomly smear a minimum of 5 100 cm2 areas for transferable 

(l and S. 

6. Records 

All data will be recorded in bound laboratory notebooks and archived in 

a manner consistent with the program plan (QA Document EE-QAP-l). 
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1. Scope 

This procedure describes the method of performing a radiological survey 

of buildings containing pitchblende residues and the associated structures 

and piping. 

2. Purpose 

The purpose of this survey is to establish volumes and composition of 

residues, radon concentrations above residues, and the extent and type 

of contamination in associated structures and piping. Possible pathways 

of discharge from the residue building complexes will be examined. 

3. References 

3.1 U.S. Nuclear Regulatory Commission, Division of Fuel Cycle and 

Material Safety. 1976. Attachment A [to Reg. Guide 1.86]. 

Guidelines for decontamination of facilities and equipment prior 

to release for unrestricted use or termination of licenses for 

byproduct, source, or special nuclear material. Washington, 

D.C. 6 p. 

3.2 American National Standards Institute. 1978. Control of ra-

dioactive surface contamination on materials, equipment and 

facilities to be released for uncontrolled use. ANSI N13.l2. 

New York. Draft. 

4. Equipment 

4.1 Survey meters, alpha, PAC-I-SA and PAC-4G-3, portable gas proportional 

counter with probe AC-21B. 

4.2 Survey meter, beta-gamma, Eberline geiger counter, Model E-120, 

with an HP-2l0 probe. 

4.3 

4.4 

Smear papers, alpha-beta smear counting instrumentation (Beck

man Wide-Beta II and PC-III). 

Personnel film badges, radiation dectection X, S, and y. 

4.5 Pocket dosimeters (PIC) for entry y radiation monitor. 
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4.6 Protective respiratoryeqqipmentand.clothing as specified by the 
:':(;'~/;-,,:~:' - .. ~','~;{:"':'~' );,::,>j>,,---~ . .,:= :,,:,,",< ;.'<~ "-''-'-:~'.' -

HP crfJJcer" ;fO.lt eac.h Qu;p.ding 'and eritry"purpose • 
,',' ;,; -' '" ',,' .. ' . 

4.7 Lapel air filters, particulate radiation detection y, S. 

4.8 Ladders, ropes, and related equipment for access to residue surfaces. 

4.9 Buckets. 5 gallon paint cans, boftleswith lids, and other related 

equipment for sampling residues, sediments or waters. 

4.10 Flashlights. portable generator and trouble lights for access to 

residue storage areas. 

4.11 Gas scintillation cells, Model ASe 125. volume 125 m1; 0.45 ~ filters 

for gas scintillation cells, and a flow-through, liquid nitrogen trap 

radon sample concentration system. 

5. Procedures. 

5.1 All building entries shall be made by the program manager, health 

physicist, instrumentation task leader and/or qualified radiation 

worker familiar with respiratory protection procedures. 

5.2 All building entries shall comply with the health physics operational 

procedures as described in EE-QAP-2, Revision O. 

5.3 Radon concentrations shall be estimated by a minimum of 10 air samples 

over the survey period, using,the grab sample technique (See Procedure 

EE-SP-20). 

5.4 Residue volumes shall be determined by depth of residues and known or 

measured interior dimensions of the buildings. 

5.5 Residue compositions shall be determined via grab sample collection 

and both radiochemistry (See Procedure NS-NS-llS) and mass spectroscopy 

(See Procedure NS-NS-116). 

5.6 Extent of contaminaton in auxiliary structures and piping shall be 

determined by as scans of grab samples and radiochemistry if needed, 

smears and standard meter readings (See Procedure EE-SP-12.1). 

5.7 Exposures during building entries shall be controlled to not exceed 

quarterly limits for the personnel involved. 
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6. Records 
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6.1 All data will" be: recorded' in bound laboratory notebooks and archived 

in a manner consistent with the program plan (Document No. EE-QAP-l). 
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This document describes the procedure for the collection of subsurface soil 

core samples to a depth at which radioactivity is not significantly different 

from background in areas of known contamination and in selected uncontaminated 

soils at the DOE - Niagara Falls Site. 

2. Purpose 

This procedure documents the method of obtaining samples necessary to develop 

a radiological profile of subsurface soil from the surface to a depth necessary 

to characterize the radioactivity ~bove background in the DOE Niagara Falls 

Site. Results of this survey will indicate location, depth, and extent of soil 

contamination and be the guiding radiological data for an engineering assess

ment of the site. 

3. Regulations - Standards 

3.1 DOE Manual Chapter 0524. 

3.2 Title 10, CFR, Part 20. 

4. Equipment 

4.1 Truck or trailer mounted rotary drill rig. 

4.2 Full-flighted hollow stem lead auger, 2.75 in. I.D., 5.5 ft. length. 

4.3 Full-flighted hollow stem auger extensions, 2.75 in. I.D., 5 ft. length. 

4.4 Drill rods, 1 in. I.D., 10 ft. and 5 ft. lengths. 

4.5 Split barrel samples (1.375 in. I.D., 2 in. O.D., 2.9 ft. length). 

4.6 Well casing, 3.0 in. I.D., 5.0 ft. length. 
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5. Expendable Supplies 
." -~." "-. : . ,,, .. , 

5.1 5 ga.llot1-i~td'tan..£>, t ... gal~.on friction-tc:>p paint cans • 

5.2 55-gallon drums with lids and closure rings. 

5.3 4-mil polyethylene bags (9 x 16 in.). 

5.4 Soap. 

5.5 Water (rinsing). 

5.6 Scrub brushes. 

5.7 Knives. 

5.8 Screw drivers (various sizes). 

5.9 Pipe wrenches (14, 24, 36 in.). 

5.10 Towels, rags, cleaning swabs. 

5 .11 Shovels. 

5.12 Protective clothing, waterproof rainsuits, rubber boots, gloves (leather, 

rubber, . polyethylene) and safety shoes, glasses as needed, marking pens, 

and numbered laboratory record books. 

6. Radiation Monitors (Personnel Safety) 

6.1 Siersat Lapel Air Monitoring System. 

6.2 PAC-4G-3 alpha counter w/alpha probe. 

6.3 E-120 Geiger Counter with beta probe. 

6.4 E-120 Geiger Counter with gamma probe. 

6.5 Alpha smear counter. 

6.6 Personnel film badges and dosimeters. 

6.7 Radon alpha scintillation vials (125 ml) and Random SC-5 Scintillation 

Counter. 

6.8 High volume air samplers. 

7. General Conditions 

7.1 No work may be conducted in the core drilling operation unless a Health 

Physics Technologist is present in the core drilling area. 

7.2 All contract and staff personnel present shall be instructed in the 

operational and health physics procedures to be followed. 

i , . 



I'''·'·. t 
; 

. .J-

B-62 

7.3 No work may be conducted in, the core drilling operation unless 
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a contamination control procepure !lpproved by the.,H.P. Technologist 

is foll.owed at the core drillin~ locations as described in 8. 

7.4 All personnel present at the core drilling location shall wear 

f1 protective clothing and appropriate respiratory protection as required 

by the attending H.P. Technologist. 

i) 
\ 

, } 

a ' 
i,£ 

7.5 Each drill team will have at least one lapel air monitor to document 

particulate exposure. 

7.6 Battelle staff personnel only shall handle core samples, sampling tubes 

and equipment exposed to radiologically contaminated 'soils. 
,i,. 

7.7 Personnel and equipment shall be radiologically surveyed before leaving 

the site. 

7.7.1 Decontamination procedures shall be implemented if survey results 

indicate the presence of contamination. 

7.8 All core samples shall be clearly identified as to spatial distribution 

in accordance with the code outlined in 12. 

8. Contamination Control 

8.1 Containment of contamination shall be accomplished by maintaining the 

immediate sampling area and all samples in a wet condition; therefore, 

controlling airborne spread of contamination. 

8.1.1 Possible contamination of the ground surface from drilling 

activities will be limited to a small area surrounding the 

test site and will occur only at sites contaminated prior 

to test coring. 

9. Procedure 

9.1 Radiologically monitor the general area to be sampled prior to the initi

ation of drilling activities. (See EE-QAP-2.) 

9.1.1 The monitoring shall include surface levels and airborne gaseous 

and particulate radioactive contamination. 

9.1.2 The Health Physics Technologist shall determine the appropriate 

clothing and respiratory protection to be worn by the drilling 

personnel based upon the data obtained in the preliminary survey. 
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Locate th~ drill rig on one of the sites detailed in Figures 1, 2, 3, 

4, or 5~, 

9.2.1 All personnel shall be dressed in the protective 'clothing and 

respiratory gear approved by the H~alth Physics Technologist. I . .', 

9.3 Drive the split spoon sampling tube to its fUli 2ft. length for the 

first 6 to 10 feet'- When sample' acquisition becomes difficult in this 

manner utilize either full flighted hollow stem augers or well casing 

to reduce friction and maintain an open hole for sampling. At all loca

tion, except uncontaminated background test holes, utilize casing to 

facilitate future ground water sampling and minimize the volume of 

contaminated· equipment. 

9.3.1 Monitor beta/gamma levels as the split spoon sampler is removed. 

9.3.2 At radiation levels less than 0.25 mr/hr beta/gamma, remove the 

2 ft. long sample from the split barrel tube and seal in a single 

4-mil polyethylene bag. Identify the sample as to hole location 

and sample depth. Store and seal the sample in a rigid wall, seal

able container. 

9.3.3 At radiation levels above 0.25 mr/hr beta/gamma decontaminate the 

split barrel surface with soap and water until smear surveys show 

the surface activity to be less than 20 dpm/cm2 alpha and 200 dpm/cm
2 

beta/gamma. 

9.3.4 Remove the core sample from the split barrel after monitoring and 

smearing to determine the approximate soil radioactivity. Bag the 

soil sample and seal in a 4-mil polyethylene bag and identify as to 

hole location and sample depth. Store and seal the sample in a 

rigid wall sealable container. Label the container to indicate the 

above background condition of the sample. 

9.3.5 If the evaluation of the sample indicates additional environmental 

release, the H.P. Technologist shall immediately record the occurence. 

collect a 30 minute particulate air sample, analyze the sample and 

interpret the release to be less than permissible concentrations 

before permitting sampling to be resumed. If the sample is greater 

than permissible concentrations, but less than 10 times permissible, 

half-face respirators with radon particulate cartridges shall be 



r .... ~ 

U 
U ! 

-,j 

/! 
[: . :', 
~ 

. ;-~ r .j 

'f"'1 

r ._. ~. 

{ 
I 
L 

,,'0 
~ 
~ 

J 
L 

Ie .65 r .... 
~ 

l-.. .. 
II:: .. 
on 

I 
~ 

N10E10 

• 
N10E7 --TJI''IT. 

B-64 

N6E63 

I-
III 

[ 
\OJ 
II!: 
l-.. 
? 

L , -
GAROEN ROAO 

: SOIL.E R PL.ANT 

N12E1 --~t~~~========~==~~~~=C=AM=P=S=E=L.=L.==~~ STREET 

NOWS ---f--ft--...... 

N1OWS--...... • 
[==~2 

CESTlIAL ORAISAc.E: OlTCH 

NOW19 
N12W31 

FIGURE 1. PERIMETER TEST CORES 

• 

EE-SP-ll 
Revision 0 
Page 5 of 10 

S42E16 

...,rr-.--S42E10 

.,. .... --S42W6 



S 
0 
U 
T 
H 

! 

12 

13 

14 

1S 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

B-65 

"4~--- WEST 

EE-SP-ll 
Revision 0 
Page 6 of 10 

·';i . 

18 17 16 15 14 13 12 11 10 9 8' 7 

~'----,,~:------:-..... : ±± K~~ 
-f--f--+--I--~- FENCE : . I 

I J I . : } ~ --- -~ - -1,. -.-- -t- -- ~-+--I-
I I. :: I 

~ -.~ j ~ 
I !; • i 

-----+-1- -.. ~- -L --~ 
t !: i 
! ~! 

-1--1--+----< - - • • --+-- - ~-

I I 
-+-~. _--+-_. ~ i : 

. ,T --r---'---
I I I i 

: .: i : , 

.. 
I 
i 

-;.--+-- -. ---. --. --- -- --+- • --+--+ 

-. I 1 
I 

__ -;.-___ ---4~-: -. -!---
.\ i ; -- - .. ----! --.--

; ! 
-+-+-~_-+~~'. SroIL~ __ 

i PILE . 
i I I : 

C 
E 
N 
T 
R 
A 
L 

0 
R 
A 
I 
N 
A 
G 
E 

0 
I 
T 
C 
H 

I ~T~~i l- --i--t-j 
-+-+--+--++--. -- 1-- • - • -~ --..... -+--1 

r I f I I : : ! 

--4--

-I 

+ 0 

*-

26-
I I ! ! I I i j 

1 ~ ~~=t--~ ~~~~-+-+-+--.-
27 

28 

29 

30 

--. -J F -- -- - FENCE --+--~--I--+--
~~~~~~: - I' 1 

, II ~H I B~~" +1--4--1--+-__ 
.;- "li~:~ I ~~:tj ~--fj --++-1 

--+~-+-- jENCr- - --t--- .. -t-·--t----t-l--+---I-I--

FIGURE 2. SPOIL PILE TEST CORES 

I , 
,I 
1_: 

I 
r ... 

! 



["'." , 

.. 1 

1'1 

r t .0 
~., :. 

J!7"" " . 

'~ 
~ ;: 

r 
to 

35 

36 

37 

38 

39 

40 

41 

42 

18 17 
1j 

15 

I 

I 
! 
I , 

! I 
I I . I 

I ! I 
! i 
i 

: 

I i 
i 

I 
I 

I 
I , 
I 

, 
I 

! 
! 

I i 
I 

i I 
i 

\ \1 
~ 

"'- """--
....... 

B-66 

14 13 12 __ 11 

409 
i 
i 

I 

--I I 

! 

, 

I 

EE-SP-ll 
Revision 0 
Page 7 of 10 

10 

i 
i 
i 

i 

I 
I 

I 
I 
I 

i 

I 
: 

I \ 
./ '-

FIGURE 3. TEST CORES SOUTH OF BUILDING 409 



B-67 

~~rT-.r-.-'--r-.--r-~~~~~ 
- ! I 1 
~_~~+-~~I~~~~I-+!~~: ~I 

I I! I i I! 
! 1 I I I j I ~ 

'~·~~i~~I·-I~j-+I~-i~; ~-J--~~!~! 
I I I I I I ! 

o i, " , .... 

- " II N STREET : I - I I; _ ' 

.4 '! I ~-. i j 
...,.. CD -.... ~ I I . i !... 4' 3 .... ! 
...... rzl' I I I - ~! 

~ t- ~-~- I I, i .~t.~B~ 
z ~ -I- ,...J -f--r-' --:---!-=-' +i_ .... --t-__ .=--++-..-........ 

.... ~ .. i ~I .n!-+--4-

~ , I i 431' 
~-~ -f--r-+-~-+~~~--~~~ 

,. IT'"'" 
c:: it.. ...I 

I 

o 2 6 8 10 12 
EAST ,.. 

EE-SP-Il 
Revision 0 
Page 8 of 10' 

FIGURE 4. CORE LOCATIONS WITHIN THE NEW NAVAL DUMP 
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FIGURE 5. CORE LOCATION WITHIN THE CONTAMINATED 
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worn during the remainder of the coring operation. If cone en-

trations are between 10 and 50 times permissible, then full face 

respirators shall be worn. If concentrations are greater than 

50 times permissible, the operation shall not be resumed until 

adequate safety precautions (e.g.; hooded enclosure) are utilized. 

Packaging and storage of elevated activity level samples shall be 

established to be in conformance with permissible doses. 

10. Decontamination of Equipment 

10.1 Split barrel sampler: Decontaminate the split barrel sample by scrubbing 

with soap and water and abrasive compounds and if needed with 0.1 M HN0 3 
under careful radiological surveillance. If decontamination of the split 

barrel sampler is not feasible; then, triple bag the split barrel in 

separately sealed 4-mil polyethylene bags for disposal as contaminated 

waste. 

10 

10.2 Hollow stem augers, extensions, rods and other drill parts: decontaminate 

using the same methods employed for the samplers. Equipment shall be 

released for reuse or removal from the site upon approval of the health 
,. 

physics technologist. 

10.3 Tools: decontaminate in a manner similar to 10.1. 

11. Personnel Monitoring Records 

Dosimeter, personnel monitoring data and other health physics data shall be 

recorded and filed for future reference. 

12. Core Sample Identification 

Core samples shall be identified using the appropriate grid coordinate which 

most closely corresponds with the test core location. Additionally, the depth 

of each sample shall be included in the labeling. For monitoring purposes each 

sample smear shall be sequentially numbered and recorded in the laboratory record 

book coded to the appropriate test hole and depth. 
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This document describes the procedure for the collection of drainage 

ditch sediment core samples through the deposited sediments into clay 

for the purpose of determining depth profiles of contaminants in 

drainages of the DOE-Niagara Falls Storage Site. 

2. Purpose 

This procedure documents the method of obtaining samples necessary to 

develop a radiological profile of sediments from the water-sediment 

interface necessary to characterize the radionuclide concentrations 

in the drainages of the DOE-Niagara Falls Storage Site. Results of 

this survey will indicate location, depth, and extent of sediment 

contamination and be the guiding radiological data for an engineering 

assessment· of the Site. 

3. Regulations, Standards 

3.1 DOE Manual.Chapter 0524 

3.2 Title 10, CFR, Part 20. 

4. Equipment 

4.1 Amphibious rotary drill rig and bulldozer 

! 
! 
I. ~ 

4.2 Full-flighted hollow stem lead auger, 2.75 in. 1.0.,5.5 ft length 

4.3 Full-flighted hollow stem auger extensions, 2.75 in. 1.0., 5 ft lengt 

4.4 Drill rods, 1 in. 1.0., 10 ft and 5 ft lengths 

4.5 Split barrel samples (1.375 in. 1.0., 2 in. 0.0., 2.9 ft length) 

4.6 Well casing, 3 in. I.D., 5 ft length. 
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5. Expendable Supplies 

5.1 5-gal lard cans, I-gal friction-top paint cans 

5.2 4-mil polyethylene bags (9 x 16 in.) 

5.3 Scrub brushes 

5.4 Knives 

5.5 Screw drivers (various sizes) 

5.6 Pipe wrenches (14, 24, 36 in.) 

5.7 Towels, rags, cleaning swabs 

5.8 Shovels 

EE-SP-ll.l 
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5.9 Protective clothing, waterproof rainsuits, rubber boots, water 

wings, rubber duckies, gloves (leather, rubber, polyethylene) 

and safety shoes, glasses as needed, marking pens, and numbered 

laboratory record books. 

6. Radiation Monitors (Personnel Safety) 

6.1 Personnel film badges and dosimeters. 

7. General Conditions 

7.1 Instrument survey and analysis of grab samples will be conducted 

prior to sampling to establish areas above background levels. 

7.2 All contract and staff personnel present shall be instructed in 

the operational and health physics procedures to be followed. 

7.3 No work may be conducted in the core drilling operation unless 

7.4 

a contamination control procedure approved by the H.P. Tech

nologist is followed at the core drilling locations as described 
-

in 8. Because coring was conducted below water level, minimal 

procedures are required to control airborne control contamina

tion. 

All personnel present at the core drilling location shall wear 

protective clothing and appropriate respiratory protection as 

required by the attending H.P. Technologist. 

7.5 Battelle staff personnel only shall handle core samples, sampling 

tubes and equipment exposed to radiologically contaminated soils. 
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7.6 Personnel and equipment shall be radiologically surveyed as re

moved from sampling location. 

7.6.1 Decontamination-procedures shall be implemented if sur

vey results indicate the presence of contamination prior 

to returning to Site. 

7.7 All core samples shall be clearly identified as to spatial distri

bution in accordance with the code outlined in 12. 

8. Contamination Control 

8.1 Containment of contamination shall be accomplished by maintaining 

the immediate sampling area and all samples in a wet condition; 

therefore, controlling airborne spread of contamination. 

9. Procedure 

9.1 Radiologically monitor the general area to be sampled prior to 

the initiation of drilling activities (see QA Document EE-QAP-2). 

9.1.1 The monitoring shall include surface levels. 

9.1.2 The Health Physics Technologist shall determine the appro

priate clothing and respiratory protection to be worn by 

the drilling personnel based upon the data obtained in the 

preliminary survey. 

9.2 Locate the drill rig on one of the sites determined to be above 

background by instrumental or analytical measurements. 

9.2.1 All personnel shall· be dressed in the protective clothing 

approved by the H.P. Technologist. 

9.3 Insert casing into sediment approximately 6 in. to minimize water 

intrusion and to minimize turbulence. Drive the split-spoon 

sampling tube to its full 2 ft length for the determined depth. 

9.3.1 Monitoring of samples with instruments not generally 

necessary since saturated conditions obliterate data. 

9.3.2 Remove the core sample from the split barrel. Assume 

sample to be contaminated and follow contaminated sample 

procedures. Remove last 3 in. of each 2-ft sample for 

analysis. Double-bag the sediment sample and seal in a 

I 
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4-mil polyethylene bag and identify as to hole location 

and sample depth. Store and seal the sample in a rigid

wall, sealablecontaine,1r~·)Label the container to indi

cate the location of the sample • 

10. Decontamination of Equipment 

10.1 Since the coring is conducted under water and since grab sample 

analyses showed contamination to be low level., decontamination 

using other water sources is unnecessary. Ditch water will be 

used to ~lean split-spoon samplers. 

10.2 Hollow stem augers, extensions, rods and other drill parts: 

decontaminate using the sam~ methods employed for the samplers. 

Equipment shall be released for reuse or removal from the 

sampling location upon approval of the H.P. Technologist. 

10.3 Tools: decontaminate in a manner similar to 10.1. 

10.4 Prior to release of equipment to subcontractors, standard de

contamination procedures and monitoring will be performed. 

11. Personnel Montoring Records 

12. 

Dosimeter, personnel monitoring data, and other health physics data 

shall be recorded and filed for future reference. 

Core Sample Identification 

Core samples shall be identified using the appropriate sample locations 

which most closely correspond with the test core location. Additionally, 

the depth of each sample shall be included in the labeling. 
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1. Scope 

2. 

This procedure describes the preliminary survey conducted in a potentially 

radiologically contaminated building or enclosed structure to assess 

the radiological safety for personnel access to the building or enclosed 

structure. 

Purpose 

The purpose of this procedure is to specify an approved method for establishing 

radiological safety controls for personnel to enter and operate within a 

potentially radiologically contaminated building or enclosed structure. 

3. References 

3.1 U.s. Nuclear Regulato17 Commission, Division of Fuel Cycle and Material 

Safety. 1976. Attachment A [to Reg. Guide 1.86]. Guidelines for de

contamination of facilities and equipment prior to release for unre

stricted use or termination of licenses for byproduct, source, or 

special nuclear material. Washington, D.C. 6 p. 

3.2 American National Standards Institute. 1978. Control of radioactive 

surface contamination on materials, equipment and facilities to be re

leased for uncontrolled use. ANSI N13.l2. New York. Draft. 

4. Equipment 

4.1 

4.2 

4.3 

4.4 

4.5 

Survey Meter, Alpha, PAC-4G-3, Portable Gas Proportional Counter with 

an AC-21B Probe. 
Survey Meter, Beta-Gamma, Eberline Geiger Counter, Model E-120, with an 

HP-2l0 Probe. 

Grab Sampler or High Volume Air Sampler with power supply. 

Scintillation Counter for Radon Measurement and Scintillation Vials. 

Alpha and Beta Smear Measurement Instrument with sensitivity to measure 

10 d/m-IOO cm2 , Beckman Wide-Beta II. 
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4.6 Appropriate resp~ratory proeecti:0n ci~vices. 

4.7 Protective 'clothing.· . 

5. Procedure 
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5.1 Ventilate the building or enclosures before entering. if applicable. 

5.1.1 Check historical data for previous surveys~ 

f 

i' 

5.2 Approach the building or enclosed entrance .with survey me.ters, measuring.' 

the alpha and beta-gamma radiation present. 

5.3 Progress into the enclosure. wearing a full face respirator with radon 

daughter. cartridges. 

5.4 If the radiation survey meters and historical data indicate radiation is 

not greater than background, install a high volume or grab sampler and 

leave. 

5.4.1 If the survey meters read in excess of normal alpha and/or beta

gamma background, wear protective clothing in additon to the 

respirator. 

5.4.1.1 An assistant equiped with protective clothing and respira~ 

tory gear shall observe the operator from outside the 

building. 

5.5 Operate the high volume or grab sampler for 30 minutes. Retrieve the 

sampling equipment with the same precautions used for installation. 

5.5.1 Collect a radon gas sample in a scintillation vial when reentering 

the building. 

5.5.2 Check the sampler data for air particulates and 222Rn plus short 

lived daughters and count the radon gas sample in the Scintillatior 

Counter as per procedure NS-NS-113. 

5.5.3 See reference 3.1. 

5.6 While wearing protective gear as dictated by the sampler and radon data, 

take several smear samples at random locations within the building or 

enclosure. 

5.6.1 Count the smear samples as per procedure NS-NS-lB. 
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5.7 Evaluate the data collected and establish a radiological safety control 

program for personnel entering the building or enclosed structure as per 

the guidelines refereIlc~din -Section 3.1-

5.8 As a minimum, working personnel shall be equipped with dosimeter film 

badges and lapel air samplers. 

5.8.1 Film badges shall be read on schedule (biweekly). 

5.8.2 Lapel air sample filters shall be counted on a schedule (daily) or 

more frequently as required by the controls established in Step 5.7. 
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1. Scope 

2. 

This procedure describes the method of performing a detailed radiological 

survey in a building or structure. 

Purpose 

The purpose of this survey is to establish the type, quantity, and specific 

location of radiological contamination within a building or structure for an 

engineering assessment of decontamination or disposal. 

3. References 

3.1 U.S. Nuclear Regulatory Commission, Division of Fuel Cycle and Material 

Safety. 1976. Attachment A [to Reg. Guide 1.86]. Guidelines for de-

o . contamination of facilities and equipment prior to release for unre

stricted use or termination of licenses for byproduct, source, or 

!!' '. , 
L 

special nuclear material. Washington, D.C. 6 p. 

3.2 American National Standards Institute. 1978. Control of radioactive 

surface contamination on materials, equipment and facilities to be 

released for uncontrolled use. ANSI N13.12. New York. Draft. 

4. Equipment 

4.1 Survey Meter, Alpha, PAC-4G-3, Portable Gas Proportional Counter 

with Probe AC-21B. 

4.2 Survey Meter, Beta-Gamma, Eberline Geiger Counter, Model E-120, with 

an HP-2l0 Probe. 

4.3 Smear papers and Alpha-Beta smear counting instrumentation (Beckman 

Wide-Beta II). 

4.4 

4.5 

4.6 

4.7 

Personnel film badges, radiation detection X, 8, y. 

Pocket dosimeters, (PIC) daily y radiation monitor. 

Lapel air samplers, particulate radiation detection, a, 8. 
Protective respiratory and clothing as required by the preliminary 

survey ·findings. 
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4.8 Scaffolding equipJlle~i; l.adders, . rela~,ed elevation or remote access 

equipment as needed for specific structures. 

4.9 Squeegee, long handle. 

5. Procedure 

5.1 Perform a preliminary radiation survey as per Procedure EE-SP-12. 

5.2 Personnel working on the floor level or where dust is likely to be 

present shall wear Lapel Air samplers. 

5.2.1 Air sampler filters shall be counted daily. 

5.3 Grid mark. the surfaces as per Procedure EE-SP-2 and map each surface 

in the laboratory record book. Indicate open spaces on the map 

by cross hatching. 

5.4 Remove debris from the square meter areas designated for instrument 

radiation monitoring. 

5.4.1 Remove small debris which may damage instrument sensor head by 

pushing aside with a squeegee. Do not create airborne dust. 

5.5 Monitor each 1 m
2 area at the intersection of the 2 m2 grids for alpha 

radiation with a survey meter. Record the survey meter identification 

number in the record book with the data. 

5.5.1 Scan the area by passing the sensor head at ·the surface over the 
2 

entire 1 m area at a rate of 4 sec per linear meter or slower 

and watch the instrument meter. 

5.5.2 Any area showing increased alpha counts, approaching MPC, shall 

be monitored at a speed of cmlsec not to exceed 1/3 the numerical 

value of the detector window in cm. 

5.5.3 2 Record all areas reading ~ MPC as dpm/100 cm , identifying the 

t:·, 

readings with the building and grid identification. Prefix floor 

grid identification with a "FIr and ceiling grid identification 

with a "C". Use instrumentation to obtain a definite number of dpu 

5.6 Monitor each 1 m
2 

area at the intersection of the 2 m
2 

grids for beta-

gamma radiation with a survey meter. Record the survey meter identificati 

number in the record book with the data. 

5.6.1 Scan the area by passing the sensor head at a <1 cm standoff 

h "1
2 

£4 1" over t e ent1re m area at a rate 0 sec per 1near meter 

or slower and watch the instrument meter. 
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5.6.2 Any area ~howing increased beta-gamma counts, approaching 

}We, shall be monitored at a speed nqt in excess of 5 cm/sec. 

5.6.3 Record all areas reading >1.0 mrem/hr, id~ntifying the readings 
,. " -

with the building and grid identification. Prefix floor grid 

identification with a "F" and ceiling grid identification with 

a "e". Use instrumentation to obtain a definite number of mrem/hr. 

5.7 Monitor 0.5 m
2 

areas at grid boundaries and 0.25 m2 areas at.comers. 

5.8 Perform the smear survey on the grid areas designated for smear surveys. 

5.8.1 Identify the smear paper envelopes with a sequentially numbered 

code identified in the laboratory record book with the smear 

location as per the system specified in EE-SP-2. 

5.8.2 Wipe the smear paper over the designated grid area in the 

pattern shown in Figure 1 not including the periphery. This 

pattern covers approximately 1000 cm2 • 

I 
1m 

.~ 
FIGURE 1. SMEAR Sk~LE WIPING PATTERN . 

5.8.3 As the smears are being taken and recorded in the record book, 

include approximately 9 percent blank smear papers and 5 percent 

duplicate smears as controls. The blanks and duplicates shall 

be identified with the standard sequentially numbered code, be 

inserted into the smear system on a random basis, and be identified 

as blanks or duplicates in the record book only. 

5.8.4 Deliver the code identified smear papers to the Task Leader who 

shall report the task progress to the Principal Investigator and 

place the smear samples in controlled storage for future a-e counting 

in accordance with Procedure NS-NS-18. 

5.8.5 Limited surface areas not accommodating a full grid network shall 

be monitored by smear and instrument surveys on the same area and 

so noted in the record book. 
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I, 
5.9 The person performing the instrument readings and taking the smear J. 

sample:s'shali sign the re~ord book at the bottom of each data page. 

The Task Leader shall review the data and smear identification docu

ment, the record book, and report progress and instrument reading 

sUmmary to the Principal Investigator. 
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This procedure describes the method of performing an intermediate radi

ological survey in a building or structure. 

2. Purpose 

The purpose of this survey is to assess the type, quantity, and specific 

location of any radiological contamination found within a building or 

structure which has been designated as being free of radiological con

tamination. Should such contamination be found through intermediate 

survey procedures, a detailed radiological survey shall then be performed 

according to procedures found in QA Do~ument EE-SP-12.1. 

3. References 

3.1 U.S. Nuclear Regulatory Commission, Division of Fuel Cycle and Ma

terial Safety. 1976. Attachment A [to Reg. Guide 1.86]. Guide

lines for decontamination of facilities and equipment prior to re

lease for unrestricted use or termination of licenses for byproduct, 

source, or special nuclear material. Washington,. D. C. 6 p. 

3.2 American National Standards Institute. 1978. Control of radioactive 

surface contamination on materials, equipment and facilities to be 

released for uncontrolled use. ANSI N13.l2. New York. Draft. 

4. Equipment 

4.1 Survey Meter, Alpha, PAC-4G-3, Portable Gas Proportional Counter with 

an AC-21B Probe. 

4.2 Survey Meter, Beta-Gamma, Eberline Geiger Counter, Model E-l20, with 

an HP-2l0 Probe. 

4.3 Smear papers and Alpha-Beat smear counting instrumentation (Beckman 

Wide'-Beta II). 

4.4 Personnel film badges, radiation detection X, a, y. 

4.5 Pocket dosimeters (PIC), daily y radiation monitor. 

4.6 Lapel air samplers, particulate radiation detection, a, 8. 
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and clothi,ng as req).lired by the preliminary _. . 

ladders, related elevation or remote access 

equipment as needed for specific structures. 

4.9 Squeegee, long handle. 

5. Procedure 

5.1 Perform a preliminary radiation survey as per Procedure EE-SP-12. 

5.2 Personnel working on the floor level or where dust is likely to 

be present shall wear Lapel Air samplers. 

5.2.1 Air sampler filters shall be counted daily. 

5.3 Grid mark the surfaces as per Procedure EE-SP-2. Of these areas, 

30 percent will be monitored, and 20 percent will be smeared 

according to the procedures outlined below. Areas to be monitored 

and smeared will be chosen at random, keeping in mind any room 

features which would be likely places for contamination to be 

found (air vents, door handles, etc.). Map each surface in the 

laboratory record book. Indicate open spaces on the map by cross 

hatching. 

5.4 Remove debris from the square meter areas designated for instrument 

radiation monitoring. 

5.4.1 Remove small debris which may damage instrument sensor head 

by pushing aside with a squeegee. Do not create airborne dust. 

5.5 Monitor each I m2 area at the intersection of the 2 m2 grids for 

alpha radiation with a survey meter. Record the survey meter 

identification number in the record book with the data. 

5.5.1 Scan the area by passing the sensor head at the surface over 

the entire 1 m2 area at a rate of 4 sec per linear meter or 

slower and watch the instrument meter. 

5.5.2 Any area showing increased alpha counts. approaching MPC. 

shall be monitored at a speed of cm/sec not to exceed 1/3 

the numerical value of the detector window in cm. 
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5.5.3 Record all areas reading ~ MPC as dpm/100 cm2 , identifying 

the readings with the building and grid identification. 

Prefix floor grid identification with a "F", and ceiling 

grid identification with a "C". Use instrUmentation to 

obtain a definite number of dpm. 

5.6 Monitor each 1 m2 area at the intersection of the 2 m2 grids for 

beta-gamma radiation with a survey meter. Record the survey meter 

identification number in the record book with the data. 

5.6.1 Scan the area by passing the sensor head at a <1 cm 

standoff over the entire 1 m2 area at a rate of 4 sec per 

linear meter or slower and watch the instrument meter. 

5.6.2 Any area showing increased beta-gamma counts, approaching 

MPC, shall be monitored~at a speed not in excess of 

5 cm/sec. 

5.6.3 Record all areas reading ~1.0 mrem/hr, identifying the 

readings with the building and grid identification. Prefix 

floor grid identification with a "F", and ceiling grid 

identification with a "C". Use instrumentation to obtain a 

definite number of mrem/hr. 

5.7 Monitor 0.5 mZ areas at grid boundaries and 0.Z5 mZ areas at corners. 

5.8 Perform the smear survey on the grid areas designated for smear 

surveys. 

5.8.1 Identify the smear paper envelopes with a sequentially num

bered code identified in the laboratory record book with the 

smear location as per the system specified in EE-SP-Z. 

5.8.2 Wipe the smear paper over the designated grid area in the 

pattern shown in Figure 1 not including the periphery. This 

pattern covers approximately 1000 cmZ. 

T 
1 m 

1 
FIGURE 1. SMEAR SAMPLE WIPING PATTERN 
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5.8.3 As the smearS'are being taken and recorded in the record 

book, include approximately 9 percent blank smear papers and 

5 percent duplicate smears as controls. The blanks and 

duplicates shall be identified with the standard sequentially 

numbered code, be inserted into the smear system on a random 

basis, and be identified as blanks or duplicates in the re

cord book only. 

5.8.4 Deliver the code identified smear papers to the Task Leader 

who shall report the task progress to the Principal Investi

gator and place the smear samples in controlled storage 

for future a-S counting in accordance with Procedure NS-NS-18. 

5.8.5 Limited surface areas not accommodating a full grid network 

shall be monitored by smear and instrument surveys on the 

same area and so noted in the record book. 

5.9 The person performing the instrument readings and taking the smear 

samples shall sign the record book at the bottom of each data page. 

The Task Leader shall review the data and smear identification docu

ment, the record book, and report progress and instrument reading 

summary to the Principal Investigator. 
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This document establishes the procedure for conducting a preliminary radio

logical survey of the 190 acre area of the DOE-Niagara Falls Site. 

2. Purpose 

The purpose of this procedure is to establish a method of identifying land 

surface zones within the site boundries that exhibit radiation levels in 

excess of 0.2 mR/hr. The data generated in this survey will be used to 

establish the clothing, respiratory apparatus, personnel radiological ex

posure monitoring devices and operational procedures for the personnel 

entering the area. 

3. References 

3.1 U.S. Nuclear Regulatory Commission, Division of Fuel Cycle and Ma

terial Safety. 1976. Attachment A [to Reg. Guide 1.86]. Guidelines 

for decontamination of facilities and equipment prior to release 

for unrestricted use or termination of licenses for byproduct, source, 

or special nuclear material. Washington, D.C. 6 p. 

3.2 American National Standards Institute. 1978. Control of radio-

active surface contamination on materials, equipment and facilities 

to be released for uncontrolled use. ANSI N13.l2. New York. Draft. 

4. Equipment 

4.1 Survey Meter, Low Level Gamma (NAI) Ludlum Model 125 Micro R Meter 

or equivalent. 

4.2 Survey Meter, Beta-Gamma Eberline Geiger Counter Model E-120 - HP-210 

Probe or equivalent. 

4.3 Grab Sampler, high volume. 

4.4 Radon Scintillation Vials (125 ml) and Randam SC-S Scintillation Counter. 

4.5 Yellow cloth tape. 

4.6 Yellow paint. 
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Protective clothing i.e. boots, coveralls, 

Personnel radiological exposure monitoring 

4.8.1 Pocket dosimeter (PIC) . 

4.8.2 Film badge. 

4.8.3 Lapel air sampler. 

Motorized transportation (Le. automobile). 

Site map. 

etc. 

devices. 
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5. Procedure 

5.1 Obtain a map of the land surface, establish identification points, 

and plan a survey array through the road network, field areas, 

and drainage ditches on the site. 

5.2 Road Survey 

5.2.1 Attach the HP-2l0 sensor head of an Eber1ine E-120 Geiger 

Counter to the outside mirror of an automobile at a height of 1 

meter and angled at 30° from the road. Place the geiger 

counter in the automobile in a position to observe the meter. 

5.2.2 Drive the road network at a speed of ~ 2 mph with the counter 

sensor head over the road berm and monitor for areas in excess 

of 0.2 mR/hr. 

5.2.2.1 Drive the road in both directions, monitoring both 

berms. 

5.2.2.2 Identify areas of radiation in excess of 0.2 mR/hr with 

yellow cloth tape. 

5.2.2.3 Identify areas of radiation in excess of 5 mR/hr with 

yellow paint on the road surface denoting the detected 

radiation level. 

5.2.3 Record areas detected to contain radiation in excess of 0.2 mR/hr 

on the map. Record radiation levels as measured. 

5.3 Airborne Survey 

5.3.1 Identify airborne sample areas on the map suspected to have air

borne radiation above background or areas to be occupied by survey 

personnel. 
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5.3.2 Approach the sample area measuring the radiation with a survey 

meter to determine the safety factor. 

5.3.3 Install a High Volume - Grab Air Sampler at the locations to 

be occupied by personnel or down wind from a source releasing 

airborne radioactive particles or gas. 

5.3.4 Collect 30 minute air samples and record the location of the 

sampler, the estimated wind speed, direction, temperature and 

moisture conditions. 

5.3.4.1 Count the air samples and record results in the Laboratory 

Record Book. 

5.3.5 Collect an air sample in an Alpha Scintillation Vial at detected 

or suspected source, and at the downwind perimeter of sources, 

of detected or suspected to be evolving radioactive gas. 

5.3.5.1 Count the air sample for radon with the Randam SC-5 

Scintillation Counter as per Procedure NS-NS-113. 

5.3.6 Evaluate the air sample data with the concentration guides for 

Radon222 and short lived daughters, and natural uranium. 

5.3.7 Take necessary precautions to protect personnel entering the 

specified areas, based upon the results of the air sample analyses. 

5.4 Field Survey 

5.4.1 Establish a convenient starting point on the site map for the 

preliminary instrument survey and monitor the site in a grid 

pattern consisting of approximately 50 ft. by 50 ft. 

5.4.1.1 Use radiation survey instruments listed in Sections 4.1 

and 4.2. 

5.4.1.2 Clothing requirements shall include safety boots and 

outdoor clothing designed to withstand walking through 

dense undergrowth in wooded areas. 

5.4.1. 3 Radiological exposure monitoring of survey personnel shall 

be in accordance with Document EE-QAP-2. 
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5.4.2 Use yellow tape flags to post the p.erimeter of areas containing 

radiation> 0.2 mR/hr. 

5.4.3 Record and evaluate the data collected. and establish a radiologica~ 

safety control program for personnel entering the site land surfac 

areas. 

5.5 Drainage Ditch Survey 

5.5.1 Establish a starting point at one end of each drainage ditch for 

the preliminary instrument survey. 

5.5.1.1 Use radiation survey instruments listed in Sections 4.1 

and 4.2. 

5.5.1.2 Clothing requirements shall include water proof boots and 

outdoor clothing designed to withstand walking through de: 

marsh growth. 

5.5.1.3 Radiological exposure monitoring of survey personnel shaL 

in conformance with Document EE-QAP-2. 

5.5.2 Walk along the ditch bank for approximately 10 ft. monitoring the 

edge of the ditch. Cross the drainage ditch, monitoring during the 

crossing, and progress along the opposite bank for approximately Ie 
ft. monitoring the edge. Progress along the ditch as described to 

the site boundry or ditch termination point. 

5.5.3 

5.5.4 

I 

Use yellow tape flags to post areas containing:: 0.2 mR/hr radiatiou 

Record and evaluate the data collected and establish a radiological 

safety control program for personnel entering the drainage ditches 

for a detailed survey. 
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1. Scope 

This procedure describes the methods, by which vegetation, soil, sedi

ment, and smear samples obtained during the characterization of the 

DOE-Niagara Falls storage site are to be stored for permanent archival. 

2. Purpose 

Permanent archival was deemed necessary by BCL and NLO to permit veri

fication of data at any point in the future. Procedures have been 

developed for three different sample types: soils and sediments, 

vegetation, and smear papers. 

3. Reference 

4. 

3.1 BCL - NLO - DOE Contract and Proposal "Radiological Survey, 

DOE - Niagara Falls Site", June 22, 1979. 

Equipment 

4.1 Secure, dry storage area 

4.2 Plastic bags, 9 x 16 x 0.004 inch 

4.3 Paper bags, 9 x 16 

4.4 Metal cans, 1 gallon and 5 gallon 

4.5 Marking pens 

4.6 Spray paint 

4.7 Pallets 

4.8 Rubber gloves 

4.9 Film badges and dosimeters. 

S. Procedure for Soil and Sediment Sample Storage 

5.1 Archive all soil samples whether surface, subsurface or sediment, 

in plastic bags properly labeled by grid coordinate and level 

of contamination, as specified in the approved procedures for 

sample acquisition. 
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The necessity for personnel protective clothing 

during sample handling shall be determined by the 

Health Physics officer on site. 

Place surface soil samples in labeled 1 gallon sealable paint 

cans with 1 to 3 samples per can, based on the volume of samples. 

5.2.1 Place samples identified by yellow or white flagging, 

indicating 7.25 mr/hr activity, in cans identified by 

the sample origin location and paint an orange or yellow 

stripe on the outside of the can. 

Place soil (including sediment) sample cans on wooden pallets and 

store by quadrant and grid coordinate in designated storage rooms 

of Building 401 annex. Place a sample location map of each room 

on the wall of the room. 

Return samples removed for radiochemistry to the archival system 

in either Marinelli beakers or the original cans. 

6. Procedure for Vegetation Sample Storage 

7. 

6.1 

6.2 

Archive all vegetation samples in paper bags properly labeled by 

grid coordinate. 

Place vegetation samples in the appropriate rooms to coincide 

with soil samples from a quadrant but in a separate box within 

the room. 

6.2.1 Samples removed for radiochemistry will be composited 

and destructively analyzed following extraction pro

cedures defined. 

Procedure for Smear Sample Storage 

7.1 Place smear papers in glycine or manila envelopes labeled with 

the smear identification. 

7.2 Store smears from detailed and intermediate building surveys 

by the smear number sequence in an appropriate size filing 

cabinet. 

7.3 Store smears from residue and foundation building surveys by 

location of their origin and date in 1 gallon cans. 
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7.4 . Place smears of split-spoon samples in identified glycirie 

envelopes and assemble in large manila envelopes iderit~fied 

by the assigned drill rig number. Store the manila envelopes 

in a storage- or filing cabinet. 

7.5 Place smears and filters taken for Health Physics surveys and 

airborne particulate surveys in appropriately labeled glycine 

envelopes, attach to the Health Physics reporting form, and 

store in a designated filing cabinet. 

7.6 Locate the filing and storage cabinets containing the smears 

and filter samples in Building 401 annex. 
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This procedure describes the method for collecting, packaging, and 

identifying soil samples for the radiological survey at the DOE

Niagara site. 

2. Purpose 

The purpose of this procedure is to establish an approved method of 

collecting soil samples from the ground surface of the DOE-Niagara 

site to determine and map the surface contamination qualitatively 

and quantitatively with subsequent analyses of the samples. 

3. References - Standards 

3.1 BCL-NLO-DOE Contract and Proposal, "Radiological Survey, DOE

Niagara Falls Site", June 22, 1979. 

4. Equipment 

4.1 Polyethylene bags, 9 x 16 x 0.006 

4.2 Plastic buckets, 5 gal. 

4.3 Paint cans, 1 gal. 

4.4 Long-handle shovels. 

4.5 Hand garden trowels. 

4.6 Water resistant marking pens. 

4.7 Gloves, rubber or plastic. 

in. 

4.8 Decontamination gear for shovels, trowels, and gloves. 

5. Procedure 

5.1 Sample areas only after instrumental field survey has been com

pleted. 

5.2 Obtain instructions from the Health Physics Officer concerning 

protective clothing and personnel precautions. 

r 
I 
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5.3 Obtain a soil sample at each 50-ft grid intersect stake or as 

near to the stake as soil can be obtained. 

5.3.1 Take additi6ri1il;s~il sa~ples at intersections of a 

25-ft grid in areas indicated by the instrument ra

diation survey to be greater than background in ra

diation. 

5.3.2 

5.3.3 

5.3.4 

5.3.5 

5.3.6 

Take additional soil samples in known elevated ra

diation areas as instructed by the program Principal 

Investigator. 

The sample size shall be ~5 cm diameter by ~5 cm 

deep • 

Prenumber the polyethylene bags on the bottom quar

ter with water-insoluble marking. 

The sample number shall identify the sample origin 

location as related to the survey grid map. 

Place the soil sample into the correctly identified 

polyethylene bag and place it into the sample col

lection bucket. 

5.3.7 Tie the sample bags closed before placing them in 

storage. 

5.4 Clean the sample digging tool of all adhering soil and decon

taminate by wiping with a cleansing solution followed by 

wiping dry. 

5.4.1 Discard the decontaminating wipes in a bucket after 

one use. 

5.5 In all areas identified to contain radiation in excess of 

background, rubber or plastic gloves shall be worn and decon

taminated or discarded between each sampling. Decontaminate 

t· the gloves as per Step 5.4. 

5.6 Align the samples in storage in sequence as identified on 

the survey map. 

5.7 Report the samples collected to the group leader who shall 

verify the collection and record the sampled area on the 

program composite radiation survey map. 

5.8 Package and dispose of contaminated wipes, gloves, and other 

contaminated refuse as low level nuclear waste. 
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MEASUREMENT OF X- AND GAMMA RADIATION AT THE LAKE ONTARIO 
ORDNANCE WORKS SITE: BY THERMOLUHINESCENCE DOSIMETRY (Ti]) . 

1. Scope 

This document contains the TLD testing, field and reporting procedures 

for determining the X- arid gamma radiation at the abandoned Lake Ontario 

Ordnance Works (LOOl-l) Site. 

2. . Purpose 

3. 

'~he purpose of this procedure is to assure validity of the data obtained 

in the TLD measurement of X- and gamma radiation to be incorporated into 

the LOOW radiological survey. 

Standards and Performance 

3.1 "Performance, Testing, and Procedural Specifications for Thermo

luminescence Dosimetry (Environmental Applications)", ANSI N 545-

1975. 

3.2 BCL-NLO-DOE Contract, "Radiological Survey of the DOE-Niagara Falls 

Site", DE-AC05-760ROl156-R. 

4. Equipment 

4.1 TLD cards (1100) Harshaw Type G-2 (CaF2:DY) prepared'from the same batch 

of phosphor and sequentially numbered. 

4.2 TLD card holders (1100). 

4.3 Aluminum foil. 

4.4 Radiation shielding, lead-lined, portable storage casks (3). 

4.5 Radiation shielding, lead or concrete lined stationary storage casks. 

4.6 Standard radiation sources of 137Cs , 60Co , 226Ra . 

4.7 Polyethylene envelopes and heat-pressure sealer. 

4.8 Field stakes> 1 meter length. 

4.9 Harshaw TL Detector/Dosimeter Identifier Model 2271 with automatic card 

calibrator, integrator and printer. 
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4.10 Ga~a radiation source of • 10mR/h exposure rate. 

5. TLD Testing Procedures 

5.1 General 

5.1.1 In order to keep the overall measurement error to within 30%, 

relatively tight limits are required on the errors from inde

pendently contributing sources. To meet th~se requirements, 

it is necessary that the TLD system be of high reproducibility. 

In Section 5.2, limits are given for the errors from individual 

contributing sources, along with test methods for determining 

these errors. Tests of this nature shall be performed at least 

once when the TLD system and a set of procedures is adopted unless 

the specific TLD system performance has been studied and documented 

elsewhere. The tests should be repeated whenever there is a change 

in the system or the specific application. All tests shall be per

formed with randomly selected TLD cards from the same batch as 

used in the field. Each TLD shall be annealed and the residual 

background established prior to testing. 

5.2 Specific Tests 

5.2.1 Uniformity. Determine uniformity by exposing 50 or more TLD cards 

to a total gamma radiation exposure of 100 mR after annealing and 

establishing the TLD card background count. The response shall not 

differ from each other by more than 10%. 

r~ 
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5.2.2 Reproducibility. Dete,rmine reproducibility by exposing one or more 

TLD cards to a total gamma radiation exposure of 100 mR after annealir< 

and establishing the TLD cards backgrounds count. Repeat the process 

on the same cards for 3 cycles. The data from the cycles shall not 

differ from each other by more than 10%. 

5.2.3 Dependence of Exposure Interpretation on the Length of the Field 

Cycle. Place four TLD badges, as prepared for the field, in an area 

at room temperature known to have a constant exposure rate. Retrieve 
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and read two of the TLD badges at a period equal to exactly half 

the field cycle (15 days). Retrieve and read the remaining two 

TLDbadges at thecoIripletion of the '. fieid cycle (30 days). Repeat 

the one half and full cycle constant exposures of rLD bad-ges at 

the minimum temperature to be experienced in the field. The ratio 

of the response obtained for the field cycle to twice that obtained 

for half the field cycle shall not be less than 0.90 for the room 

temperature TLD badges and 0.85 for the minimum temperature badges. 

5.2.4 Energy Dependence. Determine the responses of the TLD to photons 

at several energys between 30 KeV and 3 MeV by exposing 6 TLD cards 
60 137 226 to like radiation exposures from Co~ Cs, and Ra sources. 

The responses shall not differ from that obtained from the 90Sr 

calibration source by more than 20%. 

5.2.5 Directional Dependence. Simultaneously expose one TLD card to a 

gamma radiation source, 226Ra , in a perpendicular plane to the source, 
; i one TLD card at 45 degrees from perpendicular, rotated with the phos-

r 
" , 
~ 

phor as the center, and one TLD card 90 degrees from perpendicular. 

The response averaged over all directions shall not differ from the 

response obtained in the standard calibration position by more than 

10%. 

5.2.6 Light Dependence. Determine the light dependence by placing duplicate 

TLD cards in the field for the full cycle in each of the following 

conditions: 

1. Unwrapped in a lead shield cask 

2. Wrapped in aluminum foil in a lead shield cask. 

3. Unwrapped and sealed in a polyethylene envelope in a field 

location measuring approximately 0.15 mR/hr 

4. Wrapped in aluminum foil and sealed in a polyethylene envelope 

in a field location measuring approximately 0.15 mR/hr. 

The response for the TLDs of conditions (1) and (2) shall be sub

tracted from the response of the TLDs of conditions (3) and (4) 
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respectively. The results for the unwrapped TLDs shall not differ 

from th~seof the~~pp~d TLDs by m~re than 10% • 
.(c 

5.2.7 Self-Irradiation. DeterminetheTLDs' _self-irradiation character-

, -
'. 

istics by storing one or more TLDs in two lead shielded casks to 

limit radiation exposure to < 10 mR/hr for the time period of the 

field exposures. Place one cask in the field to duplicate the field 

temperatures and the other in a heated building. The exposure 

detected on the shielded TLDs at the end of the field cycle (30 days) 

shall not differ from the known exposure by more than an exposure 

equal to that resulting from an exposure rate of 10 mR/hr during 

the field cycle. 

6. Field Procedures 

6.1 Packaging 

6.1.1 Anneal and read all TLD cards to establish the phosphor chip 

background point. 

6.1.1.1 Do not expose to direct sun light or fluorescent light 

after establishing the background point and before light 

sealing. 

6.1.2 Wrap each card with aluminum foil and insert into the badge holder. 

6.1.3 Seal the badge holder light hole with the badge number label. 

6.1.4 Seal the TLD badge in a polyethylene envelope with a heat-pressure 

seal. 

6.1.5 Label the sealed TLD badge envelope with the coordinate location 

of its planned siting. 

6.1.5.1 The TLD badge numbers shall be of a random distribution. 

6.1.6 ~roup TLD badge packages of sequential ordinate locations and 

place in polyethylene bags in lots of approximately 10 badges 

to aid in distribution and siting of the labeled badges. 
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6.2.1 Affix the TLD package at a height of 1.0 ± 0.3 meter above the 

ground in a manner that will minimize distortion of the radiation 

field. 

6.2.1.1 Place as far as possible from large or dense objects that 

may cause directional anomalies or otherwise perturb the 

radiation field. 

6.2.2 Choose the site or array of sites to be as representative as possible 

of the general surroundings. 

6.3 Isolation of Field Exposures 

6.3.1 Monitor and subtract, from the field exposures, all exposures 

received by TLDs as a result of storage and transit. 

6.3.2 After establishing the residual background on the TLDs, assign 

two or more TLDs for monitoring transportation and storage exposures 

only. 

6.3.3 Incorporate the transit-storage TLDs in the field TLD package for 

the time period of storage and transit. 

6.3.4 As the field TLDs are being distributed, place the storage-transit 

TLDs in a lead shielded (~ 5 cm thickness) cask for storage during 

the field monitoring period. 

6.3.5 As the field TLDs are collected at the termination of the planned 

exposure period, retrieve the storage-transit TLDs from the cask 

and package with the field TLDs for transit and any interim storage 

until all TLDs are read. 

6.3.6 As an alternate procedure, the storage and/or individual transit 

periods may be monitored separately by storing the monitoring TLDs 

in the lead shielded cask all times other than the specified moni

toring assignment. The cumulative exposures of storage and transit 

trips shall then be subtracted from the field TLDs. 
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7. Reporting Procedures 

7.1 Report the fte1dmonitoring TLD exposures·accompanyed by the following 

infotIriation: 

7.1.1 Description of the TLD system used. 

7.1.2 Report of the results of testing as described in Section 5. 

7.1.3 Identification of the field batch. 

7.1.4 Time and duration of the field cycle. 

7.1.5 Field site of each TLD. 

7.1.6 Explanation of any corrections applied. 

7.1.7 Explanation of the method used for isolating field exposures by 

control TLDs. 

'I 
I 
I 

7.1.8 Estimates of the error of the TLD measurements determined by the 

statistical propagation of errors resulting from calibration pro

cedures, the use of controls to isolate the field exposure, the 

parameters considered in Section 5 corrections for any effects dUE 

to these parameters. 
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PROCEDURES FOR RADON CONCENTRATION DETERMINATION 
IN AIR AND IN SOIL USING A FLOW-THROUGH 

RADON.CONCENTRATION TECHNIQUE 

1. Scope 

This procedure describes the method of performing radon concentration 

measurements in soil and in air using a flow-through radon concentration 

technique. 

2. Purpose 

The purpose of the procedure is to determine the short-term average 

concentrations of radon in air below 2~ and in surface soils contamin

ated with uranium and its decay products. The purpose, in addition, 

is to estimate the heterogeneity of radon emanation within a contaminated 

and/or a pitchblende residue storage area. 

3. References 

3.1 Instruction manual for alpha scintillation detector, Randam 

Corporation, Cincinnati, Ohio. 

3.2 Handbook of Chemistry and Physics. 

4. Equipment 

4.1 Metal pan 5 ft. x 2 ft. x 4 inch with two valves on top, 

furnished by National Lead Company of Ohio. 

4.2 Two dririte traps and renewable Dririte available commercially. 

4.3 Two liquid N2 dewar flasks. 

4.4 Two condensers. 

4.5 Copper tubing, valves, fittings (Luer-LocR) for fitting to gas 

scintillation cells. 

4.6 Vacuum pump. 

4.7 0.2 ~m pore size filters and holders. 

4.8 Randam gas scintillation cells, Model ASC 125 ml, volume 125 mI. 

c· 
I , 
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4.9 Vacuum thermocouple gauge. 

4.10 Tank of helium. 

5. Procedures 
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Evacuate gas scintillation cells to a vacuum of < 40 ~m and back 

fill with helium. 

Repeat the flushing procedure twice. 

Place the flushed cell filled with helium or ambient air on the 

calibrated Randam Counter (NS-NS-113) and count for 10 minutes. 

5.3.1 If counts exceed 10 counts/IO minutes return to Step 5.1. 

5.3.2 If counts are less than 10 counts/IO minutes proceed. 

Evacuate cell to a vacuum of < 40 ~m and close cell valve. 

Take sample within 2 hours or return to Step 5.1. 

6. Procedures for Air Sampling 

6.1 Follow Step 5. 

6.2 Set up apparatus as shown in Figure 1. 

6.3 Concentrate air radon in liquid N2 over a 45 minute period at a known 

flow rate via vacuum. 

6.4. Close incoming/outgoing valves and shut down vacuum pump. 

6.5 Open gas scintillation cell valve and allow air to come to equili-

brium, e.g. 30 seconds. 

6.6 Close scintillation cell valve. 

6.7 Remove cell and return to Random Counter (See Procedure NS-NS-113). 

6.S Remove filter and count for a, S using PC-III (Procedure IL-CP-147) 

or Beckman Wide-Beta II (Procedure NS-NS-IIS). 

7. Procedures for Soil Sampling 

7.1 Follow Step 5. 

7.2 Set up apparatus as shown in Figure 2. 

7.3 Concentrate ambient air and soil air radon in liquid N2 over a 45 

minute period at a known flow rate via vacuum. 
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Vacuu~ 

Pump 

FIGURE 1. SAMPLING MANIFOLD FOR 222Ro CONCENTRATION IN LIQUID NITROGEN 
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7.4 Close incoming/outgoing valves, theri shut down vacuum pump. 

7.5 Open gas scintillation cell valve and allow air to come to 

equilibrium, e.g. 30 seconds. 

7.6 Close scintillation cell valve. 

7.7 Remove cells and return to Random Counter (See Procedure NS-NS-1l3). 

7.8 Remove filters and count for a, a using PC-III (Procedure IL-CP-147) 

or Beckman Wide-Beta II (Procedure NS-NS-IIS) . 

S. Records 

S.l Data will· be recorded in a bound laboratory notebook and archived 

in a manner consistent with the program plan (Document No. EE-QAP-I). 

Data recorded will include date, time sample taken, location of sample, 

time sample analyzed, cell count and backgrpund cell count and time 

of counting. 

I-
i 
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This procedure describes the method of performing radon concentration 

measurements in soil using a l5cm diameter sampler attached to a gas 

scintillation cell. 

2. Purpose 

The purpose of the procedure is to determine the instantaneous concen

tration of radon in air above surface soils contaminated with uranium and 

its decay products. The purpose, in addition, is to estimate the hetero

geneity of radon emanation within a contaminated and/or a pitchblende 

residue storage area. 

3. Reference 

3.1 Instru~tion manual for alpha scintillation detector, Randam 

Corporation, Cincinnati, Ohio. 

4. Equipment 

4.1 A 15 cm diameter funnel. metal, with 2.Scm diameter flexible tube 

from funnel. 

4.2 Ra~dam gas scintillation cells, Model ASC 125, volume 125 ml with 

adapter, gas impermeable tygon tubing for funnel attachment. 

4.3 Vacuum pump. 

4.4 Vacuum thermocouple gauge. 

4.S Tank of helium. 

4.6 0.2 ~m pore size filters and holders. 

5. Procedures 

5.1 Evacuate scintillation cells to a vacuum of < .40 ~m and back fill 

with helium. 

I 
I. 
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5.2 Repeat the flushing procedure twice. 

5.3 Place the flushed cell filled with helium or ambient air on the calibrated 

Randam Counter (NS-NS~113) and couritfor 10 minutes. 

5.3.1 If counts exceed 10 coun~s/IO minutes return to Step 5.1. 

5.3.2 If counts are less than 10 counts/lO minutes, proceed. 

5.4 Evacuate the cell to a vacuum of < 40 ~m and close cell valve. 

5.5 Place a 0.2 ~m pore size filter onto cell. 

5.5.1 Take sample within two hburs or return to Step 5.1. 

5.6 Take air sample. 

5.6.1 Attach cell to funnel. 

5.6.2 Place funnel into soil at grid location chosen. 

5.6.3 Open cell valve. 

5.6.4 After 5 seconds or more, close valve. 

5.6.5 Return sample to counter. 

5.7 Analyze radon within 1 hour via procedure described in Document NS-NS-113. 

6. Records 

6.1 Data will be recorded in a bound laboratory notebook and archived in 

a manner consistent with the program plan (Document No. EE-QAP-l). Data 

recorded will include date, time sample taken, location of sample, time 

sample analyzed, cell count and background cell count, and time of 

counting. 
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This procedure describes the method of performing radon concentration 

measurements in air below 2 m height above the ground using grab gas 

scintillation cell samples. 

2. Purpose 

~. . The purpose of the procedure is to determine the instantaneous concen-

trations of radon in air below 2 m height in buildings and .outdoors in 

areas which may be contaminated by uranium and its decay products or 

in/on which pitchblende residues may be stored. 

3. Reference 

3.1 Instruction manual for alpha scintillation detector, Randam 

Corporation, Cincinnnati, Ohio. 

4. Equipment 

4.1 Randam gas .scintillation cells, Model Ase 125, volume 125 mI. 

4.2 Vacuum pump. 

4.3 Vacuum thermocouple gauge. 

4.4 Tank of helium. 

4.5 0.2 ~m pore size filters and holders. 

5. Procedures 

5.1 Evacuate scintillation cells to a vacuum of < 40 ~m and back fill with 

heHum. 

5.2 Repeat the flushing procedure twice. 
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5.3 Place the flushed cell filled with helium or ambient air on the 

caH.brated Randam Coun.ter (NS-NS-113) and count for 10 minutes. 

5.3.1 If counts e:x.c:eed .10 counts'I1Otninutes return to Step 5.1. 

5.3.2 If counts are less than 10 counts/lO minutes. proceed. 

5.4 Evacuate the cell to a vacuum of < 40 ~m and close cell valve. 

S.S Place a 0.2 ~m pore size filter onto cell. 

5.5.1 Take sample within two hours or return to StepS.I. 

S.6 Take air sample. 

5.6.1 Place cell at desired location. 

5.6.2 Open cell valve. 

5.6.3 After 5 seconds or more, close valve. 

5.6.4 Return sample to counter. 

5.7 Analyze radon within I hour via procedure described in Document 

NS-NS-ll3. 

6. Records 

i 
EE..,-SP-20\ .. 
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Data will be recorded in a bound laboratory notebook and archived in a 

manner consistent with the program plan (EE-QAP-l). Data recorded will 

include date. time sample taken, location of sample, time sample analyzed, 

cell count and background cell count and type of counting. 
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PROCEDURES FOR RADON CONCENTRATION DETERMINATION 
IN SOIL USING TERRADEX RADON CUPS 

This procedure describes the method of performing radon concentration 

measurements in soil using Terradex radon cups. 

2. Purpose 

The purpose of the procedure is to determine the average concentration 

of radon in surface soils contaminated with uranium and its decay products. 

The purpose, in addition, is to estimate the heterogeneity of radon 

emanation within a contaminated and/or a pitchblende residue storage area. 

3. Reference 

3.1 A letter from James E. Gingrich to Dr. Beverly S. Ausmus concerning 

the use of the radon cup detectors (BCL file G-5200-0200). 

3.2 Instructions from Terradex Corporation accompanying 100 radon cups 

for use in detection on the specific site, September, 1980 (BCL file 

G-5200-0200). 

4. Equipment 

4.1 Radon cups with thoron filters (Terradex Corporation). 

4.2 Heavy tape. 

4.3 Access to grid markers, stakes. 

5. Procedures 

5.1 Determine locations for radon cup placement (Table 1). 

5.2 At each grid stake selected, remove vegetation and expose the soil 

surface. 

5.3 Place radon cup with thoron filter in place approximately 2-4 cm into 

the exposed soil. 

j":, 
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1'1' Tf\BLE 1. LOC;Al'IONFOR TERRADEX r .. ? ~~: ";} :" ;' -_J RADON CUPS 

n .. 

j 

ID ID r Number Location Number . Location 

l J 99201 529Wl8+30 99253 526W15 
202 521Wl4 254 537W18+30 

l~ 203 526W14 255 535W9 

1 :. 204 532WI8+30 256 537Wl3 
205 522W16' 257 531W18+30 

"' 207 523WI0 258 537W9 
208 521W17 259 537W15 

r" 209 524Wl8+30 260 537W17 , 
210 524Wl5 L 261 523W13 
211 526W10 262 525W13 
212 527W9 263 517wl.8+30 

.r ' 213 524W12 264 523W9 
~ 214 526Wl2 265 517W16 L 216 525W11 266 521W9 

217 524W9 267 521W12 
if 218 526Wll 268 526W9 
~ (3 ft N) 269 520W12 
L 219 524Wl1 270 523W12 

220 524WI0 
271 542+45W7 

if" 221 517Wl5 272 531W13 
;;r 

222 523W7 273 542+45W15 ~ 
:!.-- 223 527W7 274 540W7 

224 520Wl6 275 540W13 
11': 226 519W16 276 540W11 
f$ 227 525W7 277 542+45W13 
~ 228 520Wl3 278 529W15 tt-: 

229 529W7 279 542+45\/11 
230 518W15 280 542+45W9 

i',' 
231 518W16 281 523W11 j 

L 232 515W14 282 533W18+30 
233 519Wl8+30 283 521W13 
234 525Wl2 284 536W17 

fi' 235 515W18+30 285 531W11 l 
~- . 236 525WI0 287 535Wl8+30 
.!to·:' 238 520Wl4 288 530W9 

239 520Wl5 289 529W9 
~. - 240 515W15 290 536W14 

~ 
" 

241 522Wl5 291 54 OWl 7 
~- 243 524W14 292 521W15 

244 524W16 293 537W11 

~ 245 522Wl4 294 521W16 

t, 246 529Wl4 295 540Wl8+30 
247 521Wll 296 540W15 
248 521WlO 297 529Wl7 

r 249 524W13 298 525W9 
250 526W17 299 522Wl7 

251 536W15 300 542+45W17 

252 540W9 

CONTROLS 
~ - 99225 I 99237 

j: 

.~ ., 
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5.4 Secure cUR in place by. b!p:1.ng it onto> the grid stake. 

5.5 Incubate 30 days. 

EE-SP-2i 
Revisio~ .. 
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5.6 Remove the radon cups, remove thoron traps. wrap 10 cups in each 

of te!l:;-aluminumwrappers supplied by Terradex' and ship to Terradex 

for analysis. 

5.7 Evaluate data according to EML laboratory calibration between tracks/cm2 

and pCt!1 radon. 

6. Records 

6.1 Field data will be recorded in a bound laboratory notebook and archived 

in a manner consistent with the program plan (Document No. EE-QAP-l). 

6.2 Terradex analysis data will be affixed to the laboratory notebook. 
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The procedure describes the method of sampling groundwater from shallow 

sand-gravel lenses using a vacuum collection method. 

2. Purpose 

The purpose of this procedure is to describe the sample collection and 

processing method in preparation for determining the nuclide and metall 

rare earth concentrations of aquifer water around the site perifery and 

site areas known to be contaminated with pitchblende residues. 

3. References 

3.1 Handbook of Chemistry and Physics. 

3.2 Operating Manual for vacuum pump. 

4. Equipment 

4.1 Gas generator. 

4.2 Vacuum pump. 

4.3 Vacuum jar water trap. 

4.4 Bell jar. 

4.5 Glass or copper tubing. 3/8 in. diam. right angle bends for sample bottle 

4.6 Tygon tubing. ~ inch diameter. 

4.7 Clean water and alcohol. 

4.8 Polyethylene widemouth bottles, 1 liter. 

5. Procedure 

5.1 Select well (Figure 1). 

5.2 Clean apparatus (Figure 2). 

5.3 Attach sample bell jar. 

5.4 Place tubing into well to be sampled. 

5.5 Turn on generator. 
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FIGURE 1. LOCATION OF PERIPHERY AND R-IO AREA 
WELLS TO BE SAMPLED 
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~ Designates locations used for groundwater 
sampling 
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FIGURE 1. (Continued) PERIMETER TEST CORES 
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5.6 Turn on vacuum pump. 

5.7 Pump well dry and dispose of water. 

5.7.1 Leave tygon tubing in well for future sampling. 

5.7.2 Seal casing top with tape or plastic bag to prevent 

water from entering through the exposed casing top. 

5 .9 Repeat 5.1 - 5.6. 

5.10 Collect two 1 liter water samples. 

5.10.1 Rinse ball jar and tubing connections with clean water 

followed by an alcohol rinse. 

5.11 Acidify the samples to pH6 with nitric acid. 

5.12 Filter the samples through a 0.4S11 filter into clean polyethylene 

bottles identified with the sample number and seal. 

5.13 Send aliquots (750 to 1000.ml) of samples to an approved sub

contracting laboratory for nuclide analyses. 

5.l3.l Seal the samples in polyethylene bottles identified with 

the sample number. 

5.14 Analyze an aliquot of each sample for metal/rare earth at the 

BCL Laboratory (See MN-PP-113). 

5.15 Retain the remainder of the samples as archives. 

6. Records 

6.1 Data will be recorded in a bound notebook and archived in a 

manner consistent with the program plan (HL-QAP-J-5594X). 

Data will include date, well number, time sample taken, volume 

of sample, date shipped to BCL and subcontractor for analysis. 

T 
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PREPARATION OF DRAINAGE DITCH AND 
CORE SAMPLES FOR GAMMA RADIATION COUNTING 

1. Scope 

This document describes the procedures for preparing drainage ditch 

sediment and drill-core ground samples for gamma radiation counting. 

2. Purpose 

The purpose of this document is to provide instructions for preparing 

drainage ditch and drill-core subsurface soil samples for gamma radia

tion counting on the BCL automatic counter. 

3. Equipment and Facility 

3.1 Open front hood. 

3.2 Balance with accuracy to D.lg. 

3.3 Planchets for BCL counter. 

3.4 Weighing dishes, disposable aluminum. 

3.5 Mortar and pestle, ceramic. 

3.6 Drying oven. 

3.7 Sieve, 10 mesh and catch pan. 

3.8 Funnel, polyethylene. 

3.9 Polyethylene bottles. 

3.10 Sample scoop or spatula. 

3.11 Decontamination detergent and rinse water, and wash pans. 

3.12 Ethyl or isopropyl alcohol. 

4. Procedures 

4.1 Fill an aluminum weighing dish with 30 to 50g of collected sediment 

sample or approximately a 2 inch length of drill core sample. 

4.1.1 Load a minimum quantity of water with the sample. 

4.1.2 Mark the sample identification number on the weighing 

dish prior to loading. 

4.1.3 Decontaminate the loading scoop after use for loading each 

sample. 

I . ---
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4.2 Dry the sample in the drying oven (oven temperature approximately 

100 to 130 C). 

4.3 Grind the dry soil sample with a mortar and pestle. 

4.4 Sieve the ground soil with a 10 mesh sieve and catch pan. 

4.5 Transfer the minus 10 mesh sample into a polyethylene bottle and 

mark the bottle with the sample identification number. 

4.5.1 Place the plus 10 mesh residue in a container for disposal 

as radioactive waste. 

4.6 Decontaminate the sieve, catch pan, mortar, pestle, and transfer 

funnel. 

EE-SP-23 
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4.6.1 Place the weighing-drying dish in a contaminated waste con

tainer for disposal as radioactive waste. 

4.7 Immediately prior to sample counting, mark the sample number on the 
~ , 
1 clean planchet. 
1 

4.8 Mark the planchet tare weight on the planchet .• 

4.9 Fill the planchet level full of soil sample from the polyethylene 

bottle, i.e. 5 to 6g. 

4.10 Weigh the sample to an accuracy of O.lg. 

5. Records 

6. 

5.1 Record the sample identification, planchet weight, and sample weight 

loaded in the planchet in a BCL Laboratory Record Book. 

Archive 

6.1 Archive the remainder of the dried sample in the polyethylene bottle. 

6.2 Archive the remainder of the sediment or drill core sample. 
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PROCEDURE FOR HONITORING RADON WITH TERRAD£X 
RADON CARDS IN BUILDINGS 413-414 AT THE DOE-NIAGARA SITE 

1. Scope 
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This procedure describes the method of performing radon concentration 

measurements in buildings using Terradex Track-Etch ® radon detector cards. 

2. Purpose 

The purpose of the procedure is to determine the average concentration of 

radon in specific locations within buildings used for pitchblende residue 

storage. The average concentations will be determined over 2 week or month 

periods 

3. References 

3.1 Quality Assurance Document EE-SP-2l. 

3.2 Instructions for use from Terradex Corporation (BCL File G5200-0200). 

4. Equipment 

4.1 Radon cards (Track-Etch ® film on 2.5 in. diameter cardboard). 

4.2 Installation materials including: standard roof vents with 3 in. 

W' PVC tubing, capped; ~ in. washers, fishing line, hand crank drill 
~ ,. 
L·; with 3/16 in. bit, meter stick. 

4.3 Record book. 

5. Procedure 

5.1 Initial installation (see Figure 1). 

5.1.1 Drill a 3/16 in. hole in the PVC pipe cap. 

5.1.2 With the pipe cap removed, thread a fishing line through 

the hole and tie it to a washer on the top side to secure 

it in place. 
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------Detector badge 

FIGURE 1. DIAGRAM OF ROOF VENT AND TERRADEX 
RADON BADGE SAMPLING DEVICE 
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5.1.3 Cut open the end of the protective plastic covering of the 

Terradex Detector Card box and remove the box. 

5.1.3.1 Save the plastic covering if possible for resealing 

the box for storage or shipment. 

5.1.4 Remove the first (or next) serial number card envelope. remove 

the card from the envelope and return the envelope to the box 

for reuse at the time of the card removal from the building. 

5.1.4.1 Do not touch the detector strip or rest the strip on 

any surface that may cause scratches. 

5.1.5 Record the radon card serial number. date and time of installa

tion, and the placement position as shown in Figure 2. in the 

Laboratory Record Book and on the back of the card in water

proof ink. 

5.1.5.1 Install the radon cards in consecutive serial number 

sequence. 

5.1.5.2 Use BLOCK LETTERS when recording the information on 

the back of the cards. Place only one digit in each 

box. 

5.1.6 Tie the identified track-etch film radon card on the free end 

of the line so it shall be suspended in the building at a 1-

meter distance from the roof line. 

5.1. 7 Lower the film card through the pipe into the building and 

secure the cap in place. 

Identify one randomly selected card in the sequence as a control 

and return it to the box. 

5.2 Film badge retrieval and replacement. 

5.2.1 Remove the vent cap and withdraw the exposed film card from 

the building. 

5.2.1.1 Wear protective gloves during the film badge removal 

operation. 

5.2.2 Remove the exposed film card from the line. enter the date of 

removal on the card back and place it into the original envelope 

labeled with the card identification number. Enter the removal 

date and time in the Record Book. 
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5.2.3 Place a new card on the line and lower into the building as 

in Steps 5.1.4 to 5.1.8. 

5.2.4 Ship a,~l e~osed cards and t~o une~osed control cards to 

Terradex Corporation for analysis. 

6. Records 

5.2.4.1 Intersperse the control cards in random sequence with 

the installed cards during the installation. Identify 

them only in the Laboratory Record Book as controls. 

5.2.4.2 Seal the box containing the exposed cards in plastic. 

5.2.4.3 Use the original box if possible. 

5.2.4.4 Ship e~osed cards by air to: 

Terradex Corporation 
460 N. Wiget Lane, 
Walnut Creek, California 94598 

5.2.4.5 Notify Terradex of the shipment by Telex (No. 337-793) 

with the following informatir~: 

a. Airway bill number~ 

b. Carrier (two-letter code). 

c. Date of shipment and flight number. 

d. Number of cartons. 

6.1 Record all data and identification records in a bound BCL Laboratory 

Record Book. 

6.2 Archive the record book in accordance with the program plan HL-QAP

J-5775X. 

6.3 Affix all Terradex Corporation analyses reports in the Laboratory 

Record Book. 
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FIELD OPERATION OF RADON 
GAS MONITORING SYSTEM 

This document describes the operation of-the Eberline RGM-l, Radon 
·f.- ' ;_:.:-~- ,- - __ ,. 

Gas Monitor as modified for determining the Radon gas levels in the 

field. 

2. Purpose 
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The purpose of this docUlllent is to assure the proper operation of the 

RGM-l and obtain valid data. 

3. Operation 

3.1 Turn on the AC power switch on the back left corner of the MS-3 

1 scaler. 
a 

3.1.1 This applies AC power (115V AC) to the counter and high 

voltage to the detector assembly. 

3.1.2 Turn on the Air Pump at the rear of the scaler using the 

switch labeled nAP:....l". 

3.1.3 Set "TIMER" mode switch in MANUAL until Step 5 is completed. 

4. Digital Recorder 

4.1 Press the JlpOWER" switch on the front panel of the Digital Recorder. 

The power on light should illuminate and the print drum should rotate. 

(The cooling fan will be heard starting.) 

4.2 Paper Loading (see Figure 1). 

4.2.1 Turn on power. 

4.2.2 Insert finger into the top part of the front panel bezel hole 

and pull to open door. 

4.2.3 Pullout paper tray, rotating printhead. until notch in center 

of lower surface of tray is exposed. 

4.2.4 Insert paper BEHIND NOTCH while holding top sheet. 



FIGURE 1. PAPER LOADING 
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4.2.5 Return paper tray into unit until "PAPER OUT" light 

extinguishes. 
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4.2.6 Depress "SPACE" Button until all paper from the previous 

pad has cleared the print head. 

4.2.7 Push printhead downward to original position. 

4.2.8 Insert end of paper into slot indicated by arrow, while 

depressing top white "SPACE" button, until paper clears 

BELOW THE TEAR STRIP. 

4.2.9 Close door and feed paper through bezel hole. A pad of 

paper will last for approximately 10,000 lines of print 

and will indicate "PAPER OUT" when exhausted. 

4.3 Ribbon Loading (see Figure 2). 

4.3.1 Power may be either on or off. 

4.3.2 a. Insert left spool of ribbon, with key pins down, 

on the spindle while holding the spool retaining 

lever. 

4.3.3 

4.3.4 

4.3.5 

b. Rotate the spool until the key pins fall into the 

three slotted holes. 

c. Release spool retaining lever. When properly in-

serted, the spool retainer will rest on the ribbon 

and not on the rim of the spool. 

Follow the ribbon setting course illustrated in Figure 

Insert the right hand spool in the same manner as Step 

Rotate spool to tighten ribbon. 

4.4 Using the Internal Clock. 

2. 

4.3.2. 

4.4.1 Time is recorded in one minute increments up to 23 hours and 

59 minutes. The next one minute step will reset the clock to 

00:00. Using this time system, 1:00 P.M. is denoted as 13:00. 

If power is interrupted, the Clock will automatically switch 

to and retain the number 99:99, indicating power was lost until 

it is manually reset (see Section 4.5). 

4.5 Setting the Clock. 

The clock may be set to any desired time by using the following procedure: 

procedure: 
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RIBBON SETTING COURSE 

KEYPIMS 
(BOTTOM SIDE) 

SPOOL 

SPOOl. RETAINER LEVERS 

"OJ'. 

FIGURE 2. RIBBON SETTING COURSE 
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4.5.1 Insert the finger into the top part of the front panel bezel 

hole and pull the door open. 

4.5.2 Locate the clock switches in the upper right han9. corner. 

4.5.3 Turn the power off then turn on again. 

4.5.4 Depress the front panel "PRINT" button. ·The printout will 

indicate 99:99. 

4.5.5 Move the "TENS/UNITS" switch to the UNITS position. 

4.5.6 Depress the "MIN" button once to reset the clock to 00:00 • 

Depress the "MIN" button one time for each digit desired in 

the minutes column. Note: If the "MIN" button is depressed 

when the minutes column is printing the number nine (9) , the 

number will change'to zerc (0) and the tens-of-minutes column 

will advance by one (1). 

4.5.7 Depress the front panel "PRINT" button to check printout. 

4.5.8 Move the "TENS/UNITS" switch to the TENS position. 

4.5.9 Depress the "MIN" button one time for each digit desired in the 

tens-of-minutes column. Note: If the IIMIN" button is depressed 

when the tens-of-minutes column is printing the number six (6), 

the number will change to zero (0) and the hours column will 

advance by one (1). 

4.5.10 Depress the front panel "PRINT" button to check printout. 

4.5.11 Move the "TENS/UNITS" switch to UNITS position. 

4.5.12 Depress the "HRS" button one time for each digit desired in the 

hours column. Note: If the IIHRS" button is depressed when the 

hours column is printing the number nine (9), the number will 

change to zero (0) and the tens-of-minutes column will advance 

4.5.13 

4.5.14 

4.5.15 

by one (1) EXCEPT when the tens-of-hours column contains the 

number two (2) and the hours column contains the number three 

(3), depressing the "HRS" will then reset both the 2 and the 3 to 

zero. 

Depress the front panel "PRINT"button to check printout. 

Move the "TENS/UNITS" switch to the TENS position. 

Depress the "HRS" button on time for each digit desired in the 

tens-of-hours column. 
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4.5.16 Depress the front panel "PRINT" button to check time setting 

on print. 

5. Cycle Delay Time 

5 .1S,etting of the cycle delay time. 

5.1.1 "TIME" switches on the scaler can be set at TIME-OFF":'MA.NUAL. 

Normal operation will be in the TIME mode. Select 1-2-6 as 

interval with a multiplier of XO.l - Xl.O - XIO, this will 

give times in the range of 0.1 minutes (6 seconds) to 60 

minutes. Normally the system upon being reset will run for 

the preset time then print out the integrated count, reset 

and count again for the same preset interval. 

5.2 Recycle Delay Timer. 

5.2.1 The circuit has been modified to enable setting a purge time 

during which helium will be flowing through the chamber, and 

the Radon sample will be turned off. This Recycle or Delay 

Timer operates as follows: 

5.2.1.1 Set the "DELAY-BYPASS" switch in the DELAY position. 

5.2.1.2 Set the "DELAY TIME" switches for the desired delay 

time in minutes. (Do not set "DELAY TIME" switches 

on zero, this will result in a 100 minute delay.) 

The "DELAY TIME" switches may be set for any interval 

from 1-100 minutes. 

5.3 Recycle Delay Timer Bypass. 

5.3.1 Caution, setting the "DELAY-BYPASS" switch in BYPASS mode 

while the Recycle Delay Timer is in cycle will stop the 

count down of delay time and will also require resetting 

the MS-3 Scaler on the RGM-l to initiate a continued cycling 

of the system. 

5.3.2 Switching to the RECYCLE DELAY mode of operation will only 

require setting the "DELAY-TIME" switches to the desired 

delay interval. (When the scaler times out and the data 

is recorded. the Cycle Delay Timer will be automatically 

preset to t.he "DELAY-TIME" switch settings.) 

!. :: 
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5.3.3 The Cycle Delay Timer will then incr~entdown to zero. at 

which time the MS-3 Scaler will be reset and a new sampling 

time initiated. 

6. Setting Helium and Sample Air Flow for Radon Concentrations Both Greater. 

and Less. Than :J,. .000 Pico-Curies/Liter 

6.1 For radon concentrations less than 1.000 pico-curies per liter. 

6.1.1 Connect system together as shown in Figure 3. 

6.1.1.1 The gas sample shall not be diluted with helium if 

radon concentration is < 1.000 pico-curies per liter. 

6.1. 2 Place the MS-3 Scaler in the TIME mode and the "DELAY-BYPASS" 

switch in the DELAY mode. The scaler should not be counting. 

Be sure the RGM-l sample pump is running. 

6.1.3 To flush system between samples. set the regulator on the 

helium gas bottle fo 5 PSIG on the output stage gauge. Open 

the valve located on the flow meter fully counter clock-wise. 

Slowly open the fine control valve located directly below the 

flow meter to establish the desired helium flow at 1.000 cc/min. 

as determined from Table 1. 

6.1.3.1 Make the above adjustment while the system is in the 

DELAY mode and a sample is not being p'resented. 

6.1. 4 Set the "DELAY" time to 1 minute. set the sample counting time 

to 1 minute and press the "RESET" button to start a sampling 

cycle. Allow the system to cycle several times to assure correct 

operation of the helium flow rate and the solenoid. 

6.1.5 Return to Section 5.0 to set desired times for operation of 

system. 

6.2 For radon concentrations greater than 1.000 pico-curies per liter. 

6.2.1 Connect system together as shown in Figure 4. 

6.2.2 Establish the helium-to-sample gas ratio by performing a 

preliminary radon concentration analysis. Calculate the 

ratio to prevent excessive concentrations of radon from 

entering the RGM-l which would require prolonged flush time. 
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TABLE 1. HELIUM TO AIR SAMPLE FLOW RATIOS AND SETTINGS 

Helium F .M. AIR AIR 
LN272500 LN270801 G80285 

Helium to Tube cc/min Tube cc/min Tube cc/min 
Sample Ratios Reading He Reading Air Reading Air 

100-1 12.4 1000 37 10 43 10 

50-1 7.6 500 37 10 43 10 

20-1 4.5 200 37 10 43 10 

10-1 3.4 100 37 10 43 10 

50-1 14.8 1250 83 25 86 25 bJ 
I 
I-' 

25-1 8.8 625 83 25 86 2S 
.p-
00 

15-1 6.4 375 83 25 86 25 

10-1 S.l 2S0 83 2S 86 2S . ; .-.; 

. -' ~ .. - ,-' 

20-1 12.4 1000 139 SO 141 SO 

lS-l 10.0 750 139 SO 141 SO 

10-1 7.6 SOO 139 SO 141 50 

5-1 5.1 250 139 50 141 50 
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6.2.3 Place the MS-3 Scaler in the MANUAL mod~ with the RGM-l 

sampling pump running. 

6.2.4 Set the "DElAY-BYPASS" switch to "BYPASS" while adjusting 

the flows to maintain the solenoid in the open position. 

6.2.5 Open the control valve located on the sample air flow meter 

fully counter clock~wise. Adjust the fine control valve 

located directly below the flow meter to obtain sample flow 

as determined as shown in Table 1 or from the graph of the 

flow meter response. 

6.2.6 When t.he sample flow is set, then open the control valve on 

the helium flow meter fully counter clock-wise. Then slowly 

open the fine control valve located directly below the helium 

flow meter to establish the correct helium-to-sample flow 

ratio as determined as shown in Table 1. Helium gas input pres

'sure must be at 5 PSIG on the output stage of the regulator. 

6.2.7 When the correct flow and the ratios are established, set the 

"DELAY" time to 1 minute. Set the sample counting time to 1 

minute. Set the "DELAY-BYPASS" switch to "DELAY", the "TIME" 

mode switch to "TIME", and press "RESET" to start a sampling 

cycle. Allow the system to cycle several times to assure 

correct operation of the solenoid and flow rates. 

6.2.8 Return to Section 5.0 to set desired times for operation of 

system. 
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This procedure describes the method for measuring the water surface to 

ground surface distance in the well casings at the DOE-Niagara Falls 

Storage Site. 

2. Purpose 

The purpose of this document is to establish an approved procedure to 

determine the water table depth at the DOE-Niagara Falls Storage Site. 

3. Equipment 

3.1 50' measuring tape. 

3.2 Jute twine, 50 yard ball. 

3.3 2" wide masking tape. 

3.4 Approximately 1" diameter smooth surface sinker. 

3.5 Rubber gloves and rubber boots. 

3.6 Wet wipes and paper towels. 

3.7 Sharp knife. 

3.8 Water resistant marking pen. 

3.9 Polyethylene bag 9" x 16" x 0.006" 

3.10 5 gallon plastic bucket (to carry above equipment). 

4. Procedure 

4.1 Determine from the Project Principal Investigator which wells are to 

be measured. 

4.2 Obtain instructions from the Health Physics Staff concerning protective 

~, clothing and personnel precautions around the selected wells. 

4.3 Remove the poly bag and pipe cap from the well casing to be measured. 

4.4 Securely tie the 1" diameter smooth surface sinker to the end of the 

jute twine. 
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4.5 Lower the sinker and twine down the well casing till you hear the 

sinker hit th~'.water su:dace." 

4.6 

4.7 

, 
Slowly lower the sinker and twine approximately 12" past the water surfaL~ 

Tape the top of the twine to the side of the well casing and let the twinE 

soak for approximately 1 minute. 

4.8 Mark the twine at the top 'rim of the well casing with a water resistant 

marking pen. 

4.9 After the twine has soaked for approximately 1 minute, pull the sinker a, 
twine up out of the well casing. 

4.10 Measure the distance on the twine from the casing rim mark, to the water 

mark (casing top to water surface) and record in lab book. 

4.11 Measure the exposed well casing (casing rim to ground) and record in lab 

book. 

4.12 Subtract the exposed well casing measurement from the twine measurement 

and the difference is the water surface to ground surface measurement, al._ 

or the water table level. 

4.13 Cut the twine from the sinker with sharp knife. 

4.14 Place the used twine in poly bag for disposal. 

4.15 Decontaminate the sinker with wet wipes and paper towels to prevent well 

water cross contamination. 

4.16 Place used wet wipes and paper towels in poly bag for disposal. 

4.17 Replace the poly bag and pipe cap over the well casing. 

Note: Extreme care should be taken to prevent the loss of the well 

casing Tygon tubing. 
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FRACTIONATION OF RELATIVE SOIL PARTICLE SIZE 

1. Scope 

This document contains equipment, standards, and procedures for de

termining relative particle size for soils. 

2. Purpose 

The purpose of this analysis is to determine the relative particle size 

for soils by Bouyoucos hydrometer method. Each soil will be assigned 

an appropriate texture based on the relative percentage of sand, silt, 

and clay (taken from textural triangle; see Agronomy Guide). 

3. Reference 

Textbook: Allen, S. E., ed. 1974. "Chemical Analysis of Ecological 

Ma!=e_rials If • John Wiley & Sons, NY. 565 p. 

4. Standards 

Soil samples with particle sizes established at Ohio State University 

were used as standards, numbers 23736, 24027, 24091, 23914, 24040, 24138. 

Bouyoucos soil hydrometers were calibrated by following procedure 

(see 6.0) without addition of soil. These are also blanks. 

5. Equipment 

5.1 Commercially available "Calgon". 

5.2 Sodium carbonate, pH Buffer (must meet ACS specifications). 

5.3 Distilled water (Buckeye). 

5.4 Bouyoucos soil hydrometers (VWR 34792-001). 

5.5 I-liter graduated cylinders. 

5.6 Timer capable of 5 minute setting, stop watch, clock, thermometer 

(calibrated by Battelle Columbus Laboratories). 
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5.7 High speed stirrer (Fisher 14-503). 

5.8 Electronic Balance (Hettler LN1200). 

5.9 Mason quart jars. 

6. Procedure 

6.1 Dissolve 50 g "Calgon" in distilled water. 

6.1.1 Add Na2C03 to bring final pH to 9. 

6.1.2 Dilute to 1 liter with distilled water. 

6.2 Weigh 50 g of air-dried 2 mm sieved soil samples into Mason quart 

jars •• 

6.1.1 Record wet weight of soil. Place in oven for 24 

hours at 105°C. After 24 hours record dry weight. 

Percent Hoisture = (wet weight - Dry Weight)' 100 
Dry weight x 

6.3 Add 25 ml 5 percent Calgon solution and 400 ml distilled water. 

6.4 Stir soil on high speed stirrer for 5 minutes. 

6.5 

6.6 

6.7 

6.8 

6.9 

7.0 

Transfer to a 1 liter cylinder, dilute to 1 liter mark, and cover 

with Parafilm. 

Cover top of cylinder with hand and turn bottom of cylinder upwards 

5 times. 

Set cylinder on bench, record time (on data sheet under column B) 

and start stop watch. 

Introduce hydrometer at 4 minutes and 28 seconds (taken from stop

watch) . 

Take reading on hydrometer at 4 minutes and 48 seconds and record 

this value under column B. 

Record temperature of liquid without disturbing hydrometer. 
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7':1· Take second reading at 5 hours after initial recorded time 

and record number under column A. Also record temperature. 

7.2 Add (or subtract)· 0.3 units for every degree above (or be-

8. Calculations 

8.1 If (50 - moisture weight) g soil are dispersed in· 1 liter and 

B = hydrometer reading (GI-l) after 4 minutes 48 seconds~ A = 

hydrometer reading (gl-I) after 5 hours, then:. 

Clay (%) = (50 - moisture wt)g -1 

where 1 = calgon correction. 

Silt + Clay % = B(gl-l) x 100 -1 
(50 - moisture wt) 

Silt (%) = (Silt + Clay) (%) - Clay (%) 

Total Sand (%) = 100 - (Silt + Clay) (%) 
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This document contains the equipment,·standards, and procedures for 

determining both soil \acidity and lime test index. 

2. Purpose 

The purpose of soil acidity and lime test index is to measure soil pH 

and the relative soil buffering capacity. 

3. References 

Soil Testing Procedures, Dr. Haurice Hatson, OARDC (REAL), 

Wooster, Ohio 44691. Revised May, 1978. 

4. Standards 

Buffer solutions of pH 7 and 10 (VWR and Fisher Chemicals). 

5. Equipment 

5.1 Orion 60lA Digital pH meter, Orion Combination pH electrode 91-15. 

5.2 Buffer solution of pH 7 and 10 (VWR and Fisher Chemicals). 

5.3 1 oz. plastic cups. 

5.4 Deionized water. 

5.5 125 m1 Erlenmeyer flasks. 

5.6 Calcium chloride dihydrate, potassium chromate, paranitropheno1, 

calcium acetate, triethanolamine, acetic acid, ammonium hydroxide 

(chemicals must meet ACS specifications). 

5.7 Electronic Balance (Mettler PL1200). 

5.8 Oscillating shaker, 250 rpm. 

r .. 
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6.1 Reagents: SMP 

6.1.1 Fill a 6-liter bottle~+thabout 3.3 liters of deionized 

water. 

6.1.2 Add 318.6 g calcium chloride dihydrate, shake vigorously 

to prevent formation of a crust over the salts. Add 

18 g potassium chromate. Stir. Add 10.8 g paranitrophenol 

and stir. 

6.1.3 Add 12 g calcium acetate and shake. 

6.1.4 Add 15 ml triethanolamine; again shaking. 

6.1.5 Dilute to 6 liters. 

6.1.6 Shake until solids are totally dissolved. 

6.1.7 Adjust to pH 7.5 with acetic acid or ammonium hydroxide. 

6.1.8 Check pH before use daily. 

6.2 Determination: 

6.2.1 .E!!. 

6.2.1.1 Scoop-5 g of soil into a 1 oz. cup. 

6.2.1. 2 Add 5 ml of deionized water, stir by hand and let 

samples stand a minimum of 10 minutes and a maximum 

of 30 minutes. 

6.2.1.3 Determine pH after standardization of pH meter with 

buffer solution. Determine to nearest 0.1 unit. 

6.2.2 Lime Test Index 

6.2.2.1 Pour sample from 1 oz. cup to 125 m1 flask. 

6.2.2.2 Wash cup with 5 m1 of SMP two times and pour into 

flask. 
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6.2.2.3 Shake at 250 RPt-1 on as dlla tin~ shak~~ for :t5 

minutes, but not more than 45 minutes. 

6.2.2.4 Read pH value to nearest 0.1 unit on standard 

pH'm~ter~ . 

6.2.2.5 Multiply pH value by 10 to get lime test index. 

I
"~-' 
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This document contains the equipment, standard, and procedures for 

determining the quantity of organic matter in soil. 

2. Purpose 

The purpose of obtaining the percent organic matter in soil is to 

aid in determining soil complexation capacity. 

3. Reference 

Soil Testing Procedure, Dr. Maurice Watson, OARDC (REAL), 

~"ooster, Ohio. 

4. Standards 

A soil sample established at Ohio State University containing 3.69 per

cent organic matter was used for making a standard curve. Blanks are 

also prepared. 

5. Equipment 

5.1 Spectrophotometer (Varian Series 634). 

5.2 Cuvettes (Beckman 2097). 

5.3 Soil sample of 3.69 percent organic matter. 

5.4 Potassium dichromate, concentrated sulfuric acid, barium chloride 

(must meet ACS specifications). 

5.5 250 ml. beakers. 

5.6 Distilled water. 

5.7 Electronic Balance (Mettler PLI200). 
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6. Reagents 

6.1 Dissolve 196.1 g potassium dichromate in 2 liters deionized water. 

6.2 Concentrated sulfuric acid (96%). 

6.3 Dissolve 5.86 grams BaC12 in 1 liter of deionized water. 

7. Standards 

7.1 Weigh out the following amounts of the standard soil sample: 

0.0 g- Blank 

0.5 g - 1.85% O.M., Also make blank. 

0.1 g - 3.69% 

1.5 g - 5.54% 

2.0 g - 7.38% 

2.5 g - 9.23% 

7.2 Treat the standards and samples as outlined below under determination. 

8. Determination 

8.1 Iveigh 1.0 g soil into 250 m1 beaker. Add 10 m1 of 2N K2Cr207 and 

swirl gently to mix well. Rapidly add 20 m1 H2S04 and immediately 

swirl to mix well. Allow mixture to stand 60 minutes. 

8.2 After 60 minutes, add 100 m1 BaC12 solution. Let mixture stand 

overnight. 

8.3 Read absorbance at 611 nanometers. 

9. Colorimeter Determinations 

9.1 Standard Curve - measure absorbance for each standard, setting the 

blank at zero absorbance. Determine the best straight line from the 

\~ points on the curve. 

9.2 Sample Determinations - relate the absorbance reading on samples to the 

standard curve and read percentage organic matter content. 
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DETERMINATJON OF SOIL CA:rIO~1 EXeHANGE CAPACITY 

This document contains the equipment, standards, and procedures for 

determining soil cation exchange capacity (CEC). 

Purpose 

The purpose of CEC is to determine the soil capacity for adsorbing cations 

on the exchange complex. 

3. References 

Textbook: Allen, S. E., ed. 1974. "Chemical Analysis of Ecological 

Materials". John Wiley & Sons, NY. 565 p. 

4. Standards 

Standards of 10, 100, and 1000 ppm of NH3-N were used. 

5. Equipment 

5.1 Orion electrode with NH3 porous membranes (95-10-04), orion model 

60LA/digital pH meter, buffer solutions pH 7 and 10 (VWR and 

Fisher Chemicals). 

5.2 Suction filter stand and 5.5 cm dia. Buchner funnels. 

5.3 VacuUm pump. 

5.4 2 oz. Nalgene collection bottles. 

5.5 Whatman filter paper #2, 5.5 cm dia. 
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5.6 Chemicals: ammonium acetate, potassium chloride, ammonium chloride, 

denatured alcoh6i'(et'hanol). :(All dletni'ca1sshould meet ACS 

sp~cifications. ) 

5.7 125 ml Erlenmeyer flasks. 

5.8 Electronic balance (Mettler PL1200) Rotary shaker capable of 175 rpm. 

5.9 Distilled water. 

6. Reagents 

6.1 AmmoniUm acetate, M, pH 7. 

6.2 Denatured alcohol, 60% w/v. This reagent should be neutral and 

free of ammonia. 

6.3 Potassium chloride, 5% w/v. 

7. Standards 

7.1 Standards of 10, 100, and 1000 ppm of ammonium chloride were made 

up from 5% potassium chloride stock solution. 

7.2 Make blanks by following Section 8.0, omit soil. 

8. Procedure 

8.1 Weigh out 1.0 g. of soil into 125 ml flask. 

8.2 Add 25 ml of ammonium acetate solution. 

8.3 Put on shaker for 1 hour at 175 rpm. 

8.4 After shaking filter through #2 Whatman filter paper using vacuum

filter stand, dispose of filtrate. 

8.5 Add 15 ml. of alcohol solution to Buchner funnel, filter. 

8.6 Again dispose filtrate. 

8.7 Add 25 mI. 5% potassium chloride solution to Buchner funnel, filter. 
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8.8 Transfer filtrate from collection bottle to 2 oz. Na1gene bottle. 

8.9 Add 2 drops of O.SN HC1 to sample, or until pH is around 2. 

9. Ammonia Analysis 

9.1 Standard curve. Make up standards and blank (See Section 7), add 1 

drop of 10 N. NaOH. Immerse electrode in solution, record millivolt 

(mv) reading from meter, and construct standard curve. 

9.2 Samples. Add 1 drop of 10 N NaOH to each sample and record mv reading. 

9.3 Relate mv reading of samples to standard curve and determine NH3-N 

concentration. 

9.4 

NH3-N reading X ~ X 1.28 = meq NH4/100 g. soil. 
17 

Calculate CEC by the following formula. 

NH3-N Cone. X 2.5 X 1.28 = meq NH4/100g soil. 
17 
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This document covers procedures for the calibration of a Ludlum Micro "R" 

survey meter. 

References and Calibration Standards 

2.1 Technical Manual for Ludlum Instrument Corporation, Micro R meter • 

2.2 226Ra standard. This shall be calibrated biannually with a Victoreen "y" 

meter Model 70 and a 552 chamber. The Victoreen is returned annually 

to Victoreen Instrument Corporation for calibration and recertification 

" ~ traceable to the National Bureau of Standards. 
" ., 

" " --

, -

3. Equipment 

3.1 Hewlett-Packard 3465A Digital Multimeter. The multimeter shall be cali

brated annually with a General Radio Model 1822 Digital Voltmeter 

calibrator. The calibrator is returned annually to the General Radio Service 

Facility for recalibration traceable to the National Bureau of Standards 

3.2 Crystal controlled pulse generator. This generator shall be calibrated 

annually in accordance with Procedure SP-IL-l60. 

4. Inspection and Cleaning Procedure 

4.1 Visually inspect the meter's exterior. 

4.2 Clean exterior as needed. 

4.3 Visually inspect interior parts for component failure, etc. 

4.4 Test the batteries (battery check position on meter should indicate 

above the green mark), polish battery contacts, and replace batteries 

as needed. 
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5. Calibration Procedure I 

5.1 

5.2 

Read Page 4 of the Technici:ll Manual (see 2.1) under the heading of Calibrati'! 

Select. the operating point and initial instrument settings. 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

Set range switch to XlO. 

Adjust High Voltage setting to full counterclockwise position. 

Adjust Gain control to full clockwise setting. 

Adjust the XlO calibration control to full counterclockwise setting. 

Expose the instrument to a 0.2 mR/hr radium gamma field. 

Slowly increase the High Voltage setting. (The meter reading will increase, 

level off, tben increase rapidly as the setting is increased.) 

Observe the three levels of count, decrease high voltage until the m 

meter reading appears at the junction of the plateau (level-off portion) and 

tube noise (second rapid increase of meter reading). 

5.10 Slowly decrease the Gain control setting. The meter reading will drop, then 

level off, and then drop again as the Gain control setting is decreased. 

5.11 Observe both ends of the plateau (level-off range of meter reading) and 

set the Gain control to the center of this region. The screwdriver slot 

and joints of the mounting nut can be used as reference points. Setting 

the High Voltage and Gain controls in this manner establishes the center 

of the plateau operation. 

5.12 Set the range range switch to the xlOOO range and adjust to a reading of 
226 2.0 mr/hr, on Ra. 

5.13 Check the meter response at 1.0 mR/hr. 

5.14 Set the range switch to the XlOO range and adjust to a reading of 0.24 mR/hr 

with a pulse rate of 4.0.10 4 ppm. 
4 

5.15 Check the meter response at 0.095 mR/hr with a pulse rate of 1.5·10 ppm. 

5.16 Set the range switch to the XIO range (0.030 mR) and adjust to a reading of 

0.024 mR/hr with a pulse rate of 4.0.103 ppm. 
3 

5.17 Check the meter response at 0.0095 mR/hr with a pulse rate of 1.5·10 ppm. 

5.18 Set the range switch to the Xl.O range (0.003 mR) and adjust to a reading of· 

0.0024 mR/hr micro "R" with a pulse rate of 400 ppm. 

5.19 Check the meter response at 0.00095 mR/hr with a pulse rate of 150 ppm. 
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6.1 Complete the Regular Instrument Laboratory Calibration Card (catalogue no. 

939979) using the information generated during the calibration procedure. 

6.2 Complete the calibration card and forward to the QA manager. 

6.3 Attach the completed calibration sticker to the Ludlum Micro "RII Survey Meter. 
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This document describes the procedures for the calibration of the 

Eberline PAC-lSAG Alpha Survey Meter. 

2.0 References and Standards 

2.1 Technical Manual for Scintillation Alpha Counter Model PAC-lSAG 

2.2 Hewlett Packard 346SA or its equivalent--calibrated annually with 

a General Radio MO'del 1822 Digital Multimeter calibrator. 

2.2.1 The calibrator is returned annually to General Radio Service 

Facility for recalibration which is traceable to the National 

Bureau of Standards. 

2.3 Plated 239pu alpha standards checked annually according to procedure 

IL-CP-134. 

2.4 Rawsen Electrostatic Voltmeter--calibrated annually using procedure 

IL-CP-17S. 

2.5 Hedium-level 137Cs source calibrated annually in accordance with 

procedure IL-CP-132. 

2.6 Encapsulated 60Co low-level source--calibrated semi-annually as per 

procedure IL-CP-lS9. 

3.0 Inspection and Cleaning Procedure 

3.1 External Visual Inspection 

3.1.1 Inspect instrument caSe for external damage. 

3.1.2 Clean case. 

3.1.3 Clean meter face using "Stat-nul". 

3.1.4 Inspect probe face for damage to mylar window. In the event 

light leaks are found, seal the holes with a black lacquer. 

3.1.5 Check the probe window for light-tight integrity using sunlight 

if available or a high-intensity lamp. If additional light 

leaks are found repair as in step 3.1.4. 
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3.1.6 Inspect probe cable for evidence of wear or damage and 

repa'irit~_n:~~ded '0 0 
.'.\. 

3.2 Internal visual inspection 

3.2.1 Inspect internal components for physical damage. 

3.2.2 Test batteries and replace as needed. 

3.2.3 Clean battery contacts using 600 grit paper. 

4.0 Calibration Procedure and Adjustment 

4.1 Voltage measurements. 

4.1.1 Measure the voltage across CR-2 in Manual (see Figure 5-1). 

The voltage should be 5.8 Vdc ± 0.1 V. If no t, recheck ba tter:i' 

and repair as necessary. 

4.1.2 Set the range switch S-l to the Xl range (see Figure 5-1). 

4.1.3 Using the Rawsen Electrostatic voltmeter, measure the output 

of the high voltage power supply. The voltage should be 

1240 V ±5%. If not, repair as necessary until high-voltage 

is within specifications. 

4.1.4 Set the range switch, S-l (see Figure 5-1), to the 0-2 R 

position. 

4.1.5 Using the meter as in step 4.1.2, measure the high-voltage 

at the Geiger-Muel1en tube. The voltage should be 950 V ± 

10%. If not, repair as necessary until the voltage meets the 

specifications. 

5.0 Discriminator Adjustment 

5.1 Using a low-intensity gamma source, GOCo, place the round portion of 

. the alpha probe in a 500 mR/hr gamma field. Adjust the discriminator 

until the meter indicates <100 c/m. 

5.2 In the event this low level of counts cannot be obtained, check the 

probe face for contamination or a noisy photomultiplier tube. 

5.3 Repair as necessary and repeat adjustment of the discriminator as 

in step 5.1. 

6.0 Alpha Calibration 

6.1 Using the 239pu standard (WJ 817600) calibration set, adjust each 

range in the upper 50% to the correct reading within ±5% of the 

indicated disintegration rate of the standard source. 
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6.2 Use the standard (W.18176l0) 239pu sources to check the instrument 

response in the low~~:SO!, of each range. 

6.3 In the event these readings cannot be obtained, repair as necessary 

and return to step 6.1 and repeat adjtJstDi~nts: 

7.0 Gamma ~alibration 

7.1 Set the range switch to the 2 R range. 

7.2 Place the instrument in a 1.5 R/hr calibrated gamma field (1 37Cs), 

(with the alpha probe off to one side), and adjust the 2 R potentiometer 

as necessary. 

7.3 In the event the reading in step 7.2 cannot be obtained, repair as 

necessary-and return to step 7.1 and repeat. 

7.4 Change the _gamma field to O~S R/hr and check the instrument response. 

If the instrument response is not within ±10% of the standard, 

f' place a label on the side of the instrument to show the true response. 
L 

L IL.-_.'. 

8.0 Record 

8.1 Fill in the Regular Instrument Laboratory Record Card (Catalog No. 

939979) with calibration data generated by these procedures. 

S.2 Fill out the ROT calibration card and forward to the Q.A. manager. 

S.3 Attach the completed calibration sticker to the Eberline PAC-lSAG 

Alpha Survey Meter. 
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This document describes procedures for the calibration of the Victoreen 440 

Low Energy Survey Meter. 

2. References and Standards 

2.1 Technical Manual for Victoreen 440 Low Energy Survey Meter. 

2.2 The Hewlett Packard 3465 A or its equivalent is calibrated annually 

with a General Radio Model 1822 Digital Mu1timeter calibrator. The 

calibrator is returned annually to General Radio service facility for 

recalibration which is traceable to the National Bureau of Standards. 

2.3 The encapsulated 60Co low level source is calibrated semi-annually 

according to Procedure IL-CP-lS9. 

3. Inspection and Cleaning Procedure 

3.1 External visual inspection. 

3.1.1' Inspect case for external damage or defects. 

3.1.2 Clean case. 

3.1.3 CJean meter face using Stat-mil. 

3.2 Internal visual inspection. 

3.2.1 Inspect internal components for physical damage. 

3.2.2 Check components for failure and replace as needed. 

3.2.3 Test batteries and replace as needed. 

3.2.4 Clean and adjust battery contacts as necessary, 

4. Calibration Procedure and Adjustment 

4.1 The following procedure is followed when making adjustments located 

in a low background radiation field. 

4.1.1 Remove the right side panel. 

4.1.2 Remove the two screws holding the printed circuit board in 

place and hinge the board down. 

. (; ., 
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4.1.3 Clip a jumper wire between lugs 6 and 10 on the bottom of the 

circuit board. (Count from left to right facing the printed 

circuit side of the board with the lugs down.) 

4.1. 4 Switch the rangeswitcq to the, 300 mr/br. posi tion and allow 

about 1 minute for stabilization. 

4.1. 5 Adjust the balance control R37, (middle control as viewed 

from the top (see Figure 5). 

4.1.6 Switch to the 3mr/hr position and allow 2 minutes for 

stabilization. 

4.1. 7 Adjust the "zero" control, R36, (left control; see Figure 5) 

for zero on the meter. 

4.1.B T.urn the instrument "OFF" and remove the jumper wire. 

4.1.9 Turn the instrument "ON" to the 300 mR/hr position, expose 

to a 235 mR/hi 60Co field. (Be sure the end cap is on the 

chamber.) 

4.1.10 Adjust R33 (right control; see Figure 5) to 235 mR/hr. 

4.1.11 Turn the instrument "OFF" and reassemble. 

4.1.12 If the instrument will not calibrat~ troubleshoot and 

repair and return to Step 4.1.1 through 4.1.11. 

5. Record 

5.1 Fill in the Regular Instrument Laboratory Calibration Record Card 

(Catalogue No. 939979) with the calibration data generated by 

these procedures. 

5.2 Fill out the RDT calibration card and forward to the Q.A. manager. 

5.3 Attach the completed calibration sticker to the Victoreen Model 440 

Low Energy Survey Meter. 
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1. Scope 

PROCEDURES FOR THE CALIBRATION OF THE 
HARSHAW 2000 B AUTOMATIC INTEGRATING PICOAMMETER 

This document describes procedures for the calibration of the Harshaw 2000 B 

Automatic Integrating Picoammeter. 

2. References and Standards 

2.1 Technical manual for the 2000 B Automatic Integrating Picoammeter. 

2.2 A Hewlett Packard 3465A Digital Multimeter or equivalent is calibrated 

annually with a General Radio- Model 1822 Digital Multimeter Calibrator. 

The calibrator is returned annually to General Radio service facil~ty 

for recalibration, which is traceable to the National Bureau of 

Standards. 

2.3 A Keithley Instruments Model 261 picoamp source, which is returned 

biennially to the Keithley Company for calibration and recertification 

traceable to the National Bureau of Standards. 

2.4 Rawson Electrostatic Voltmeter which is calibrated annually as in 

Step 2.2. 

3. Inspection and Cleaning Procedure 

3.1 External visual inspection. 

3.1.1 Inspect case for external damage or defects. 

3.1.2 Clean case. 

3.2 Internal visual inspection. 

3.2.1 Inspect internal components for physical damage. 

3.2.2 . Check components for signs of failure. 

3.2.3 Clean chassis of dust. Burnish contacts of circuit boards 

with abrasive eraser. 

[": 
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4.1 General instructions. 
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4.1.1 Circuit boards are accessible by removing the cover. Leave 

bottom plate on during calibration of the picoammeter. 

4.1.2 The use of the circuit extender boards will make appropriate 

test points accessible. 

4.1.3 The use of the component layout drawings in the technical 

manual will enable the finding of reference points. 

4.1.4 Do not remove or install circuit boards while the power is 

on. (Damage to components may result.) 

4.2 Adjustment of Voltage Regulators. 

4.2.1 Install the extender board between the voltage !egulator board 

and the chassis connector. Attach the negative lead of the 

j DVM to pin 8 or a suitable component lead, if desired. 

\ • 

1 
I • 

J 
! 
I • 

4.2.2 Monitor the voltage at pin 15 and adjust R402 until a reading 

of +15.00 ±0.01 volts is obtained. 

4.2.3 Monitor the voltage at pin 19 and adjust R4l3 until a reading 

of +3.80 +0.10, -0.01 volts is obtained. 

4.3 Calibration of the Electrometer. 

4.3.1 Install the extender board between the picoammeter board and 

the chassis connector. Connect the picoampere source to the 

DETECTOR SIGNAL connector. Set the source to zero picoamps. 

4.3.2 Place the METER switch in the Zero position and the multiplier 

switch in the Xl position. Note the meter reading. Then, 

place the multiplier switch in the XO.l position. If the 

readings are identical, the electrometer is balanced. If they 

are different. adjust the ZERO control until the readings are 

identical for both switch positions. Note that this mayor may 

not occur at the Zero Set mark on the panel meter. 

4.3.3 Monitor the electrometer output at pin lIon the picoammeter 

d h h h 10
-12 .. 

boar. Set t e RANGE AMPERE switc to t e pos~t~on. 
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Adjul;lt the CURRENT SUPPRESSION control until a reading 

of 0 ±5 millivolts is obtained.' 

. 4.3.4 Set" the source to·--f:OOO)JA'and the RANGE AMPERE switch to 
.;.: .... 8 

the 10 position. The volta'ge reading should be 10.0 ±0.3 

volts. Note the actual voltage measured. If this reading 

cannot be obtained, trouble should be suspected in the electro

meter circuit. 

r; 
t 

r \ . 

4.3.5 Set the Picoampe~~osource to -O.0100)JA and the RANGE AMPERE I 
switch to the 10 position. Adjust RBIS until the voltage 

reading is the same as the actual measured voltage ±10 millivolts. 

4.3.6 Then, set the source to 100.OpA and the RANGE AMPERE switch to 

the 10-12 position. Adjust RB13 until the voltage reading is 

again the same as the actual measured voltage. 

This completes the calibration of the electrometer. 

4.4 Calibration of the Picoammeter. 

4.4.1 Place the METER switch in the Zero position and check the 

balance of the electrometer. If necessary, re-ba1ance the 

electrometer as in Step 4.3.2 under electrometer. Then adjust 

R748 so that the meter needle is directly over the Zero Set 

mark near mid-scale. 

4.4.2 Temporarily connect a lOOK 1/4W 5% resistor between tie points 

TP701 and TP702. Attach the negative lead of the DVM to pin 

6. Set the source for 0.0 picoamperes. 

4.4.3 Monitor the voltage at TP702 and adjust R727 until a reading 

of 0 ±3 millivolt is obtained. Remove the lOOK test resistor. 

4.4.4 Set the METER switch to the Current position and the RANGE 

AMPERE switch to the 10-12 position. Set the source to zero 

4.4.5 

and check that the CURRENT SUPPRESSION control is set for 

o tlO millivolts. Re-adjust if necessary. 
-8 Set the RANGE AMPERE switch to the 10 position and apply an 

input current of -lO.OOnA. Monitor pin 10 of IC701 and adjust 
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R728 until a reading of 0±5 milliv_olts ,is obtained. Without 

changing the positio~ of the ,RANGE AMPERE: switch, increase the 

source to -1.000llA. Adjust R729 for a reading of -2.00 ±O.Ol 

volts at pin 10 of IC70l. Set the source' to -lO.OOnA and check 

the voltage at pin 10 of IC70l. If it is not within ±5 milli

volts repeat the adjustment of R728 and R729. 

4.4.6 If the reading is within tolerance, set the source to -l.OOOllA 

and adjust R745 for a reading of 100 on the front panel meter. 

4.4.7 Monitor the voltage at TP703 and adjust R744 until a reading 

of -8.00 ±O.Ol volts is obtained. 

This completes the calibration of the picoammeter board. 

4.5 Calibration of the Integrator. 

4.5.1 Install the extender board between the integrator}timer board 

and the chassis connector. The regulators and electrometer must 

be calibrated before the integrator is calibrated. Connect the 

negative lead of the DVM to pin 7. 

4.5.2 Monitor the voltage at pin 14. Check that the electrometer 

is balanced and that the CURRENT SUPPRESSION control is set 

to OV ±10 millivolts. 

4.5.3 Set the PERIOD switch for 10 seconds and the RANGE switch to 

h 10-8 A .. t e pos~t~on. Set the source to -IO.OOnA. Push the 

READ pushbutton to read charge. Adjust R338 for a reading of 

lOO.OnC ±O.lnC. 

4.5.4 Set the source to -l.OOOllA. Set the PERIOD switch for 10 

seconds and depress the READ pushbutton to read charge. 

Adjust R358 for a reading of lO.OOllC ±O.OlllC. 

4.5.5 Repeat the adjustment of R358 and R338 until both readings 

are within the specified limits. 

4.5.5.1 In the event these readings will not meet specifi

cations return to Step 4.3.1. 
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4.5.6 Check - with proper curr~nt inputs, check the following: 
. ' 

'Reads to' be' within ±3% and record results on Instrument 

Laboratory C~librati~n Record Card (ILCRP) • 

lOx 10-12 10 x 10-8 

100 x -12 100 10-8 10 ' x 

1 x 10-10 1 x 10 .... 6 

10 x 10-10 10 x 10-6 

100 x 10-10 100 x 10-6 

1 x 10-8 

4.5.7 Check for 11 , 22 , 44 , 88 , second time ----- ----- ----- -----
period. 

5. Calibration of the High Voltage Power Supply 

5.1 Connect the negative lead of a 0 to -1000V dc Electrostatic Volt

meter to the junction of RS16 and CS04. Connect the positive 

lead to chassis ground. 

5.2 Adjust the front panel HIGH VOLTAGE potentiometer until the 

voltmeter reads -800V dc. 

5.3 Place the meter switch in the H.V. position. Adjust potentiometer 

RS20 until the front panel meter reads -800V de. 
5.4 Vmax = ______________ V 

Turn the high voltage to maximum output and record results on ILCRP. 

6. Record 

6.1 Fill in the Regular Instrument Laboratory Calibration Record Card 

(Catalogue No. 939979) with the calibration data generated by these 

procedures. 

6.2 Fill out the QA calibration card and forward to the QA manager. 

6.3 Attach the completed quality assurance calibration sticker to the 

cabinet or rack containing the meter. 

" t
""· .,"'. 
_'"OJ 

j:

I 
.1 

:I 



;!... 

, 
'--,-
I 
-, , 

_1
-J_ -- -

:" ~ 
~. 

r-
-··'--· 

-, 
~ 
~ 

[; 
r; 
C" 

APPROVED BY 

R£ML 

APPROVED BY 

4~~ 

B-188 

QUALITY ASSt:R..';'~CE DOCL~"[E\T 

CAlIBRATION OF LOW, MEDIUM, 
AND HIGH LEVEL GANMA SOURCES 

BATTELLE 
Co1~T.bus Laboratories 

505 King Avenue 
Columbus, Ohio 43201 

Prepared by 

R. D. Flint ~ 
August 27, 1980 

Date 

APPROVED BY 

9-2.-go I~~ . 
Date 

APPROVED BY -

2-0- h ~~L 
_-.l 

IL-CP-133 
Revision 0 

q /,z.{k 
Date 

~ti';j?~ 
n"""ll~O 



IL-CP-133 i 
Revision 0; 
Page 1 of 7 

B-189 

CALIBRATION OF LOW, MEDIUM, AND HIGH LEVEL GAMMA. SOURCES 

1. Scope 

This document contains the procedure for the calibration of the Low, 

Medium, and High Level Gamma Sources. 

2. References and Standards 

2.1 The Victoreen Model 570 PreciS,ion.Dosimeter Reader, and matching 

ion chamb.er. The Victoreen Reader is returned biannually to the 

Victoreen Instrument Corporation for calibration and recertification 

traceable to the National Bureau of Standards in accordance with 

IL-CP-137, Revision O. 

2.2 Stop watch which is calibrated in accordance with HL-PP-216, 

Revision O. 

2.3 A centigrade mercury thermometer which is calibrated -in accordance 

with procedure MN-PP-223, Revision O. 

2.4 An aneroid barometer which is calibrated annually, using a transfer 

standard Paulin aneroid barometer calibrated to a Fortrin type 

mercury barometer, which is traceable to NBS by ca+ibration to the 

National Weather Bureau at Port Columbus. 

3. Operation of Model 570 Condenser R-Meter 

3.1 Charging. 

3.1.1 Turn instrument on by turning knurled control (A) toward 

zero set. Indicating light will glow red (Figure 1). 

3.1.2 Remove the chamber cap from the chamber (Figure 2). 

3.1.3 Remove dust cover from the bayonet-type socket of the R-meter. 

3.1. 4 Insert the chamber in the bayonet-type socket of the instrument 

in the following manner. 

3.1.4.1 Position chamber in socket so that contact locking 

pin fits into pin guide. 

V 
,\ 
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3.1.4.2 Press and turn chamber in socket, spring action locking 

device will hold chamber in place. The chamber is now 

making contact. 

3.1. 5 Turn knurled control (B) toward "Charge" against stop (see 

Figure 1). 

3.1. 6 Hold control (B) toward "Charge" against stop, and at the same 

time look into viewing microscope and rotate control (A) until 

string reaches the "0" position and then release the charging 

wheel (B) (see Figure 2). 

3.1.7 Remove the chamber from the socket. 

3.1.8 Replace the chamber cap over the connection end of chamber. 

3.1.9 Replace dust cover over bayonet-type socket of the instrument. 

3.2 Exposure. 

3.2.1 The chamber thimble may now be irradiated for an exposure measure

ment. The chamber may be operated in any position and inserted 

into body cavities or phantoms if suitable protection from moisture 

and contaminants such as a latex sheath is provided. By the use 

of a suitable timing device the average exposure intensity may be 

determined. 

3.2.2 Caution: Care should be exercised to avoid exposure from the 

primary radiation beam of the contact and insulator surfaces 

at the connection end of the chamber, for chambers whose full 

scale exposure range is 5 R or greater. A significant error 

can occur if this precaution is not observed. If exposure to 

this end is unavoidable, then its effects on the final reading 

should be determined and accounted for in the final exposure 

determination. 

3.2.3 In exposing the ion chamber to the sources in the medium and 

high level wells, always use the chamber adaptor to position 

the ion chamber center-line six centimeters above the surface 

of the instrument transporter. 
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1.1 This document describes the procedures for the calibration of the 
F' L Nuclear Measurements Corp. (NMC) PC3A or B Proportional Counting 

r 

f 

L 

t-

System as modified for simultaneous alpha-beta counting. 

1.2 Included in this document is a field operation check for system 

efficiency confirmation. 

2. References and Calibration Standards 

2.1 Technical Manual for the NMC Proportional Counting System. 

2.2 Technical Manual for Simultaneous Alpha-Beta Probe. 

2.3 The Hewlett Packard 3465A Digital }fultimeter or its equivalent is 

calibrated annually with a General Radio Model 1822 Digital Voltmeter 

Calibrator. The calibrator is returned annually to the General Radio 

Service Facility for recalibration, which is traceable to the National 

Bureau of Standards. 

2.4 The oscilloscope, with a sensitivity of 5 mv and a bandwidth of 30 

megahertz or better, is calibrated annually per the manufacturer's 

technical service manual. 

2.5 The Rawsen Electrostatic voltmeter (ESWf) is calibrated annually with 

a Gene~al Radio 1822 Digital Voltmeter calibrator which is traceable to 

the National Bureau of Standards. 

2.6 The 90Sr - 90y - Beta standard check source is calibrated annually by 

being compared to a 90Sr - 90y - Beta transfer Standard, which is re

turned biannually to the Eberline Instrument Corporation for recerti

fication. 

2.7 The 239pu alpha standard check source is calibrated annually by being 
239 compared to a Pu transfer Standard, which is returned biannually to 

the Eberline Instrument Corporation for recertification. 
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4.1.7 •. 2 Turn the control clockwise (cw). As you go toward the 
I 

max.imum sensitivity point, one of two things will happen:: 

4.1. 7.2.1 If the Beta count rate remains steady, set the. 

control halfway between the lower mark and 

max.imum sensitivity. 

4.1.7.2.2. If an increase in counts is observed, mark the. 

point where it starts to increase and set the 

control halfway between the lower and upper 

marks. This should cover more than half of 

the range of the control. If not, check the 

transistors in the anti-coincident discriminato 

and see the technical manual for the Simultaneo:"" 

Alpha-Beta Probe. 

4.1.8 Set the High Voltage to 1625 to 1650 volts for best rejection of 

beta pulses in the alpha counter, and this will give a count in the 

beta channel of ~ 2% alpha counts. 

4.1.9 Perform the Beta cross talk check, by inserting a 90Sr - 90y -

Beta standard source in the detector chamber (disintegration 

rate of approximately 20 Kd/m). A normal count or efficiency 

should be registered in the beta-gamma scaler, 1 cpm or less 

should be registered in the alpha scaler. In the event more 

than 1 cpm is registered in the alpha scaler, the discriminator 

thresholds should be checked. Also, check the possiblity of 

alpha contamination of the source or of the detector. 

4.2 Alpha-Beta Plateau. 

4.2.1 Turn off the High Voltage and set the Control to full ccw. 

Introduce an alpha source (239pu) into the detector chamber. 

4.2.2 Turn on the High Voltage and increase slowly above 500 volts 

until counting just begins (normally at about 700 volts). 

4.2.3 Take a one minute count at each 50 volt step until approximately 

1200 volts or until alpha counts just begin to appear on the 

alpha scaler. 
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4.2.4 Plot this alpha data on linear ~raph paper to determine the 

. shape of the plateau.. The plateau should be at least 200 volts 

long with a slope of not more than 2%/100 volts. Turn off the 

High Voltage, remove the alpha standard, and insert the l4C 

check source into the detector chamber. 

4.2.5 Turn on the High Voltage and raise to 1100 volts. This should 

be the threshold for counting for beta on the beta counter. 

Take a one minute count at each 50 volt step up to about 1900 

volts. Plot this data on linear graph paper to determine the 

shape of the plateau. This plot should be at least 150-200 

volts long with a slope of not more than 3%/100 volts. 

4.3 System Efficiency Check. 

4.4 

4.3.1 Set the timer for a count of at least 10 minutes. This will 

give a total background count on the beta-gamma scaler and 

also the alpha counter. 

4.3.2 Insert a 239pu alpha or 90Sr - 90y - Beta standard in the 

drawer and introduce it to the detector chamber. Set the timer 

for a count that will allow a total of at least 1 x 104 counts 

or more and use the following formula to calculate the effi

ciency of the system: 

A) System Efficiency in % = E 

B) Disintegrations-per-minute 

C) Counts-per-minute = c1lm 

Net elm = c 1 - bkg 

dIm 

D) Background (as determined in 4.3.1) = bkg 

E = c 11m - bkg x 100 
dim 

4.3.3 Record the results of the system efficiency check in the system 

log book and on the record card in a Quality Assurance check. 

P-10 Gas. 

4.4.1 Use P-10 gas, a mixture of 90% argon and 10% methane in the 

PC3A or B Proportional Counter. 

4.4.2 Use a two stage regulator with an output gage capable of reading 

in increments of approximately 2 psi. 

4.4.3 Set the output gage at about 5 PSI with a bubble rate of 1 per 

second. Do not use the regulator to adjust the bubble rate. 
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4.4.4 Adjust the bubble rate with the needle valve, manually or with 

the adjustments on the solenoid in the pc~r counter. 

4.4.5 Discard the P-lO tank when the tank pressure drops to 400 psi. 

4.5 Records. 

4.5.1 Fill in the Regular Instrument Laboratory Calibration Record 

(Catalogue No. 939979) with the data generated by these procedures. 

4.5.2 Record the calibration on the Q.A. Calibration Card and forward 

to the Q.A. Manager. 

4.5.3 Attach the completed calibration sticker to the PC-3A or B. 
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This document describes procedures for the calibration of the Eberline 

Alpha-5 Constant Air Monitor. 

2. References and Standards 

2.1 Technical Manual for Alpha Air Monitor Model Alpha-5. 

2.2 The Hewlett Packard 3465A Digital Multimeter is calibrated annually 

with a General Radio Model 1822 Digital Multimeter calibrator. ~ 

The calibrator is returned annually to General Radio service facility 

for recalibration which is traceable to the National Bureau of 

Standards. 

2.3 The oscilloscope, with a sensitivity of 5 mV and a bandwidth of 30 

megahertz or better, is calibrated annually per the manufacturer's 

technical service manual. 

2.4 The MP-l or the BCL crystal controlled pulse generator is calibrated 

annually in accordance with IL-CP-160 procedure., 

2.5 The plated 239pu standard source, which is used in this procedure, 

is checked annually according to Procedure IL-CP-134. 

2.6 The stop watch used in this procedure is calibrated annually in 

accordance with IL-CP~138. 

3. Inspection and Cleaning Procedure 

3.1 External visual inspection. 

3.1.1 Inspect case for external damage or defects. 

3.1.2 Clean case as needed. 

3.2 Internal visual inspection. 

3.2.1 Inspect internal components for physical damage. 

3.2.2 Check components for failure (Figures 6-1 through 6-7). 
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Clean the detector following instructions on Page 13, Section IV-A, 

Paragraph 3 of the Technical Manual for the system. 

Test the output of the power supply (+24.0 Vdc, and -10-15 Vdc). 

Test output of the 5V regulator J09H (A102) (see Figure 6-5) on 

the preamplifier board. 

Test voltage at the zener diode CR101 (see Figure 6-5) (15 V) on 

the preamplifier board. 

Test voltages on PHA board (Figure 6-7): 

Input 

Regulator All +24 Vdc 

Regulator A12 -10 to 

-15 Vdc 

Output 

+5 Vdc 

-5.0 Vdc. 

Check the pilot lamp on the front panel for proper functioning. 

Calibrate the count-rate meter following instructions on Page 13, 

Section IV B, Paragraphs 1 and 2a-3 of the Technical Manual. Use 

an MP-1 Pulse Generator, or its equivalent, and an oscilloscope. 

Adjustment of Preamp Gain 

4.1 Place a plated 239pu source in the sample holder. 

4.2 Connect an oscilloscope on the signal output of the preamplifier 

module. 

4.3 Adjust the gain control (R10B) so that a pulse amplitude of 0.70 

volts is obtained for the 239pu standard. 

5. Calibration 

5.1 Connect an oscilloscope to the junction of Cl and R1 (see Figure 6-7). 

5.2 Adjust the signal level control for a pulse height 0.44 volts for 

239pu. 

5.3 Set the window and threshold using the following procedure. 

5.3.1 Check to see that the Threshold control dial reads 0.70 when 

adjusted fully counterclockwise. 

5.3.2 Adjust the Threshold control (FP) until a maximum count-rate 

is obtained on the indicating meter. 
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Typical values for the above settings, would be a window 
"-

of 1.00 and a threshold of 4.65. The instrument would then 

count pulses .between 4.65 and 5.65 MeV, which is centered 
~ " ' 

on 5.15 MeV from 239pu. 

the detector efficiency as follows. 

5.4.1 From the standard source, use the count rate obtained in 

Step 5.3.2. 

5.4.2 Use the following formula to calculate the efficiency: 

clm 
Eff. % = 239pu dim x 100 

clm = The count-rate in counts per minute taken 

from the meter 

dim The certified disintegrations per minute o~ 

the standard 239pu source used in the check. 

Eff. = Efficiency in percent. 

6. Check Failsafe 

Hold the filter holder access door open for approximately 30 seconds. 

The failsafe relay should close and the count light should go out. 

7. Set Percent of Subtraction Control 

7.1 After the Alpha-5 constant air monitor has been operating for several 

hours, with an air pump at 1.0 CFM, adjust the percent of subtraction 

control (see R2, Figure 6-7) following the steps given on Page 14, 

Section 7, of the Technical Manual. An exception to paragraph 7.2.a.2 

in the Technical Manual--adjust the Subtract Window control for the 

desired window width, 50 millivolts on the voltmeter equals 500 KeV 

energy equivalent. 

7.2 Leave the PHA-SUB switch on only if warranted by operating conditions. 

(In a stack monitor, the subtraction circuit is not normally needed.) 

8. Alarm Delay 

8.1 The alarm delay circuit permits setting a time delay before alarm 

to prevent spurious alarms due to transients. The control range 

is approximately 1 to 30 seconds. 
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8.3 Turn on the pulse generator MP-l or its equivalent to a pulse 

repetition rate which is higher than the alarm setting. 

8.4 Start a stop watch when the recorder pointer passes the alarm point. 

8.5 Stop the watch when the Alpha-S alarms. 

8.6 Adjust the Alarm Delay control R33 on the PHA board (see Figure 6-7) 

for the desired delay interval. 

8.7 Repeat steps 8.3 to 8.6 until the desired delay is set. 

9. Record 

9.1 Fill in the Regular Instrument Laboratory Calibration Record Card 

(Catalogue No. 939979) with the calibration data generated by 

these procedures. 

9.2 Fill out the RDT calibration card and forward to the QA manager; 

9.3 Attach the completed calibration sticker to the Alpha-S constant 

air monitor. 
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L Scope 

This document describes the procedures and standards used in calibrating 

the Low Level Cobalt-60 gamma source. 

2. References and Standards 

2.1 The Battelle Columbus Laboratories standard for gamma dose rate measure

ment is a Victoreen Instrument Co. "y" meter (Model 570 Reader) and its 

associated ion chambers. 

2.1.1 The Victoreen "y" meter reader and its associated ion chambers 

are returned bi-annually to the Victoreen Instrument Company in 

accordance with Procedure IL-CP-137 and calibrated with certifi

cation traceable to the National Bureau of Standards. 

2.2 The stopwatch used in this procedure is calibrated annually in accor

dance with Procedure IL-CP-138, Revision O. 

2.3 

2.4 

2.5 

The Taylor Aneroid Barometer is calibrated annually with a Paulin 

Aneroid Barometer, which is traceable to the National Bureau of 

Standards through a Fortrin-Type mercury barometer which is calibrated 

annually with the National Weather Station Barometer at Port Columbus 

which is traceable to the National Bureau of Standards. 

The thermometer is calibrated in accordance with Procedure MN-PP-223, 

Revision O. 

Manufacturers Technical Manual Model 570 Condenser R-Meter. 

3. Calibration Procedure 

3.1 Place the appropriate range (zeroed) ionization chamber at a known 

distance in centimeters from the gamma source of radiation. Avoid 

measurements closer than 25 centimeters. 

3.1.1 Use overnite and weekend exposure times as necessary to accumu-

i late midscale readings on the ion chamber. 
~; 

3.2 Accumulate an integrated dose of approximately half scale or more if 

possible. 
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3.3 Use a stopwatch or integrated timer to measure the time the ion 

ch$llber is exposed to the source. When the exposure time has 

expired, remove the chamber from exposure to the source. 

3.4 Reading an ion chamber. 

3.4.1 Zero the "y" Meter Reader (570) in accordance with the pro

cedure in the technical manual. 

3.4.2 To read the chamber, remove the ion chamber cap and insert 

the chamber into the reader with the guide pin up. When 

chamber is in the Reader (570) rotate the chamber clockwise 

to lock it in position. (Do not remove before reading 

integrated dose.) 

3.4.3 Read the integrated dose in roentgens and record the dose 

in the Laboratory Record Book in the following format: 

3.4.4 Date - Time of - BP - TOC - Reading - B.P.T. - Corrected Corr. -
Exposure mm in R C.F. Reading R/hr. 

Chamber 
II ----= Corr. Fact. 

Dose 
Rate 
R/hr. 

Date - Month, day, year. 

R 

Time of Exposure - seconds, minutes, hours, days as appropriate. 

BP mm - Barometric pressure in mm. 

TOC - Temperature using a mercury celsius thermometer. 

BPTCF - Barometric pressure temperature. 
correction factor 

Reading in R - Reading in Roentgens. 

Corr. R/hr. - Corrected reading in R/hr. 

Chamber - # Number and energy correction factor. 

3.4.5 In the event another reading .is to be taken, rezero the ion 

chamber, replace the end cap and place next to the source for 

another exposure. 

["0°. 

1 

3.4.6 Repeat measurements. At least two readings shall be taken and 

averaged at each distance. In the event a reading after correction 
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deviates more than the ± accuracY'of the chamber, take at 

least three rea.dings and average all to arrive at a known 

dose rate at a particular distance. 

3.4.7 For long exposures, try to avoid weather conditions when there 

is a radical change in temperature' or barometric pressure 

during the measurement. 

4. Correction Of Data 

4.1 Barometric Pressure-Temperature Correction Factor. Record all 

readings and calculations in the Laboratory Record Book. 

4.2 Read and record the barometric pressure in millimeters of mercury. 

4.3 Read and record the temperature in degrees celsius. 

4.4 Use the following formula to calculate the correction factor. 

CF 1i273 + TOC, ( 760 ~ 
~ 295 -;; \?mm H~ Equation 1. Reference NBS RP424 

CF = Barometric Pressure-Temperature Correction Factor (BPTCF). 

0C = Degrees Celsius. 

Pmm Hg = Pressure of millimeters of mercury. 

4.5 Use the (BPTCF) to adjust all readings taken for these. conditions. 

4.6 The Gamma Energy correction for each ion chamber must be used to 

normalize the reading for the particular gamma energy measured. 

4.7 Use the following equation to adjust the data to R/hr in the Labor

atory Record Book. 

R/hr = (BPTCF)(R)(CFE)(Tu) 
T 

R/hr = Roentgens per hour. 

BPTCF = Equation 1. 

R = Reading in Roentgens. 

Equation 2. 

CFE = Chamber correction factor for gamma energy. 

Tu = Units per ,hour as in T. 

T = Minutes, seconds, hours as appropriate. 
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5.1 Use semhloggraph paper to plot data points distance in the "y" 
axis and R or mr/hr on the "X" axis. 

5.2 Four data points, or more, shall be plotted on the curve to be used 

to establish other readings for use on the instrument calibrations 

table. 

6. Record 

6.1 Fill in the Regular Instrument Laboratory Calibration Record Card 

(Catalogue No. 939979) with calibration data generated by the pro

cedures. 

6.2 Fill out the QA calibration card and forward to the QA Manager. 

6.3 Attach the completed calibration sticker to the source shield. 
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1. Scope 

B~223 

"of 

PROCEDURE FOR GAMMA RESPONSE CALIBRATION OF 
MODEL 2271 TLD SYSTEM. AND MODEL 2000-B INTEGRATOR 

This document describes procedures for the gamma response calibration of 

the 2271 TLD System and Model 2000-B Integrator. 

2. References and Standards 

2.1 Technical Manual for the calibration of the Model 2271 TL Detector/ 

Dosimeter Identifier. 

2.2 Procedure for the calibration of high level gamma sources IL-CP~13l. 

2.3 Procedure for the calibration of the Victoreen "y" meter and associated 

ion chambers IL-CP-137. 

2.4 A group of standard cards selected from the group of cards in use. 

3. Inspection and Cleaning 

3.1 Inspect Card Loader for excessive dirt and dust and clean as necessary. 

3.2 Open front of the 2271 Reader and clean the card channel, "T" bars and 

photomultiplier window using a cotton swab and methanol. 

3.3 Clean the "Hot Finger" using a cotton swab and methanol. 

3.3.1 In the event the "Hot Finger" is excessively dirty, use a small 

amount of 1.0 micron magnesium oxide powder (MgO) mixed with 

methanol. Do not use more than necessary amount of abrasive 

cleaning to avoid scratching the platinum surface of the "Hot 

Finger". 

4. Calibration Procedure and Adjustment 

4.1 Turn on the nitrogen flow to 5 SCFH and allow 10 minutes of purge 

time before each days operation. 

4.2 Before and after each day's operation of the system, take the following 

series of readings on the card reader without cards: 

1. 4 - Background with heat. 

2. 4 - Background without heat. 

3. 4 - Reference light with heat. 

4. 4 - Reference light without heat. 

I·· 
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4.3 Record and compare this data with the data base from previous 

readings. If the data is within the 95% confidence level (2 sigma) 

of the data base, proceed to Step 4.4 with the normal calibration 

check. If not, call a qualified instrument technician to check and 

adjustor repair the system and return to Step 4.2. 

4.4 If a monthly calibration check is due, proceed to Step 4.6. If 

4.5 

the daily operational check is to be performed, proceed to Step 4.5. 

Daily operational check. 

4.5.1 Load a minimum of 5 standard cards and anneal. 

4.5.2 Reload and turn on the 90Sr Calibrator Timer at 6.6 seconds, 

open the shutter and spike the cards to IOOmr, and read the 

cards. 

4.5.3 Average the readings of TLD-1 and TLD-2 separately and compare 

the TLD-2 average with the data base. If the TLD-2 average is 

within the 95% confidence level (2 sigma), proceed to Step 4.7; 

if not, notify a qualified instrument technician to check and 

adjust or repair the system and return to Step 4.5.1. 

4.6 Monthly Calibration. 

4.6.1 Select 10 standard TLD cards from the select group of 20 

previously selected. 

4.6.2 Zero (anneal) the selected 10 cards by passing them through 

the system. 

4.6.3 Expose this group of cards to a calibrated gamma source to 

a total exposure of 100mr or other designated level appropriate 

:: for the system application. 
~ 

~. 

I 
I 

4.6.4 Read TLD-1 and TLD-2 (both chips) in each of the standard cards. 

4.6.5 Calculate the average of the TLD-1 and TLD-2 readings separately. 

4.6.6 Change the photomultiplier tube high voltage (See Model 2000-B 

Integrator) as required to make the corrected average of TLD-2 

standard dosimeters equal to the exposure. To do this use the 

reference light reading and Equation 1 as follows: 



IL-CP-175 
Revision 0: 
Page 3 of 3 

B-225 

Equation 1 . 

Ll - present reference light reading. 

LZ = new value of the reference light. 

E = exposure in mR. 

R = average corrected reading in nanocoulombs or mr. 

4.7 During normal operation of the TLD system when 20 or more badges are 

being processed, intersperse two or three standard cards in the group 

and place one standard card at the end of the group. Prespike the 

standard cards to a level in the region of interest. 

4.7.1 The readings from the standard cards will serve as a process 

check of the system stability and reproducibility, and aid in 

data correction in the event of a calibration shift during 

the readout of the TLD badges. 

5. Records 

5.1 Record all data from the calibrations in the system Laboratory Record 

Book. The data may be trimmed printout sheets attached to the book 

with the Laboratory Book number, page number, and date of calibration 

written on the calibration data sheet. 
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1. Scope (1) 

This method covers the spark source mass spectrographic analysis of uranium, 

plutonium, and mixed uranium-plutonium ceramic fuel materials. Because of its 

extreme sensitivity, it may be the most practical method for determination of 
certain impurities whose concentration is below the detectable limits of other 
spectrographic methods. 

2. Abstract 

Spark source mass spectroscopy (8SM8) is the most convenient method for 

determining impurity elements in fuel materials which occur in low concen- b 

trations. Detection limits for most elements are in the parts-per-billion 

(ppb) range in fuel materials. The procedure consists of forming the sample 

into rods with a cross-sectional area of 0.0323 to 0.06452 cm2 (0.005 to 

0.01 in. 2) and a length of about 1 to 1.25 cm (approximately 0.5 in.). A 

radio frequency (RF) spark is generated between two such rods in a high-

vacuum chamber. The ions formed .in the spark are focused, according to 

mass-to-charge ratio, on a photographic plate. The densities of the re

SUlting lines are compared with standard or with minor isotope lines of 

the matrix materials. Accuracy and precision vary with the method of data _ 

interpretation and the concentration of the impurities. 

3. Apparatus 
""" 

(1) 

3.1 Balance, analytical (calibrated). 

3.2 Beakers, TFE Fluorocarbon. 
3.3 Darkroom equipped ~ith photographic developing and plate drying equipment .. 

3.4 Press and dies for sample rod production. 
3.5 Microphotometer. 
3.6 Photographic plates - Ilford QII • 

. 3.7 Plate viewer, 
3.8 Shaker. A Wig-L-Bug has been found satisfactory ~ 

3.9 Spark-Source Mass Spectrograph. A spectrometer type MS-7 or MS-702, f-

made by Associated Electrical Industries Ltd., has been found satistac-

tory. 

ASTM Standard Methods C-696, C-697, C-698. Annual Book of ASTM Standards, 
Part 32. These methods deal with analyses of nuclear-grade uranium dioxide, 
plutonium dioxide, and mixed uranium-plutonium dioxide powders. 

~ 
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3.10 Vials, plastic. 

3.11 Polyethylene die plugs. 

4. Reagents and Standards 
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4.1 Darkroom supplies, developer, short-stop and fixer appropriate for 

plates used. 

4.2 

4.3 

4.4 

Graphite powder, spectrographic grade - UCPl (micro-mesh) and SP1C 

have been found satisfactory. 

Standards, New Brunswick Laboratory U308 spectrographic standards. 

Standards, synthetic, made by known addition of impurity elements to 

] high-purity U30S, Pu02 or mixed matrix materials. 

] 

! 
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5. Procedures 

5.1 Prepare and load samples in a clean, glovebox environment. 

5.2 Sample Preparation 

5.2.1 If materials other than oxides are to be analyzed, convert to 

oxides by oxidation in oxygen saturated with water vapor at 

5.2.2 

5.2.3 

950 + 500 C for 1 hr. The oxide remaining after the pyrohydrolysis 

process used for analysis of chlorine and fluorine can be used for 

this analysis. 

Reduce the oxide powder and sieve through a 200-mesh nylon sieve. 

Weigh to the nearest 1.0 mg about 150 mg of the oxide powder. 

To the same accuracy, weigh an amount of UCPl graphite equal to 

30% of the oxide sample weight. Transfer both oxide and graphite 

to a plastic vial and add two Lucite balls. 

5.2.4 Mount vial on a Wig-L-Bug and mix for 30 seconds. 

5.2.5 Load 40-50 mg of the mixture into the closed end of the polyethylene 

die cavities, then finish filling the cavity with SPIC graphite. 

Press the mixture into a rod by applying a pressure of about 20,000 

Pa (100,000 psi) for about 10 seconds. 

5.2.6 Remove the rod from the die. 

5.2.7 In a similar manner, prepare rods containing standard sample. 

5.2.8 The sample is now ready for loading into the instrument. 
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5.3 Sparking the Sample 

5.3.1 Detailed instructions for operating the SSMS should be followed. 

5.3.2 The following procedures apply to both standards and samples. 
5.3.3 Load two sample rods, each approximately 1 to 1.27 em (approximately 

5.3.4 

.5 in) long, counter to each other in the ion source of the mass spectro
graph. (If only one sample rod is available, load it counter to a high-

purity silver or gold electrode.) Evacuate the ion source to a pressure 

of approximately 13.3 to 133 ~ Pa (10- 7 to 10- 6 torr). 

When the pressure is low enough, spark the samples so that an ion beam 

is generated. Instrument parameters are: 

Accelerating voltage, kV 20 

RF Voltage, kV -30 

Magnet Current, rnA 305 (105 for Li and B) 

Source Pressure, ~Pa (torr) 13.3-133 (10- 7 to 10-6 ) 

Analyzer Pressure, ~Pa (torr) 1.33-13.3 (10- 8 to 10- 7) 

Spark Repetition Rate, 
pulse/sec 

Spark Duration, ~S 

10 to 300 
25 to 100 

5.3.5 The ion beam produced is measured electronically by intercepting 50% of 

the beam before separating according to mass-to-charge ratio. By use of 

the electronic monitor, a series of graded exposures are made on a photo-' 
graphic plate. These exposures should include standard sample. 

5.3.6 Approximate exposures needed for specific detection limits are: 

Detector Limit 

1 to 3 ppb, atom 

10 ppb, atom 

100 ppb, atom 
1000 ppb (1 ppm), atom 

10 ppm 

5.4 Developing Plates(2) 

Exposure in Coulombs 

1 x 10- 6 

1 x 10- 7 

1 x 10- 8 

1 x 10- 9 

1 x 10-10 

5.4.1 Remove exposed photographic plate and transfer to the darkroom. 

5.4.2 Process the plate as follows: 

Develop - 3 min, 
Short stop - 30 sec, 

Fixer - 3 min, 
Dry 5 min. 

(2) For detailed treatment of photographic processing see ASTM Recommended Practice 
E-115, "Photographic Processing in Spectrochemical "Analysis", Annual Book of 
ASTM Standards, Parts 30 and 32. 
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,J 6. Calculations 
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6.1 Visual Estimation of Line Density 

6.1.1 Visual estimation of line density is used for all low-level 

impurities « 1.0 ppm, 2 atomic) and for many high-level 

impurities. This type of interpretation usually gives data that 

are accurate within a factor of two. This calculation is: 

6.1. 2 

6.1.3 

PS = ~ . /E ) x (A , percent/lOO)x (I , percent/laO) x 106 
m~n max s s 

where 

PS plate sensitivity, 

E. = shortest exposure on plate, ne, 
nun 

E longest exposure on plate, ne, 
max 

A = concentration of chosen internal standard in atom 
s 

percent, and 

I 
s 

isotopic abundance of the chosen internal standard element. 

Then: 

C. = PS x (E lEd ) x (100/1., percent) 
1 max et 1 

where 

c. = concentration of the 
1 

impurity in ppm atomic, 

PS plate sensitivity, 

E longest exposure on plate, ne, max 
E det shortest exposure on which impurity isotope can be 

detected, and 

I. = isotopic abundance of the chosen impurity isotope. 
1 

Now: 

w. C. x (Ia/Ma) 
1 1 

where: 

W. concentration of the impurity in ppm mass, 
1 

C. 
1 

concentration of the impurity in ppm atomic, 

I = atomic mass of impurity, and 
a 

M = a 
average atomic mass of the matrix. (When mixed, pressed 

samples are used, it is necessary to correct for any impurities 

in the graphite.) 
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6.2.1 When more accurate and precise values are required, it is 

necessary to measure the line densities on the photoplate with 

a microdensitiometer. The line transmission is measured and 

converted to optical density or Seidel density (Refer to AS!}1 

Recommended Practice El16 (3). From a previously established 

emulsion calibration curve an intensity value may be obtained 

from the measured transmission. From the measured line densities, 

composition may be obtained two ways. 

6.2.2 When a standard having the same ratio of oxide to carbon and 

containing the same impurity elements as the sample is available, 

then under the same conditions of exposure: 

c
1
. = (I / I ) C 

u s s 

where 

C. = concentration of the 
1 

I = density or intensity 
U 

I = density or intensity s 
C concentration of the s 

impurity in the sample 

of the impurity line in the sample 

of the impurity line in the standard 

impurity in the standard. 

6.2.3 Second, if the calculations are based on standard impurity 

elements other than those desired, the calculation becomes: 

C. = (D./D ) (As, percent/IOO) (I , percent/I., percent) x 
1 1S S 1 

(E /E.)(S /S.) (M./M) 
s 1 s 1 1 S 

where 

c. = concentration of the impurity in the sample, in atom percent 
1 

D. = density or 
1 

intensity of the impurity line 

D = density or intensity of the standard line s 
A = concentration of the standard, in atom percent s 
I = isotopic abundance of the standard isotope s 
I. isotopic abundance of the impurity isotope 

1 

E = exposure at which the standard line is measured, ne 
s 

E. = exposure at which the impurity line is measured, ne 
1 

(3) For detailed treatment of photographic photometry see AS'lM Standard Recommended 
Practice E1l6, "Photographic Photometry in Spectrochemical Analysis", Annual Book 
of ASTM Standards, Part 32. 
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element 

element, and 

and M = s sing1e-to-mu1tiple charge ratio for the two 

elements in question (preferably 1). 

7.1 Calculations and/or computer printouts will be cross-referenced within 

the Laboratory Record Book. 

8. Reliability 

8.1 Precision and Accuracy. Use the microdensitometer method for reading 

the U30S' PuOZ and (U,Pu)OZ sample films. The precision of the technique 

.isequal to or less than:t 50 percent relative at the 95 percent confidence 

level. This precision is applicable to all specification limits set forth 

for each impurity. Since standards are to be used, the accuracy is com

parable to the precision. 
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This document describes the procedures used in the Section 585 Radiochemistry 

Facility for preparation of soil samples for radiochemical analysis. 

2. Purpose 

The purpose of this document is to describe the procedures used to prepare 

and homogenize soil samples prior to radioanalysis by Radiochemistry Facility 

personnel. 

3. References 

HASL- 300, HASL Procedures Manual, "Soil Sampl ing" • 

4. Equipment 

4.1 B1euler Rotary Mill 

4.2 Hardened Steel Sample Cups 

4.3 Metal Spatulas and Scoops 

4.4 Pyrex Dishes 

4.5 Single Tier Jar Mill 

5. Soil Sample Preparation 

5.1 Spread samples out in Pyrex dishes to allow air drying. 

5.2 Break up soil aggregates consisting vegetation or root mats. 

5.3 After samples have fully dried, remove rocks and set aside. 

5.4 Pass portions of the sample through the Bleuler Rotary Mill until the 

entire sample has been pulverized. 
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5.5 After pulverizing, transfer the sample to a wide mouth polyethylene 

bottle. The pulverizer used will reduce all samples to less than 

20 mesh and sieving is not required for radiochemical analyses 

where particle sizes of approximately 10 mesh are required. Spot 

check the samples to ensure that pulverization has been completed to 

10 mesh or better. If a specific particle size or particles 

.smaller than 10 mesh are required, sieve the samples with a set of 

standard screens. 

5.6 Blend complete sample for about 30 minutes on a jar mill. The mill 

used h~s adjustable rollers to allow accomodation of various sizes 

of containers. The samples may be blended without removal from 

their polyethylene bottles. 

5.7 After homogenization of the sample, aliquots of needed quantities 

may be removed for analyses. 

!' 

" i 
! 



'f
'·,O,,' r 

J 

'f~,',', . ' , 

f' 
L 

[ 
r . 
l. 

r 

APPROi/t:D BY 

AP?RO':t::D BY 

B-236 

QUALITY ASSURANCE DOCUMENT 

RADON COUNTING PROCEDURE 

BATTELLE 
Columbus Laboratories 

505 King Avenue 
Columbus, Ohio 43201 

Prepared by 

V~~----~ ~ . s. Aus~us 

February 12, 1980 
Date 

2-l.1-,9() 
Date 

APPROVED F.Y 

---------------=--:---Date 

NS-NS-U3 
Revision 0 

z/z.tl h 
Date 

I Date 



NS-NS-ll~ 
Revision L 
Page 1. of : 

B-237 

R,bJlQN COUNTING PROCEDURE 

1. Scope 

This procedure describes the method of analyzing a gas sample for radon. 

2. Purpose 

The purpose of this document is to establish a valid procedure for analyzing 

samples for radon and establish the validity of the generated data. 

3. Standard 

3.1 Alpha Scintillation Standard, Model ASR 125, Serial No. SIN 771222-4. 

4. Equipment 

4.1 Randam Scintillation Counter SC-s. 

4.2 Randam Scintillation Cells, Model ASC 125, Volume 125 mI. 

4.3 VaCUUlTI pump. 

4.4 Vacuum Thermocouple gauges. 

4.5 Tank of helium. 

5. Random Counter Calibration and Standardization 

5.1 Set the Randam Counter gain at 830. 

5.2 Set the Randam Counter threshold at 100 and turn power on. 

5.3 Set the count time at 1,000 minutes, the reset-count switch to "Count" 

and count the machines background overnight. 

r' 
i 

{ 
I 
I.. 

5.3.1 Record the machine background in counts per minute, date and loca: 

tion of Counter . 

.5.3.2 Set the reset-count switch to "Reset". 

5.4 Place the stanqard cell (Section 3.1) in the Counter sample holder and 

attach the ground wire to the pin on the standard cell. Replace the 

Counter black tube cap over the standard cell. 

5.5 Set the Counter timing device to 2 minutes. -

5.6 Wait 5 minutes. 
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5.7 Turn the reset-c,ount switch to "Count" . 
. ,,- " 

5.8 At ~hc end of the 2 minute count. record the standard cell count and 

turn the reset-count s\~itch totl~es-=ttl; and remove the standard cell. 
";-):":'.:' .,.' ,'. '-\ 

5.9 If the .standard cell count is in agreement \,l'ith ,the cell certification 

count (+40.000), the Randam Councer is calibrated and ready for use. 

5.10 If the Randam Counter does not calibrate with the standard cell, repair 

the machine and return to step 5.1. 

6. Rand am Counter Sample Counting 

6.1 Check the maehine background and calibration prior to the initial count 

as per Section 5. 

6.2 Recheck the Randam Counter background for 2 minutes following the. 

calibration. 

6.2.1 Follow steps 5.1. to 5.3 except time. 

6.3 ' Check a blank sci,:ltillation cell by the procedure described for the 

standard cell in steps 5.4 to 5.B. 

6.4 Recheck the Randam Counter background as per step 6.2. 

6.4.1 If the background counts fro~ steps 6.1, 6.2, and 6.4 are consis

tant, the Counter does not concain residual radon and is ready to 

count the sa.'1lple. 

6.4.2 If the b<:ickground COU:1ts are inconsistant, continue counting 

blanks and background until consistancy of counts is established. 

6.5 Place the scintillat:ion cell containing the sample in the Randam Counter, 

connect the ground wire to the pin on the cell and replace the black cap 

over the sample cell. 

6.6 

6.7 

6.8 

6.9 

Hith the Randam Counter gain set at 830. the threshold set at 100. set 

the timing device to 10 minutes. 

t.Jait 5 minutes. 

Set the reset-count s\l1itch to "Count". 

If the analysis counts are > 10 above background of the Randam Counter 

and blenk scintillation cell. the run is complete. Proceed to Section 7. 
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6.10 If the analysis counts are < 10 above backgrounc of the Random count! 

and blank scintillation cell, set the timer to 20 minutes, reset tht1 

Randam Counter and retl!rn the reset-count s\~iich to "Count". 

6.10.1 ' The analysis is ~omplete after the 20 mirilite count. 

6.10.2 Total the data from the 10 and 20 minute counts. 

6.10.3 Proceed to Section 7. 

7. Calculations of pCi/liter Radon 

7.1 Divide the total counts by the counting time to obtain counts per 

minute. 

7.2 Subtract the background counts per minute of the Randam Counter and 

blank cell from the sample counts per minute to obtain actual counts 

per minute of the sample (CPN). 

7.3 Divide the CPM by the percent accuracy of the Randam Counter (0.85). 

7.4 Divide the corrected CPN by 2.2 to determine pica curies (pCi). 

7.5 Nultiply the pica curies by 8 to obtain pCi/liter. 

7.5.1 The scintillation cell contains 1/8 liter. 
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1. Scope 

B-241 

SAMPLE PREPARATION AND ANALYSIS FOR 
RADIONUCLIDES IN ENVIRONMENTAL MEDIA 

1.1 This document describes the preparation and analysis of environmental 

samples obtained at the DOE-Niagara Falls Site for gamma and alpha 

spectroscopy of their radionuclide content. 

2. Purpose 

2.1 The purpose of this document is to describe the sample preparation and 

analysis for radionuc1ides present in environmental media which are 

believed to be contaminated. 

3. Applicable Regulations and Standards 

3.1 Analysis of Soil, NRC Regulatory Guide 4.5. 

3.2 Proposed EPA Regulations (FR 45(79):27366-27368; 27370-27375, 1980). 

4. Summary of tlethods 

4.1 Bulk samples containing 100 to 1000 g of solid material or 100 to 

r 

500 cc of liquid volume are analyzed by high resolution gamma spectro

scopy. Natural gamma emitters (40K; uranium and thorium series nuclides)' 

transuranics and fission products are identified. Samples will be radio

chemically separated and analyzed by alpha spectroscopy. 

5. Preparation of Solid Soil Samples for Gamma Spectroscopy 

5.1 

5.2 

Samples of surface soil, coring, or sludges from drainage ditches 

or marshy areas are transferred to disposable aluminum containers. 
o a Samples are placed in an oven at 125 C ± 10 C and baked until dry 

(4 hrs). Dried samples are ground using a mortar and pestle. 

5.3 Ground samples are sieved and reground until at least 101 grams, if 

available, are obtained which pass through a 20 mesh sieve. 

5.4 A l.00 ± .02 gram sample is transferred to a sealed vial for disso'lution 
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and isolation of 2l0po , if 2l0pb is not present in sufficient 

amounts to be determined by gamma spectroscopy. 

NS-NS-llS 
Revision 0 
Page 2 of 6 

5.S A 100 gram sample (or the remainder of the sieved sample if it is 

less than 100 grams) is carefully weighed to four significant figures 

into a Marinelli beaker and sealed. The sample is now ready for 

counting. 

Preparation of Water Samples for Gamma Spectroscopy 

6.1 Suspended solid material is removed by centrifuge. 

·6.2 A 489.0 ± 0.1 gram sample (the same weight as the Marinelli water 

] standard) is transferred to a Marinelli beaker usin8- 13- tared balance. 

] 

J -
] 

] 

] 

] 

J 
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J 

6.3 The beaker is sealed and is ready for counting. 

7. Alpha Spectroscopy 

7.1 Determination of 2l0po by Alpha Spectroscopy. 

7 1 1 F 1 · h' h h 2l0pb .. . bIb t .. or samp. es 1n w 1C t e act1v1ty 1S e ow a ou 

40 pCi/g as determined by gamma spectroscopy it is necessary 
210 210 to determine Pb by counting of the Po daughter using 

alpha spectroscopy. 

7.1.2 A 10 pCi 208po tracer is added to 1 gram of a soil sample 

before chemical fusion. 

7.1.3 The solution from the fusion may be treated with BaC12 to 

h d 1 h h h . 'f 234Th precipitate T an Ra a t oug t is 1S unnecessary 1 

and 226Ra are not to be determined by alpha spectroscopy. 

7.1.4 208po and 2l0po are removed from the solution by electroplating 

onto a platinum anode to stir the solution. 

7.2 Dissolution of Solids. 

7 2 1 F d .. f 2l0p . 1 . d 1 b 1 h t .. or eterm1nat10n 0 0 1n so 1 samp es yap a spec ro-

metry, the samples must be completely dissolved, then electro-
208 

chemically plated onto a Pt disk for counting. A Po tracer 

and Pb-Bi carrier are added so that recoveries can be determined 

and to reduce loss of activities on container walls. 

7.3 Apparatus. 
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7.3.1 100 ml Teflon FEP beaker. 

.7.3.2 250 ml Pyrex Erlenmeyer flask. 

7.4 Reagents. 

7.4.1 Hydrochloric Acid l2N, 3N. 

7.4.1.1 l2N - 37% HC1, sp. gr. 1.18. 

7.4.1.2 3N - Dilute 400 ml of the 37% reagent with 

1200 ml deionized water. 

7.4.2 Hydrofluoric acid, 49%. 

7.4.3 Lead-Bismuth Carrier, 0.1 mg Pb/mi. 0.1 mg Bi/ml. 

Used to reduce loss of lead and bismuth radioisotopes 

on container walls by providing a quantity of lead and 

bismuth to be carried through subsequent steps. 

7.4.3.1 Preparation. 

Dissolve approximately 100 mg each of high 

purity lead and bismuth metal in 1:3 HN03• 

Add 17 ml HCI04 and heat to fumes of HCI04 
to remove HN0

3
. Dilute to 1 liter with de

ionized water. Store in a polyethylene bottle. 

7.4.4 Nitric Acid, 70%, 1:3. 

7.4.4.1 70% - 70% HN03 
7.4.4.2 1:3 - Dilute 25 ml 70% HN0 3 with 75 ml water. 

7.4.5 Perch10ric Acid, 60%. 

7.4.6 2l0Poionium tracer approximately 100 pCi/ml. 

7.4.7 Potass ium Metabisulfite, 25%. 

7.4.7.1 Dissolve 300 g potassium metabisulfite in 

900 ml deionized water. 

7.4.8 Potassium sulfate, reagent anhydrous powder. 

7.4.9 Sodium sulfate, reagent anhydrous powder. 

7.4.10 Sulfuric Acid, 95%. 

7.5 Dissolution Procedure. 

7.5.1 Pipet 1 ml of Pb-Bi carrier and 1 ml of 2l0po into a 

Teflon FEP beaker containing approximately 1 g of sample. 

7.5.2 Add 1 ml 70% HN0 3, 1 ml 50% HCI04 and 10 ml 49% HF. Heat 

to fumes of HCI04 but do not bake. While wet ashing, 
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examine sample for black residue. Add several drops of 

70% RN0
3 

if black residue is present to avoid violent 

reaction of HCI0
4 

with organic mate,rial. 

7.5.3 Add additional 5 ml 49% HF and heat to fumes of HCl04 
again. If solution appears very dark, add several 

drops of 70% RN0
3 

while heating. 

7.5.4 Add 5 ml 95% H2S04 while swirling beaker continuously. 

Continue hearing 10 minutes after fumes of HCI0
4 

or 

H2S04 until solution no longer wets the sides of the 

beakers. 

7.5.5 Collect isolated droplets by rolling solution around 

inside of beaker. Transfer solution quantitatively 

NS-NS-1l5 
Revision ° 
Page 4 of 6 

to a 250 ml erlenmeyer flask containing 4.5 g of K2S04 . 

7.5.6 Without delay heat to a pyrosulfate fusion. A quantity 

of yellow solid, prL~arily iron sulfate, will not dissolve 

in the K2S04 fusion. 

7.5.7 Add 2 g of Na2S04 to aid solubility of iron sulfates and 

heat until sample is completely dissolved. Cool to room 

temperature. 

7.5.8 Dissolve pyrosulfate cake by boiling with 25 ml 3N HCl. 

After dissolution add 15 ml deionized water, 1 ml 25% 

potassium metabisulfite and boil 2-3 minutes to destroy 

phosphates. 

7.5.9 Sample dissolution is now complete. Submit solution for 

BaC12 precipitation. 

8. Analysis 

8.1 Gamma Spectroscopy. 

8.1.1 Gamma Analysis of Environmental Samples. 

8.l.l.l Samples are counted with the GeLi detector only as long 

as necessary to provide quantitative information for the 

nuclides of interest. Thi~ may be as short as 100 seconds 

for very active samples dominated by a single species up 

to 15,000 seconds for very low level samples. It is not 
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8.1. 3 

8.1.4 
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necessary, in general, to count for longer periods 

on samples near background levels since the spectrum 
40 

will be dominated by nuclides such as K and daughters 

of natural 232Th and 238U. 

Raw da-ta is stored on disk for future recall if necessary. 

Data is analyzed using two different analysis routines provided 

by Ortec. Neither is completely satisfactory, and corrections 

need be made. 

Correction of the Ortec analysis is necessary for samples either 

enriched or depleted in uranium. These are easily recognized 

from relative intensities and corrections are made to the 23sU 
. . 233 226 235 

act~v~ty due to Ra interference and Ra for U not present 

in natural or secular abundance. 

8.1.5 Correction is sometimes required for insufficiently resolved 

doublets. 

8.1.6 Great care is taken in analysis of the data to ensure as great 

an accuracy as possible within the limits of counting statistics 

by correlational calculations of secular relations. 

8.1.7 Activities of nuclides are reported in pCi/g and are corrected 

for internal sorption effects based on standards calibration. 

8.2 Alpha Spectroscopy. 

8.2.1 Electroplating is carried out using a Sargeant Slomin apparatus. 

A potential of 1.4 volts is used and a plating time of two hours. 

8.2.2 Disks are mounted on holders using double stick tape and inserted 

into the spectrometers. 

8.2.3 

8.2.4 

Samples are counted for 10 hours if the 210po activity is very 

low «5 pCi/g). Otherwise, a 7-8 hour count is sufficient. 
210p d h 2l0pb ' d . db' f h 2l0p o an ence ~s eterm~ne y compar~son 0 teo 

. 208 
peak with that of the Po tracer. 

8.2.5 Correction is made for the detector response at the energies in 

question as determined by co-electroplating and counting known 
.. f 2l0p d 208p quant~t~es 0 0 an o. 

8.2.6 Determination of 2l0pb directly from gamma spectroscopy is pre

ferred since the alpha spectrum is much more sensitive to sorption 
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and scattering effects. 210 This can be employed where Pb is 

present at levels greater than 40 pCi!g. 

9. Reliability 

9.1 Procedure accuracy depends primarily on the accuracy of radio

isotopic standards used in system calibration and procedural 

crosschecks. Precision of a measurement depends primarily upon 

duration of counting time. Intercomparison of results obtained 

with selected alpha spectroscopy methods will be obtained via 

Robert Lieverman, EPA, Montgomery Ala. and Robert vlynveen, ANL, 

Chicago, Ill. 

10. Special Precautions 

10.1 Laboratory personnel will be required to wear protective clothing 

during all operation performed in "Active Laboratories". Survey 

meters shall be required for periodic personnel and facility moni

toring for all operations. 
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1.1 This document describes radio analytical instrumentation and standards 

for the determination of radionuclide contaminations in environmental 

media. 

2. Purpose 

2.1 The purpose of this document is to describe analytical instrumentation 

and standards appropriate to the identification and quantification ~f 

radionuc1ides present in environmental media which are believed to 

be contaminated. 

3. Applicable Regulations and Standards 

3.1 Analysis of Soil, NRC Regulatory Guide 4.5. 

3.2 Proposed EPA Regulation (FR 45(79):27366-27368; 27370-27375, 1980). 

4. Standards 

4.1 Gamma Spectroscopy Standards 

4.1.1 Mixed Radionuc1ide Gamma-Ray Emission-Rate Point-Source 

Standard, National Bureau of Standards SRM 42l6E. 

4.1.2 Mixed Radionuc1ide -- Marinelli Sand (soil) Standard; 

APT, Inc., SRS-117C9A-ll, 743.26 grams sand containing 

0.11168 gr NBS mixed Radionuclide Solution Standard 

SRM 4245-B. 

4.1.3 Mixed Radionuclide -- Marinelli Liquid (water) Standard; 

APT, Inc., SRS-117C5A, 489.32, grams ("'500 ml) containing 

0.10694 gr NBS mixed Radionuclide Solution Standard 

SRM 4254-B. 
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4.1.4 River Sediment, NBS, SRM 4350. 

4.1. 5 43 grams of standard pitchblende' obtained from C. Sill. 

Alpha 

4.2.1 

4.2.2 

4.2.3 

This pitchblende has be~nshoWn to be in secular equilibrium 

be repeated analysis at cooperating laboratories. 

Spec~roscopy Standards 

Uranium isotopic standard NBS SRM U-050, U-200. 

~S Am-241 Alpha Particle Standard SRM 4904-E. 

NBS Pu-239 Alpha Particle Solution Standard SRM 4331. 

4.2.4 Po-210 Solution Standard. 

4.2.5 All weighings will be made on calibrated balances; all 

volumetric pipets and flasks. 

5. Instrumentation 

5.1 An EG&G Ortec series 7044 data acquisition and analysis system 

will be used for radionuclide identification and qualification. 

The system features an independent memory MCA connected via a 

high speed interface to a standard DEC PDP 11/34 computer (dual 

hard disks, 32 K work MOS memory). The computer acts as a central 

data reduction location allowing simultaneous data acquisition and 

analysis from both gamma and alpha spectroscopy systems. Individual 

components of the system include: 

5.1.1 The High Resolution Gamma Spectroscopy 

5.1.1.1 Detector is lithium drifted germanium Ge(Li) 

with minimum 22 percent efficiency (relative to 

3 x 3 NaI(tl)), minimum resolution of 2.3 keV 

and minimum peak to comption of 40:1; all specified 

for the 1332 keV peak 60 of Co. 

5.1.1.2 Marinelli beakers for bulk samples triple the 

counting geometry of a cylindrical sample or 

cut the counting time by a factor of three. 

I,. ~.'. 
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5.1.2 The shield is cylindrical to place the detector sample 

near the geometric center of the interior for minimum 

backscatter distortion. The four-in~h (10 cm) cast, 

lead construction with minimized detector neck clearance 

reduced background one hundred fold. Copper and cadmium

interior liners (grading) reduce the lead K X-ray 

fluorescence by greater than 95 percent. The interior 

dimensions are 302 rom diameter by 378 rom long. Counter

balanced butterfly lids provide easy access to the entire 

interior diameter. In the closed position all shield joints 

are baffled. The shield occupies a small floor space 

(4 ft
2

) and has a total weight of 2450 lbs. (1.11 metric 

tons) . 

5.1.3 Alpha spectroscopy measurements are performed with 450 

mm
2 

Ruggedized™ low background silicon surface barrier 

detectors. Maximum detector FWHM resolution is 25 keV 

for 5.486 Mev a's; efficiency at 5.486 Mev 1-1/2' diameter 

sample, 1 mm spacing is >25 percent. Background is less 

than 20 counts/day above 3 Mev. 

5.1.4 The alpha spectrometer is equipped with a stainless steel 

vacuum chamber with a sample holder adjustable from 1-15 mm 

spacing from detector face. Vacuum is achieved with a 
~ 
1 2.2 cfm mechanical pump (blank off pressure <20 microns). t ". 

5.2 

5.1.5 High grade, spectroscopy amplifiers (Ortec 572) are 

used with both spectroscopy systems. These amplifiers 

provided pulse pileup rejection for minimum distortion 

of the photon and timing information from the detector 

and a high voltage supply for the detector bias. 

A Beckman Wide-Beta II planchet counting system is used for gross 

a and S radiation measurements from prepared samples. Detectors 

include a 2" gas flow proportional detector with a 500 llg/cm
2 

window. Detector efficiency is 30 percent for C-14, 57 percent 

for Sr-90, and 34 percent for Am 241. A minimum of 4", copper 
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lined, low level lead shielding in all dire!=tions and a cosmic radiation 
' .. '! r"", . 

detec.tor reduces background to typically less than 2 cpm. The Widebeta 
. . . ,"., .~, ::' :-':-.. - ~-. 

II is equipped with a random a~cess automatic sample changer to accomo-

date up to 100 sample planchets and can be preprogrammed in a number of 

modes for a and e counting. A printout of the two sigma % counting area 

accompanies all counting data. 

6. Calibrat ion 

6.1 Gamma Spectroscopy of Environmental Samples. 

6.1.1 Solid Calibration. 

6.1.1.1 Since this effort is, for the most part, concerned with 

quantitative analysis of soil samples containing uranium 

ore tailings. uranium, and possible fission products, the 

most accurate and reliable results will be realized if 

calibration is carried out using the standard pitchblende 

i:·; 

" .< 

238 235 sample containing U, U, and all daughters in secular 

equilibrium. 

6.1.1.2 The pitchblende (43 grams) is contained in a sealed 

Marinelli beaker. 

6.1.1. 3 The standard is counted overnight for 60,000 seconds 

ensuring extremely accurate statistics for all peaks 

used in calibration. 

6.1.1.4 The Ortec calibration routine is used to determine the 

energy. efficiency, and FWHM calibrations. Calibration 

is repeated when examination of gamma spectra indicate 

drift in any of the above. In general, a given cali

bration is found to be valid for about 6 weeks before 

drift becomes noticeable. 

6.1.2 Water Calibration. 

6.1. 2.1 Calibration is the same as for solid samples except the 

Marinelli water standard is used. 
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1.1 This document describes the preparation and analysis of environmental 

samples obtained at the DOE-Niagara Falls Site for gamma 

spectroscopy of their radionuclide content. 

2. Purpose 

2.1 The purpose of this document is to describe the sample preparation 

and analysis for radionuclides present in environmental media which 

we believe to be contaminated. 

3. Applicable Regulations and Standards 

3.1 Analysis of Soil, NRC Regulatory Guide 4.5. 

3.2 Proposed EPA Regulations(FR 45(79):27366-27368; 27370-27375, 1980). 

4. Summary of Methods 

4.1 Solid samples of animal tissue and vegetation we1gn1ng ten to fifty 
137 grams are analyzed by high resolution gamma spectroscopy Cs, 

40K, natural thorium, uranium, and daughters are identified 

in samples prepared by wet chemical oxidation. 

5. Preparation of Environmental Samples 
For Gamma Spectroscopy 

5.1 Animal tissue. 

5.1.1 Fifty-gram samples. 

5.1.1.1 Frozen animal tissue is partially thawed and cut 

into small «~ inch) pieces. The minced tissue 

is placed in a heavy-walled one-liter Erlenmeyer 

flask. 
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s.I.I~2 Fifteenxnls of concentrated sulfuric acid are added 

to the flask and the tissue digested to a fuming and 

charring stage by placing directly on a hot plate. 

The sample is removed from the hot plate before 

excessive volatilization occurs. 

5.1.1.3 The sample is cooled for approximately five minutes. 

Fifty mls of concentrated nitric acid are added and 

the sample taken to H2S0
4 

fumes again until all of 

the remaining tissue is digested. The flask is 

swirled frequently to avoid excessive volatilization. 

5.1.1.4 Cool the sample for approximately five minutes and 

repeat the addition of RN0
3

, fuming, and cooling t~o 

additional times so that a total of three RN0
3 

di

gestions are made. 

5.1.1.5 Add 25 ml nitric acid and 25 ml 60% perchloric acid 

and again evaporate until the perchloric acid is 

removed. Considerable time is required to complete 

the digestion and when thoroughly oxidized, the sample 

should be a clear yellow-green color. 

5.1.1.6 To begin the pyrosulfate fusion, add two mls of 

concentrated sulfuric acid and three grams each 

of anhydrous sodium and potassium sulfate. 

5.1.1.7 Heat gradually until the H2S0
4 

begins to fume; then 

increase heat and swirl continuously until the acid 

is expelled and a clear yellow pyrosulfate fusion 

remains. 

5.1.1.8 If the oxidation in Step 5.1.1.5 is not complete, 

additional charring will occur during the fusion. 

In this case, cool the flask and add five mls con

centrated H2S04 and two-three ml of a 1:1 mixture 

of HN0
3 

and HCL04 . Reevaporate to the fusion step. 
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5.1.1.9 Cool the flask containing the clear yellow fusion 

product and add seven mls of concentrated sulfuric 

acid and reheat slowly to boiling to redissolve the 

pyrosulfate cake. 

5.1.1.10 Add five drops of 60% perchloric acid and cool the 

sample to room temperature. Add thrity ml of water 

containing five drops of 30% hydrogen peroxide and 

heat the solution in a boiling water bath for five 

minutes to dissolve all soluble salts. Cool and 

transfer to a Marinelli beaker for analysis. 

5.1.2 Tissue samples of ten gram weights or less. 

5.1.2.1 Place sample in one liter Erlenmeyer and add ten 

mls of concentrated H
2

S0
4

. Evaporate to fuming and 

charring. 

5.1.2.2 Cool. Add 25 mls concentrated H
2

N0
3 

and evaporate 

again just until dense fumes of sulfuric acid appear 

and tissue is completely charred. 

5.1.2.3 Add 25 mls concentrated H2N0
3 

and 15 mls 60% perchloric 

acid. Heat until nitric acid is driven off and tissue 

completely oxidized to a clear yellow-green color. 

Proceed with pyrosulfate fusion as in 5.1.1.6. 

5.2 Vegetation samples. 

5.2.1 Air dried plant samples are cut into small pieces with scissors 

and weighed. Samples are transferred to a two-liter heavy 

walled Erlenmeyer flask and thirty mls of concentrated sulfuric 

acid and 100 mls of concentrated nitric acid added to the sample 

material. The first reaction is extremely vigorous and should be 

carried out at room temperature in a hood. 

5.2.2 Swirl the flask frequently to disperse the dense fumes of acid. 

Cool slightly and again add 15 mls concentrated H2S04 and 100 

mls concentrated RN0
3

• Heat gradually to drive off sulfuric 

acid fumes and complete charring. Swirl to prevent excess 

frothing and volatilization. 
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5.2.3 Cool and repeat the H2S04 and RN0 3 digestion step. 

5.2.4 Add 50 mls concentrated RN0
3 

and 25 mls 60% HCL0
4 

and heat gradually until the nitric acid has been 

driven off and the oxidation is complete. The solu

tion should be yellow-green in color. 

5.2.5 Cool and proceed with the pyrosulfate fusion as 

described in 5.1.1.6. 

5.3 Reagents necessary for animal and plant sample preparation. 

5.3.1 Concentrated sulfuric acid, reagent grade. 

5.3.2 Concentrated nitric acid, reagent grade. 

5.3.3 60% perchloric acid, reagent grade. 

5.3.4 30% hydrogen peroxide, reagent grade. 

5.3.5 Anhydrous sodium sulfate, reagent grade. 

5.3.6 Anhydrous potassium sulfate, reagent grade. 

6. Analysis of Prepared Samples By 
Gamma Spectroscopy 

NS-NS-1l7 
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6.1 Refer to Quality Assurance Document NS-NS-116, Revision 0, 

'!Instrumentations and Standards for the Determination of Radio

nuclides in Environmental Media". 



NS-NS;...118 
Revision 0 

B-257 

QUALITY ASSURANCE DOCUMENT 

PROCEDURES FOR ALPHA AND BETA RADIATION COUNTING 
OF SMEARS, SOILS, AND SEDIMENTS USING A 

BECKMAN WIDE-BETA II COUNTER 

BATTELLE 
Columbus Laboratories 

505 King Avenue 
Columbus, Ohio 43201 

Prepared by 

AUSr:luS 

February 21, 1980 
D.:atc 

AP?ROVED BY 

- -_._-_ ..... ---~-----------:D:-:-.~-l· t (' 
.:J-~y~.~ 
'. D~lt .. , 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ I 

I _ 

I 
I 
I 
I 
I 



] 

] 

] 

J 

'" _ -' _I. ,. 

B-258 

PROCEDURES FOR ALPHA AJ.\,D BETA RADIATION COUNTING 
OF SNEARS, SOILS, A.:."l'D SEDD-tENTS USING A 

BECKHAN \HDR-BETA II COUNTER 

NS-NS-llB 
Revision 0 
PagE! 1 of 3 

.] 1. Scope 

J 
J 
J 
J 
J 
] 

] 

J 
] 

] 

] 

] 

J 

This procedure describes the method for alpha and beta radiation counting 

of smears, soils, and sediments using a Beckman \Vide-Beta II Counter. 

2. Purpose 

The purpose of this procedure is to measure total alpha and beta radiation 

on smears, soils and sediments. The procedure is used to quantify transfer

able alpha and beta radiation on smeared surfaces. The procedure is used 

to screen soil and sediment samples for total alpha and beta radiation and 

to decide priorities for gamma spectroscopy and radiochemistry. 

3. Standards 

3.1 90Sr Standard, Beckman Model No. 160596, Serial No. 325. 
241 3.2 Am Standard, Baird Atomic Hodel No. 241 AD2, Serial No. 67AM4. 

3.3 Uranium (U 30S) Tracer Lab Inc. Alpha Source, 1440 a particles/min •• 

Serial No. A-138. 

4. Equipment 

4.1 Beckman Wide-Beta II Counter with automatic turntable. 

4.2 Planchet (5 em) and planchet holders. 

4.3 P-90 gas. 

5. Procedures 

5.1 Counter Set-Up. 

5.1.1 If counter has been moved, assemble in accordance with 

instruction manual. 

5.1.2 Purge the system for 24 hours with P-IO gas at a flow rate 

of 0.12 CFH. 
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5.1. 2.1 Haintain the gas flotv at all tiInes ~vhether counting 

or not counting. 

5.1.3 Assure that all planchets, holders and sample changer are 

clean. 

5.1.4 Set the Operate-Load switch to the Load position. 

5.1.5 Depress the Reset button on the Sample Changer Control Panel. 

5.1.6 After the changer has stopped, depress the Cage Advance push 

5.1. 7 

5.1. 8 

5.1. 9 

5.1.10 

5.1.11 

5.1.12 

5.1.13 

5.1.14 

5.1.15 

5.1.16 

5.1.17 

5.1.18 

button until the 01-10 magazine is accessible. 

Load planchets as follot-ls: 

a. Blank - (background) 

b. 90Sr Standard 

c. 241Am Standard 

d. Blank - (background) 

Set the Analyzer Hode S~vitch to B then A. 

Set the Preset Min. Switch to off. 

Set the Count Time to 10 minutes. 

Set the Count Mode to ~et. 

Set the Load-Operate Switch to Operate. 

Depress the Start button. 

Count the blanks and standards three times. 

Subtract the background from the counts from the standards. 

Average the corrected standard counts and divide by the 

counting time (10 min.) to obtain counts per minute. (CPH) 

Establish the counter efficiency by dividing the CPM of the 

standards by the certified DPM of the respective standards. 

5.1.17.1 The counter alpha efficiency should be 30 to 35 

per cent and the beta efficiency 55 to 60 per cent. 

If the Counter efficiencies are \vithin the established limits, 

the Counter is ready for sample counting. If the Counter 

efficiencies are out of the established limits, check and 

repair the Counter and return to Step 5.1.2. 
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Sample Preparation. 

5.2.1 Smears. 
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5.2.1.1 2 \ .... ipe snear paper over 100 C!ll surface area or as 

designated and place in identified envelop. 

5.2.2 Soils and sediment. 

5.2.2.1 Dry samples at 1050 C and place crumbled aliquots 

~ on planchets in a homogenous layer and weigh. 

J 
J 
J 

5.3 Counting. 

5.3.1 Record sample by idenification and planchet position. 

5.3.2 Count beta, then alpha radiation for 5 or 10 minutes as 

required by sample batch. 

5.3.3 Include both 90Sr and 24lAu standards in each counting batch. 

5.3.4 Place a minimum of three blanks in random planchet positions 

in each ~ounting batch. 

5.3.5 Check the counting efficiency' for each batch of samples 

] counted. 

5.3.6 Calculate the DPN of the samples by dividing the sample CPH 

:1 by the efficiency. 

] 

J 
] 

] 
1 
J 

1 
. ..i 

6. Records 

Data ,.;ill be recorded in bound laboratory notebooks and archived in a manner 

consistent with the program plan (Document No. EE-QAP-I). Tape printouts 

will be stored with laboratory notebooks as part of the original data base 

records. 



APPROVED BY 

B-26l 

QUALITY ASSURANCE DOCUMENT 

OPERATION OF THE BCL AUTOMATIC 
COUNTER WITH THE NaI DETECTOR 

BATTELLE 
Columbus Laboratories 

505 King Avenue 
Columbus, Ohio 43201 

Prepared by 

May 29, 1980 
Date 

APPROVED BY 

W~~ . .k 

APPROVED BY 

rfd-~4 
Date 

c>-.s'""~ 

NS-NS-U9 
Revision 0 

Date 

Date 

f' 
'Ii 

r-.d 

n 
[ 
f' 
! • 
~ 

r . 

\ . 



r t . 

1. Scope 

B-262 

OPERATION OF THE BCL AUTOMATIC COuNTER 
WITH THE NaI DETECTOR 

NS-NS-119 
Revision 0 
Page 1 of 10 

This document contains the procedure for operation of the BCL Automatic 

Sample Counter with the teletype printer and Rockwell AIM 65 computer. 

2. Purpose 

The purpose of this document is to provide detailed operating instructions 

for the automatic radiation counter. 

3. Equipment 

3.1 The equipment is listed in the diagram in Figure 1 and Appendix A. 

4. Procedure 

4.1 Turn on power to the AIM 65. 

4.2 Turn TTY to the Line position. 

4.3 Press Reset switch on the AIM 65 and press the Rubout Key on the TTY. 

4.4 TTY will print: Rockwell AIM 65. 

4.5 To enter "Basic" command mode: 

a) Type: 5 

b) TTY will print: Memory Size? 

Type: 4096 

Press the RETURN Key. 

c) TTY will print: Width? 

Type: 72 

Press the RETURN Key. 

d) TTY will print: 3566 Bytes Free 

4.6 If loading a program from a cassette recorder, proceed as follows: 

a) Rewind cassette to the mechanical stop and index the counter to 

zero. 
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b) Run·cassette fonrard·to the index ntiIllber for the start of the 

ptogram and st;op ··approximately 4 t05 numbers before the re-

. cording starts ~ 

4.6.1 On TTY. 

a) Type: Load 

Press the RETURN Key. 

b) TTY will print: N 

Type: T (for tape) 

c) TTY will print: F = 

Type: Aut09 

(This is the program name and must be expressed in 

5 characters.) 

d) TTY will print: T = 
Type: Recorder Number 1 

(May be Recorder Number 1 or 2 in other programs.) 

e) Set the recorder volume on High and the tone control on 

Maximum High Frequency. Start the cassette recorder in 

[ the PLAY mode and immediately pross the RETURN key on 
~ 
1 the TTY. 

f 
l 
L 

4.6.2 When the AIM 65 finds the program on the tape, it will list the 

program as it is lo.aded into the memory of the computer. 

4.6.3 When the load process is completed, the TTY will stop printing 

and execute a carriage return and several line feeds indicating 

the system is in the monitor Command mode. 

4.7 Loading Sample Changer. 

4.7.1 Switch the sample changer to the MANUAL mode on the AUTO-MAN 

switch on the turntable control module. 

4.7.2 Manually, lower the sample elevator to the STOP position with the 

switch on the MC-1 Box. 

4.7.3 Using the manual push button "TTl" on the Control Module, move 

the turntable to the desired position and load samples as 

necessary. (Wait 5 seconds between TTl advance commands.) 
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4.7 .4 Again using the mCinual push butt9n "TTl". indeft t,he turntable 

to .. the position before the~irst. ~amp~e to l>.e- counted ~ 

4.7.5 Manually raise the elevator to the fulL ,:,:p. position with the 

switch on the MC-l box. Place the switch in the AUTO position. 

4.7.6 Put AUTO-MAN switch in AUTO position on the turntable control 

module. 

4.7.7 You are now ready to make the necessary entries on the TTY to 

start the program run. 

4.8 Running Aut09 or other program in the memory. 

4.8.1 Type: RUN 

Press the RETURN Key on the TTY. 

4.8.2 a) TTY will print: Month, Day, Year? 

Type: XX, XX, XX (Example: 5, 14, 80) 

Press the RETURN Key on the TTY. 

b) TTY will print: Run Number? 

Type: XX (Example: 3) 

Press the RETURN Key on the TTY. 

c) TTY will print: Coordinator or other 1. D. ? 

Type: XXXXX (Example: N13W2. up to 40 characters) 

Press the RETURN Key on the TTY. 

d) TTY will print: Number of Samples? 

Type: XX [Example: 17 (Up to 20)] 

Press the RETURN Key on the TTY. 

e) TTY will print: Background in c/m? 

Type the known background: XX [(Example: 42) To determine 

the background Type: 0] 

Press the RETURN Key on the TTY. 

f) TTY will print: Detector Eff. as a Decimal? 

Type: .XX (Example: .10) 

Press the RETURN Key on the TTY. 

4.8.3 System will then start the run and print column headings. The 

sample holder will retract and the changer will advance one posi-

tion and elevat-e the first sample to the counting position. This 

sequence will repeat until all of the samples are counted. After 

f 

, 
L 
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the last sample is counted, it will remain in the counting 

or elevated pos:i,tion. 

TTY will print: End of Run. 

4.9 To count additional groups of samples, return t~ Step Number 4.7. 

4.10 When all runs are completed, shut down the system as follows: 

4.10.1 Turn the TTY to "Off" (center position). 

4.10.2 Turn of AC power to the AIM 65. 

5. Precautions 

5.1 Operation of the system with 3" x 3" NaI (Tl). 

5.1.1 Do not disconnect the amplifier to the multi-channel 

analyzer (MCA) which is "T"ed off the output of the 

preamplifier. 

5.1.1.1 A disconnect will result in a calibration 

shift of the single channel analyzer system. 

5.1.2 Do not change either the high voltage to the detector 

or the gain to the pulse amplifier in the NaI system. 

5.1.2".1 Any change will result in a calibration shift 

of the system. 

5.2 Microprocessor. 

5.2.1 Do not count a sample that will accumulate more than 

65,535 counts in the selected time interval. 

5.2.1.1 The counter will overflow with no indication. 

5.2.2-A power outage will result in the loss of program in the 

memory. 

5.2.2.1 Reload the program in the memory from the 

cassette recorder. 

5.2.3 If it becomes necessary to press the RESET switch on the 

AIM 65 to regain system control, the TTY will print: 

Rockwell AIM 65. To reenter BASIC without loss of program 
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Type: 6~ 

5.2.3.1 Thecurs6i:6n the AlM 65 s~h()ulddisplay, "1\", 
indicating you are in the BASIC command mode. 

5.2.4 Do not use the TTY to printout the MCA when the auto sample 

counter is in operation. 

5.2.5 The cassette tape recorder, when connected to the system with 

the recorder, will not operate when the AIM 65 A.C. power 

is off. 

5.2.6 The pulse input to PB6, pin 17, on the AIM 65 must be a 

minimum of 2~ sec. wide and a maximum of 3~ sec. wide. 

6. Figure 2 and Appendix B are a schematic diagram of the turntable control 

unit and a circuit explanation respectively. 

7. Figure 3 is the efficiency chart of the 3" x 3" NaI Detector. 
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APPENDIX A 

EQUIPMENT LIST FOR THE AUTO COUNTER 
AND ASSOCIATED EQUIP~ . 

1. Harshaw 12, NaI(Tl) Detector. 

2. Ortec 276 detector base preamplifier.' 

3. Ortec highvo-lt'age power supply. 

4. Canberra 2012 Pulse Amplifier set to 0.511 sec.T.C. 

5. Canberra 2030 Single Channel Analyzer. 

6. BCL constructed dual scaler, timer. 

7. BCL constructed count-rate-meter 0-200K clm (4 ranges). 

8. BCL constructed sample changer control module. 

9. BCL contructed IB-l interface box. 

10. Sanyo cassette recorder. 

11. Rockwell AIM 65 Microcomputer, Basic 8K, 4K RAM. 

12. Teletype Model ASR 33. 

13. Automatic Sampler Changer "BCL" constructed. 

NS-NS-1l9 
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14. Davidson 10S6A Multi-Channel Analyzer, 1024 channels, channel groups 

1 to 8 (128 ch.). 

15. Nim Bin PAR200 C-4083. 

16. Canberra 2012 Pulse Amplifier for driving Davidson Analyzer. 

17. Ludlum 3" Alpha Scintillation Detector. 

18. Sample drawer assembly for alpha detector. 

19. Canberra Detector bias supply for alpha system. 

20. Canberra 814, Preamplifier, Amplifier, Integral Discriminator. 

21. BCL, constructed IB-2 for alpha detector. 

22. Cables as needed. 
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Appen4ix B 

AUTOMATIC SAMPLE CHANGER OPERATION 

A •• "DONE" - Positive input from counter or·computer indicating a "Done 

Counting/initiate sample change" con4ition. 

B •. "LOCKED"-Positive 5v from ~cro switch on solenoid indicating "sample 

table indexed/locked in place" 

C .. "SAMPLE ELEVATOR CONTROL" - Connects to elevator control circuits. 

D •• "up" - Positive Sv from microswitch on elevator indicating "Elevator 

up in counting position". 

E.. "DOWN" - Positive SV from microswitch on elevator indicating "Elevator 

in full Down Position". 

F.. "SOLENOID CONTROL" - Connects to solenoid to unlatch the sample table. 

G •• "TABLE MOTOR CONTROL" - Connects to sample table motor circuit to start 

table motor. (2 second control.) 

"LED" LAMPS: 

1.. "DONE" signal from counter or computer. 

2. . "Up LED',' also indicating "Ready to Count", can be computer flag. 

3 •. "DOWN LED" also indicating "Sample change in progress". 

4. . "LOCKED" also indicating table locked in position. . 

S .. "POWER ON" from the Sv power supply. 

\ . 



f 
t 

r 

f·.'.' ~. 
n 
r: 
[ 

r 
[' 

B-272 

, . 

QUALITY ASSl:? ... l,.~CE DOCt.:!~T 

PROCEDURE FOR GAMMA SPECTROSCOPIC ANALYSIS OF SOIL SAMPLES 

BATTELLE 
Collli~bus Laboratories 

505 King Avenue 
Columbus, Ohio 43201 

Prepared by / 

J.D. Yesso ~ ~:r 
November, 28, 1980 

Date 

APPROVED BY 

W~~ 
Date 

NS-NS-121 
Revision O· 



B-273 

NS-NS-12l_ 
Revision ( .. 
Page 10ft 

PROCEDURE FOR GAMMA SPECTROSCOPIC ANALYSIS OF SOIL SAMPLES 

1.0 Scope 

This document describes the procedures used in the gamma spectroscopic 

analysis of soil samples. 

2.0 Purpose 

The purpose of this document is to describe the techniques and 

instrumentation used for. the identification and quantification of gamma 

emitting radionuclides in soil samples. 

3.0 References 

3.1 HASL Procedures Manual, HASL-300. 

3.2 The Gamma Rays of the Radionuclides; Gerhard Erdtmann, 

Werner Soyka. 

3.3 Table of the Isotpes; Lederer, Hollander, Perlmann. 

3.4 Gamma-Ray Spectrum Catalogue, ANCR-lOOO-2. 

4.0 Standards 

4.1 Amersham Mixed Radionuclide Gamma-Ray Standard, QCY.44. 

4.2 Control soil samples (149.27 g) in a Marinelli beaker, spiked 

with an aliquot of the above standard (4.1). 

4.3 Control soil sample (498.45 g) in a Marinelli beaker, spiked with 

an aliquot of standard 4.1. 

4.4 Control soil sample (50.24 g) in a 2-inch sealed plastic box, 

spiked with an aliquot of standard 4.1. 

5.0 Equipment 

5.1 The gamma detector is a closed end coaxial high purity 

germanium detector with an efficiency of 15.3% relative to a 

3" x 3" NaI(Tl) detector at a 25 em source to detector 

distance; 0.8 KeV resolution at 122 KeV and 1.79 KeV at 1.33 MeV; 

peak to compton ratio of 43.1/1. 

, 
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5.2 ~cquire the data using a 4096 channel mu1tich~nne1 analyzer 

(e.g •• Canberra Model 8180 or analyzer similarly equipped). 

5.3 Marinelli beakers. standard 500 ml capacity b~ack butyrate 

re-entrant beakers. are used for containing samples of 
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sufficient volume to take advantage of the beaker's counting geometry. 

5.4 Two-inch diameter plastic dishes with covers are used for counting 

samples where the total quantity of sample material is less than 

100 grams. This container when placed on top of the detector 

end cap provides a counting geometry superior to that 

obtained for the same quantity of material in a Marinelli beaker. 

5.5 Top loading balance. 

6.0 Procedures 

6.1 Weight soil sample into the appropriate container to an accuracy 

of 0.1 g using a top loading balance. 

6.2 Seal container with vinyl tape and record sample identification 

and weigh on the top of the container. 

6.3 Place sample on top of the detector. 

6.4 Clear analyzer, set preset time for 6 x 103 sec (100 min) and 

commence collection. 

6.5 When collect~on is complete, strip the room background from 

the spectrum following the instructions listed in the 

Canberra Manual. 

6.6 Visually identify regions of interest corresponding to peaks in 

the ,spectrum and enter these regions into the analyzer memory. 

6.7 Program analyzer learn function for peak integration background 

subtraction uncertainty calculation and nuclide identification. 

6.8 Set up analyzer with intensification on and commence region of 

interest readout to the DEC writer by depressing the I/O button. 

6.9 Identify peaks by the analyzer hardware or manually using tables 

in the listed references. 
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6.10 Calcu1ate nuclide concentrations l1sing the gamma yields tabulat£ici 

in the listed references. 

6.11 Report all activities in pC!/g. 
\ 
r 
\ .... 
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ANALYTICAL DISCRIMINATION OF 226RA IN SOILS 

1.0 Scope 

This document contains the procedure for the discrimatory analysis of 

sediment or soil samples for 226Ra contamination. 
, ~ .. 

2.0 Purpose 

The purpose of this document is to describe the procedures and the 

reasoning applied to the screening of soil and sediment samples for 

suspected 226Ra contamination. 

3.0 References 

3.1 Lederer, C. M., and V. S. Shirley (eds.). 1978. "Table of Isotopes". 

7th edition. John Wiley & Sons, New York. Various pages. 

3.2 Erdtmann, G., and W. Soyka. 1979. "The Gamma Rays of the Radio 

nuclides". Ver1ag-Chemie, Weinhiem. 862 p. 

3.3 Donn, J., and R. Wolke. 1977. "The Statistical Interpretation of 

Counting Data from Measurements of Low Level Radioactivity". Health 

Physics 32:1-14. 

4.0 Equipment 

4.1 Automatic counting system with gas flow proportional detector. 

4.2 Top loading electronic balance. 

4.3 1/4-inch deep stainless steel p1anchets. 

4.4 HPGE gamma spectrometer system. 

5.0 Suuunary 

5.1 This technique takes advantage of the secular steady-state 

relationship between 226Ra and 214Bi . Once 226Ra and 214Bi 

have been allowed to achieve the steady-state condition, the number 

of disintegrations per unit time for 226Ra will equal that of 

214Bi for a given sample. In-house studies indicate that for a 

soil or sediment sample which has been air dried and processed 

according to BCL procedure NS-NS-21, the observed 214Bi activity 

i 
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in an ope~n container is within 10i. of its' steady-state value 

immediately following processing. Since this procedure is to be 

used for screening purposes- only and is to be supplemented with 

radiochemical 226Ra analyses. this level of uncertainty is 

acceptable. 

6.0 Procedure 

6.1 Process sample according to NS-NS-2l. 

6.2 Weight out samples into 1/4-inch deep stainless steel planchets. 

6.3 Using any available beta sources and a sulfate precipitate of 

226Ra and daughter products. adjust counter window levels such 

that all betas with energies less than that of 2l4Bi (3.26 MeV) 

are discriminated against. 

6.4 Set counter parameters to count the required number of samples 

in the automatic mode. Count each sample for 30 min. 

6.5 Using the gamma spectrometer system. analyze selected samples 

for 214Bi by integrating the 609 KeV peak. 

6.6 Calculate the 2l4Bi content in the samples subjected to 

gamma analysis as pCi/g and assuming 226Ra /2l4Bi secular 

steady-state record as 226Ra concentration. 

6.7 Using the techniques of Donn and Wolke (Ref. 3.3). assign values 

of <4 or >5 pCi/g 226Ra to the gamma analyzed samples. 

6.8 Use the beta counting data and the corresponding gamma 

analysis data to develop a correlation between the observed 

beta activity and the 214Bi activity as determined by gamma 

analysis. 

6.9 Using the ~orrelations of 6.8. set beta activity limits 

corresponding to <4 pCi/g and >5 pCi/g levels of 226Ra . 

6.10 Using the limits of 6.9. assign approximate activity levels 

to all the beta analyzed samples. 

6.11 Where the beta counting data is ambiguous (i.e .• counts are too 

close to limits established to confidently assign an activity 

level) analyze the sample for gamma to determine the actual 

214Bi /226Ra content. 
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FLUOROMETRIC ANALYSIS FOR URANIUM 
IN SOIL LEAClJATE 

This document describes the method of leaching uranium soil 

samples and the analytical instrumentation and procedure used 

for the determination of uranium levels in soil. 

2. Purpose 

NS-NS-123 
Revision 0 
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2.1 The purpose of this document is to describe methods of leaching 

and analytical instrumentation appropriate to the determination 

and quantification of uranium present in soil. 

3. Applicable Regulations and Standards 

3.1 Not applicable. 

4. Equipment and Materials 

4.1 100 ml and 600 ml beakers. 

4.2 Record book and black pens. 

4.3 Balance (OHAUS 1500 D). 

4.4 Nitric acid. 

4.5 Hydrochloric acid. 

4.6 Hotplate. 

4.7 Exhaust hood. 

4.8 Filtering system 

4.8.1 1000 ml filtering flask. 

4.8.2 Millipore apparatus 

4.8.3 Millipore filters (0.45 ~m). 

4.8.4 Vacuum pump. 

4.8.5 Tygon tubing. 

4.9 Plastic bottles and labels. 

4.10 Fusion system. 
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4.10.1 Shallow platinumdishes- 1. 3 tom diameter and 3 mm deep. 

4.10.2 Porcelain tray .. 

4.10.3 NaF and Na2C0
3

'(9:1)'fusion buttons. 

4.10.4 Fletcher burner with temperature indicator. 

4.10.5 Highly absorbent discs 0.5 inches in diameter with holes 

punched in them. 

4.10.6 10 j.Ig/ml uranium standard solution. 

4.10.7 1 j.Ig/ml uranium spike solution. 

4.10.8 Forceps - platinum tips. 

4.10.9 Heat lamps. 

4.10.10 Dust free glass cover. 

4.10.11 Eppendorf pipet with 100 j.Il tips. 

4.10.12 10 m1 Volumetric flask. 

5. Instrumentation 

5.1 Jarrel Ash 26-000 fluorometer. 

6. Procedure 

6.1 Precautions: Cleanliness is imperative .. 

6.1.1 Protect all materials, samples, and processing dishes from 

atmospheric dust by storing them in dust-free cabinets or 

under dust-free glass covers. 

6.1.2 Clean all dishes thoroughly by placing them through two 

successive baths of boiling 50 percent nitric acid and one 

50 percent boiling hydrochloric acid both with distilled 

water rinses after each bath. Dry the dishes under a 

heat lamp and store in a dust-free cabinet. 

6.1.3 Use control blanks in all analyses to determine whether 

contamination or cross contamination has occurred. 

6.2 Leachate. 

6.2.1 Place 109 of soil sample into a 100 ml beaker. 

6.2.2 Add 50 m1 of 50 percent HN0 3 solution. 

6.2.3 Place the beaker on a hot plate and heat for 10 min. 

on low setting. 

I 
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6.2.4 Filter the sample through a Millipore filter apparatus. 

6.2.5 Collect the filtrate in a 2 oz plastic bottle and label 

with the sample. identification. 

6.3 Uranium Analysis. 

6.3.1 Place 12 platinum dishes on a porcelain tray for each 

sample analysis. 

6.3.2 Place a paper disc (4.10.5) with a fusion button on the 

disc on each platinum dish. 

NS-NS·-l23 
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6.3.3 Analyze each sample in triplicate with triplicate standards, 

spikes. and blanks. 

6.3.3.1 Place a 180 ~l aliquot of standard on each of the 

first set of three fusion buttons. 

6.3.3.2 Place a 100 ~l aliquot of sample on each of the 

second set of three fusion buttons. 

6.3.3.3 Place a 100 ~l aliquot of sample on each of the 

third set of fusion buttons plus a 100 ~l aliquot 

of spike solution on each button. 

6.3.3.4 Process the fourth set of fusion buttons as blank 

controls. 

6.3.4 Place the tray containing the 12 fusion button samples under a 

heat lamp for 15 minutes. 

6.3.5 Place the platinum dishes on a Fletcher burner and char 

the paper disc over a low flame. 

6.3.6 Increase the flame temperature and fuse the fusion buttons 

at 900 C. 

6.3.7 Cool the fused buttons under a glass covered dish for 

15 minutes. 

6.3.8 Determine the sample uranium content with a fluorometer. 

6.3.8.1 Correct for quenching with the spiking data or 

diluting the original sample as indicated below. 
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6.4' -Eq uat ions. 

(1) Quench Factor (</I) (PerCentage)' 

Note: </I should be <1 

</I = Spike-sample 
(0.1) (Standard) 

if </I = >1, use </1=1 

NS-NS,..123 ['
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if </I = <0.5, dilute the sample at a ratio of 1:5 (see equation 4). 

(2) 

(3) 

Uranium Concentration (Y) in ~gU/ml (ppm) 

Y = Sample-(q,-blank) 
</I • Standard 

U U Conversion from ~g Iml to ~g /g 

~g~/g (1) (~g/ml) (ml) 
g 

ml = sample volume 

10 

1 reciprocal of soil sample and initial weight. 
g 

(4) Dilution (X) 

X = (Y ~gU/ml) (dilution factor) (ml of sample) (1) 
g 
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APPENDIX C: HEALTH PHYSICS PROGRAM 

C.l. PHILOSOPHY OF HEALTH PHYSICS (HP) PROGRAM 

Originally, -the BCL proposal called for HP services by NLO during 

Site characterization. However, as BCL staff visited the Site and survey 

personnel were deployed, it became apparent that a BCL monitoring program 

would be necessary. This need was due to lack of NLO HP staff availa

bility, the large number of BCL staff and subcontractor personnel, and the 

need for on-site knowledge of exposure rates. Therefore, in compliance with 

the ERDA (now DOE) Chapter 0524, an occupational radiation monitoring pro

gram was designated and implemented. BCL HP procedures were compared to 

NLO procedures. Where differences existed, the more stringent procedures 

were applied. 

The unknown exposures which might be encountered during specific 

activities on-site dictated the approach taken. Initially, all field and 

building areas were surveyed using beta-gamma survey meters and high volume 

air samples prior to survey team entry (see Appendix B, QA Documents EE-QAP-2, 

EE-SP-l2, and EE-SP-l3). These measurements allowed determination of the 

specific HP procedures to be followed during specific procedures. This 

assured that intensive monitoring would be done in areas where measurable 

exposures might occur and allowed HP personnel to minimize exposure. In 

addition, whenever possible, subcontractor personnel were excluded from 

areas where radiation levels were greater than normal background. Subcon

tractor personnel were monitored and their exposures compared to that ex

perienced by members of the general public. 

Finally, the gaseous and airborne particulate radiation exposure 

was assessed. Respiratory protection for specified buildings was defined 

for BeL personnel based on gaseous plus particulate respirable radiation. 

In buildings where these hazards were great, the respiratory protection 

specified was based on past exposures, time in exposure area, and antici

pated need for reentry into these areas by these personnel. In this manner, 

'total dose via inhalation was minimized over the time period of the survey. 
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C.2. MONITORING DATA 

Film badges (beta-gamma, X-ray) were worn by all BCL and subcon

tractor personnel while on-site. Pocket ion chamber dosimeters were used 

to determine on-site daily external gamma exposure. Lapel air samplers 

were used as specified by HP personnel in buildings and significantly 

contaminated areas. Urinanalysis was provided as needed. 

Analysis of monitoring data revealed measurable but minimal 

exposures during the project. Film badge results are summarized in 

Table C-l. Periods are shown where exposures were greater than the 

minimum quantity measurable of 10 mremgamma for either Battelle or sub

contractor personnel. All beta exposures were less than the minimum 

measurable exposure of 40 mrem. Film badges were provided for all Battelle 

and subcontractor personnel from July 1979 through October 1980 during all 

periods when personnel were on-site. 

TABLE C-l. SUMMARY OF FILM BADGE EXPOSURE RANGES FOR 
PERIODS WHERE EXPOSURES WERE GREATER THAN 
THE MINIMUM MEASURABLE EXPOSURE OF 
10 MREM GAMMA 

mrem ~Gamma) 
Film Period Battelle Personnel Subcontractors 

8/20-9/2/79 <10 <10-70 

9/3-9/16/79 <10-70 <10-70 

9/17-9/30/79 <10-100 <10-100 

10/1-10/14/79 <10-20 <10 

1/21-2/ 3/ 80 <10-20 <10-20 

5/12-5/25/80 <10-20 <10-10 

7/7-7/20/80 <10-30 not on-site 

8/4-8/17/80 <10-10 not on-site 
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TLDs ,were used in the most contaminated areas to estimate maxi-
, . 

mum ext~~na1 r~diation dose to a hypotpetical person resident in th~,area 

for' a 40-:hr week .. Results of these .~a,lcu1ations are summarized in,Jab1e 
) -' 

C-2. Summaries of urinanalysis are given in Table C-3. Whole, body count-

ing of selected individuals detected no nuclide uptake into bones or crit

ical organs. 

TABLE C-2. HYPOTHETICAL MAXIMUM 40-HR GAMMA 
EXPOSURES IN SELECTED PORTIONS 
OF THE DOE-NIAGARA FALLS STORAGE 
SITE 

Area 

Northwest Contaminated Area 

New Naval Waste Area 

Background (SE Corner) 

R-10 Residue Area 

mrem* 
(40-hr total) 

31 

13 

0.9 

160 

*Ca1culated assuming RBE (relative biological 
effectiveness) of 1. 

TABLE C-3. SUMMARY OF MAXIMUM CONCENTRATION OF SELECTED NUCLIDES 
IN URINE OF BATTELLE AND SUBCONTRACTOR PERSONNEL 

Collection 
Period 

8/17-8/18/79 

8/21-8/23/79 

9/12-9/14/79 

23~.23S.238U 

(maximum observations) 

ND* 

ND 

4.17 (1.57) 

*ND - Not detected. 

dpm/1±SE 
Activities 

ND* ND* Field 

ND ND 'Field and buildings 

1.4 (0.43) ND Field and buildings 
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Table C~4 simUnarizes"lapel filter analyses for personnel conducting 

nonresidue building surveys. :S~t~~~a~ concent"rati~ns n~~~~ ~~~c~~cied 10 _12 

i1Ci/ml; alpha' concentrktfons ne~er' exceeded 10-14 lICi/ml'.. Radon concentra

tions'are sUmmarized for August and 'September 1979 in Table C~5. Hypothetical 

4b-lir exposures were ca:iculated from these data. Radon maximum "eXposures, 

assuming no exhalation would range into the mCi level for a 40-hr week. Gross 

alpha particulate intake ranged from 10-4 to 10-7 pCi, while beta-gamma par

ticulate intake ranged from 10-2 to 10-6 pCi. 

TABLE C-4. LAPEL FILTER ANALYSES IN 
NONRESIDUE BUILDINGS 

40-Hr Average Concentration 
Date Building {uCi/m1) 

(1979) Number Alpha Beta-Gamma 

8/30 401 8.42xlO- lS 1. 82x10-13 

8/30 401 <2.00x10- 11t 9.22x10- 13 

9/4 423 <2.00xlO- 1" 7.93x10- 13 

9/5 401 2. 67xlO-h 7.91x10- 1" 

9/5 430 <2.00xlO- 1" 1.5Ox10-12 

9/6 401 2.48x10- 1" 2.00xlO- 1" 

9/6 423 3.32xlO- llt 2.00xlO- llt 

9/6 401 2.0Ox10-1lt 2.00xlO- llt 

9/7 401 3 33xlO-1" 9.53xlO- 1" 

9/7 423 .: 2.0Ox10- 1" 6.06xlO- 1" 

9/7 423 2.45x10-1" 2.59xlO-13 

9/10 401 2.00xl0-l" 2.00xlO-11t 

9/10 406 2.00x10-11t 2.00xlO- 1" 

9/11 406 2.00x10- 1" 2.95x10- 13 

9/11 401 2.49x10- llt 2.02xlO-13 

9/12 401 6.77x10- 1" 1.07xlO-12 

1 
i 
L 
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TABLE C-S. S~MARY OF RADON/DAUGHTER CONCENTRATIONS AND HYPOTHETICAL EXPOSURES 
IN SELECTED FIELD LOCATIONS DURING AUGUST-SEPTEMBER 1979 

40-Hr Gross 40-11r 
40-Hr Gross Alpha Alpha Beta-Ganuna Beta-Gamma 

222Rn Intake*t Particulate Intake* Particulate Intake* 
Location (pCi/l) (pCi) (pCi/l) (pCi) (pCi/l) (pCi) 

Southeast 
Corner 3 1.44x1OB Ix10- 14 4.8xI0- 7 Ix10- 13 4.8xlO-6 

South of 
Building 409 7 3.36x1OB lx10- 14 4.8xI0- 7 lx~0-13 4.8xlO-6 

R-IO Residues 
Area 27 1.30xl09 lxlO- 11 4.8xlO-4 lxlO-g 4.8xlO-2 

*Intakes calculated assuming 20 ~/minute breathing rate (4.8 x 107 m1/40 hrs) • 

tAssumes no decay, no exhalation~ 

~ 
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C • 3 • PROBt~MS, 

.- Problems encountered we+e typica'l"of field studies in areas of 

significant contamination. Site heterogeneity required preliminary 

HP surveys of specific areas to be rather thorough. Unknown nuclide 

inventories of burial areas required a monitoring program covering alpha, 

beta, and gamma radiation exposures. 

On-site instrumentation allowed rapid turnaround of HP smears, 

lapel filters, and high volume samples. However, film badge reports were 

not available until approximately a month after last use. Lost badges 

and malfunctions of pocket ion chambers caused some lost monitoring data. 

These losses were of minimal consequences since survey personnel were 

usually in teams of two or more per procedure. 

With four to six teams in the field and buildings simultaneously, 

surveillance was difficult. Monitoring personnel was particularly diffi

cult on dates when residue building entries were made. 

C.4. CONCLUSIONS AND RECOMMENDATIONS 

Health physics monitoring data revealed radiological exposure 

for both Battelle and subcontractor personnel to be minimal. However 

three areas on-site were of primary concern regarding the control of 

personnel exposure~-in and around the residue storage buildings, the 

spoil pile area north of the residue buildings, and around Building 434. 

Operations in these areas required the use of health physics protective 

measures ranging from minimal protective clothing up to full anti

contamination clothing, including self-contained breathing apparatus, 

during entri~s into the residues storage buildings. 



r 
(; 

r
' 

.. 
. . 

L 

l 

f 
i. 

C-8 

In order to improve the efficiency in determining the need 

for appropriate radiological protection measures, future operations would 

benefit from increased use of portable, electrically-powered laboratory 

instruments for smear and air sample counting. Standard electrical ser

vice was available only at one area near the entrance to the Site, the 

firehouse, Building 403, and Building 401 annex. In addition to the 

counting instruments mentioned above, a small, portable gamma spectro

meter would be beneficial in characterizing radioactive materials of 

unknown composition. ' 

Future operations could also benefit from the on-site use of 

thermoluminescent dosimeters for improvement in turnaround time for 

personnel exposure data. 

Also, additional industrial hygiene monitoring capability 

could be very important for future programs; however, this was not a 

significant concern during this characterization. Buildings in poor 

repair and building rubble posed an industrial hazard. One area of 

concern did develop with the use of aerosol paint during the extensive 

marking of grids throughout the buildings. The buildings required ven

tilation and personnel were required to wear appropriate respirators 

during the gridmarking operations. 
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APPENDIX D~ DaTA AND SAMPLE ARCHIVAL ,< 

D. 1. RATIONALE AND APPROACH 

Specifications of the Site characterization required soil samples 

to be taken at all grid points and vegetation samples to establish back

ground levels and in areas of elevated radiation. Smears were taken in 

each I x I m area specified in detailed, intermediate, and foundation sur

veys. Smears were also required for screening procedures, HP procedures, 

and residue building surveys. The size of the program, the approach of 

screening soil and sediment samples in order to prioritize radiochemistry, 

and the potential need for additional analysis necessitated an archival 

system. 

In addition, a system of data archival was required in order to 

allow data collation, storage and retrieval, and analysis. Plans for data 

base management were coordinated between laboratory and field activities. 

An initial goal was to develop formats for field and laboratory data re

cording. These facilitated data collection and coding for computer 

analysis. Separate data bases were created for major analyses; e.g., sur

face meter readings or surface soil radiochemistry. Data management, stor

age, and reporting for report appendices were accomplished using the BCL 

computing facilities (CDC HCYBER 73-16 and CDC 6500) as well as smaller 

laboratory computers in the chemistry and nuclear facilities. 

D.2. SAMPLE ARCHIVAL 

Several types of samples were archived, including soils, sedi

ments, vegetation, smears, and filters. Samples were returned following 

gannna spectroscopy in Marenelli beakers. Vege,tation samples were stored 

in the same room as the corresponding soil samples. Any vegetation samples 

left from radiochemistry were returned to the archival system. 

Smears from building surveys, subsurface split-spoon sampling, 

and HP surveys were stored by grid location and date so that cross

reference to collection and analysis data is possible. Table D-l through 



D-3 

D-9 detail samples archived in Building 40LA. . Soils arid sediments were 

processed in accordance with specifications given in Appendix B, QA Docu

ment EE-SP-1S and were stored on pallets in the Boron Building Annex by 

quadrant and grid coordinates. 

TABLE D-l. ROOM 01: ARCHIVE SPECIMEN INVENTORY, 1/16/81 

DITCH SURFACE SOIL SAMPLES 

200 226 300 328 400 
201 227 301 329 401 
202 302 330 402 
203 229 303 331 403 
204 230 304 332 404 
205 231 305 405 
206 232 306 334 406 
207 233, 234 307 335 407 
208 235 308 336 408 
209 236 309 409 
210 237 310 338 410 
211 238 311 411 
211E 239 312 340 412 
212 240 313 413 
213 314 414 
214 315 342 415 
215 316 416 
216 317 417 
217 318 345 
218 319 
219 320 420 
220 321 421 
221 322 349 422 
222 323 350 423 
222E 324 424 
223 325 425 
224 326 426 
225 327 427 

428 

362 

364 
365 
366 
367 

_. 
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J TABLE D-1. (Continued) 

] 
371 

1 
372 
373 -- 374 
375 

J 500 600 700 R800 900 1100 
501 601 701 R801 901 1101 
502 602 702 R802 902 1102 

1 503 603 703 R803 903 1103 J 504 604 704 R804 904 1103.6 
505 605 705 R805 905 1104 

1 
506 606 R806 906 1105 
507 607 R807. 907 1106 - 508 608 908 
509 609 909 

J 510 610 910 
590 911 
599 912 

J 913 
914 

J FlA F1B SlA SlB TlA T1B 
F2A F2B S2A 

F3B S3A S3B T3A T3B 

J F4A F4B S4 T4A T4B 
F5A F5B S5 

F6 
-1 
J 

T10A T2 TlOB 
-1 T1lA 1 T11B 

-- T1ZA T12B 

S15.5 W3 N5W27 
T5 

J S15.5 W5 N1E65 
S15.5 W7-8 Nl-3E65 
S22 W8 N8E62 

J S24 W8 N10-11E29 
S27 W8 Nl1-12El 
S31 + 100E W5 

] 
S31 W3 
S31. 5 W7 
S46.5 W8 

J 
j 

I .-
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TABLE D-l. (Continued) ! ; 
r .' 

DRIEDDITCH~AMPLES IN POLYETHYLENE BOTTLES " 

S15.5W3 F5A 207 206 
S27W8 N10-11E29.5 236 235 
S31.5W7 T5 703 303 
S46.5W8 T2 202 301 
S31W5 R802 209 305 ' ' 

S15.5W7-8 R803 203 401 i 
Nl1-12E1 R805 204 237 
T12B R804 216 425 

R800 211 1106 
i 

T10B 
T11B R806 211E 302 
S22W8 205 912 
N1E64 Nl-3E65 208 308 
F3B S4 214 309 
F1A F6 215 314 
S3A F4B 223 322 
T4B S5 222 326 
F3A 503 221 328 
T3R 702 227 329 
T4A 610 228 331 
T1B 704 229 333 
F2A 411 426 408 590 404 903 
N8.5E62 1101 234 312 212 424 325 
N5W27 505 222E 231 219 403 
S3B 409 913 507 224 606 
S15.5W5 909 201 415 226 342 
SIB 901 233 910 225 313 
F4A 609 1102 604 232 508 
F5B 337 238 334 213 906 

1105 327 336 
429 500 603 
1103 217 315 
412 414 323 
407 306 304 
504 904 332 
900 406 311 
607 317 427 
422 905 319 
908 700 318 
911 307 417 
324 339 506 
423 608 358 
321 316 354 
1103 510 360 
509 402 353 
325 605 351 
413 428 352 
600 599 363 
416 421 369 
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, TABLE D:"'2.' ROOM 02:' ARCHIVE SPECIMEN INVENTORY, 1/16/81 

200 
0-2' 
2-4' 
4-6' 

203 
0-2' 
2-4' 

207 
0-2' 

211 
0-2' 
2-4' 
4-6' 

214 
0-2' 
2-4' 

222 
0-2' 
2-4' 

222.5 
0-2' 
2-4' 

223.5 
0-2' 
2-4' 

224 
0-2' 
2-4' 

S1W8 
0-2' 
2-4 ' 

SSW8 
0-2 ' 
2-4 ' 

S8W8 
0-2 ' 
2-4 ' 

S13W8 
0-2 I 

2-4 ' 
S16W8 

0-2 ' 
2-4 ' 
4-6' 

DITCH CORE SAMPLES 

300 324 
0-2' 0-2 ' 
2-4' 2-4 ' 
4-6' 326 

302 0-2' 
0-2' 328 
2-4 ' 0-2' 
4-6' 2-4' 

304 329.5 
0-2' 0-2' 
2-4' 2-4 ' 
4-6' 

308 
0-2 ' 
2-4' 

312 
0-2' 
2-4' 
4-6' 

316 
2-4 ' 

319 
0-2 ' 
2-4 ' 

320 
0-2' 
2-4 ' 

S20W8 S31W8 
0-2 ' 0-2 ' 
2-4' 2-4 ' 

S24W8 4-6 ' 
0-2' S32W8 
2-4 ' 0-2 ' 
4-6' 2-4 ' 

S26W8 S31W2 
0-2 I 0-2 ' 
2-4 I 2-4 I 

S28W8 S3U15 
0-2' 0-2 ' 
2-4 ' 2-4 I 

4-6 ' S31W5 
4P2 ' 

S31.5W7 
0-2 ' 
2-4 I 

400 
0-2 ' 
2-4 ' 
4-6 I 

402 
0-2 ' 
2-4 ' 

407 
0-2 ' 
2-4 ' 

409 
0-2 ' 
2-4 ' 

412 
0-2 ' 
2-4 ' 

416 
0-2 I 

2-4 ' 
420 

0-2' 
2-4 ' 

425 
0-2 ' 
2-:-4 ' 

427 
0-2' 
2-4, 

429 
0-2' 

S31E4.5 
0-2 ' 
2-4 ' 
4-6 ' 

S31E15 
0-2 ' 
2-4 ' 

S31E18 
0-2 ' 
2-4 ' 

N2W8 
0-2 I 

2-4 I 

N2W22 
0-2 I 

2~4 I 

N9W9 
0-2 I 

2-4 I 

N11W22 
0-2 ' 
2-4 ' 
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TABLE. D:-J .. ROOMOA: ARCHIVE. . SPEC.IMENT INVENTORY, 1/16/81 I 
i 

f .. ' 
( 
i , 

SURFACE SOIL SAMPLES, NORTHliEST QUADRANT 

NOW24 NIWI N2Wl N3Wl 
NOW25 NIW4 N2W3 N3W3 
NOW26 NIW8 N2W4 N3W4 

NH19 NZWs N3Ws 
NIWIO NZW6 N3t.J6 
NIWll N3W7 
NIWIZ N3W8 
NIW13 
NIW14 
NIWls N2W9 N3W9 
Nun6 NZWIO 
NIW17 N2Wll 
N1W19 N2WIZ N3W1Z 
N1W2O NZW13 N3W13 
N1W21 N2W14 N3W14 
NIWZZ NZWlS N3Wls 
N1WZ3 NZ\H6 N3W16 
NIWZs N2W17 N3W17 
N1WZ6 
N1.sWZO NZW19 N3W19 
Nl.SW21 NZW20 N3WZO 
NI. SWZ3 NZWZ1 N3W21 

NZv12Z N3W22 
NZVlZ3 N3W23(a) 

~2HZ5 N3WZS 
N3WZ6(a) 

N2WZ6 N3WZ7 
NZ.SWZ1 N3.stolZl 
NZ.SWZ2 N3.sWZZ 
NZ.sWZ3 N3.5WZ3 

N4Wl N5W1(a) N6Wl N7Wl 

N4W3 N5W3 N6W3 N7W3 
N4W4 N5W4 N6W4 N7W4 
N4Ws N5WS N6WS N7Ws 
N4W6 NsW6 N6W6 N7W6 
N4W7 NSW7 N6W7 N7W7 
N4W8 NSW8 N6W8 N7W8 
N4W9 N5W9 N6W9 N7W9 
N4WIO N5WIO N6WIO N7WIO 
N4Wll N5Wll N6Wll N7Wll 
N4W1Z NsW12 N6WIZ N7W12 
N4W13 N5W13 N6W13 N7W13 
N4W14 NsW14 N6W14 N7tH4 

(a) Sample in Marenelli Beakers. 
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N8WI 

N8W3 
N8W4 
N8WS 
N8W6 
N8W7 
N8W8 
N8W9 
N8WIO 
N8WIl 
N8Wl2 
N8W13 
N8W14 
N8WlS 
N8Wl6 
N8Wl7 

N8W19 
N8W20(a) 
N8W21 
N8W22 
N8W23 

N4Wl5 
N4Wl6 
N4Wl7 

N4Wl9 
N4W20 
N4l-12 I 
N4W22 

N4W26 (a) 
N4W27(a) 
N4W28 

N4.5W20 
N4.SW22 
N4.SW23 

N9WI 

N9W3 
N9W4 
N9WS 
N9W6 
N9W7 
N9W8 
N9W9 
N9WIO 
N9Wll 
N9W12 
N9W13 
N9W14 
N9WlS 
N9Wl6 
N9WI7 

N9W19 
N9W20 
N9W2I 
N9W22 
N9W23 

D-8 

N5Wl5 N6W15 N7W15 
N5Wl6 'N6Wl6 N7Wl6 
N5Wl7 N6Wl7 N7W17 

N5Wl9 N6Wl9 N7Wl9 
N5W20 N6W20 N7W20 
N5WU N6W2I N7W21 
N5W22 N6W22 N7W22 
N5W23 N6W23 N7W23 

N7W25 
N5W26(a) N6W26 N7W26 
N5W27 N6W27 N7W27 
N5W28 N6W28 N7W28 
N5W29 N6W29 N7W29 

N6W30 N7W30 
N6W31 N7W3I 

N5.5W21W19 N6.5W22 N7.SW21 
NS.Sln2W20 N6.SW23 N7.SW22 
NS.SW23 N7.SW23 

NIOWI NllWl N12WI 
NIOW2 
NIOW3 
NIOW4 

NllW5 N12WS 
NIOW6 NIIW6 N12W6 
NIOW7 NllW7 N12W7 
NIOW8 
NIOW9 NllW9 Nl2W9 
NIOWIO NllWIO Nl2WIO 
NIOWll NllWll NI2WIl 
NIOWl2 NllWl2 Nl2Wl2 
NIOWl3 NllW13 Nl2Wl3 
NIOW14 NllWI4 N12WI4 
NIOWIS NllWl5 Nl2WIS 
NIOWl6 NllWI6 Nl2Wl6 
NIOWI7(a) NllW17 N12W17 

NIOW19 NllWI9 N12Wl9 
NIOW20 NllW20 N12l-l20 
NIOW21 NllW21 N12W21 
NIOW22 NllW22 N12W22 
NIOW23 NllW23 N12v123 

NllW24 
NllW2S N12W25 
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:, ;IABLE.,D-3.(Cortttnued) 

I 
\ .... -

NBW26 , N9W26 NIOW26 NIIW26 Nl2W26 
NBW27(b} . N9W27 (a,b) NIOW27 NIIW27 Nl2W27 
NBW2B N9W2B' NIOW28 NllW28 Nl2W28 
NBW29 N9W29 NIOW29 NIIW29 N12W29 

N8W31 N9W31 NIOW31 NllW31 N12W31 
N8.SW21'-22 N9.SW21 NIO.SWZI Nll.SW21 
NB.5W23 N9.SW22 NIO~5W22 Nll.SW22 

N9.SW23 NIO.5W23 Nll.SW23 

N 1.5W24 N 2.5W26 NIO.5W28 
N 7.5WZ8 N 4.5W26 Nll.5W25 
N 6.SW19 N 6.5W28 NIO.5H24 
N 2.5\Vl9 N 9.5W28 N 3.5W24 
Nll.5W29 N 8.5W19 N 6.5~n6 
N 4.5W28 N 6.5W21 N 3.5W27 
NIO.5W29 N 5.5W28 N 4.5W24 
N 2.5W24 N 8.5W24 N 5.51-126 
Nl1.5W27 N 4.5W27 NIO.5W26 
N 4.5W25 N 8.5W29 N 8.SW26 
N 9.5W19 N 7.5i>l29 N 6.5W27 
N 2.5W20 N 5.5W27 Nl1.5W28 
NIO.5W27 N 7.5\-125 N 3.5W25 
N 8.5W27(b) N 7.5W27 N 5.5W29 
N 9.5W26 N 6.5W29 
N 8. 5{-128 N 8.5W25 
NIO.5W20 N 2.5W25 
N 1.5W19 N 5.5W25 
NIl. 5\-124 N 9.5\0124 
N 3. 5~n8 N 3.5W26 
NO.5{-120 N 9.5W29 
N 8.5W20 N 7.5tnO 
Nll.5W20 N 3.SW20 
NII.5W21 N 7.5W26 
Nll.51-126 N 1.5W25 
N 1.5W26 NIO.SWI9 

N 3.5W19 
N 0.5W24 
NIO.SW25 

(a) Sample in Marenelli Beakers. 

(b) Returned to BCL 11/8/80. 
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f~~' TABLE D-3. (Continued) 
,,' 

r 'PROCES SED 'CORE SAMPLES IN :MAR,ENELLI BEAKERS 

f' NOW19 N4W29 N8W27113 N2.5W26 0-2' 

0-2' 0-2' 0-6" N2.SW26 2-4' 

2-4' 2":4 ' 6-10" N2.5W26 4-6' 

f' 4-6' ' 4-6' 10-14" 
N3.5W27 0-2' 6-8' 6-8' N8W27 113-1 

8-10' 8-10' NSW27 3-25 N3.5W27 2-4' 

10-12' 10-12 ' NS-W27 3-35 N3.5W27 4-6' 

r- 12-14' 12-14' N4 W27.5 0-2' 'L _, 14-16' 14-16' 
16-18' 16-18' N4 W27.5 2-4 ' 

1 18-20' N4 W27.5 4-6' 

i N7 W26 0-2' 

N9W27 N10W17 N12W31 N7 W26 2-4' 
{ N7 W26 4-6' I 0-6" 0-2' 0-2' -, 

6-10" 2-4 ' 2-4' N7 W27 0-2' 
(, N9W27 112-3 4-6' 4-6' N7 W27 2-4 ' 
I N9W27 , 6-8' 6-8' N7 W27 4-6' ! 0-6BA 8-10' 8-10' 

10-12' 10-12' N8 ~{27 0-2' 
u 12-14' 12-14' N8 W27 2-4' .\ 

i 14-16' 14-16' N8 W27 4-6' 
16-18' 16-18' 

i 18-20 ' 18-20' N8 W28 0-2' 
t 20-22 ' 22-24' N8 W28 2-4 ' 

22-24 ' N8 W28 4-6' 

I 
24-26' 
26-28' N8.2W27.2 0-2' [ 28-30' N8.2W27.2 2-4' 
30-32' N8.2W27.2 4-6' 

J 32-34' 
! 34-36' N9 W27 0-6" 

N9 W27 0-2' 
'f N9 W27 2-4' . 

N9 W27 4-6' ~ 
~ " 

J 
N9 W26 0-2' 

;,1 N9 W28 2-4' 
N9 W28 4-6' 

N9.2W27.2 0-2' 
N9.2W27.2 2-4 ' 
N9.2W27.2 4-6' 
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T~LE D-3. (Continued) 

.. DRl)ED .SAMPLES INPOliYETHYLENE;BOTTLES 

N 2 W 7 
N-Z W 8 
N 3 WIO 
N.- 3 WIl 
N 9.W 9 2' 

. N 2 W22 2 f 
N 2W22 4' 
N9 W9 4' 
N 2 W 8 2' 

. NIl W22 ·4' 
NIl W22 2' 
N2 W8 4' 
N 8 W27 
N 8.SW27 
N 9 W27 
N 8 W27 
N 9 W27 Z-3 shovel 
N 8.5W27 

DRIED VEGETATION SAMPLES SEALED IN POLYETHYLENE BAGS, 
NORTHWEST QUADRANT 

N 6W20 
NllW19 
N OW24 
N lW23 
NlZW3l 
NIlW23 
N 6W30 
N 8W22 
N lW2l 
N 6W29 
N 9W25 
NllW17 
N 8W20(a) 

(a) Sample in Marenelli Beakers. 

(b) Returned to BCL 11/8/80. 

N 9W26 
N 9W27 
N 2Wl 
N 8W27(c) 
N 4W2 
N lWll 
N 9WIO 
NlOWa 
N 7Wll 
NlOWS 
N aW7 
NlOW9 
N lW6 

(c) Indicates samples taken from higher than background radiation area. 
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TABLE D-4. ROOM 05': ARCHIVE 'SAMPLE INVENTORY, 1/16/81 t . 

[ 
, :-; !~.: 

SURFACE SOIL SAMPLES (NORTH: 1-6;-EAST: 1'::32) r, NIE1·· N2E1 N3El N4E1 N5El N6E1 
N1E2 N2E2 N3E2 N4E2 NSE2 N6E2 

t' 
N1E3 N2E3 N3E3 N5E3 N6E3 

I NIE4 N2E4 N3E4 N4E4 N5E4 N6E4 
~ N1E5 N2E5 N3E5 N4E5 N5E5 N6E5 l 

N1E6 N2.5E6 N3E6 N4E6 N5E6 N6E6 

r N1E7 N2.5E9 N3E7 N4E7 N5E7 N6E7 
1 N1ES N2E7 N3ES N4ES N5ES N6ES 

N1E9 .N2ES N3E9 N4E9 N6E9 
NIElO N2E9 N3E10 N4E10 N5EI0 N6EIO 

t NIEl2 N2El2 N3El2 N4E12 N5El2 , 
I N1E13 N2E13 N3E13 

NlEl4 N2El4 N3E14 
NIEl5 N2EI5 N3EI5 N4EI5 N5E15 N6E15 
N1El6 H2E16 N3El6 N4EI6 N5E16 N6E16 
NlEl7 N2EI7 N3E17 N4El7 N5El7 N6E17 
NIElS N2El8 N3ElS N4ElS N5EIS N6El8 
NlEl9 N2E19 N3EI9 N4E19 N5E19 N6E19 
NIE20 N2E20 N3E20 
NIE21 N2E21 N3E2l N4E21 N5E2l N6E2l 
NIE22 N2E22 N3E22 N4E22 N5E22 N6E22 
NIE23 N2E-a3 N3E23 N4E23 N5E23 N6E23 
NIE24 N2E24 N3E24 N4E24 N5E24 N6E24 
NIE25 N2E25 N3E25 N4E25 N5E25 N6E25 
NIE26 N2E26 N3E26 N4E26 N5E26 N6E26 
NIE27 N2E27 N3E27 N4E27 
NIE2S N2E2S N3E2S N4E2S N5E2S N6E2S 
NIE29 N2E29 N3E29 N4E29 N5E29 N6E29 

~ I NIE30 N2E30 N3E30 N4E30 N5E30 N6E30 
NIE31 N2E31 N3E31 N4E3I N5E31 N6E31 ,. 

N2E32 N3E32 N4E32 N5E32 N6E32 I 
I 

l N6.5E24 
N6.5E25 

t·_. 
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TABLE D-4. (Con,ti~ued) 
,~ , 

"; !" ~. ~. I' ' 

_ ._"_ ". __ •. L,_ \ 
SURFACE"'SOIL SAMPLES (NORTIi": 7':::12 ; EAsT: ' '1::;:32) " 

,"-

N7EI N8El: . N9EI NIUE NIlEI Nl2El 
N7E2, N8E2 N9E2 NIOE2 NllE2 N12E2 
N7E3 NaE3 N9E3 NlOE3 NIlE3 Nl2E3 
N7E4 N8E4 N9E4 NIOE4 NIIE4 N12E4 
N7ES N8ES N9ES NIOES NllES N12ES 
N7E6 N8E6 NIOE6 NllE6 Nl2E6 
N7E7 N8E7 N9E7 NIOE7 NIIE7 Nl2E7 
N7E8 N8E8 N9E8 NlOE8 NllES Nl2ES 
N7E9 NSE9 N9E9 NlIE9 N12E9 

NIOEIO NIlEIO N12EIO 
NSEl2 N9El2 NlOE12 NIIEII 
NSEl3 N9El3 NIOE13 NllEl2 Nl2E12 

N7E1S NSEl4 N9El4 NIOE14 NllEl3 NI2E13 
N7E16 N8EIS N9EIS NIOEIS NlIE14 Nl2E14 
N7E17 N8El6 N9El6 NlOEl6 NIIEIS Nl2ElS 
N7E1S N8El7 N9El7 NIOEl7 NllEl6 Nl2E16 
N7E19 N8El8 N9EIS NIOE18 NIlEl7 Nl2E17 
N7E21 NSEl9 N9El9 NIOEl9 NIIEl8 Nl2E18 
N7E22 NSE21 N9E21 NIOE20 
N7E23 N8E22 N9E22 NIOE2l NIIE20 Nl2E20 
N7E24 N8E23 NlOE22 NIIE21 Nl2E2l 
N7E2S NSE24 N9E24 NlOE23 NllE22 N12E22, 
N7E26 NSE2S N9E2S NlOE24 NllE23 N12E23 
N7E27 N8E26 N9E26 NlOE2S NIlE24 Nl2E24 
N7E28 N8E27 N9E27 NIOE26 NIIE2S N12E2S 
N7E29 NSE2S N9E2S NlOE27 NIlE26 N12E26 
N7E30 NSE29 N9E29 NlOE28 NllE27 N12E27 
N7E31 NSE30 N9E30 NlOE29 NllE2S N12E28 
N7E32 NSE31 N9E31 NIOE30 NllE29 N12E29 
N7.SE7 NSE32 N9E32 NlOE31 NllE30 N12E30 
N7.SEIO N9.SE7 IUOE32 NllE3l N12E31 
N7.SE1,9 N9.SE9 NllE32 Nl2E32 

N9.SE27 
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TABLE D-4. (Continued) 

. 'mUED vEGETATiON SAMPLES sEALE)) IN POLYETlITLENE BAGS 
FROM NQRTHEAST QUADRANT 

N 2 E45 
NID E57 
NIl E38 
NIl E49 
N0+3BE47 
NIO E4D 
N3+41E54 
N 4 E57 
N 4 E37 
N B E39 
N 8 E47 
N 8 E49 
NIO E5D 
N38 E54 
NID E55 
N39 E57 
N55 E sea) 
N 7.5E sea) 
N 4.5EIO(a) 
N S.5E 7(a) 
N 9.5E 7(a) 
N 9.5E 9(a) 

N 6E42 N 3El6 
N IE62 N 9E 2 
NIDE62 N 5E29 
Nl2E61 Nl2E 3 
Nl2E60 N 3E32 
Nl7El2 N 9E31 
N BE23 N 5E I 
N 3E 4(a) N 6EIo(a) 
N BEl9 N 9E 9(a) 
N 6E22 N 6E 9(a) 
NIIE30 N 6E B(a) 
N 9E27 N 9E 7(a) 
NIIE20 N 5E 9(a) 
N 6El5 N BE36 
NIOE 5 Nl2E34 
N 2EIB N 9E33 
NIOEl7 N BE35 
N 7E2B N 9E B 
N 6E25 N 7E B 
NIIEl2 N 2E 7 
NIIE24 N 3E 4 
Nl2E26 N 5E 8(a) 
N 7E21 N 9E B(a) 
N 8El3 N 5E10(a) 
N IEl4 N 4EIo(a) 

(a) Indicates samples taken from higher than background radiation area. 



TABLE D-S. ROOM' 06: ARCHIVE SAMPLE INVENTORY, 1/16/81 L , . 
I 
l : 

SU:RF4C~SQtLS~tES (NOR.riE: 1-6 £.- EAST: j3~I6) 
~ _. r .. ,. ~ ... ~, ........ -. - _. --- . 

NIE33 N2E33 N3E33 '. N4E33 N5E33 N6E33 
E34 .. E34 E34 E34 E34 E34 

. i 

l 

35 35 35 35 35 35 
36 36 36 36 35 36 
37 37 37 3"L 37 37 
38 38 38 38 38 38 

i 
.1 
I' . 
! . 

39 39 39 39 39 39 
40 40 40 40 40 40 
41 41 41 41 41 41 
42 42 42(a) 42 42 42 
43 43 43 43 43 
44 44 44 44 44 44 
45 45 45 45 45 
46 46 46 46 46 46 
47 47 47 47 47 
48 48 48 48 48 48 
49 49 49 49 49 49 
50 50 50 50 50 
51 51 51 51 51 
52 52 52 
53 53 53 
54 54 54 
55 55 55 
56 56 56 N4E56 N5E56 N6E56 
57 57 57 57 57 
58 58 58 58 58 58 
59 59 59 59 59 
60 60 N3E60 60 60 60 
61 61 N3E61 61 61 61 
62 62 62 (a) 62 62 62 
63 63 N3+63 63 63(a) 63(a) 

N363 
63+35 N363+35 63+35 63+35 

SURFACE SOIL SAMPLES (NORTH: 7-11; EAST: 33-63) 

N7E33 N8E33 NI0E33 NllE33 
N7E34 N8E34 N9E34 N10E34 NllE34 
N7E35 N8E35 N9E35 N10E35 NllE35 
N7E36 N8E36 N9E36 N10E36 NllE36 
N7E37 N8E37 N9E37 NI0E37 NllE37 
N7E38 N8E38 N9E38 NI0E38 NllE38 
N7E39 N8E39 N9E39 N10E39 NllE39 
N7E40 N8E40 N9E40 N10E40 NllE40 

(a) Sample in Marene11i Beakers. 
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r~ ~ ~~ .;-;-; > .,":. 
(Continued) TABLE D-S. 

{" -"-'¥ ' I 

" 
-. ":". 

N7E41 
• ."<".,. 

N8E41 NI0E4I . Nl.IE4I 
N7E42 N8E42 (a) N9E42 (a) NIOE42 . NIIE42 

f, N7E43 N8E43 N9E43 NIOE43 (aY NllE43 
N7E44 N8E44 N9E44 NIOE44 NllE44 
N7E4S N9E45 NIOE4S NllE45 r, N7E46 N8E46 N9E46 NIOE46 NllE46 
N7E47 N8E47 N9E47 NIOE47 NllE47 

-.... - N7E48 N8E48 N9E48 NIOE48 NllE48 

f"' N7E49 NSE49 N9E49 NIOE49 NllE49 

I N7ESO N8E50 N9E50 NIOE50 NllESO 
NSE51 N9ESI NIOE51 NllESl 

NIOES2 NllES2 
r NllE53 l 

NllE54 ~ 
NIOES5 NllES5 

N7E56 N8ES6 N9ES6 NIOE56 NllE56 
N7E57 N8ES7 N9E57 NIOES7 NllES7 
N7E58 N9ES8 N10ES8 NllES8 
N7ES9 N8E59 N9E59 N10ES9 NllE59 
N7E60 N8E60 N9E60 N10E60 NllE60 
N7E61 N8E61 N9E61 N10E61 NllE61 
N7E62 N8E62 N9E62 NIOE62 NllE62 (a) 
N7E63 N8E63 
N7E63+35 N8E63+3S 

SURFACE SOIL SAMPLES ~NORTH: 12-16 i EAST: 33-63) 

NI2E33 N13E NI4E N15E N16E 
N12E34 
NI2E35 
NI2E36 
NI2E37 
NI2E38 
NI2E39 
NI2E40 
NI2E4I 
NI2E42 

i NI2E43 
[, ' 

NI2E44 
NI2E45 NI4E45 NI5E4S NI6E46 
NI2E46 N13E46 NI4E46 NISE46 N16E46 
NI2E47 N13E47 N14E47 NI5E47 N16E47 
NI2E48 NI3E48 N14E48 NISE48 N16E48 
NI2E49 N13E49 NI4E49 NISE49 NI6E49 
NI2E50 NI3E50 NI4E50 NISESO NI6ESO 
NI2ES1 NI3N51 NI4ESI NISE5I N16ESI 
NI2E52 N13N52 NI4E52 N15E52 N16ES2 



NI2E53 
'N12E54 

Ni2E55· 
N12E56 

.'. i~i2E57 
NI2E58 
N12E59 
NI2E60 
NI2E61 
NI2E62 

N4ES3 (b) 
N8ES4(b) 
N2.SE7(b) 
N8.SEIO 
NSESO(b) 
NSES2(b) 
N2.SE8 
N4.SE6 
N5ESl (b) 
N8ES4(b) 
N7ES2(b) 
N7ESl (b) 
N4.SEIO 
N8.SE tb) 
N6ESl(b) 
N8ESO 
N7.SE8 
N6.SE7 
Nl.SE6 
NO.5E6 
N3.SEIO 
N2.SEIO 
NS.SE7 
Nl.SE9 
NS.SE6 
NO.SE8 

0-17 

TABLE D-S. (Continued) 

NI3NS3 N14E53 NI5E53 
NI3N54 N14E54 N15E54 
N13N55 N14E55 N15E55 
N13NS6 N14E56 NlSE56 
N13N57 N14E57 N15E57 
N13N58 N14E58 N15E58 
N13N59 N14E59 NlSE59 
NI3N60 N14E60 N15E60 
NI3N61 NI4E6I N15E61 
NI3N62 N14E62 ~15E62 

SURFACE SOIL SAMPLES STORED IN MARENELLI BEAKERS 
(NORTHEAST QUADRANT) 

N7.SE9 
N9.SE8 
Nl. 5E7 
N3.SE9 
N7.SE8 

- N8. SE9 
N6.SEIO 
NS.5EIO 
N9ES4 (b) 
N9ES2(b) 
N9E5S(b) 
N9ESO(b.) 
N7ESO(b) 
N8.SE6 
N3.SE6 
N9.5E6 
NS.SE8 
N4ESO{b) 
N8E51(b) 
Nl.SE8 
N4.SE8 
N6.SE6 
N3.SE~K) 
N8ESS(K) 
N8ES2 
Nl.SElO 
NO.SEIO 

(b) Samples from K-6S tower area. 

-- N16E53 
N16E54 
N16E55 
N16ES6 

N16E58 
N16E59 

. N16E60 
Nl6E6I 
Nl6E62 

N6E50(b) 
N9ESI (b.) 
N3.5E7 
N4.SE7 
NO.SE9 
N7.SE6 
N7ESS(b) 
N6ES2(b) 
N7ES4(b) 
N9E53 (b) 

T . 
j . 
I .. 
i, 

,,-
'.' 

, 
I. 
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TABLE D-5. (Con tinued) 

CORE SAMPLES STORED INMARENELLI BEAKERS (NORTHEAST QUADRANT) 

N2E1 
2-4' 

N4E10 
3-9" 
6-12" 

N6+3E8 
0-6" 
6-9" 

N7ES 
6-12" 

N7E9 
3-6" 

N7E9 
0-6" 

NSE8 
3-9tt 

N1 
N1 
N1 

N3 
N3 

NS 

E6 
E6 
E6 

E6 
E6 

E6 
NS E10 

N5.5 ES 
N5.5 E8 
N5.5 E8 

N6.5 E9 
N6.5 E9 
N6.5 E9 
N6.5 E9 

o - 2' N7 
2 - 4' N7 
4- 6' 

N7 
o - 2' N7 
2 - 4' N7 

N7 
4 - 6' N7 
2 - 4' 

NS 
o - 2' 
2 - 4' NS 
4 - 6' NS 

NS 
o - 2' N8 
2 - 4' NS 
6 .,. 8' 
S -10' 

N9E9 
0-6" 

N9E7 
3-9" 

N9+5ES 
0-6" 

N10E7 
0-2' 
2-4' 
4-6' 
6-S' 
S-10' 
10-12 ' 
12-14' 
14-16' 
16-1S' 

N10-3E7 
6-12' 

N10W17 
10-12' 

E6 2 - 4' 
E6 4 - 6' 

E51 0 - 2' 
E51 2 - 4' 
E51 4 - 6' 
E55 a - 2' 
E55 2 - 4' 

E7 o - 2' 

E9 o - 2' 
E9 2 - 4' 
E9 4 - 6' 
E9 4 - 8' 
E9 6 - 8' 

N9 ES 
N9 E8 
N9 ES 

N9 E9 
N9 E9 
N9 E9 
N9 E9 
N9 E9 
N9 E9 
N9 E9 
N9 E9 
N9 E9 

N10E62 
0-2' 
2-4' 
4-6' 
6-S' 
8-10' 
10-12' 
12-14' 
14-16' 
16-18' 

N18E20 
6-8' 

12-14' 

a - 2' 
2 - 4' 
4 - 6' 

a - 2' 
2 - 4' 
4 - 6' 
6 - 8' 
S -la' 

10 -12' 
12 -14' 
14 -16' 
16 -18' 



.D-19 

TABLE D-S. (CQI,ltinued) 

N9 E10 o -
N9 E10 2 -

N9 ES3 o -
N9 ES3 2 -
N9 ES3 4 -

2' N9.S E9 
4' N9.S E9 

N9.S E9 
2 N9.5 E9 
4 N9.5 E9 
6' N9.S E9 

o - 2' 
2 ,- 4' 
4 - 6' 
6 - 8' 

10 --12' 
12 -14' 

N9.5 E6.S 0 - 2' 

N9.S E6.S 4 - 6' 
N9.S E6.S 6 8' 
N9.5 E6.S 8 -10' 

DRIED SAMPLES STORED IN POLYETHYLENE BOTTLES 

N8E7 6-8' 
4-6' 
2-4' 

N9.5E6.5 2-4' 

MISCELLANEOUS SAMPLES STORED IN MARENELLI BEAKERS 

SW Mouse 
SE Mouse 
NE Mouse 
SW Frog 
NW Frog 
SE Frog 
SE Raccoon #1 11&16 
North Dump Raccoon #2 9&23 
SW Spoil Pile Groundhog 
Veg Blank 
SE Comp Veg 
NW Comp Veg 
NE Comp Veg 
SW Comp Veg 

(a) Sample in Marene11i Beakers. 

(b) Samples from K-65 tower area. 

BLK 111 BKR 94.9 
spt #lA BKR 91.4 (R 8) 
SPL #lB BKR 91.9 (R 8) 
H20 Sample NIOE62 30-32' 
Niagara Water Sample #11 
270 H20 Sample 410 SE Canal 
269 H20 Sample 410 #2 
288 Sediment #3 410 
321 Sediment #1 410 
320 Sediment West Room 410N 
270 H20 111 410 
267 H20 113 410 
271 H20 West Room 
267.8 H20 in Oven Canal 410SE 
271 H20 Inside Stair 410 

.\ 

I 
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TABLE D-6. ROOM 07: ARCHIVE SAMPLE INVENTORY, 1/16/81 

NOW8 
NIW26 
N7W30 
NIOti8 
N9W28 
N9W27 
N9W26 
N2.5W26 
N8 .2W27. 2 
N7W27 
N9.2W27.2 
N8W27 
N8W26 
N3.5W27 
N4W27.5 
N7W26 
N7W28 
N8W28 

N7E8 
N7E6 
N7E10 
N5EIO 
N5.5E8 
N9.5E6.5 
N8E9 
N5E6 
N9EIO 
N3E6 
NIE6 
N8L7 
N9ES 
N8E8 
N7E51 
N7E55 
N9E53 

CORE S~LES IN 5-GAL CANS 

S42 E16 -i:.·N~ . I ..... d I. .~_'J 
S40 E20 C1t ~ 

~~Ur4M1wu ht-.4t-
-.... S41Wll 
--- S42W18 
----.. S42W6 
--.J> S39W16 
~S39W12 

u..~S28WI7 
u.~ S27W17 
~S29W16 

S29W14 
~ S21W17· 
.-. S26W7 
---!> S26Wll(a) 
~S26W16 

-.:pS26W18 
S25W15 

1.L~S23W17(a) 
S24W16(a) 

~S23W12 

S24W9 
--. S25W9(a) 
~S25W12 

~S25WIO 
-4 -. S22W14 

---'» S22W17 
~ S22W12(a) 
~ S22W16 

~S34W12 
----bo S34W13 
~S35W14 
~S35Wll 

~S36W12 
~ S36W13 

S28.5E6 
S29E7 .• 5 

(a) Returned to BCL 8/9/81. 

N6 E63 
NIO EIO 
N12 E1 

U.~S23W9 (a) 
U, ~S23Wll 

-+-S23WIO 
-;'S21W14 
--e.S21W15 

S21W16 (a) 
~22WI0 

--j::.S22Wll 
~S20W14 
.-b S20W13 (a) 

~S20W15 
~S20W16 
~ S20W17 (a) 
~S21W7 
~S21W12 

S21Wll 
~S18W18 
~S17W15 (a) 
~ S19W13 (a) 
-:I!o. S20WIO 
-!> S12WIO 
~ S12W14(a) 
~S12W17 

~S15\n2 
~ S17W9 
~ S15W17 



• > 

. '. 

S41W14 
0-2' 
2-4' 
4-6' 
6-8' 
8-10' 
10,..12' 
16-18' 

S37W14 
0-2' 
2..,4' 
4-6' 
6-8' 
8-10' 
10-12' 
12-14 ' 
14-16' 

S37W11 
0-2' 
2-4' 
4-6' 
6-8' 
8-10' 
10-12' 

S28W3-2 
0-6" 
6-12" 

S28W4 
0-61t 

6-12" 
12-18" 

S27W2-2 
0-6" 
6-12" 

S27-1W3 
0-6" 
6-12" 

D-21 

TABLE D-6. (Continued) 
" '" . 

CORE -S~;r,.ESfROCESSED:. IN MARENELI:.I:::BEAKERS ._ .. 

S36W18 
0-2' 
2-4' 
4-6' 
6-8' 

.8-10' 
·10-12' 
12-14' 
14-16' 

.16-18' 
18-20' 
20-22' 
28-30' 
34-36' 
36-38 

S30-4W4 
0-6" 
6-12" 

S31Wll 
SE Door 
Base of embankment 
0-6" 
10" 

S26W14 
0-2' 
2-4' 
4-6' 
6-8' 
8-10' 
10-12' 
12-14' 
14-16' 

~ 
0-2' 
2-4' 
4-6' 
6-8' 
8-10 ' 
10-12' 

S29W17 
0-2' 
2-4' 
4-6' 
6-8' 
8:"'10' 
10-12' 

S29W6 
0-6" 
6-12" 

S22+2W3 
0-6" 
6-12" 
12-18" 

S22-JWf! 
0-6" 
6-12". 
12-18" 

S28W2+1 
0-6" 
6-12" 
12-18" 
18-21" 

S2.2lilJ 
4-6' 
6-8' 
8-10' 
12-14' 
14-16' 
16-18' 
18-20' 
20-22' 
22-24' 
24-26' 
26-28' 
28-30' 

1 
I 
;,., 

','. 
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S262W17 
0':2 ' 
2-4' 
4-6' 
6-8' 
8-10' 
10-12' 

S23W13 

0-2 ' 

4-6' 
6-8' 
8-10' 

10-12' 

14-16' 
16-18' 
18-20' 
20-22' 
22-24' 
24-26' 
26-28' 
28-30' 

S22W9 

0-2' 
2-4' 
4-6' 
6-8' 
8-10' 

10-12' 
12-14' 

D-22 

--; .. - , ,.." 

TABLE "D~6 ~', ' •.. (Continued) 

S24W14 

0-2 ' 
2-4 ' 
4-6 ' 
6-8 ' 
8-10' 

12-14 ' 
14-16' 
16-18 ' 
18-20' 
20-22' 
22-24 ' 
24-26' 
26-28' 
28-30' 

S20W12 

0-2' 
2-4' 
4-6' 
6-8' 
8-10' 

10-12' 

s25w.ii 
0.-1i' 

.~~ 

2-4' 
4-6' 
6-8' 
8:-10' 
10-12' 
12-14' 
14-16' 
16~18' 

18-20 

S22W18 

0-2 ' 
2-4 ' 
4-6 ' 
6-8 ' 
8-10 ' 

10-12 ' 
12-14 ' 
14-16' 
16-18 ' 
18-20' 
20-22 ' 
22-24 ' 
24-26 ' 
26-28 ' 
28-30' 
30-32' 

'32-34 ' 
34-36' 
36-38' 
38-40' 

"l';", 

S21W13 

0-2 ' 
2-4 ' 
4-6 ' 
6-8 ' 
8-10 ' 

10-12 ' 
12-14 ' 
14-16 ' 

18-20 ' 
20'--22 ' 
22-24 ' 
24-26 ' 
26-28 ' 

S24Wll 
8-10' , 
10-12' 
12-14' 
14-16' 
16-18' 
18-20' 

S24W17 
0-2' 
2-4' 
4-6' 
8-10' 
10-12' 
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TABLE D-6. (Continued) 

}: 

I 
S19W15 S19W17 SlN13 S16W15 
0-2' 0-2' 0-2' 6-12" 
2-4' 2-4' 2-4' 12-18" 
4-6' 4-6' 4-6' 
6-8' 6-8' 6-8 S16W16 
8-10' 8-10' 8-10' 6-12" 
10-12' 10-12' 10-12' 12-18" 
12-14' 18-22" 
14-16' S14W18 S10W7 
16-18' 0-2' S15W15 
18-20' 2-4' 6-12" 

4-6' 12-18" 
S15W9 6-8' . 

f 
£.. 

I 
f 
l 

I c 
L 

I 
[ 

I 
0-2' 8-10' S15W14 
2-4' 10-12' 6-12" 
4-6' 12-14 ' 12-18" 

~!J 

I 
6-8' 14-16' 
8-10' 16-18' 
10-12' 18-20' 

20-22' 

i .. ". 
I 

22-24' 
24-26' 
26-28' 

~~ 

I 
28-30' 
30-32' 
32-34' 
34-36' 

"JI 

I r-
! 

36-38' 
38-40' 

.":;:: 

I 
(a) Returned to BCL 8/9/81. 

w,. 

I 
_lJ 

I 
., 

I 
..,.. 

I 
I 

.... ~ 

I 
• 
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TABLE D-7. ROOM 10: ARCHIVE SPECIMEN INVENTORY, 1/16/81 

WD1 
2 
4 
9 

10 
12 
13 
14 
15 
16 
19 
22 

WD 25 

SA}WLES FROM DRAINAGE DITCHES AND HOT BUILDINGS 
PROCESSED IN MARENELLI BEAKERS 

Niagara Area #4 File 289 
Niagara South #2 File 289 
Niagara Area #3 File 290-E/W Ditch 

Lutts Road Ditch 

Building 11 in Fence W X SW 

0-6" 
6-12" 

Building 411 SW Door Inside Fence 

0-6" 
.6-12tt 
12-18" 

Building 411 SW Inside Fence, E of Door 

0-6" 
10" 
12" 

56 Building 411 - 10" 

Building 411 In Fence W of SW Doors 12" 

Building 411 In Fence SE Door 

0-6", 0+61t 

Building 411 In Fence W of SE Door 
0-6" 

Building 411 Outside Fence SE Door 
0-6" 

Building 414 
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TABLE D-7. (Continued) 

MAIN DITCH SAMPLES PROCESSED IN MARENELLI BEAKERS 

MD-l MD-40 MD-68 
MD-3 MD-41 MD-69 r 
MD-S MD-42 MD-70 
MD-7 MD-43 MD-71 
MD-9 MD-44 Mn-72 
MD-11 MD-45 Mn-73 

.". 

MD-13 MD-46 Mn-74 
MD-IS MD-47 Mn-7S r MD-17 MD-48 Mn-76 
MD-19 MD-49 MD-77 L 

MD-21 MD-50 MD-78 
MD-23 MD-Sl MD-79 --i 

MD-25 MD-52 MD-80 .i-
MD-26 MD-S3 MD-81 
MD-27 MD-S4 MD-83 ;-

MD-28 MD-SS MD-87 
MD-28 Culvert MD-89 '--

MD-29 MD-91 
MD-30 MD-93 

!-

MD-31 MD-9S ;,." 

MD-32 -60 MD-97 
MD-33 -61 MD-99 
MD-34 -62 MD-I00 ~ 
MD-3S -63 MD-I0l 
MD-36 -64 MD-I03 r MD-37 -65 MD-I0S 
MD-38 -66 MD-I07 -. 
MD-39 -67 

r-
HAND-AUGERED AND DITCH SAMPLES 

~ 

West Ditch K-65 Ditch East West Ditch 

213 180, 181, 182 ! 
4,S 

8 197, 206 167, 168 ~ 

19. 20, 26. 24 201, 208 183, 184 
27, 28 207, 210 177, 178, 179 (.-

21, 22, 23 175, 203, 20S 169, 170 -. 
10, 12 193, 200 190, 191 
2, 9, 14 198, 209 18S. 186 
17, 18 192, 211 174, 17S, 176 

212 187, 188, 189 .. 
199,204, 202 171, 172, 173 

~ 

L 



.., 
l 

j 

] 

] 

] 

] 

1 
J 

I 
I 
I 
t 

SEoi1 Ditch 

Samples in 1 gal 
159, 160, 161 
145, 146, 147 
152, 154 
138, 132, 
148, 151 
149, 153 
162, 157 
164, 158 
163, 165 
136, 129 
265, 128, 
130, 136, 
133 
143, 144 
155, 156 
ISO, 142 
139, 137 

135 

190 
134 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
ll. 
12. 
13. 
14. 

D-26 

TABLE D-7. (Continued) 

West Ditch South Ditch 

cans 4,5 
8 

WATER AND SEDUIENT SAlIPLES 

BOX J 

K-65 Ditch N9E41 
K-65 Ditch N9E49 
Building 410 Sediment #2 

127 
122, 
120, 
116, 
113, 
125, 
122, 
101, 
104, 
102, 

7 cc Loaded in open canal 410 SE 24 VIII 79 
Building 410 Sediment #1 
Building 410 Sediment #3 
Water Sample 24 VIII 79 410 SE Canal 
Water Sample NI0-E62 30-32' 
Building 410 Water #2 
Building 410 Water #3 
Water Room West 
Building 410 Water #1 
Sediment West Room 410 N 
Steps 2+3 2nd Floor Inside Stair Well 410 

123, 124 
110, 112 
117 
115, 119 
126 
108, 121 
103, 118 
106, 114 
105, 109 



----Je, 

---e-

Sl 
Sllo1l 
SlW3 
SlW5 
SlW7 
51W10 
SlW12 
SlW14 
SlW16 

S4 
S4W1 
S4W3 
S4W5 
S4W7 
S4W9 
S4Wll 
54W13 

D-27 

TABLE )-7 • (Con,tinued) 

DRIED VEGETAtION SAMPLES SEALED IN POLYETHYLENE BAGS 

Spoil Ditch 

11147 11149 
135 132 
134 153 
162 145 
131 151 
136 126 
130 129 
146 127 
133 143 
157 125 
148 144 
138 

K-65 N. Ditch 

1f213 

TABLE D-S. ROOM 11: ARCHIVE SAMPLE INVENTORY, 1/16/81 

SURFACE SOIL SAMPLES - SOUTHWEST QUADRANT 
---Z:>. S2 .---& g 

& SlW2 S2Wl & S2W2 S3Wl & S3W2 
& SlW4 52W3 & S2W4 S3W3 & S3W4 
& SlW6 S2W5 & S2W6 S3W5 & S3W6 
& SlW9 S2W7 & S2W9 S3W7 & S3W9 
& S1W11 S2W10 & S2W11 S3W10 & S3W11 
& SlW13 S2W12 & S2W13 S3W12 & 53W13 
& SlW15 S2W14 & S2W15 83W14 & 83W1S 
& SlW17 S2W16 & S2W17 S3W16 & 53W17 

S2W18+30 S3W18+30 

--h55 ~S6 
& 54W2 S5Wl & S5W5 S6Wl & 56W2 
& 54W4 55W2 & S5W3 S6W3 & S6W4 
& S4W6 S5W6 & S5W7 86W5 & S6W6 

S5W9 & S5WI0 S6W7 
& S4WI0 SSWll & 55W12 S6W9 & S6W10 
& S4W12 S5W13 & S5W14 S6W11 & S6W12 
& S4W14 85W15 & 55W16 S6W13 & S6W14 

S4W1S & S4W16 S5W17 & 55WlS+30 S6W15 & 56W16 
S4W17 & S4W18+30 86W17 & S6W18+30 
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"'TABLE D-8: '(Co'nt:i:nued) 

S7 ~ S8,." 
S7Wl & S7W2 s8w2' & S8W4 
S7W3 & S7WS S8W3 .. & SSW7 
s7w4 & S7W6 SSWS & S8W6 ' 
S7W7 S8W9 & S8WIO . 
S7W9 & S7WIO S8Wll & S8W12 
S7Wli & S7W12 SSW13 & S8W14 
S7W13 & S7W14 S8W1S & S8W16 
S7WlS & S7W16 S8Wl7 
S7W17 & S7W18+30 S8W18+30 

SlO 
SlOWl & SlOW2 SlOWlS & SlOW16 
SlOW3 & SlOWS SlOW14 & SlOW17 
SlOW4 & SlOW6 SlOW18+30 
SlOW7 
SlOW9 & SlOWIO 
SlOWll & SlOW12 
SlOW13 & SlOW14 

SI1 ~ S12 
SI1Wl S12Wl & S12W2 
S11W2 & S11W3 S12W3 & S12W4 
SllW4 & SllW7 S12WS & S12W6 
SllWS & SllW6 S12W7 & S12WIO 
SllW9 & SllWIO S12W9 & S12WlO 
SllWll & SllW12 S12Wll & S12W12 
SllW13 & SllW14 S12W13 & S12WlS 
SllWlS & SllW16 S12W13-lS 
SllW17 S12W16 & S12W18+30 
SllW18+30 

S14 ~SlS 

S14Wl & S14W3 SlSWl & SlSW2 
S14W2 & S14W4 SlSW3 & SlSW4 
S14WS & S14W12 SlSWS & SlSW6 & SlSW7 
S14W6 & S14W7 SlSW12 & SlSW13 
S14W9 & S14WlO SlSW14 & SlSWlS 
S14Wll S15W1S 
S14W13 & S14W14 SlSW16.S 
S14WlS & S14W16 SlSW17 & SlSW18 
S14W16.S 

& S13W16. 5 (a) S14W17.S 
S14W17 & S14W18+30 

(a) Special samples. 

- '-.""- .-.,~ ... "~,~ .. --, .-~- .. --' 

~ 89, 
"s9wf &S9wi 

S9rn &.,S9W6 
S9W4 & S9W4 
S9W7 
S9W9 & S9WIO 
S9Wll & S9W12 
S9W14 
S9W1S & S9W16 
S9W17 
S9W13 & S9W18+30 

>S13 
S13Wl & S13W2 
S13W3 & S13W4 
S13WS & S13W6 
S13W7 & S13W13 
S13W9 & S13WIO 
S13Wll & S13W12 
S13W14 & S13W1S 
S13W16 & S13W17 
S13W17.S 
S13W18+30 

+S16 
S16Wl & S16W2 
S16W3 & S16W4 
S16WS & S16W6 
S16W7 & S16W9 
S16W9 & S16WlO 
S16WlO & S16Wll 
S16W12 & S16W16 
S16W13 & S16W14 
S16Wll & S16W16 
S16W16. sea) 
S16W17 & S16W18+30 
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TABLED-8. (Continued) 

-
C' r .\ 
~. .; 

/. 

r .. -------------------------------r 
~ 517 ,_ '~'- 518 ~'519.o ( 

517W1 & 517W2 518W1 & 518W2, 519Wl ~: 5~9W4 
S17W3 & 517W4 518W3 & 518WS' $19W2 &S19W3 
SPW5 & 517W6 518W4 & S18W6 519W5 &. $19W6 
517W7 518W16.5 & 519W17.5(a) 519W17.5 & (a) 
S17W17.5 & 537WI7.5(a) - S20W16.5 

520 
520W1 & 520W2 
S20W3 & 520W4 ' 
S20W6 & 520W7 (a) 
S20W11.5 & 523WI0.5(a) 
520W17.5 & 519W16.5 
520W5 & 520W18+30 

S21 
521Wl & S21W2 
521W3 & 521W4 
521W5 & 521W6 
521W7 & S21W8 (a) 
521W9.5 & 517W6.5 ( ) 
521Wll.5 & 520W9.5 a 

519Wl8+30 

~, 522 
522W1 
522W3 
522W5 
522W7 

& 522W2 
& 522W4 
& 522W6 
& S22W8 

~ S23 ~ S24 ----h. 525 
S25W2 523Wl & S23W2 

523Wl 
S23W3 & 523W4 
523W5 & S23W6 
523W7 & S23W8 
S23W18+30 

~ 526 

~ 

S26Wl & S26W2 
S26W3 & S26W4 
526W5 & 526W6 
526W7 & S26W8 
S26W18+30 

529 
S29Wl & S29W2 
S29W3 & S29W4 
S29W5 & S29W8 
S29W6 & S29W7 
S29W18+30 

524W3 & S24W4 
524W5 & S24W6 
524W8 
S24W17.5 
S24W18+30 

~ 527 
S27W4 
S27W5 & S27W6 
S27W7 & 527W8 

---b S30 
S30Wl & S30W2 
S30W3 & S30W4 
S30W5 & S30W6 
530W7 & S30W8 

S25W3 & 525W4 
S25W5 & S25W6 
S25W7 & 525W8 
525W10.5 & S16W17. 5 (a) • 

~ S28 
S28Wl 

~ 

S28W2 & S28W4 
S28W7 & S28W8 

S31 
S31Wl & S31W2 
S31W3 & S31W4 
S3lW5 & S3lW6 
531W7 & S31W8 
S31W18+30 
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:TABLE D-8.·· (Continued) 

~S32 ~S33 

S32Wl & S32W4 S33Wl & S3:3W2 
S32W2 & S32W7 S33W3 & S33W4 
S32W3 &'S32W5 S33WS & S33W6 
S32W6 S33W7 & S33W8 
S32W9 & S32W18+30 S33W9 & 533W18+30 

~535 --J:!.. 536 
S35Wl & 535W2 S36Wl & S36W2 
S3SW3 & 535W4 S36W3 & S36W4 
S35WS & S35W6 S36WS & S36W6 
S35W7 & S3SW8 S36W7 & S36W8 
S3SW9 & S3SW18+30 S36WIO.S & S41WlS. Sea) 

S36Wll.5 & S38W16.S(a) 
S36W12 & S36W13 

~ S38 S36W12.S & S36W13.S(a) 
S38Wl & S38W2 S36W13.S & S36W17.S(a) 
S38W3 & S38W4 S36W14 & S36WlS -
S38W5 & S38W6 S36W14.S & S38W17.S(a) 
S38W7 & S38W8 S36W15.5 & S41W17.S(a) 
S38W9 & S38WIO S36W16 & S36W17 
S38Wll & S38W12 S36W18+30 
S38Wll.S & S38W12.S 
S38W13 

S38W16 ~ S39 S38W14 & 
S38WlS.S & S38W14.S(a) S39Wl & S39W2 
S38W15 & S38W17 S39W3 & S39W4 
S38W18+30 S39WS & S39W6 

S39W7 & S39W4 (8?) 
S39W8 
S39W9 & S39WIO 
S39WIO 
S39WIO.S & S39Wll.S 
S39W12 & S39W13 
S39W13.S & S39w12.S 
S39W14 & S39WlS 
S39W16 
S39WlS.S & S39W16.S 
S39W17.S & S39W14.S(a) 
S39W17 & S39W18+30 

--.534 
S34wl & S34W2 
S34W3 & S34W4 
S34WS & S34W6 
S34W7 
S34W8 
S34W9 
S34W16 
S34W16.S & S34W17.S 
S34Wll & S34W18+30 

~S37 
S37Wl 
S37W3 
S37WS 
S37W7 
S37W9 
S37WIO.S 
S37Wll 
S37Wll. S 
S37W13 
S37W14.S 
S37WlS 
S37WlS.S 
S37W16.S 
S37W17 

~ S40 
S40Wl 
S40W4 
S40WS 
S40w8 
S40W9 
S40WIO 
S40W12 
S40W12.S 
S40W14 
S40W14.5 
S40W12.S 
S40WlS.S 
S40W16 

& S37W2 
& S37W4 
& S37W6 
& S37W8 
& S37WIO 
& S38W13. sea) 
&-S37W12 
& S24WIO.S(a) 
& S37W14 
& S40W16. S (a) 
& S37W16 
& S37W12.s(a) 
& S34W17.s(a) 
& S37W18+30 

& S40W3 
& S40W6 
& S40W7 

& S40Wll 
& S40W17 
& S40W13 
& S40W13. S (a) 
& S40WlS 
& S40Wll.S 
& S40W18.S(a) 
& S40W17. S (a) 
& S40W18+30 



~ 541 
S41W3 
S41W5 
S41W7 
S41WS 
S41W9 . 
S41WIO 
S41Wll.S 
S41W12 
S41W14 
S41WIO.5. 
S41W14.5 
541W16.5 
S41W16 

4 S14W18 
~ S15W9 

--l> S22W18 
S23W13 

& S41W4 
6. S41W6 

.& S41Wll 
& S41W12.5(a) 
& S41W13 
& S41W15 
& S37W13.S(a) 
& S15W17. Sea) 

& S41W17 

D-31 

. TJ\l)LED-8~ . (COl'/. tinued) 
'./ ..... ; 

, _ • _~L~ • ,.-• 

542 
S42Wl & S42W2 
S42W3 & S42W4 
S42W5 &. S42W6 
S42W7 & S42W8 
S42Wll &S42W12 
S42W13 & S42W14 
S42W15 & S42W16 
S42W18 

... ~ 

542+45 
S42+4SWI 
S42+45W4 
S42+45W6 
542+45W8 
S42+45WIO 
542+45W12 
S42+45W14 
S42+45W16 

CORE SAMPLES IN 5-GAL CAL\lS - SOUTHWEST QUADRANT 

---"'b. 524W10 
S24W11 

-b S24W14 
S2SWll 

& 542+45W3 
& S42+45W5 
& .S42+45W7 
& S42+45W9. 
& S42+45Wll 
&S42+45W13 
& S42+45W15 
& S42+45W18 

S25W13 
.....-l> S26WIO 
~536W18 

SURFACE SOIL SAMPLES PROCESSED AND STORED AND MARENELLI BEAKERS 

S2W5 
S2W6 
S9W4 
S9WS 
Slmn 
S13lv8 
S14W8 
S15W8 
S16W8 

517W8 
S18W8 
S19W8 
S20W8 
S35Wl 
S35W2 
S35W3 
S35W4 
S39W5 

CORE SAMPLES PROCESSED AND STORED IN MARENELLI BEAKERS 
(SOUTHWEST QUADRAL\lT) 

542 W5 8 - 10' 
542 W6 16 - 18' 
S42 W6 20 - 22' 

S21 Wll 0 - 2' 
2 - 4' 
4 - 6' 

o - 2' 
4 - 6' 
6 - 8' 
8 - 10' 

10 - 12' 

S21 W16 

S39W6 
S40W7 
S40WS 
S41W3 
S41W4 
541WS 
S42W5 
S42W6 

12 - 14' 
14 - 16' 
16 - 18' 
18 ;.. 20' 
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-S23 ·W15 10 - 12' 
12 - 14' 
14 - 16' 
16 - 18' 
18 - 20' 
20 - 22' 
22 - 24' 

S24 W9 o - 2' 
2 - 4' 
4 - 6' 

DRIED SAMPLES 

S20W13 0 - 2 
S20W13 2 - 4 
S20W13 4 - 6 
S20W13 6 - 8 
S20W13 8 -10 
S20W13 10 -12 
S20W13 12 -14 
S20W13 14 -16 
S20W13 16 -18 
S20W13 18 -20 
S20W13 20 -22 
S20W13 22 -24 

S24 W16 0 - 2 
S24 W16 2 - 4 
S24 W16 4 - 6 
S24 W16 6 - 8 
S24 W16 8 -10 
S24 W16 10 -1,2 
S24 W16 12 -14 
S24 W16 14 -16 
524 W16 16 -20 
524 W16 20 -22 
S24 W16 22 -24 
524 W1624 -26 
S24 W16 26 -28 
524 W16 28 -30 

S16 W8 2' 
S16 W8 4' 
S5 W8 4' 

'-''''.":':-'' 

'. ])-32 

:'TABLE D-8. (Continued) 

S25 W15 4 - 6' 
6 - 8' 
8 - 10' 

10 - 12' 
12 - 14' 
14 - 16' 
16 - 18' 
18 - 20' 
20 - 22' 
22 - 24' 

S34 W13 

S35 W11 

IN POLYETHYLENE BOTTLES FROM SOUTHWEST QUAD~T 
.-/ 

o -
Z·~ 

4 .~ 

o ... 
2 -
4 -

2' 
4' 
6' 

2' 
4' 
6' 

~ 
~~~ 

S23W9 0 - 2 S26W11 

~~ ~'~% 
~=~<c S23W9 2 - 4 S26W11 

S23W9 4 - 6 S26W11 4 - 6 
S23W9 6 - 8 S26W11 6 - 8 

8 -10 S23W9 8 -10 S26W11 
523W9 10 -12 S26W11 10 -12 

12 -14 
14 -16 
16 -18 
18 -20 

S23W9 12 -14 S26W11 
S23W9 14 -16 S26W11 
S23W9 16 -18 S26W11 
S23W9 18 -20 S26W11 

S22W12B 0 - 2 
S22W12B 2 - 4 
S22W12B 4 - 6 
S22W12B 6 - 8 
S22\H2B 8 -10 
S22W12B 10 -12 
S22W12B 12 -14 
522W12B 14 -16 
S22W12B 16 -18 
S22W12B 18 -20 

Sl7W15 0 - 2 
517W15 2 - 4 
S17W15 4 - 6 
517W15 6 - 8 
S17W15 8 -10 
Sl7W15 10 -12 
517W15 12 -14 
S17W15 14 -16 
S17W15 16 -18 
S17W15 18 -20 

,S19W13 0 - 2 
S19W13 2 - 4 
S19W13 4 - 6 
S19W13 6 - 8 
S19W13 8 -10 
S19W13 10 -12 
S19W13 12 -14 
519W13 14 -16 
519W13 16 -18 
S19W13 18 -20 
519W13 20 -22 
S19W13 22 -24 
S19W13 24 -26 
S19W13 26 -28 
S19W13 28 -30 
S19W13 30 -32 
S19W13 32 -34 
S19W13 34 -36 
S19W13 36 -38 



52.2 WI2A o - 2 
522 W12A 2 - 4 
522 W12A 4 - 6 
522 W12A 6 - 8 
522 WI2A 8 -10 

523 W17 o - 2 
523 W17 2 - 4 
823 W17 4 - 6 
823 W17 6 - 8 
823 W17 8 -10 
823 WI7 10 -12 
823 W17 12 -14 
523 W17 14 -16 
823 W17 16 -18 
823 W17 18 -20 

512 W14 o - 2 
812 ln4 2 - 4 
812 W14 4 - 6 
812 W14 6 - 8 
512 W14 8 -10 
512 WI4 10 -12 
512 W14 12 -14 
812 W14 14 -16 
512 W14 16 -IS 
512 W14 IS -20 
S12 W14 20 -22 
512 W14 22 -24 
S12 W14 24 -26 

827 W2 
527 W3 
828 W6 
829 WI0 
528 W5 
528 W3 
829 W9 
824 W8 (4') 
523 W15 (4-6' ) 
S23 W15 0-2 
825 W1S 0-2 

-~M~~ D-8o;. (~()l'!.t.;inued) 

___ .". ~ __ ._"".. "··._H._ 

525 W9 o - 2 
S25 W9 2 - 4 
525 W9 4 - 6 
525 W9 6 - S 
525 W9 8 -10 
525 W9 10 -12 
S25 W9 12 -14 . 
525 W9 14 -16 
525 W9 16 -18 
525 W9 18 -20 

520 't-1l7 o - 2 
820 W17 2 - 4 
820 W17 4 - 6 
820 W17 6 - 8 
820 W17 8 -10 
520 W17 10 -12 
520 W17 12 -14 
S20 W17 14 -16 
820 W17 16 -18 
520 W17 18 -20 
S20 W17 20 -22 
S20 W17 22 -24 
S20 WI7 24 -26 
520 W17 26 -2S 

520 W17 30 -32 
820 tU7 32 -34 

821 W16 2-4' 
529 W14 0-2' 
S29 W14 4-6' 
S23 W15 2-4' 
825 W15 2-4' 
523 W15 6-8' 
528 W8 . 2' 
S13 WS 4' 
52B W8 4' 
828 W8 6' 
51 W8 4' 

Co~g~4site 

S14 WIS. 5-21.8 
S18 WIB.5-21.8 

;, 526 WIB.5-21.8 
536 WIB.S-22 

.. 522 WlS.S-21.S 

S31 WB.S 2 I 
51 W8 2' 
S31 W5 2 ' 
516 W8 6' 
S31 WB.5 4' 
58 W8 2' 
S8 WS 4' 
531. 5 W7 4' 
513 W8 2' 
55 W8 2' 
831.5 tn 2' 
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TABLE D~8 > ,( Con dnued) 

DRIED VEGETATION· SAMl?LES,FROM$OUTHWEST.QUADRANT SEALED IN 

S2S W17(b) 
S23 W1S(b) 
S23 WlO(b) 
S22 W16 
S22 W9,(b) 
S22 Wl1(b) 
S22 Wl0(b) 
S23 WI6(b) 

. S22 W14 (b) 
S23 Wll(b) 
S23 WI3(b) 
S22 W12 
S32 W18 + 30 
S32 W2(b) 
S23 W9(b) 
S33 WS 
S32 W7(b) 
S28 W2 
S29 W7 (b) 
S29 W6 (b) 
S27 W3 (b) 
S27 W2(b) 
S32 W3(b) 
S42 WI 
S28 WS 
S23 WI 

(a) Special samples. 

POLYETHYLENE BAGS 

S26WI: 
S28 W8-
S27 WI 
S2S WS 
S39 W3 
S24 WS 
S28 W6(b) 
S40 W4 
S22 W7 
S41 W8 
S23 WS 
S28 W4(b) 
S37 WS(b) 
S21 W3 
S3S W4 
S29 W7(b) 
S29 W3(b) 
S29 W4 (b) 
S21 W16. S(b) 
S 21 W17. S (b) 
S9 WI6(b) 
S21 W9.S (b) 
S22 WI0. S(b) 
S24 Wll. S(b) 
S23 Wll. S (b) 
S23 W9.S(b) 

S24 W9.S(b) 
S23 WI0.S(b) 
S26 Wll(b) 
S24 WI0.S(b) 
S20 Wll.S(b) 
S2S WI0.S(b) 
S26 W - (b) 
S2S W9.S(b) 
S22 W -(b) 
S26 W -. S(b) 
S21 W9(b) 
S20 W14(b) 
S21 W10(b) 
S20 WlS(b) 
S20 W7 (b) 
S20 W13(b) 
S20 WI2(b) 
S9 WI4(b) 
S9 W17(b) 
S20 W16(b) 
S18 W16 (b) 
S20 W17 (b) 
Sl1 W17 (b) 
S17 W - (b) 
S - W16 (b) 
SIS W1S (b) 

S24 W17(b) 
S26 WIO. S(b) 
S2S Wll (b) 
S24 W9(b) 
SI W7(b) 
S24 W16(b) 
S20 W9.S(b) 
S21 WI0.S(b) 
S4 WI 
S21 Wll.S(b) 
S22 W9.S(b) 
S3 W9(b) 
Sl1 WS ' 
S2 W18 + 30(b) 
S16 W7 
S8 W4 
S9 WI 
S2 W4 
S7 WI 
S37 Wll 
S6 Wll(b) 
S26 W9 
S3 WI 
S42 W16 
S22 W17 

(b) Indicates samples taken from higher than background radiation area. 
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TABLE D-9. ROQH12:. ARC~IVE SPECIMEN INVENTORY, 1/16/81 

SOUTHEAST. qUADRANT'';;;:;,<:SuRFAd% SOIL .' SAMPLES ( ii)", 

58£1 
58E3 
58E5 
58E7 
58E9 
58El0 
58E12 
58E14 
58E18 
58E20 

& 58E2 57E1& 57£2 
& 58£4 57£3 & 57E4 .. 
& 58E6 57E5 & 57£6 
& 58E8 57£7 & 57£8 

& 58E1S 
& 58E13 
& 58E15 

520E1 & 520E2 
520£3 & 520E4 
520£5 & 520E6 
520E7 
520E8 & 520E9 
520E10 & 520E11 
520£12 
520E20 

55E11 
55E15 
55E18 
55E18 
55E20 

& 55£14 
& 55E16 

517£1 &,517E2 
. 517E1 & 517E2 

517E3 & 517E4 
517£3 & 517E4 
517E5 & 517E6 
517E5 & 517E6 
517E7 & 517E8 
517E9 & 517E10 
517£10 
517Ell & 517E12 
517E17 
517£18 & 517E19 
517E20. . ... 

57£9 & 57E11 
57E10 
57E13 & 57E14 
57E15 & 57E1B 
57E16 
57E20 

519E1 & 519£2 
519E3 & 519E4 
519E5 & 519E6 
519E8 & 519E9 
519E12 
519E17 
519£18 & 519E19 

54£1 
54E4 
54E5 
54E7 
54E20 

& 54£2 

& 54E7 
& 54£8 

516£1 & 516E2 
516£1 & 516E2 
516E3 & 517E4 
516E3 & 516E5 
516E5 & 516E6 
516£6 & 516£7 
516£7 & 516E8 
516E10 & 516£11 
516£12 & 516E13 
516E14 & 516E15 
516£16 & 516£17 
516£18 & 516£19 
516E20 

56£2 
56E6 
56E8 
56E8 
56£9 

. 56E11 
56E15 
56E18 
56£20 

& 56E5 
& 56E7 

& 56E13 
. & 56E10 
& 56E14 
& 56E16 

518E1 & 518E2 
518E3 & 518£5 
518E6 & 518£7 
518E8 
518£8 & 518E9 
518ElO & 518E11 
518E12 & 518E20 
518E17 
518£lB & 518£19 

53£1 
53E.3 
53E5 
53E7 
53E18 
53£20 

& 53E2 
f53E4 
& 53E6 
& 53E8 

515E1 & 515E2 
515E2 & 515E3 
515E3 & S15E5 
515E4 & 515£5 
515£6 & 515£7 
515£6 & 515E7 
515£8 & 515 E9 
515E10 & 515£11 
515£12 & 515E15 
515£14 & 515E17 
515£18 & 515E19 

(a) All specimens in one column are located in one row; two specimen num
bers on same line indicate both specimens are in one can. 
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. ", 52E1 & 52E2 
& 52E4 52E3 

52E3 
S2E5 

, 52E7 
S2E9 
52E9 
SEW 
52E11 
52E20 

514E2 

& 52E6 
& 52E8 
& 52E16 

& 52E12 

514E2 & 514E4 
514E5 & 514E6 
514E8 & 514E9 
514E12 & 514E13 
514E18 & 514E19 

511 E2 & 511 E3 
511 E4 & 511 E5 
511 E6 & 511 E8 
511 Ell & 511 E13 
511E14 
511 E20 

521E1 & 521E2 
521t:3 & 521E4 
521E5 
521E7 & 521E9 
521 E1 0 & 521 Ell 
521E12 
521E14 
521E15 & 521E16 
521E17 & 521E18 
521E17 & 521E19 
521E20+31 & 521E19 

, 'D-36 

SlP 
51E3 
51E5 

,51E7 
. 51 E9 
51 Ell 
51E12 
51E13 
51E18 
51 E20 

& 51E2 
& 51E4 
& 51E6 
& 51E8 
& 51 ElO 
& 51E14 

& 51E16 

513E2 & 513E3 
513E4 & 513E5 
513E10 & 513E11 
513E12 

510E2 & 510E3 
510E4 & 510E5 
510E6 & S10E8 
510E9 & S10E10 
51OE11 & 510E13 
510E14 & 510E18 
51OE20 

522E1 & 522E2 
522E3 & 522E4 
522E6 & 522E7 
522E8 
522E10 & 522E11 
522E12 
522E13 & 522E14 
522E15 & 522E16 
522E17 & 522E18 
522E19 
522E19 & 522E20 

,,,~>, " 512E'i & 512E3 
: ;, . 512E4' & 512E5 

$12E10 & 512E11 
512E1,2 . 

59-E2 
59E3 & 59E4 
59E5 & 59E6 
59E7 & 59E8 
59E9 & 59E10 
59E11 & 59E12 
59E12 & 59E13 
59E13 & 59E16 
59E15 
59E17 & 59E18 
59E20 
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," 522E12 & 523E14 

522E15 & 523E16 
522E17 & 523E18 
522E19 & 523E20 

S26E4 & 526E5 
526E7 
526E8 & 526E11 
526E12 
526E13 & 526E14 
562E15 & 526E16 
526E17 & 526E18 
526E20+36 & 526E19 

529E5 & 529E8 
529E9 & 529E10 
529El1 
529E12 & 529E13 
529E14 & 529E15 
529E16 & 529E17 
529E18 & 529E19 
529E20 

532E1 & 532E2 
532E3 & 532E4 
532E5 & S32E6 
532E8 & 532E9 
532E10 & 532Ell 
532E12 
532E13& 532E14 
532El5 & 532E16 
532E17 & 532E18 . 
532E19 & 532E20+41 

D-37 

. TABLE; D-9 .', (Continued) 

524E1 & 524E2 
S24E3 
S24E10 & S24Ell 
524E12 
S24E13 & 524E14 
524E15 & 524E16 
'524E17 & 524E18 
524E20+28 & 524E19 

527E4 & 527E8 
527E12 & 527E13 
527El4 & 527E15 
527E16 & 527E17 
527E18 & 527E15 
527E20+35 

530E5 
530E5 & 530E6 
530E7 & 530E8 
530E9 & 530EI0 
530El1 
S30E12 & 530E13 
530E14 & 530E)5 
530E16 & 530E17 
530E18 & 530E19 
530E20+38 

533El 
533E2 & 533E3 
533E4 & 533E5 
533E6 & 533E7 
533E8 & 533E9 
533EI0 & 533E11 
533E12 & 533E13 
533E14 & 533E15 
533E16 & 533E17 
S33E18 & 533E19 

.- ,.~ .... 

S25El,.~, $25E2 
525E3& 525E4 
525E11 
525E12 & 525E13 
525El4, & 525E15 

r ' 
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525E16~& 525E17 , 
·525E20+35 & 525E18 I" 

--,_.-/ 

528E5 & 528E6 
528E10 
528E11 
528E12 & 528E13 
528E14 & 528E15 
528E18 & 528E19 
528E20+37 

531E5 & 531E6 
S31E7 & 531E8 
531E9 & 531EI0 
531 Ell 
531E12 
531E13 & 531E14 
531E15 & 531E16 
531E17 & 531E18 
531E19 & 531E20+40 

534E1 
534E2 & 534E3 
534E4 & 534E5 
534E6 & 534E7 
534E8 & 534E9 
534E10 & 534E11 
534E12 
534E13 & 534E14 
534El5 & 534E16 
534E17 & 534E18 
534E19 & 534E20+43 
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535E1 
535E2 & 535E3 
535E4 & 535E5 
535E6 & 535E7 
535E8 & 535E9 
535E10 & 535E11 
535E12 & 535E13 
535E14 & 535E15 
535E16 & 535E17 
535E18 & 535E19 
535E20+43 

538E1 & S38E2 
538E3 & S38E4 
S38E5 & 538E6 
538E7 & 538E8 
538E9 & 538E10 
538E11 & 538E16 
538E12 & 538E13 
538E14 & 538E15 
538E18 & 538E19 
538E20+46 

S42E6 & S41E7 
S41E8 & 541E9 
541 E1 0 & 541 Ell 
541E13 &S41E14 
S41E15 & S41E16 
S41E17 & 541E18 
541E20 & 541E12 
541E19 & 541E20+47 
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TABLE D-9. (Co~ti.IlUed) 

S3'6E1 . & S36E4 
S36E2 & S36E3 
S36E5 & 536E6 
536E7 & 536E8 
536E9 & 536E10 
536E11 
536E12 & S36E13 
536E14 & 536E15 
S36E16 & S36E17 
536E18 & 536E19 
536E24+44 

539E1 & 539E2 
539E3 & 539E6 
539E4 & 539E5 
S39E7 & 539E8 
539E9 & 539E10 
539E11 
539E12 
539E13 & 539E14 
539E15 & 539E16 
539E17 & 539E18 
539E19 & 539E20+46 

S42E6 & S42E7 
542E8 & S42E10 
542E9 & S42E11 
S42E14 
542E17 & S42E18 
542E19 & 542E20 

537E1 
537E2 & 537E3 
S37E4 & 537E5 
537E6 & 537E7 
S37E8 & 537E11 
537E9 & S37[10 
537E12 & 537E13 
S27E14 & 537E1'5 
537E16 & S37E17 
537E18 & 537E19 
537E20+45 

540E1 & 540E2 
S40E3 & 540E4 
S40E5 & 540E6 
540E6 (10ft E) 
S40E7 & 540E10 
540E8 & 540E9 
S40E11 
540E12 & S40E13 
540E14 & 540E15 
S40E16 & S40E17 
540E18 & S40E19 
S40E20 & 540E20+46 

CORE SAMPLES FROM SOUTHEAST QUADRANT PROCESSED &~D 
STORED IN ~~NELLI BEAKERS 

S28 ES o - 2' S30 E8 2 - 4' 
S28 ES 4 - 6' S30 E8 4 - 6' 
S28 ES 6 - 8' S30 E8 6 - 8' 
S28 ES 10 -12' S30 E8 8 -10' 
S29 E7.S o - 2' S30 E8 10 -12' 
S29 E7.S 2 - 4' S30 E8 12 -14' 
S29 E7.S 4 - 6' S30 E8 14 -16' 
S30 E8 o - 2' 



810 Ell 
817 E1 
59 E4 
517 E7 
52+48E10 
52 E9 
S12 E3 
517 E9 
517 E4 
520 E4 
52 E6 
515 E20(c) 
513 E20( c) 
814 E20(C) 
56 E12 
816 El 
533 E4 
532 E4 
533 E3 
520 E27 
S36 El 
532 E6 
532 E1 
832 E5 
533 E1 
533 E6 

TABLE D-9. (Con~inued) 

DRIED 5AMPLES (b) 5TORED IN POLYEtrnENEBOTTLE5 

511.E10 
514E10 
514 Ell 
528 E8 
511 E9 
828 E9 
829 E6 
529 E7 
514 E14 

828 E7 
532 E7 
514 E15 
531 E4.5 2' 
531 E18 4' 
531 E15 2' 
831 E18 2' 
531 E15 4' 
531 E4.5 4' 

DRIED VEGETATION 5AMPLE5 5EALED IN POLYETHYLENE BAG5 

532 E3 
532 E2 
534 E3 
534 E2 
532 E7 
534 E4 
534 E7 
534 E5 
535 E2 
535 E7 
533 E7(c) 
533 E5 
534 E1 
535 E3 
533 E2 
535 El 
535 E4 
534 E6 
512 E20(c) 
530 El7 
524 E19 
535 E19 
538 ElO 
838 Ell 
538 E8 
538 E9 

537 E10 
537 E9 
537 Ell 
537 E8 
532 E10 
533 Ell 
536 E8 
532 Ell 
535 E9 
534 E8 
534 E9 
535 E8 
536 E10 
536 E9 
534 EIO 
836 Ell 
532 E8 
535 E10 
535 Ell 
533 E8 
832 E9 
833 E9 
533 E10 

534 E20+43 
525 E20+35 
540 E18 
536 E20+44 
542 E20 
523 E20 
526 E20+36 
533 E19 
539 E20+46 
529 Ell 
525 Ell 
528 E10 
531 El2 
528 E7.5(c) 
828 E12 
531 E8 
537 E1(C) 
526 E7 
528 E7(C) 
537 E3 
537 E4 
537 E6 
538 E7 
537 E7 
540 E6(c) 

521 E20+31 
522 E8 
527 E8 
541 E12 
522 E3 
526 E12 
536 E6 
50+38 E49 
530 E9 
536 E2 
536 E3 
538 E6 
536 E7 
536 E4 
837 E5 
836 E5 
525 E3 
537 E2 

(a) All specimens listed in one column are located in one row; two specimen 
numbers on same line indicate both specimens are in one can. 

(b) Off-site standard. 

(c) Indicates samples taken from higher than background radiation area. 
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"D.)., 'DATA ARCHIVAL 

Bound laboratory notebooks wereused·for initial data record

ing. In some ca'ses, preprinted forms were used. These will eventually 

be bound as a permanent record. All data entries were signed by the 

recorder, subtask leader, and project manager. These notebooks were in

dexed and are retained in BCL project files. 

A separate, computerized data base was created for each type of 

data within the characterization. To facilitate rapid, accurate transfer 

of data from field and laboratory notebooks to computer-readable form, each 

data base was initially created by keeping measured parameters in the same 

units in which they were first recorded. Raw data were keypunched on com

puter cards in a format which includes codes for relevent sample identifi

cation such as field survey type, sample location, replicate number, 

analytical methodology codes, etc. The information on each card deck was 

then read by Battelle's CDC 6500 computer system and transmitted to perma

nent disk storage. Each data base was printed back to allow checks for key

punching errors and miscodings. The permanent file was then edited and re

stored as a corrected file. The file is maintained on disk as long as 

needed for data manipulation and analyses. 

For long-term storage, each data base was copied onto two identi

cal nine-track magnetic tapes each labelled with a password. Data stored 

in this manner include both raw data in the same units as originally coded 

in laboratory notebooks as well as transformed data which have been con

verted to some standardized units for reporting purposes. The duplicate 

magnetic tapes are stored in sealed plastic containers in a tape room within 

the computer center (all are protected by a Halon fire suppression system). 

The tape room is air-conditioned to maintain a temperature range of 68-72°F 

and a humidity range of 45-50 percent. At the end of active project use, 

the tapes are moved to an off-site, fireproof vault maintained by the com

puter center for long-term data storage of magnetic media. Magnetic tapes 

written in Battelle's computer system can be read by IBM and other major 

computer systems. Bound copies of printed-out lists of data bases stored 

onto magnetic tapes are also maintained. 
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Radiochemistry archives were maintained using the acquisition 

data of the ORTEC 7040 ••.. ~aJ.ys~s' are. recorded on permanent disks by 

an internal file number. Information stored in this file includes 

Slample cll:!scription t caJ.ibraUonin:formation, and the entire gamma/alpha 

I:!nergy spec:trum. The analysis data are then recorded in a permanent 

laboratory record book by file number and sample coordinate. The 

exact data from the record book are duplicated and stored by geographical 

coordinate on hard disks for use with a PDP-II minicomputer system for 

further data analysis and reporting. 

r 
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APPENDIX E: INSTRUMENTATION 

.. , .... 

E .1. APPROACH 

An extensive radiological survey of a site as large as the DOE

Niagara Falls Storage Site requires instrumentation which (1) has applicable 

sensitivities, (2) is accurate over a range of temperature-moisture regimes, 

and (3) has readily available replacement parts. Instruments which could 

be field calibrated were preferred. Calibration sources and check sources 

were transported to the field location. Test equipment and special cali

bration equipment were maintained at the Site to minimize time lost due to 

repairs and calibration. 

On-site, smears were counted as soon as possible using either the 

Beckman Wide-Beta II or the PC-3A (see Appendix B, QA Documents IL-CP-l47 

and NS-NS-ll8). This allowed inhalation, resuspension, and other health 

physics (HP) monitoring techniques to be analyzed daily. Split-spoon sampling 

procedures were predicated on real-time analysis of smears of each core 

increment. Since many operations required rapid analysis on-site, instru

ment performance was of utmost importance. In addition, soils/sediments 

submitted to BCL for radiochemistry analysis were selected based on screen

ing using on-site equipment; e.g., the Beckman Wide-Beta II. 

Instruments were routinely calibrated or checked using check 

sources while on-site. Calibrations were repeated as parts and windows 

were replaceg. Records of maintenance, calibrations, and efficiencies were 

made and are part of the data archival system. 

E. 2. RADIATION SURVEY METERS 

E.2.l. PAC-lSA Alpha Survey Meter 

The Eberline PAC-lSA is a portable, battery-operated, alpha-detecting 

and measuring device (Table E-I). The detecting element is a scintillation type 

probe with 59 cm2 active area. The instrument is calibrated to yield a meter 

reading of the counts per minute (cprn) of the alpha radiation under the 



TABLE E-l. SPECIFICATIONS FOR THE PAC-ISA 

Detector: Externally mounted scintillation type probe with 59 square centimeters 
active area. 

Scale Switch: Six position control combines the function of turning the instrument 
on and selecting the desired range 0-2000 CPM. The control is marked 
OFF, XlK, XlOO, XlO, and Xl.O. 

Reset: 

Batteries: 

Temperature: 

By pressing the reset button, the meter pointer can be rapidly zeroed 
after a reading has been taken. 

Five standard carbon zinc "D" cells or alkaline. 

-40°F to 130°F (not mercury batteries). 

',', 



[ 

f 

. . 
1 

E-4 

probe~: Four reading scales are used.cTheir ranges are 0 to 2,000, 0 to 
. , . 

20,000, 0 to 200,000, and 0 to 2,000,000 cpm. The~in:strumerit is calibrated 

at BCLusing QA Document IL-CP-lOl (see Appendix B). 

E.2.2~ PAC-4G-3 Alpha-Beta Survey Meter 

The Eberline Model PAC-4G-3 portable gas proportional alpha-beta 

counter is designed to detect and measure radiation in the presence of high 

humidity, volatile solvent vapors, inert, or other atmospheres (Table E-2) • 

It has a window area of 50cm2 • 

The PAC-4G-3 gives a continuous linear-log meter reading from 0 

to 500 k cpm without changing ranges. It has three switch selected high

voltage positions labeled AC-2l, AC-2lB, and TP-l. This enables presetting 

the high voltage to the plateau of the three probes and conveniently 

changing probes in the field. 

The unit contains its own radioactivity-free gas cylinder con

taining 75 percent propane gas with valve and regulator. The cylinder will 

last a nominal 25 hrs. 

This instrument was used with a Model AC-2lB probe and operated 

on the specific plateaus for alpha or beta radiation measured. The instru

ment is calibrated at BCL using the manufacturer's procedure and 239pu 

alpha and 90Sr 90y beta sources. 

E.2.3. E-120 Beta-Gamma Survey Meter 

A portable Geiger-Muller, Eberline Model E-120, survey meter was 

the primary instrument for detection and measurement of beta and gamma ra

diation (Table E-3). It is a small, light-weight, battery-operated instrument 

using a HP-2l0 hand probe. Three switch-selected ranges give full scale 

sensitivities of 0.5, 5, and 50 mR/hr. The HP-2l0 hand probe is a rugged 

sensitive detector with a mica window thickness of 1.4 to 2.0 mg/cm2 and 

15.5 cm
2 

area. The instrument is calibrated in mR/hr at BCL using a 226Ra. 

source following the manufacturer's procedure. 



TABLE E-2. SPECIFICATIONS FOR THE PAC-4G-3 ALPHA-BETA SURVEY METER 

Range of Operation: 0 to 500 k cpm in four log-linear, continuously progressive decades 

Linearity: ±lO percent of full scale of decade being read 

Detector: 

Meters: 

High Voltage P.S.: 

Batteries: 

Temperature: 

Dimensions f 

Weight: 

Model AC-21B Gas proportional probe; 50 cm2 of active area 

Two ruggedized movements; mounted in waterproof section of electr~nic~ 
panel. Decades and meter needles are color-coded to enhance 
readability. 

Range +1400 to +2400 V 

Plug in module containing 5 C-Zn D cells. 
200 hrs. 

Typical battery 1if. of 

40°F to +14QoF depending on type of D cells used (not mercury 
battery) 

9 in. L x 4 in. W x 10 in. H 

9 lb, 6 oz 
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TABLE E-3 •. SPECIFICATIONS FOR THE·E-120BEtA-GA.~ 
AND RAND PROBE Hp ... 2l0 

Scale Length: 

Scale Marking: 

Range: 

Response Time: 

Linearity: 

Saturation: 

Battery Dependence: 

Battery Complement: 

Battery Life: 

Temperature: 

Size: 

Weight: 

Operating Voltage: 

Plateau Length: 

Plateau Slope: 

2.37 in. 

Dual scales 0-5 mR/hr with 25 increments; 
0-7K cpm with 35 increments 

Switch controlled multipliers of XO.l, Xl, 
and XlO, yielding 0.5, 5, or 50 mR/hr (700, 
7K or 70K cpm) 

Continuously adjustable by response control 
from 2 sec to 10 sec, measured to 
90 percent of final reading 

Within +5 percent of full scale, typically 
±2 percent of F.S. 

Meter will remain pegged in high intensity 
field greater than 5 mR/hr. 

Calibration shifts less than 10 percent with 
battery voltage change from 3 to 2 v 

2 each "0" size batteries of any type with 
voltage between 1.0 and 1.6 v per 
battery 

Depends on battery type, age and temperature 

The instrument is operational from -40°F to 
+140.oF (not mercury batteries). 

Height, 5-1/2 in.; length, 6-3/4 in.; 
width, 3-3/8 in. 

3 lbs with C-Zn batteries 

Hand-Probe HP-2l0 

900 + 50 v 

100 v min. 

0.1 percent/v max 
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TABLE'E-3. (Continued) 

'lOa IJ-sec max 

Temperature Range: 

Life: Unaffected by operation 

Mica Window Thickness: 1.4 to 2.0 mg/cm2 

Mica Window Area: 

Series Resistor: 
(in Probe) 

Gamma Sensitivity: 

Shielding Ratio: 

Beta Efficiency: 

Connector: 

Size: 

Weight: 

15 cm2 (1-3/4 in. diameter) 

3.3 megohms 

(60CO into window) approx 6,100 cpm/mR/nr 

(Front to back) approx 4:1 

(1 in. diam source 2 ~) 
90SR90y (Emax 0.54-2.2 MeV) 45 percent 
99Tc (Emax 0.29 MeV) 30 percent 
14C (Emax 0.15 MeV) 10 percent 

BNC series coaxial 

Length 6-1/2 in. 
Width = 3-1/2 in. 
Height 3-7/8 in. 

4-1/2 lbs with shield 

E.2.4. Ludlum Gamma Survey Meter 

A Ludlum Model l2S Micro-R Meter was used to measure low-level 

gamma radiation (Table E-4). This instrument utilizes an internally 

mounted 1" x 1" NaI{Ti) scintillator which offers optimum performance in 

counting low-level gamma radiation. The instrument is completely self

contained and utilizes two D size batteries for power. Four range scales 

are provided to select the most desirable range in the 0-3000 IJR/hr with 

Xl, XlO, XlOO, XlOOO range multipliers. The instrument is calibrated at 

BeL using the manufacturer's procedure and QA Document IL-CP-IOO (see 

Appendix B). 

(-" 
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T~I,.E_E:-4~ SPECIFICATIONS, FOR THE LUDLUM MICRO-R METER 

Linearity:±5percent of full scale 

High Voltage: Variable from 400 to 1500 v DC 
Electronically regulated to ±l percent 

Calibration Stability: Less than 15 percent variance to battery 
end point 

Battery: 

Battery Complement: 

Counting Ranges: 

Meter: 

Detector: 

Size: 

Weight: 

Exceeds 100 hrs when using standard 
flashlight "0" cells 

Two standard size "0" cell batteries secured 
with screws and a gasket for dust and moisture
proofing 

0.3 micro-R/hr scale with four range multipliers 
of XIOOO, XIOO, XIO, Xl 

so micro-amp, 2-1/2 in. diameter, tout band 
suspension. 

An RCA 6199 coupled to a I in. x 1 in. NaI (Tl) 
mounted inside the instrument housing 

6.4 x 3.5 x 7.0 in. 

4.S lbs 

E.2.S. Nuclear Chicago Beta-Gamma Survey Meter 

A Nuclear Chicago Model 2612 was also used for beta-gamma 

measurements in the field (Table E-S). This instrument is a portable, 

battery-operated G-M survey meter. It was provided with a thin wall 

Geiger tube with a revolving beta shield which was exposed at a 180 0 

angle to a radiation source. 

A single control knob turns the instrument on and selects one 

of three ranges. Counts-per-minute (cpm) and mR/hr indication are provided 

on the 3" rain-proof meter. Ranges are 0.2, 2, and 20 mR/hr. The instrument 
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case is ruggea and rain-proof. The instrument has a calibrated. radiation 

source mounted on the case for easy field checks by the operator. 

, This instrument is calibrated~t "BCL usiIlgihemanufacturer' s 

procedure and a 226Ra source. 

<. -. 

TABLE E-5. SPECIFICATIONS FOR THE NUCLEAR CHICAGO MODEL 
2612 BETA-G~~ SURVEY METER 

Ranges: 

Circuit: 

Detector: 

Controls: 

Power: 

Meter: 

Dimensions: 

Weight: 

0.2, 2 and 20 mR/hr and 600, 6000 and 60,000 counts per 
minute full scale 

Exclusive compensating circuit m1n1m1ZeS coincidence loss 
at high counting rates. The instrument does not use a 
vacuum tube voltmeter circuit. 

Model D50 Geiger counter with Model PIS probe for general 
beta-gamma survey work 

Range switch operable by hand carrying the instrument. 
Off position and three scale ranges are provided. A 
scaled ear phone jack is provided for audio monitoring. 

Uses 900 v stabilized audio oscillator high voltage 
supply for the Geiger tube. Two 67-1/2 v batteries 
and two 1-1/2 v batteries are used. Battery life is 
250 hrs continuous operation. 

3 in. rainproof meter with counts-per-minute and mR/hr 
scales 

1 in. x 4-3/4 in. x 5-3/4 in. 

10 lbs 

E.2.6 Victoreen Beta-Gamma Survey Meter 

A Victoreen Model 440 Portable Survey Meter was used to measure low 

intensity gamma radiation. This unit uses an ion chamber with a thin mylar 

window for detection of beta and gamma radiation (Table E-6). Discrimination 

to beta particles is provided through the use of an aluminum end cap. 
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()t1:Ly. oRe.ex~~.r:n~l:-swi;.tch isinc,orpo.rated in. the .. instrument and 
;,'~~_':.:;": i'. ~ :-~ ::.,:\ '.~,.'.; -~:'. 

serves the purpose of battery check and range switching, indicating the 

full scale sensitivity of that particular.position •. Me;er.ll1arkings are 

graduated from 0.:-3 and r"::l(), providing an overall range of 0-3 mR/hr full 
. - , ':0' ; _'.' ',-

scale to 0-300 mR/hr in five overlapping ranges. 

This instrument is calibrated at BCL using the manufacturer's 

procedure and QA Document IL-CP-108 (see Appendix B). 

TABLE E-6. SPECIFICATIONS FOR THE VICTOREEN MODEL 
440 BETA-GAMMA SURVEY METER 

Range: 0-3, 0-10, 0-30, 0-100, 0-300 mR/hr 

Energy Range: (1) 30 KeV to 1.3 MeV with end cap ±10 percent 

Accuracy: 

(2) 6.5 KeV to 1.3 MeV with end cap removed ±15 
percent 

±10 percent of true dose rate at mid-spectral 
response 

Battery Complement: 4 1ID" cells NEDA Type 13 

Battery Life: 100 hrs at 4 hrslday 

Weight: Approximately 5-1/4 lbs 

Dimensions: 10 in. x 1-1/4 in. x 7 in. 

E.2.7. Eberline Alpha Air Monitoring 

An Eberline Model Alpha-5 was used for air mOhitoring in various 

buildings and, at times, outside (Table E-7). The Eberline Model Alpha-5 

provides a solid state detector and a single channel pulse height analyzer 

for the detection of alpha particles of a specific energy and the rejection 

of other energies. Count rate is read on a front panel strip-chart recorder 

which has a logarithmic readout from 0 to 10,000 counts per minute tcpm). 

Response time varies with count rate and is adjusted for low statistical .. 

variation. Operating modes of gross count, pulse height analyzing (PHA), 

or PHA with background subtraction (PHA-SUB) are selected by a front 

panel switch~ 
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TABLE- E~7 •... SPECIFiCATIONS FOR THE 'AiIiliA.· AIR· MONITOR 

Detector: 

FUter: 

Counting Efficiency: 

Background: 

Amplifier: 

Threshold: 

I/indow: 

Subtraction lIindo~: 

Read Out: 

Alarm: 

Alarm Delay: 

Air Intake: 

Temperacure: 

Failure Alarm: 

Subtraction Circuit: 

Power: 

.;'-

siiicon-diffused junction ·type (cleanable) with 
490 .... 2 area 

Approximately 50 percent of 2 • with wide window 
from a plated 1 in. 239pu sourc.e in holder 

Background will vary with the locale of use. 

Charge-sensitive input allowing very high input 
sensitiv1 ty 

Adjustable by a calibrated ten-turn front panel 
control from 0 to 1.0 v (0-10 MeV energy 
equivalent) when calibrated per the manufacturer's 
specH lcat ions 

Adjustable by a calibrated ten-turn front panel 
control from 0 to 1.0 v (0-10 MeV energy 
equivalent) always constant above threshold 
(A front panel control allows the windo~ to be 
disabled and a gross count to be obtained.) 

Adjustable b~· a multi-turn control located on the 
PHA board, always constant above the windo~; 100 
millivolts equals 1 MeV 

Combination meter and strip chart recorder; 0 
to 1.0 MA full scale; logarithmic read-out; range 
1 to 10,000 cpm 

Alarm pOint adjustable frem 0 to 100 percent of 
full scale (Setting 1s displayed on recorder by 
pressing front panel switch. A red alarm light 
and a Sonalert are provided. A set of external 
alarm contacts is also supplied. The relay contacts 
are rated at 3 A at 115 VAC or 30 VDC.) 

An internal adjustment allows delaying the alarm 
function from 1 to 30 sec to prevent alarms on 
noise transients 

Screen protected cap with four parts approximately 
1 in. 2 open area; easily removed for attachment 
of a 1/2 1n. hose for remote sampling 

Operational from 20"r (-7"C) to BoOr (55" C) (Total 
change in system gain is less than ~5 percent.) 

If no counts are obtained in approximately 30 sec, 
the counting light goes out, the failure light 
comes on, and the failure alarm relay changes 
atare. If power fails, both lights go Out and 
the relay changes state. The relay contacts are 
rated at 3 A at 115 VAC or 30. VDC. 

Maximum approximately 40 percent of pulses in 
subtraction window; minimum approximately 10 
percent of pulses in subtraction window 

115/230 VAC, 60 HZ, 1/8 A 

Ie· 
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An optional 47 ~ filter head was'i~stalled and used with an 

external air pump. Air flow is indicated by a panel-mounted flow meter. 

,The instrument is calibratedat':BCL'u~ing the inanufac~u~er's procedure 

and' Quality Assurance Document IL-CP-:-155. 

E.2.8. PC-3A Smear Counter 

The smear counter used at the Site is a highly modified Nuclear 

Measurements Corporation PC-3A proportional counter (Table E-8). The modi

fied unit counts alpha and beta simultaneously, has solid state L.E.D. 

read-out, and has solid state timing circuits. It is a complete counting 

system and requires no additional accessories except a P-IO gas supply. 

TABLE E-8. SPECIFICATIONS FOR THE PC-3A SMEAR COUNTER 

Efficiency, 
Average Background 

Beta 

Alpha 

Percent 

61. 46 + 3.8, 
(49.55 cp; ± 6.77) 

37.75 + 2.2 
(0.21 cp-;± 0.l3) 

The proportional-counter is an ionization chamber type device 

in which radiation is detected by the ionization of specially selected 

gases by collision with radiation particles or reactions with high energy 

electromagnetic rays (X-rays or gamma rays). 

Efficiency checks were run on the smear counter daily using 

alpha (239pu) and beta (90Sr ) sources of known disintegration rates. 

The smear counter is calibrated at BCL using QA Document IL-CP-147 (see 

Appendix B). 
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E.2.9. Gas Scintill.ation Counter 

A Randam Model SC-5 SctntillationCounter was used in the field 
.. ~'" ,-

for counting scintillation cells containing collected sample~ of 222R,n gas 

(Table E-9). It is a complete COUnting system and requires no additional 

accessories. The instrument has six-digit count display, five-digit pre

settable count period, and automatic high voltage shutdown to protect the 

photomultiplier tube from accidental damage due to exposure to excessive 

light. The instrument was checked before usage each time with a Randam 

Electronics, Inc. ,Alpha Scintillation Reference, Model ASR-125, SIN 

771222-4, purchased from Randam (see Appendix B, QA Document NS-NS-ll3). 

TABLE E-9. SPECIFICATIONS FOR MODEL SC-5 SCINTILLATION COUNTER 

Count Rate (Maximum): 

Counting Period (Maximum): 

Counting Period Resolution: 

High Voltage: 

Input Line Voltage: 

Input POYler: 

Operating Temperature: 

Weight: 

Case Dimensions: 
Height 
Width 
Depth 

Chamber Height: 

50,000 Hz 

9999.9 min 

0.1 ± 0.00005 min 

500-1300 VDC 

120 ± 10 percent 50/60 Hz 

(OR) 230 ± 10 percent 
50/60 Hz 

33 VA 

10-400 C 

4.65 Kg 

218 mm 
210mm 
279 mm 

165 mm. 
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E.2·.10 •.... Harshaw Model: 2271 Automated TLD System 

Harshaw's Model 2271 Automated Personnel Monitoring TLD System 

evaluates and identifies thermo1uminescent dosimeter (TLD) cards in either 

automatic or manual mode or under an external program by a computer (Table 

E-10). In automatic mode, as many as 350 TLD cards can be processed with

out interruption. The system is designed in modular form for compactness, 

easy handling, and a minimum of required maintenance functions. 

TABLE E-10. SPECIFICATION FOR THE HARSHAW MODEL 
2271 AUTOMATED TLD SYSTEM 

System consists of: 

Model 2271 TL Detector/Dosimeter Identifier 
Model 2271 L Card Loader 
Model 2271 R Card Receiver 
Model 2000B Automatic Integrating Picoammeter 
Model NQ70 Miniature Nimbin 
Model RS237 Interface 
Model 2271 SC 90S r Calibrator 
Digital Decwriter 

The heart of the system is the TLD card which contains two 

detectors in crystal form. The TLD card (special combinations of) may 

be used to measure gamma or X-rays, detect neutrons, and discriminate 

between beta and gamma rays. The system relates the amount of thermo

luminescence with the absorbed dose or exposure to which TLD cards have 

been exposed. Six-digit identification is provided on each card and the 

Binary Coded Decimal (BCD) identification is read automatically as the 

TLD card passes through the TL Detector/Dosimeter Identifier. One TLD 

is evaluated in less than 30 sec and both can be evaluated in 40 sec, 

including identification. 
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Laboratory experiments and field experiences have demonstrated· 

that the0<p:LD cards arereusab'le ~or, ~t:ltia$t50 ;operations and that the 

detectability and reproducibility of the Model 2271 system is well beyond 

that routinely attained in film dosilDetry. This unit is maintained and 

calibrated at BeL '.s Nuclear Science Center,' 

E,2.ll. Beckman Wide-Beta II Counter 

A Beckman Wide-Beta II planchet counting system will be used 

for low-level alpha and beta radiation measurements for prepared samples 

(Table E-1l). Detectors include a 2 in. gas flow proportional detector 

with an associated "guard detector" for cosmic radiation detection. 

Detector efficiency is 25 percent for 14C, 45 percent for 90Sr , and 25 

percent for 210po with a 500 ~g/cm2 window. A minimum of 4 in. copper 

lined. low-level lead shielding in all directions reduces the beta back

ground to typically less than 2 cpm and alpha background to <0.1 cpm. 

The Wide-Beta II is equipped with a random access automatic sample changer 

to accommodate up to 100 sample planchets and can be preprogrammed in a 

number of modes for alpha and beta counting. A printout of the two sigma 

percent counting areas accompanies all counting data. 

TABLE E-1l. SPECIFICATIONS FOR THE BECKMAN WIDE-BETA II 
PLANCHET COUNTER 

Detector Background: 
(Gas Flow Type Detector) 

Detector Efficiencies: 

Detector Plateau (Methane): 

Sample Count Rate: 

System Resolving Time: 

s = 6 cpm 
a = 0.5 cpm 

a = 56-68 percent 
a = 27-38 percent 

e ~1.5 percent slope/lOO V 
a <0.5 percent slope/lOO V 

>1 x 106 cpm with <1 percent dead time 

0.5 \.Isec at 106 cpm 

l: 
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With',the gatmna spectroscopy system, ultimate resdllit'ibn'is 

provided by the true coa:d'al Ge(Li) detector with a minimum efficiency 

of 20 percent [relative to Nar(Ti)], maximum resolution of 2.3 KeV, and 

peak-to~compton ratio of 44:1 specified for the 1.332 MeV peak of 60Co 

(Table E-12). A cylindrical lead shield 4 in. in thickness is used 

to reduce background counts one-hundred fold. The cylindricai'shield 

places the detector near the geometric center of the shield interior 

for minimum backscatter distortion. The shield, lined with copper and 

cadmium, reduced lead-K X-ray fluorescence by greater than 95 percent. 

High-grade spectroscopy amplifiers are provided with pulse pile-up 

rejection for minimum distortion of the photon and timing information 

from the detector. Spectra are collected with EG and G ORTEC 7044 

series data and acquisition analyses system featuring an independent 

memory multichannel analyses connected via a high-speed interface to 

a standard DEC PDP-ll/34 computer (dual hard disks, 32~ byte MOS memory). 

The computer acts as a central data reduction location allowing simul

taneous data acquisition and analysis. 

TABLE E-12. SPECIFICATIONS FOR THE ORTEC GAMMA, ALPHA 
SPECTROSCOPY SYSTEMS 

Gamma: 

Ge(Li) detector, minimum 22 percent efficiency relative 
to 3 x 3 NaI (Ti), minimum resolution 2.3 KeV 

Alpha: 
2 TM 

450 mm Ruggedized low background silicon surface 
barrier detectors. Background <20 counts/day above 
3 MeV. Minimum efficiency >25 percent, 25 KeV. 
Series 7044 data acquisition include independent memory 
MCA connected to PDP 11/34 computer with hard disk storage. 
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In the. alpha spectroscopy system, measurements are performed 
•..• ', ••• , ,._"_ -••..• c" " '. , 

with 450 mm2 ruggedized low-background, silicon surface barrier detectors. 

~a}CJmum d~~ector FWHM reS19lutic:m is· 25 KeV f.or 241 Am,· 5.486 MeV ex's; 

effic:(.encyq.t 5.486 MeV 1-1/2 in. diameter sample, 1 mm spacing, is >25 
; . ~ , " 

percent. BackgrouI\d is less than 20 counts/day above 3 MeV. The spec-

.. trometer is equipped with vacuum chamber and sample holder adjustable from 

1-15 mm from the detector. Pulses detected are passed from high-grade 

spectroscopy electronics to the 7044 DAAS (described above). Up to 16 

such alpha inputs are allowed and simultaneous data acquisition and 

analysis are permitted. 

E.2.l3. Eberline Radon Gas Monitor 

The Model RGM-l Radon Gas Monitor, as modified by Battelle's 

West Jefferson Instrument Laboratory, is a completely portable system 

for continuous or timed measurement, with flushing, of radon gas. A 

ratio mixing system using helium gas has been added for radon concen

trations >1,000 pCi/l. For radon concentrations <1,000 pCi/! and 

>1,000 pCi/l, the detector assembly is flushed with helium gas during 

pre-set, non-counting time. The instrument contains an Eberline SAC-R5 

detector and SC-6 scintillation cell for radon gas detection. A pump 

is included for continuous gas flow and a digital recorder is used to 

record the data for unattended operation. The electronics section con

tains a variable high voltage supply, charge sensitive input amplifier, 

a light-emitting ~iode (LED), six decade scaler, and two timers. All 

electronic circuits are solid state with extensive use of integrated 

circuits to enhance reliability. 

The instrument is housed in an aluminum carrying case for ease 

of portability and may be operated under average climatic conditions. 

The instrument is set up and used following instructions in 

QA Document EE-SP-2S (see Appendix B). 

I 
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1. Specifications for E.2.l3 

-,- ','-

b. 

c. 

d. 

e. 

f. 

,PhotqmultiplierTube:.··No.min~l 5 inch.d.ia., lo-stage 

end window wi.th 4.7 inc.h (12 em) dia. photocathode. 

Background COUtlt: One count per minute (cpm) 

maximum when set to, operate properly on the alpha (a) 

plateau and witQ the counting chamber empty. 

Electrical Connection: Single coaxial, MHV type 

connector. Positive high voltage, 2500 V maximum. 

Approximate input resistance is 120 Mn, requiring 

10 J,JA at 1200 V. 

Operating Voltage: Depends upon photomultiplier 

gain, cable length, input sensitivity of counter 

used and type of scintillator or scintillation 

cell being counted. 

Size: Large (base) dia., 6.5 inches (16.5 cm); 

overall height, 17.7 inches (45 cm). 

Weight: 8.5 pounds (3.9 kg), (SAC-R5 only). 

2. Scintillation Cell 

a. 

b. 

c. 

d. 

Volume: 85.5 in. 3 ; 4 inch diameter x 6.8 inches 

high (1.4 liters; 10.2 cm x 17.3 cm). 

Sensitivity to 222Rn: Nominal count rate at equi

librium is 3.9 cpm/per pCi (of 222Rn in the cell), 

or 5.5 cpm/pCi (of 222Rn) per liter. 

Overall Size: Approximately 8.7 inches high x 4.5 

inch diameter (22 cm x 11.5 cm). 

Weight: Approximately 1.5 pounds (680 gm) (SC-6 only). 

e. Pressure Limits: From vacuum to approximately 

ambient. Do not pressurize. 

f. Scintillator: ZnS(Ag) phosphor on adhesive coating. 

g. Hose Fittings: For 1/4 inch (0.6 cm) i.d. hose. 

h. Construction: Transparent plastic. 
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3. Electronics Section 

a. High Voltage: Regulated, adjustable by front panel 

control,f~01fi'approximately~500V'tdt500 VDC. A 

ten-turn potentiometer provides' repeatable determined 

voltage setting. The supply (Eberline Model P-20lA) 

is a plug-in module for east of maintenance. 

h.' Scaler: Six-decade light-emitting diode readout. A 

front panel switch is provided to disable the readout 

when the instrument is unattended. A counting light 

indicates when the unit is counting. 

c. Timer: Preset times from 0.1 minute to 60 minutes in 

a 1, 2, 6, and XO.I, Xl, XlO sequence. The timer uses 

line frequency as reference for an accuracy of greater 

than 0.05 percent. Three timed position controls count 

for the present time; the STOP position prevents the 

scaler from counting; and the MANUAL position provides 

continuous counting. A RESET-START switch is provided 

to reset and start the scaler. A recycle function is 

provided to allow the recorder to reset the timer after 

printout for continuous, unattended operation. In 

addition, the circuit has been modified to enable setting 

a purge time during which helium will be flowing through 

the counting chamber and the sample gas will be turned 

off. The RECYCLE or DELAY timer operation is described 

in QA Document EE-SP-2S (see Appendix B). 

d. Amplifier: Charge-sensitive input allows very high input 

sensitivity with excellent noise rejection, followed by 

a DC coupled amplifier feed back for stability and control. 

Overall sensitivity adjustable by an internal gain control 

from 0.12 to 1.2 pC (approximately I to 10 mV on voltage 

sensitive input). 

! 
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4. Power: Line 

a. 115 V + 10 percent, 60 Hz. Provisions have been included 

in the instrument for operation from a 230 V, 50 Hz or 

60 Hz line. See Section IV, E, for the conversion pro

cedure. Power consumption is less than 100 watts. 

5. Temperature 

6. Mechanical 

a. Size: Approximately 26-1/2 in. x 19 in. x 9-1/2 in. 

(67.3 x 48.3 x 24.1 em). 

b. ~.]eight: Approximately 55 pounds (29.9 kg). 

7. Digital Recorder 

a. Refer to the enclosed recorder manual for description. 

E. 3. PROBLEMS 

In the beginning, the facilities were minimal for instrument 

repair and support. The building used for operations had no heat, no 

lights, and one 115 VAC duplex outlet. The first few days were spent 

cleaning up rooms in which to work, locating work surfaces, and modifying 

extension cords for power to instruments. This modification consisted 

of cutting off the one female socket and installing a 4-in. electrical 

box with multiple outlets. 



:? 

E-21 

In addition to this building, a large BCL trailer equipped for 

field work was brought in for instrumentation. This trailer housed the 

main counting system and became the main base for operations and repair 

of instruments. GasoliIle-drivengenerators were rented to operate AC ! 
instruments in the field. All repair parts and materials were transported l 
by project personnel or commercial carrier from main laboratories. 

Three types of survey instruments used had very thin windows 

that were easily punctured by paint chips, rough floors, or vegetation. 

All instruments were sensitive to moisture during use and in storage 

overnight. 

Weather conditions and time of day caused some variability in 

alpha and beta measurements in the field because of attenuation of ra

diation by wet surfaces. Heavy dust conditions in some buildings also 

caused problems. 

Transportation in vehicles on-site caused rough handling of in

struments and some minor breakdowns. Also, the areas to be surveyed 

caused rough usage. Staff were required to climb ladders and scaffold

ing carrying the instruments. One instrument received such an impact 

that the NaI(Ti) scintillator was crushed, probably as it was lowered 

from Building 434. 

Operating personnel had to become familiar with the specific 

instruments and equipment being used. They had to determine if the in

strument they were using was operating or if it should be checked by a 

qualified person, acquaint themselves with the sensitivity of some in

struments to moisture and shock, and be able to read and understand the 

various ranges and scales used on survey and counting instruments. 

A very important item in a field program is a ready supply of 

spare parts and back-up instruments. Most of the equipment used was 

complex enough that some parts were not readily available from local 

distributors. Delivery times from the proper manufacturer caused prob

lems in field shortages in rescheduling. 
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CHARACTERIZATION OF STORED RESIDUES 

BMl-2074 (Revised) 
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TABLE:F~L-,THE 1965 'RESIDUE 'INViENTORYOF THE DOE=NIAGARA FALLS STORAGE 
SITE AND CURRENT STORAGE CONDITIONS 

Residue 

K-65 

L-30 

L-50 

F-32 

R-IO 

R-IO 
Iron Cake 

Mada1in 
Residue 

Rust Pile 

Middlesex 
Sands 

P-54 

P-58 

P-56 

Navy 
Materials 

Carbon, slag, 
graphite, 
glass, debris 

Estimated 
Amount 
(tons) 

3891 

8227 

1878 

138 

8235 

150 

? 

? 

2 

37 

58 

6 

? 

? 

Estimated 
Uranium 

(lbs) 

10,982 

40,641 

4,113 

2,941 

20,258 

1,130 

? 

? 

176 

740 

2,412 

176 

? 

? 

Storage 
Location 

1965 

Building 434 

Building 411 

Buildings 412, 
413, 414 

Recarbonation 
Pit 

North of 
Building 411 

North of 
Building 411 

North of 
Building 411 

North of 
Building 411 

Building 410 

Thaw Building 

Building 410 

Building 410 

Northeast of 
Building 433 

Southeast of 
Building 409 

Storage 
Status 
1980 

Unchanged 

Unchanged 

Building 413,414; 
3 drums from 412 
moved to 411 

Unchanged 

Unchanged 

Unchanged 

Unchanged 

Unchanged 

No longer on-site; 
no longer on site 

No longer in 
Building 410; no 
longer on site 

No longer in 
Building 410; no 
longer on site 

Only 1 drum re
maining; no 
longer on site 

Residual debris 
remains 
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TABLEF";"2.' MASS SPECTROGRAPHIC ,ANALYSES OF'JRESIDUES',,[)' I I 

':'; .. " ... 

l ... o 
... 

Elem'ent 411(E) t 411 (W)l 
Buildings !~Qm~. 

414 (3-3)' '. 434-' 413' (1;..2) It 

Li 200 200 200 ·100 200 
Be 0.5 1 1 0.3 .. l' 
B 100 200 100 300 100 
F 30 50 50 30 50 
Na "1% -1% 5000 -1% -1% 
Mg -3% -3% -3% -2% -3% 
Al -20% -20% -20% -20% -20% 
Si -30% -30% -30% -30% -30% 
P 300 500 300 1000 300 
S -1% 1500 1500 -1% 1500 
C1 30 50 50 50 50 
K 5000 5000 -1% -1% 5000 
Ca 5000 3000 5000 5000 3000 
Sc 30 30 50 20 30 
Ti 7000 7000 7000 -1% 5000 
V 2000 3000 3000 2000 2000 
Cr 200 300 200 100 100 
MIl -2% -5% -10% 100 -5% 
Fe -1% -2% -2% 5000 -2% 
Co 5000 -1% -1% 2000 -1% 
Ni -3% -5% -3% 3000 -2% 
Cu 1500 5000 3000 500 2000 
Zn 30 200 200 100 200 
Ga 20 20 30 30 30 
Ge <3 <3 <3 <3 <3 
As 15 50 50 5 20 
Se 50 50 50 100 30 
Br 0.5 0.5 0.5 0.5 0.5 
Rb 100 200 100 200 50 
Sr 200 300 300 500 200 
Y 50 30 30 30 30 
Zr 100 100 100 300 50 
Nb 20 30 20 50 10 
Mo 1500 500 300 -1% 300 
Ru <0.3 <0.3 <0.3 <0.3 <0.3 
Rh <7 <7 <7 <7 <7 
Pd 2 2 2 20 3 
Ag <0.5 <2 <0.5 <3 <0.5 
Cd <1 <1 <1 <5 <1 
In 0.5 3 3 0.2 0.3 
Sn 200 1000 500 5 30 
Sb 2 20 10 20 2 
Ie 20 30 50 20 30 
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TABLE F-2. (Continued) 

L \. .. 
, do,..·~ 

f' 411(W)~ 
Buildings (22m) 

Element 411 (E)I 414 (3-3)3 434 413 (l-2)~ 

I 0.3 1 0.3 1 1 
[' Cs 1 2 1 1 0.5 

Ba -1% -2% -2% -3% -2% 
La 1000 1000 500 2000 100 

f- Ce 1000 1500 300 '2000 200 
~ Pr 150 20 30 2000 20 
(. 

Nd 500 50 100 1000 100 
Sm 30 20 30 200 20 
Eu 20 10 20 50 10 
Gd 30 100 50 200 20 
Tb 10 10 10 20 ~ 
Dy 30 20 30 100 20 
Ho 2 2 3 5 2 
Er 3 3 3 15 3 
Tm 0.3 0.3 0.2 1 0.5 
Yb 3 3 2 5 3 
Lu 0.2 0.3 0.2 1 0.2 
Hf 1 0.5 0.5 3 1 
Ta <2 <3 <3 <3 <3 
W 5 200 2 10 10 
Re <0.5 <0.5 <0.5 <0.5 <0.5 
Os <0.5 <0.5 <0.5 <0.5 <0.5 
Ir <0.5 <0.5 <0.5 <0.5 <0.5 
Pt <0.5 <0.5 <0.5 <0.5 <0.5 
Au <0.2 <0.2 <0.2 <0.2 <0.2 
Hg <0.5 <0.5 <0.5 <0.5 <0.5 
T1 0.3 0.3 <0.2 1 0.3 
Bi <0.2 2 0.3 0.3 0.2 
Th 3 2 1 5 2 
U -3% -1% 300 500 300 
204Pb 3 5 0.2 2 0.2 
206Pb 7000 -2% 3000 -3% 3000 
207Pb 300 2000 150 3000 200 
208Pb 200 1500 20 50 10 

IE is a composite sample from the east bay. 
2W is a grab sample from the west bay. 
3Core 113: 6-8 ft below residue surface. 

4Core 112: 4-6 ft below residue surface. 
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TABLE F-3.~. GAMMA-RAY SPECTRAL ANALYSIS 
OF BUILDING 434 RESIDUES 

Isotope 

226Ra 
214Pb 
214Bi 
210Pb 
231pa 
227Th 
223Ra 
219Rn 

TABLE F-4. 

Isotope 

234Th 
226Ra 
214Pb 
214Bi 
210Pb 
235U 
227Th 
223 Ra 
219Rn 

Level (nCi/g) 

220 
220 
220 
220 
10 
10 
10 
10 

GAMMA-RAY SPECTRAL ANALYSIS 
OF BUILDING 411(W) RESIDUES 

Level (nCi/g) 

1 
12 
15 
14 
18 
0.07 
0.08 
0.85 
0.8 

1 
l: 
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