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ABSTRACT

A radiological survey was performed at the Sodium Disposal

Facility, T886 , an area located on the far west end of Rockwell Inter-

national's Santa Susana Field Laboratory (SSFL) . This facility was used as

a disposal site for sodium and sodium - potassium alloys, and combustible

materials from DOE/AEC nuclear programs such as the SRE and SNAP . Some

radioactive materials were found at the facility and immediately downslope .

Consequently , radioactive contamination has been suspected in immediate

areas surrounding the upper and lower open-field pits , where the disposal

activities took place . The purpose of this survey was to identify those

areas outside the open - field pits which need further radiological inspection

and could require remedial action .

The scope of this survey specifically excluded the upper and lower

open - field pits , because previous measurements show these two areas to be

radiologically contaminated . Only outlying areas were suspect , and thereby

characterized in accordance with the site radiological survey plan . Samples

were not analyzed for chemical contaminants , ( Reference 18) .

Surface soil samples from areas surrounding the upper and lower

open -field pits were collected and analyzed by gamma -ray spectrometry and

gross alpha/beta techniques for potential radionuclides . About 250 soil

samples were collected and analyzed . About 1400 ambient gamma exposure rate

measurements were also made in these same areas, to identify slight surface

and significant subsurface contamination .

The results of this survey and analysis show that no migration or

deposition of radioactive contaminants has occurred from the upper and lower

open -field pits to surrounding areas . The radioactivity concentrations

measured previously in both open - field pits present no health hazards, but

these pits should be further investigated to determine the extent of

radioactive contaminants .

gen-0004 .zr/bg
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1 .0 INTRODUCTION

The Sodium Disposal Facility, located at Rockwell International's

SSFL in the Simi Hills of Ventura County, California, was surveyed and

analyzed for residual radioactive material as part of the "Radiological

Survey Plan for SSFL" (Reference 4) . The purpose of this survey was to

radiologically characterize surrounding areas suspect of being radioactively

contaminated and determine whether further investigation is required or

remedial action is necessary . The upper and lower open-field pits, known to

be contaminated, were excluded from this survey . However, results from

prior surveys which show specific contaminated locations are included in

this report . The Burn Pit is not a radiological health hazard, and cer-

tainly does not meet any state or federal requirements for maintaining as a

radiologically controlled area .

The Sodium Disposal Facility is commonly called the Old Sodium

Burn Pit, but is referred to as the Burn Pit throughout this document . It

was used in the 1960s and 1970s for disposal of combustible materials such

as sodium, NaK, and kerosene used during government nuclear programs .

"Santo-wax," used as a coolant for organic moderated reactors, was also

burned in this area . These programs included the SRE (Sodium Reactor

Experiment ) and SNAP (Systems for Nuclear Auxiliary Power ) . Because these

materials originated from nuclear facilities, it is possible that some could

have been contaminated with radioactive material . In the late 1970s, a

concerted effort to clean up the Burn Pit was launched . The gate was

locked, and only documented items and materials (charge number and radiation

survey) were admitted . Occasionally, however, material of unknown origin

was deposited at the site gate .

Most disposal activities took place in a concrete pool and two

open -field pits . The concrete pool has been decontaminated on the interior

surfaces . However, contamination may exist in cracks in the structure .

Previous radiological surveys show that the two open -field pits are con-

taminated with cesium -137, a fission product, and some zirconium hydride
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contaminated with U-238. Further investigation and remedial action is

required in both pits ; however, neither pit is a radiological health hazard

in current and near future uses .

Radioactive contamination is suspect in surrounding areas because

of the potential for 1) radionuclide transport and migration from each pit,

particularly in the direction of surface water runoff ; and 2 ) dispersion and

scattering of radioactive material during cleanup of the site . Contaminant

mobility in this area was shown from previous chemical analysis to be very

shall . Water sampling down the drainage path has never shown chemical or

radioactive contamination . Additionally, from all previous accounts of

clean up-efforts taking place , no residual debris is on the surface . All

barrels, scrap, and miscellaneous junk have been removed and disposed of

off-site . The open -field pits and surrounding area look like an ordinary

field . It was found during the CERCLA Phase II program, (Reference 18),

however, that significant amounts of debris are present several feet below

the surface of each pit . The radiological extent of subsurface contaminants

in these pits is not well known .

The extent of this survey was to radiologically characterize about

3 acres of land surrounding the two open -field pits . About 1400 ambient

gamma exposure rate measurements were taken one meter above the ground . The

distance from one measurement location to the next was sufficiently short so

that any suspected gamma-ray emitter would have been detected as a perturba-

tion of the measurements . On a six meter center-to-center spacing, two-

pound surface soil samples were collected . This sampling frequency resulted

in about 250 samples . Each sample was dried and ground, homogenized, then

split into a 450 -ml sample and a 2 -g sample for gamma spectrometry analysis

and gross alpha/beta counting , respectively .

Ambient gamma exposure rate measurements ( in micro - roentgens/hour)

were plotted as a cumulative distribution function and compared against

measurements acquired from a similar geological area where absolutely no

radioactive materials were ever used, stored , or handled .
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Each 450-ml sample of soil was analyzed for gamma emitters,

including naturally present thorium and uranium , and their decay daughters ;

U-235 ; mixed fission products ; and activation products , including potassium

40, which although naturally occurring may be present in increased quantity

because of NaK disposal from nuclear facilities . Activity concentrations of

Th-232 to U-238 were plotted to demonstrate that naturally occurring amounts

are present . Cs-137 and K-40 quantities were also plotted as cumulative

distribution functions . This plotting technique will show any perturbations

from a Gaussian probability function and thus allow the decision to be made

whether further inspection is required or not .

The U-238 activity derived from the gamma spectrometry is based on

Ra-226 and daughters . No satisfactory gamma-ray specific for U-238 could be

utilized . Thus, the gross alpha and beta activity would be the best test

for the presence of depleted or normal/low-enrichment uranium .

Each 2-g sample was analyzed in an gas -flow, 2 x proportional

counter for gross alpha and beta activity . Alpha and beta activities were

converted to picocuries/gram (pCi/g) and plotted as cumulative probability

distributions .

The PC- based computer software and graphics utility used to plot

radiation measurements as a cumulative probability also calculates a test

statistic using inspection by variables techniques . This test statistic is

that value greater than the mean value of the distribution, which cor-

responds to a consumer's risk of acceptance of 10% probability with a Lot

Tolerance Percent Defective (LTPD) of 0 .10 . This technique assumes the data

follow a Gaussian probability distribution function .

The Department of Energy has adopted residual radioactivity limits

in "Guidelines for Residual Radioactivity at FUSRAP and Remote SFMP Sites,"

(Reference 1) . This guide generally agrees with previously published guides

and standards , including ANSI Standard N13 .12 ( Reference 8), Regulatory

Guide 1 . 86, and USNRC License SNM-21 ( Reference 2) . However , very little
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guidance/agreement is found in the literature relative to soil sample

analysis and allowable radioactivity concentrations for unrestricted use .

We have used limits of 30 alpha - pCi/g above background and 100 beta-pCi/g

total for soil at other Rockwell nuclear facilities . The alpha limit was

published in "Disposal of Onsite Storage of Thorium or Uranium Wastes from

Past Operations ," Federal Register Vol . 46 , No . 205 ( Reference 13) .

Additionally , the NRC has adopted a limit of 5 pR/h ambient gamma exposure

rate above background , where the U .S . DOE had adopted a value of 20 pR/h

above background . Because of the large variability in natural background at

the SSFL site, our ambient measurements were not corrected for background .

Rather, an independent "natural" background distribution is presented as a

comparison against the Burn Pit data .

Extensive sample collection and analysis has been performed to

radiologically characterize the Burn Pit . Although the limits , by which one

may choose to demonstrate the level of contamination , are not quite clear

from the regulatory literature , the radioactivity concentrations found are

very low , and do not present a radiological hazard , or require remedial

action outside of the two open - field pits . Within the open -field pits,

further radiological assessment is required to estimate the depth and

heterogeneity of radioactive contaminants .



GEN-ZR-0004
Page 11
06/03/88

2 .0 IDENTIFICATION OF FACILITY PREMISES

2 .1 Location

The Burn Pit is located within Rockwell International ' s Santa

Susana Field Laboratory (SSFL) in the Simi Hills of southeastern Ventura

County, California , adjacent to the Los Angeles County line and approxi-

mately 29 miles northwest of downtown Los Angeles . The SSFL location

relative to the Los Angeles area and neighboring communities is shown in

Figures 2 .1 and 2 . 2 respectively . Figure 2 . 3 is a map showing that part of

SSFL which includes the Burn Pit . The Burn Pit is not an ETEC facility and

is not on DOE - optioned land . Figure 2 .4 is a photo showing the Burn Pit,

with ETEC in the background . The entire area enclosed in white is the

extent of the radiological survey . In the photo, taken in 1968, the

concrete pool and both ponds ( filled with water at that time ) are distin-

guishable .

2 .2 Site Profile and Topography

Located at the far west end of SSFL, beyond ETEC , the old active

portion of the Burn Pit area covers a little over an acre ( 50,000 ft2) .

This includes both open - field pits and the concrete pad/pool . However, the

surrounding area which was surveyed under this plan covered almost 3 acres

(130,000 ft2 ) . This included substantial areas to the east , west, north and

south of the Burn Pit , proper .

A single-lane, bituminous asphalt road branches off of G Street

and approaches the Burn Pit from the east . This road is several hundred

yards in length , and slightly grades upward . The grade eventually plateaus

on approach to the facility . The pavement ends at the facility and the road

continues as dirt . The site grades upward to the south and downward to the

north .
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Figure 2 .4 Photograph of Burn Pit
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At the entrance gate is a large concrete pad with a deep, concrete

pool about 10 ft wide and 40 ft long . Adjacent to the pool is a 40 ft by 16

ft concrete pad covered with iron sheets . Surrounding the conrete pad and

pool is a paved area about 120 ft by 64 ft . Just north and further down

grade is the upper open -field pit, about 100 ft by 100 ft . And still

further north and downgrade , but adjacent to the upper pit, is the lower

open -field pit also about 100 ft by 100 ft . The upper and lower open-field

pits are incompletely bermed . An area adjacent to and west of the upper

open -field pit was also used for storage .

The site is located on an irregular plateau in a mountain area of

recent geological age sprinkled with outcroppings above the more level

patches, with peripheral eroded gullies descending northerly to the Simi

Valley . Running in a north/south direction west of the Burn Pit area is a

large, continuous outcropping of Chico sandstone formation . Similarly,

bordering on the east is a shorter formation . The elevation is about 1800

ft above sea level . Figure 2 .5 shows the topography of the Burn Pit area .

Figure 2 .6 shows the general Burn Pit layout . The upper and lower open-

field pits are designated as BPU and BPL . These pits were filled with water

in the 1960s , and were referred to as ponds . Since early 1970, these

"ponds" have been dry and are accordingly referred to as open-field pits .

The natural drainage from this area is north to Simi Valley . The

contamination is not considered to be highly mobile since sampling of water

down the drainage path has never shown chemical or radioactive contamina-

tion . Surface water flow to the north is via a dirt road east of the area

and a gully on the west . The open-field pit areas are incompletely bermed,

thus there is water runoff to adjacent areas . In March 1987 , a trench was

excavated in the west area to channel rain water around the open-field pits

rather than over them . A more detailed presentation of geologic origin and

likelihood for contaminant migration is given in the "CERCLA Program Phase

II - Site Characterization" report (Reference 18) . Refer to that report for

more information about the soil porosity and permeability, and composition



Figure 2 .5 Burn Pit Area Topography
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of surficial alluvium and the underlying zones of weathered sandstones and

siltstone .

2 .3 Historic Facility Use and Current Radiological Conditio n

The Burn Pit was used extensively during the 1960-1970 period for

disposal of combustible materials such as sodium , NaK, and kerosene from the

SRE, SNAP, and other nuclear program operations . Although the Burn Pit area

is not an ETEC facility and not on DOE-optioned land, any hazardous ,

radioactive, or mixed wastes that may be buried in the Burn Pit Area

resulted from activities of DOE's predecessor agencies .

The Burn Pit was created for the disposal of sodium and NaK by the

exothermic reaction with water . After draining a system, small quantities

of sodium or NaK were typically trapped in pipe elbows, valves, vessels, or

insulation material . To remove the remaining reactive metal, the component

was either tossed into the concrete pool or placed in the open-field pit and

hosed down initially with a light spray of water and then a heavier spray as

the reaction subsided . After the hose-down was complete and the reaction

stopped, the items were inspected for residual material . Clean items were

scrapped, and those with residual material were returned to the reaction

pool . Occasionally, firearms were used on vessels to "safely" open con-

tainers to the atmosphere . Those items , after cleaning , were removed to a

dumpster, usually for a scrap dealer . The facility was also made available

for the open burning of any combustible material . This policy logically

shifted to include just about anything that seemed undesirable for the

regular trash, that would be rendered safe by burning . Terphenyl coolant

for the organic- cooled reactor program , was one of these .

For the most part, residual debris was cleared and disposed of as

scrap metal . Some large components and vessels were buried in place . A

large batch of barrels and scrap was buried west of the area between two

rock ridges , to the left of the rock ridge shown in Figure 2 .6 . A small
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amount of material was dispersed onto surrounding terrain by explosions,

even as far away as building T009 .

In the late 1970s, a concerted effort to clean up the Burn Pit was

launched . The gate was locked , and only documented items and materials

(charge number and radiation survey) were admitted . However , occasionally

material of unknown origin was deposited at the site gate .

With the construction of the new Sodium Burn Facility, T-133, and

its continued operation , the accumulation of material at the Burn Pit

subsided . All visible tanks were removed to the new facility for further

disposition . The west burial site was excavated , hazardous materials

removed , and trash hauled off . The pool was drained of water by a hazardous

waste disposal company . The walls were found to be slightly contaminated

with radioactive material and were scabbled clean . The open - field pits were

surveyed , and the lower pit was found radioactively contaminated, and an

effort to decontaminate some of the radiological " hot spots " was made .

Later that year ( 1980), the dry lower pit was gridded , and a radiation

survey was conducted . Cesium - 137 was identified as the principal gamma-

emitting constituent . The only other isotopes discovered at that time were

primordial radionuclides . Section 7 . 2 presents the historical data from

radiological surveys performed in each open - field pit . These pits were not

currently surveyed because they are known to be contaminated from those

previous surveys .

Water samples were and still are taken each rainy period, and only

natural activity has been detected . After 1978, no further significant

activities occurred until the March 31 , 1987 , CERCLA site chemical charac-

terization study , except for periodic removal of "junk " that appeared .

During the clean-up phase from the early 1970s to mid 1980s, small

pieces of debris such as pipes, elbows , machined metal parts, and tubes were

dug, pushed over, and reburied by bulldozers performing clean-up tasks .

This process only took place in both pits . Although still not well known,
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the amount and depth of subsurface debris which exists in both pits was

better characterized during the March 1987 CERCLA characterization study

(Reference 18) .

During this study , 23 trenches were excavated , ranging from 5 to

45 ft in length and 1 to 7 ft in depth . Figure 2 .7 shows the locations of

these trenches . The scope of this study was to collect and chemically

analyze enough soil samples from various depths to better evaluate chemical

hazards and migration patterns . To minimize the amount of radioactive

material that might be sent to the SSFL Analytical Chemistry Laboratory all

trenches were excavated in areas with natural background radiation levels ;

only samples which were not contaminated were sent to the lab . All samples

were collected under the direction of a site health physicist .

As the trenches were excavated , the walls were surveyed with a

portable thin-window pancake Geiger -Mueller probe and a micro - R meter to

detect any radioactive contamination . Any areas with elevated readings of

radioactivity were specifically not sampled . When a sample was chosen

because its radioactivity levels were not detectable by a GM probe, it was

analyzed by gamma spectrometry . Of the 92 samples collected, 19 samples

tested positive for Cs- 137 at levels greater than those expected from

"natural " background . The greatest activity found in these samples of

unknown weight was 200 pCi . This radiological characterization was for

indication only so as to send only radiologically clean samples to the

chemistry laboratory . Radiological quantification was not a goal of the

CERCLA study . Contaminated areas were avoided .

While the trenches were excavated , various debris was clearly

visible, along with color changes in the soil and pungent odors . Various

radioactive debris was found during and previous to, trench excavation,

including zirconium hydride reactor fuel end caps contaminated with U-238

and a thoriated oxygen sensor used for sodium loops . A description of what

was found in each of the 23 trenches follows . Refer to Figure 2 .7 for

trench locations .



"H" Street

Figure 2.7. Sampling Locations for Chemical Contaminants (CERCLA Phase II March 1987)
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Trench BP- 1

The trench was 23 . 5 ft long and 6 ft deep . The soil was light

brown silty clay, moderately cohesive , with pieces of concrete, pipe, and

electrical wire . Five 4-oz samples were collected 11 ft from the stake, 6

ft down, (BP-1, 2, 3, 4 and 5 ) . Chemical analysis was not performed . No

radioactivity detected by portable probes .

Trench BP- 2

The trench was approximately 30 ft long and 6 . 5 ft deep . The top

4 ft of soil was composed of light brown clayey silty sand . From 4 ft to

total depth, the soil was dark brown silty clayey sand , obviously disturbed,

probably bulldozed in from road construction . Samples were collected but

not chemically analyzed because there were no debris and no unusual odors .

No radioactivity detected by portable probes .

Trench BP- 3

The trench was approximately 20 ft long and 6 ft deep . The soil

was composed of medium brown cohesive sandy silty clay . At the bottom of

the trench was Chatsworth Formation sandstone . The soil appeared undis-

turbed . No debris was found ; samples were collected but not chemically

analyzed . No radioactivity detected by portable probes .

Trench BP- 4

The trench was approximately 45 ft long and 4 ft deep . The top 2

ft of soil was composed of medium brown silty clay with some sand . From 2

ft to total depth, the soil was light brown clayey silty sand , bottomed in

Chatsworth Formation sandstone . The soil appeared undisturbed ; samples were

collected but not chemically analyzed . No radioactivity detected by

portable probes .
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Trench BPL-1 ( Lower Cell )

The trench was approximately 8 ft long and 5 ft deep . The soil at

the surface was stained dark and had radioactivity slightly higher than

background levels . The top 1 . 5 ft of soil was light brown clayey sandy

silt . From 1 .5 ft to total depth, the soil was a slightly moist, dark brown

clay . At the contact of the light brown soil and the dark brown clay was a

lens of dark stained material with radioactivity higher than background

levels . A 16-oz glass jar sample was collected at the surface from the dark

stained material ( BPL-1 surface ) . A 16-oz glass jar sample was collected

from a depth of approximately 3 ft (BPL - 1-3) . A VOA sample was collected

from 0 . 5-ft below the surface and another from approximately 3 ft below the

surface ( BPL-1 6"- 12" and BPL- 1 3'-3 .5') . A lens contaminated with Cs-137

was found with total radioactivity of 200 pCi . The exposure rate in this

area as 80 pR/h . A pancake GM read 1300 cpm .

Trench BPL- 2

The trench was approximately 8 ft long and 6 .5 ft deep . The soil

was darkly stained at the surface . Glass jar and VOA samples were collected

at the surface ( PBL-2 surface and BPL - 2 6"-12" ) . The soil was mottled

medium to dark brown , very moist and cohesive silty clay . Metal components

were found at all depths . A very strong organic odor was observed in the

dark brown portions of the clay . VOA samples were collected at 1 .5 ft below

land surface and at 5 . 5 ft below land surface ( PBL-2 1 . 5' and BPL - 2 5 .5'-

6') . Another glass jar sample was also collected at 5 .5 ft below land

surface ( BPL-2 5 . 5') . At this depth , the radiation was approximately equal

to background levels . Cs-137 detected in some soil samples .

Trench BPL-3

The trench was approximately 8 ft long and 6 ft deep . VOA and 16

oz glass jar samples were collected at the surface (PBL-3 6-12", BPL-3

surface) . The top 0 . 5 was light brown sandy clayey silt with radioactivity
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reading above background levels . From 0 .5 to 2 .5 ft, the soil was medium

brown silty clay . From 2 .5 to 5 .5 ft, the soil was dark brown cohesive

silty clay . At 3 .5 ft, VOA and glass jar samples were collected (BPL-3

3 .5', BPL-3 3 .5') . From 5 .5 to 6 ft, the soil was light brown sandy silty

clay, odorless , apparently undisturbed . Gamma radiation levels were 2 to 4

times background . Beta radiation levels were up to 14 times background at I

foot . Cs-137 detected in some soil samples .

Trench BPL-4

The trench was approximately 8 ft long and 5 ft deep . VOA and

glass jar samples were collected at the surface (BPL-4 6"-12", BPL-4 .5'-

1') . From 0 to 1 .5 ft, the soil was a dry, medium brown clayey silt . From

1 .5 to 5 ft, the soil was a cohesive medium brown silty clay . VOA and glass

jar samples were collected at 4 .5 to 5 ft below land surface (BPL-4 4 .5'-5',

BPL-4 4 . 5'-5') . Gamma radiation levels twice background . Cs-137 detected

in some soil samples .

Trench BPL-5

The trench was approximately 8 ft long and 5 ft deep . VOA and

glass jar samples were collected at the surface ( BPL-5 6" - 12", BPL-5

surface) . The soil in the top 1 ft was a cohesive medium brown sandy silty

clay . From 1 to 5 ft, the soil was a medium reddish brown sandy silty clay .

VOA and glass jar samples were collected at 4 ft below land surface (BPL-5

4 .0', BPL- 5 4') . No radioactivity detected by portable probes . Cs-137

detected in some soil samples .

Trench BPL-6

The trench was approximately 6 ft long and 3 ft deep . VOA and

glass jar samples were collected at the surface (BPL-6 6"-12", BPL-6

surface) . The soil was a slightly moist medium brown silty clay . No



GEN-ZR-0004
Page 26
06/03/88

components were unearthed, and no additional samples were taken . Slight

beta radiation detected . Cs-137 detected in some soil samples .

Trench BPL-7

The trench was approximately 8 ft long and 6 ft deep . VOA and

glass jar samples were collected from the surface (BPL-7 6"-12", BPL-7

surface) . The soil in the top foot was dry light brown silty sand . From 1

to 3 .6 ft, the soil was dark brown silty clay with metal components . At 3

ft, a black lens with metal components was observed , and VOA and glass

samples were collected (BPL-7 3'-3 .5', BPL-7 3'-3 .5') . A light grey lens

was observed from 4 to 5 ft . From 5 to 5 .5 ft, the soil was light brown

silty sandy clay, probably weathered Chatsworth Formation . From 5 .5 to 6

ft, light brown silty sandstone (Chatsworth Formation) was encountered .

Slight beta radiation detected . Cs-137 detected in some soil samples .

Trench BPL-8

The trench was approximately 8 ft long and 5 ft deep . VOA and

glass jar samples were collected at the surface BPL-8 6 "-12", BPL-8 sur-

face) . The top foot of soil was composed of very light brown silty clay .

From 2 .5 to 3 .5 ft, the soil was a cohesive , moist, medium brown, silty

clay . From 2 .5 to 3 .5 ft, the soil was a cohesive dark grey, sandy clay

with slight hydrogen sulfide odor . VOA and glass jar samples were collected

at 3 ft (BPL-8 3 .0'-3 .5', BPL-8 3 .0-3 .5') . From 3 .5 to 4 ft, the soil was

composed of a slightly moist , medium brown , silty sandy clay ; from 4 to 5 ft

was a light brown silty sand with Chatsworth Formation sandstone at the

bottom. No radioactivity detected by portable probes . Cs-137 detected in

some soil samples .

Trench BPU - 1 (Upper Cell )

The trench was approximately 4 ft long and 1 ft deep . The very

shallow soil was composed of medium brown silty sand with Chatsworth
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Formation silty sandstone underneath . No samples were collected because of

the shallowness of the soil . No radioactivity detected by portable probes .

Trench BPU-2

The trench was approximately 5 ft long and 1 .5 ft deep . A glass

jar sample was collected at the surface ( BPU-2 surface ), but not chemically

analyzed . The shallow soil was composed of very light brown , dry, silty

sand with Chatsworth Formation silty sandstone underneath . No radioactivity

detected by portable probes .

Trench BPU-3

The trench was approximately 5 ft long and 3 ft deep . VOA and

glass jar samples were collected from the surface (BPU-3 6 "- 12", BPU-3 .5'-

1') . The soil in the top 0 . 5 ft was mottled , light to medium brown, silty

sand with some dark stains on the surface . From 0 . 5 to 2 ft , the soil was a

medium brown silty clay with metal components . From 2 to 2 . 5 ft, the soil

was a light brown, silty clay . A glass jar sample was collected of a white,

crystalline substance found at 2 ft (BPU -3 2') . At 2 . 5 ft, VOA and glass

jar samples were collected ( BPU-3 2 .5', BPU-3 2 .5') . From 2 . 5 to 3 ft, the

soil was a medium brown clay . No radioactivity detected by portable probes .

Cs-137 detected in one out of five samples .

Trench BPU- 4

The trench was approximately 8 ft long and 3 ft deep . A glass jar

sample was collected at the surface . The top 0 .5 ft of soil was light

brown, silty sand . From 0 .5 to 3 ft, the soil was a medium brown, silty

clay with some small areas of white crystalline powder . At 3 ft, Chatsworth

Formation light brown silty sandstone was encountered . Glass jar and VOA

samples were collected at 3 ft (BPU-4 3', BPU -4 3') . No radioactivity

detected by portable probes . No Cs -137 in one of one sample .
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Trench BPU- 5

The trench was approximately 5 ft long and 3 ft deep . A glass jar

sample was collected from the surface (BPU-5 surface ) . The top 1 .5 ft of

soil was a light brown, silty sand . From 1 .6 ft to total depth was dark

brown silty clay, underlain by the light brown silty sandstone of the

Chatsworth Formation . No radioactivity detected by portable probes . No Cs-

137 in two of two samples .

Trench BPU- 6

- The trench was approximately 7 ft long and 4 .5 ft deep . The

trench was cut into the berm between the upper and lower cells, and no

components were unearthed . A glass jar sample was collected at the surface

(BPU-6 surface ) . The soil was composed of a dark brown silty clay . No

radioactivity detected by portable probes . No Cs-137 detected in one of one

sample .

Trench BPW - 1 (Western Cell )

The trench was approximately 35 ft long and from 1 to 2 .5 ft deep .

The soil was a medium brown , sandy silty clay underlain by weathered and

unweathered Chatsworth Formation . The soil appeared undisturbed, and no

samples were collected . No radioactivity detected .

Trench BPW- 2

The trench was approximately 21 ft long and 5 ft deep . A glass

jar sample was collected at the surface (BPW-2 surface ) . The soil from the

surface to 4 ft below the surface was medium brown , dry cohesive silty clay

with darker mottling and some components . At 1 .5 ft below the surface, a

whitish substance was observed . At 4 ft, VOA and glass jar samples were

collected ( BPW-2 4') . From 4 to 5 ft, the soil was dry medium reddish

brown, silty clay with no mottling . No radioactivity detected .
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Trench BPW- 3

The trench was approximately 30 ft long and 5 ft deep . Metal

components and barrels were exposed during excavation . The soil was very

mottled and consisted of mixed grey clay, weathered Chatsworth Formation

silty sand , and some medium brown silty clay . The soil was saturated with

water in places . There was a natural organic odor . There was rust staining

in the soil from numerous pipes and flattened barrels . VOA and glass jar

samples were collected at 4 .5 ft ( BPW-3 4 .5', BPW- 3 4 .5') . A glass jar

surface sample was collected approximately 10 ft southeast of BPW - 3 in some

black , possible oil stained soil (BPW - 3 surface ) . No radioactivity de-

tected . -

Trench BPW-4

The trench was approximately 35 ft long and from 1 . 5 to 3 ft deep .

The soil appeared to be undisturbed , dry cohesive , medium brown silty clay

underlain by light brown , silty sand Chatsworth Formation . No samples were

collected . No radioactivity detected .

Trench BPW-5

The trench was approximately 20 ft long and 4 to 5 ft deep . The

soil was a rust stained medium brown, silty clay . Large tanks and other

components were exposed during excavation . VOA and glass jar samples were

collected 3 ft below the surface (BPW-5 3 ', BPW-5 3 ') . No radioactivity

detected .

The CERCLA phase II report ( Reference 18) stated that the greatest

ambient gamma exposure rate in the trenches was 80 pR / h in a background

field of 15 pR/h, and that the greatest Cs-137 activity concentration in a

sample was 200 pCi /g (Reference 18, p . 12 ) . Because this chemical charac-

terization study deliberately avoided sample collection if radiation levels

were above background , this value of 200 pCi/g is lower than what may be
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expected in the lower pit . From this CERCLA study , we know that chemical

contaminants are present and that subsurface debris exists in significant

quantities within both open-field pits . Although there is some junk and

debris buried outside of the two pits, no radioactivity was detected on the

western or northern sides ( BPI-4, BPWI - 5) . We do not know accurately the

extent of subsurface radionuclide contamination in each open -field pit

because of the limitations imposed on the CERCLA characterization study .

However , increased levels of ambient gamma exposure rates are observable at

the surface of each pit . Results of previous radiologic measurements are

presented in Section 7 .2 .
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3 .0 SURVEY SCOPE

Areas surrounding the upper and lower open -field pits were

radiologically characterized by measuring ambient gamma exposure rates 1

meter above the surface, and by acquiring surface soil samples for analysis

by gamma spectrometry and gross alpha/beta activity . About 1400 ambient

gamma exposure rate measurements were made , each with a 1 min . counting

time . About 250 surface soil samples were collected and split into a 450-ml

sample for gamma spectrometry and a 2 -g sample for alpha/beta counting .

Ambient gamma exposure rates are reported in micro - roentgens per hour

(pR/h) . Radionuclide activity concentrations and gross alpha/beta activity

are reported in picocuries per gram ( pCi/g ) . Each sampling location was

specified by grid notation .

3 .1 Unrestricted - use Acceptable Contamination Limit s

A sampling inspection plan using variables , discussed in Section

4 .2, was used to compare radiological contamination quantities against

unrestricted- use acceptable contamination limits prescribed in DOE guide-

lines (Reference 1), Regulatory Guide 1 .86, NRC license SNM-21 , and other

references . The limits shown in Table 3 .1 below have been adopted by

Rocketdyne . Current guidance for acceptable soil radioactivity is nearly

non-existent . The limits used here for alpha contamination , for example,

are based on enriched uranium ( Reference 13) . These appear to be the best,

most appropriate and realistic limits, and compare quite favorably to DOE's

"factor of 3 above background per lOOm2 area" recommendation (Reference 1,

Section C .1) . Absolutely no effort was made to sum the concentrations of

individual radionuclides and calculate the dose for the mixture so as to

show that it does not exceed the basic dose limit . The level of contamina-

tion present at the Burn Pit does not warrant this type of detailed analy-

sis .
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Table 3 .1 Burn Pit Maximum Acceptable Contamination Limits

Criteria Alpha Bet a

Ambient Gamma Exposure Rate* 5 pR/h above backgroun d

Soil Activity Concentration** 46 pCi/g 100 pCi/g

Water Activity Concentration *** 1x10 - 4 pCi/ml 1x10 -5 pCi/m l

* Although DOE Guide (Ref . 1) recommends a value of 20 pR/h above

background for ambient gamma exposure rate, NRC has required 5

pR/h . For conservatism, we use 5 pR/h above background to compare

survey results .

** Alpha activity concentration limits for enriched uranium is 30

pCi/g plus that contribution from naturally occurring radio-

activity, ( about 26 pCi /g from Reference 15, p . 66 , and determined

to be 16 pCi/g from soil samples collected at the Burn Pit) . We

use the most conservative value . The total beta activity con-

centration limit is 100 pCi/g, including background (Ref . 13) .

*** The most restrictive alpha/ beta water radioactivity concentrations

for restricted area taken from IOCFR2O , Table 1, Column 2 . Alpha

corresponds to Pu - 239, beta to Sr-90 .

Three specific action levels were established during the survey .

This is a proactive action level which is initiated when the surveyor

detects radiation according to the following criteria :

1 . Characterization Level - that level of radioactivity which

is below 50% of the maximum acceptable limit . This level is

typical of natural background levels, or slightly above, and

requires no further action .
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2 . Reinspection Level - that level of radioactivity which i s

above 50% of the maximum acceptable limit .

resurvey of the area and a few additiona l

required in this case .

A genera l

samples are

3 . Investigation Level - that level of radioactivity whic h

exceeds 90% of the maximum acceptable limit . Specifi c

investigation of the occurrence is required in this case .

3 .2 Sample Lot s

-For purposes of the Burn Pit radiological survey , it was sectioned

into 4 areas : north , east , west , and south of the open -field pits . The

north area comprised about 2280m2 ; east , 2100m2 , west 3730m2 , and south

3880m2 . Total survey area amounts to about 3 acres . Figure 3 . 1 shows this

sampling scheme . Because of the large amount of area to be surveyed, a

surface soil sample was collected in each 6-meter - square area (36m2 ) . Gamma

exposure rate measurements were made in each 3 - meter - square area (9m2) . The

west area, because of its operational history, was more suspect for contain-

ing residual radioactive material . The northern area , because it is

downslope from the open - field pits is also more suspect .

Wood stakes were pounded in the ground every 3 meters , column wise

and row wise . The resulting matrix -grid allowed each sample square to be

identified in matrix notation with codes indicating the area (n = north, e =

east, w = west , s = south ) and a two figure Cartesian coordinate indicating

the distance in meters from a local benchmark . Since one soil sample is

collected in 1m2 out of 36m2 , this corresponds to a 3% sampling frequency,

minimum . Gamma measurements are made at an 11% sampling frequency . The

sampling inspection plan that was used is based upon a uniform 6-meter-

square grid superimposed on a uniform inspection area for soil samples, and

a 3-meter-square grid for gamma measurements . Radiological conditions and

physical surroundings were similar in all areas .
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This gridding technique is pictured in Figures 3 .2, 3 .3, and 3 .4

The location and direction in which each photograph was taken is identified

in Figure 3 .1 . Figure 3 .2 shows the Burn Pit area looking east-northeast

from the top of the westernmost rock outcropping . From the bottom of the

figure is the west area staked out on a 3 -meter-square grid ; followed by the

lower and upper open-field pits (on the left and right, respectively) ; and

the east area beyond that, fully gridded . ETEC is in the background .

Figure 3 .3 shows a portion of the west area and the entire south area on a

slight embankment . The building in the background is not part of the Burn

Pit . Figure 3 .4 shows the entire area looking northerly . The south area is

separated from the remaining area by a dirt road . The concrete pool and

vacant storage building is on the right . The open-field pits are just below

the parked trucks .

3 .3 Ambient Gamma Exposure Rate Measurement s

In each 9m2 cell, a gamma exposure rate measurement was made 1 m

from the surface . The particular location in each cell was chosen randomly,

and identified on a map . A tripod was used to support a 1" x 1" NaI crystal

coupled to a photomultiplier tube and fed to a Ludlum 2220 scaler, at 1 m

from the ground . In each cell , a 1-min . count was collected and converted

to pR/h . The measurement location and exposure rate were recorded in

tabular form . About 1400 1-min . measurements were acquired .

3 .4 Surface Soil Sample;

A 2-lb surface soil sample (no greater than 3 " deep ) was collected

from one spot per 36m2 . The area of the scoop normally covered about 1m2 .

Each sample location was identified and marked on the sample bag . Each

sample was transferred to a bread pan for drying in an oven . When dry, each

sample was stirred , then split into a 450 -ml sample and a 2-g sample . Each

450-ml sample was placed in a Marinelli beaker for counting by gamma spec-

trometry . Each 2-g sample was ground with a mortar and pestle , placed in a
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2" diameter aluminum planchet , and then counted for gross alpha/beta

activity . About 250 surface soil samples were analyzed in this manner .

3 .5 Goals and Limitations of Survey Scope

The goal of the Burn Pit radiological survey is to determine if

radioactive contamination exists to such an extent that further surveying or

remedial action is warranted . The survey scope is specifically limited to

suspect areas surrounding the open -field pits and concrete pool, to deter-

mine if any radionuclide transport /migration has occurred on the surface or

whether any gamma - emitting subsurface debris is present . Because surface

transport- of contaminants is the predominant process , surface sampling gives

the best indication for subsequent spread of contamination . It is unlikely

that subsurface transport is very significant . The amount of debris

scattered beyond the two pits was minimal . No attempt to characterize

subsurface contamination was made .

Because of the large area surveyed, a soil sample was collected in

every 36m2 . Although this may not appear to be a very thorough sampling

plan, by applying Lot Tolerance Percent Defective techniques, we can

determine with a statistical confidence of 0 .90, that there is a probability

of 90% that radioactive contamination does not exceed some predetermined

acceptance limit . This determination varies inversely to the number of

samples taken . This technique, along with the graphical representations of

cumulative distribution functions will identify trends, anomalies, outliers,

and perturbations in the radiation levels . We are able to conclude whether :

1 . Any surface migration or dispersion of radioactive materials

has occurred ; and

2 . Any relatively intense gamma - emitting debris is buried (see

Section 5 .4 .4) .
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We can not conclude whether :

1 . Any slight subsurface migration has occurred ; or

2 . Any buried debris with low intensity radiation is present .

The likelihood for occurrence of the above two conditions is small . First,

migration periods of contaminants below the surface are typically very long .

It is much easier for surface water flowing downslope to carry with it any

contaminants . The settling out of these contaminants into the subsurface

also takes a long time . Second, most burial activities took place in the

open-field pits . Historically, any contaminated pieces of junk excavated

from an area were detectable at the surface ; the radiation was fairly

intense . One final limitation is that we do not know the extent of con-

tamination on the surface and subsurface of the two open-field pits ; this

characterization was beyond the scope of this survey .
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4 .0 STATISTICS

4 .1 Counting Statistics

The emission of atomic and nuclear radiation obeys the rules of

quantum theory . As a result of this, only the probability that an emission

will occur is determined . The absolute number of particles emitted by a

radioactive source in a unit of time, is not constant in time ; it has a

statistical variability because of the probabilistic nature of the pheno-

menon under study . The number of particles emitted per unit time is

different for successive units of time . Therefore, only the average number

of particles emitted per unit time and per unit area or mass can be deter-

mined . The number of particles, x, emitted by a radiation source in time,

T, obeys the Poisson distribution :

x -m
(Eq . 4-1 )

where m is the average number of emissions in that time . x is what we

measure each time an area or sample is surveyed . The standard deviation is

the square root of the average squared deviation of x from its mean, m . For

the Poisson distribution , the standard deviation is given by :

(Eq . 4-2 )

the square root of the counts observed , ( x = x = m) . Since background

radiation is always inherent in a given sample measurement , propagation of

errors tells us that the total standard deviation is :

S= (Eq. 4-3)
T

where C = the number of counts recorded in time, T, of the sample

B = the number of counts recorded in time , T, of th e

background radiation environment
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Equal values of the time, T, must be used for the sample and background

counts . This Poisson distribution and standard deviation applies for single

radiation measurements , of the discrete random variable , x, and is ap-

plicable only when the observation times are short compared with the half-

life . This is the case for the site survey .

Because of the probabilistic nature of particles emitted by radio-

active elements, repeated measurements of the average number of emissions

per unit time shows a distribution approximated by the Gaussian (or normal)

probability density function (pdf) ; this is known as the central limit

theorem. This theorem holds for any random sample with finite standard

deviation .- If measurements are made at many similar locations, these

measurements will show a greater variability , but the distribution will

remain adequately represented by a Gaussian function . This Gaussian

approximation is good when the number of samples collected is at least 30 .

Thus the number of occurrences of particular mean radiological contamination

values, g(x), shows a Gaussian pdf relative to the contamination value, and

the data can be plotted accordingly . Subsequently, based on the results of

the data analysis , a conclusion can be made regarding the amount of radio-

active material in an area , and any anomalous values can be identified .

The Gaussian distribution , g(x), is given by :

g(x)dx = 1 exp x-m 2 dx

(J1 )a 2a 2 (Eq . 4-4 )

where g ( x)dx = probability that the value of x, lies between x and x+dx

m = average , or mean of the population distributio n

a = standard deviation of the population distribution .

A graph of x vs . g( x) gives the following bell-shaped curve :
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M-0 m m- a x

x

x+dx

Figure 4 . 1 The Gaussian Probability Density Functio n

The cumulative distribution function (cdf), G(x), is equal to the integral

of the pdf, for a continuous random variable , hence :

G(x) = fX g(x)dx (Eq. 4-5)
-00

= P(x < X )

This function is commonly referred to as the error function , (erf) . The

graph of the Gaussian cdf is :

1

G(x) 0.5

Figure 4 .2 The Gaussian Cumulative Distribution Function
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By plotting multiple measurements we make in the field ; i .e . the

average contamination values approximated by the Poisson distribution, as a

cdf of the Gaussian distribution, we can identify whether the entire area is

unacceptably contaminated , part of the area is contaminated more than the

rest, or further radiological measurements are necessary . Furthermore, by

making use of the Gaussian approximation, we can easily calculate the mean

contamination value with its associated standard deviation, and apply

inspection by variables techniques to either accept the area as clean or

reject the area as contaminated .

This statistical summary presents fundamental principles used to

reduce and analyze radiological measurement data from the site survey .

4 .2 Sampling Inspection

4 .2 .1 By Variable s

Acceptance inspection by variables is a method of judging whether

a lot of items is of acceptable quality by examining a sample from the lot,

or population . In the case of determining the extent of contamination in an

area , it would be unacceptably time consuming and not cost effective to

measure 100% of the population . However, by applying sampling inspection by

variables methods, the accuracy of the conclusion made about the level of

contamination is not sacrificed because of a decrease in number of sampling

locations . We estimate the level of contamination in an area by making at

least 30 measurements . This allows us to approximate a Gaussian distribu-

tion through the Central Limit Theorem . The entire area must have similar

radiological characteristics and physical attributes . In acceptance inspec-

tion by variables , the result is recorded numerically and is not treated as

a Boolean statistic , so fewer areas need to be inspected for a given degree

of accuracy in judging a lot's acceptability .
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4 .2 .2 By Attribute s

By contrast , in acceptance inspection by attributes , the radiation

measurement in a given area is recorded and classified as either being

defective or nondefective , according to the acceptance criteria . A defect

means an instance of a failure to meet a requirement imposed on a unit with

respect to a single quality characteristic . Second , a decision is made from

the number of defective areas in the sample whether the percentage of

defective areas in the lot is small enough for the lot to be considered

acceptable . More areas need to be inspected to obtain the same level of

accuracy using this method . Consequently , we use inspection by variables .

4 .3 Sampling Inspection by Variable s

4 .3 .1 Calculated Statistics of the Gaussian Distributio n

The test statistic for each sample area , i-+ ks, is compared to

the acceptance limit U , where :

z = average (arithmetic mean of measured values ) of sample

s = observed sample standard deviatio n

k = tolerance factor calculated from the number of

samples to achieve the desired sensitivity for

the tes t

U = acceptance limit .

The sample mean is given by :

n

xi
x= i=1 (Eq . 4-6 )

n
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where : xi = individual measurement values

n = number of measurement value s

The standard deviation is given by :

S = A 1
(xi - X-),

(Eq . 4-7 )
n- 1

The sample mean , standard deviation , and acceptance limit are

easily calculable quantities ; the value of k, the tolerance factor, bears

further discussion . Of the various criteria for selecting plans for

acceptance sampling by variables , the most appropriate is the method of Lot

Tolerance Percent Defective (LTPD ), also referred to as the Rejectable

Quality Level (RQL) . The LTPD is some chosen limiting value of percent

defective in a lot . Associated with the LTPD is a parameter referred to as

consumer's risk (fl), the risk or probability of accepting a lot with a

percentage of defective items equal to the LTPD . It has been standard

practice to assign a value of 0 .10 for consumer ' s risk (p) . Conventionally,

the value assigned to the LTPD has been 10 %. These a priori determinations

are consistent with the literature and regulatory position , and are the same

values used by the state of California (Reference 2) . Thus, based on

sampling inspection, we are willing to accept the hypothesis that the

probability of accepting a lot as not being contaminated which is in fact 10

percent defective ( i .e . above the test limit , U) is 0 .10 . The value of k,

which is a function of the a priori determinations made for $ and LTPD is

given by equation 4-8 .

Figure 4 .3 demonstrates this principle . The operating character-

istics curve of a Gaussian sample distribution shows the principles of

consumer ' s and producer 's risk, LTPD ( or RQL), and acceptable quality level,

(AQL) . The criteria for acceptance of a lot are presented in section 4 .3 .3 .
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p=LOT FRACTION DEFECTIV E

Figure 4 .3 Operating Characteristics Curve

The value of k, and thus the value of x + ks , on which ultimately

a decision is made whether the area is acceptably clean, is based on the

conditions chosen for the test . k is calculated in accordance with the

following equations , ( Reference 9) :

k = K2 + K22 - ab ; a = I - KZ ; b = K22 (Eq. 4 .8)
a 2Tn-1) n
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where :

k = tolerance factor

K2 = the normal deviate exceeded with probability of y, 0 .10

(from tables , K2 = 1 .282 )

Kp = The normal deviate exceeded with probability equal to

the LTPD . 0 .10 (from tables , Kp = 1 .282 )

n = number of samples

As mentioned previously , the State of California has stated that the

consumer's risk of acceptance (0) at 10% defective (LTPD) must be 0 .1 . For

these choices of and LTPD, K,.q = K2 = 1 .282 .

Simply by coincidence , the coefficients Kf and K2 are equal

because of the choice for the values of 0 and LTPD as 0 .10 . Refer to

statistics handbooks listed in the reference section for additional under-

standing of this sampling principle . The a priori values chosen for the

sampling coefficients are consistent with industrial sampling practice and

regulatory guidance .

4 .3 .2 Graphical Display of Gaussian Distributio n

When the cdf G(x), the integral of the Gaussian pdf, (Eq . 4-4), is

plotted against x, the measurement value , a graph of the error function is

generated (Fig . 5 . 2) on a linear -grade scale . For convenience of this

survey and for readability, G(x) is plotted as the abscissa (x-axis) and the

measurement value , x, is plotted as the ordinate (y-axis) on a probability-

grade scale for the abscissa . G(x) values arranged in order of magnitude

from left to right form a straight line on probability -grade paper, when the

sample lot contamination is normally distributed . Figure 4 .4 shows this

output .
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Figure 4 .4 Gaussian cdf Plotted on Probability - Grade Paper

The power of this graphical display is that it permits identifi-

cation of values with significantly greater contamination than expected for

that lot . Calculated statistics numerically indicate the average and

dispersion of the distribution, but are not effective for identifying trends

or anomalies . For instance, identification of an isolated area in a sample

lot which is contaminated at levels significantly greater than the fitted

Gaussian line are easily observable in the plot, but T+ ks may still show

acceptability. Upon further inspection and analysis , these graphical

displays are used to show contamination level differences between areas or

structures in a sample lot . The power of the fitted Gaussian graphical

display is important in assessing significant variations in the contamina-

tion levels within sample lots .
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4 .3 .3 Acceptance Criteria for an Uncontaminated Area

Once the test statistic, 7-+ ks, is calculated and the Gaussian

cdf probability plot is generated , a decision is made as to the extent of

contamination in the area . Is the area clean? Is part of the area con-

taminated? Is the entire area contaminated ? Are additional measurements

necessary to make a determination ?

First, the Gaussian distribution will identify significant

variations in the radiological measurements . The sample output, if it

represents the entire area well, should approximate a straight line .

Measurements made which represent radiological conditions in a separate

population from the one assumed, are easily observable as severe deviations

in the straight line . The location of these anomalous measurements can be

determined and subsequent follow - up is applied .

Second, the test statistic, x + ks, is calculated for the dis-

tribution . The criteria for acceptance are presented as a plan of action .

The plan of action is :

1) Acceptance : If the test statistic (x+ks) is less than or

equal to the limit ( U), accept the region as clean . (Any

single value , x, less than 50% of the limit is considered

the Characterization Level , which requires no further

action . If any single measured value , x, exceeds 50% of the

limit , reinspect that location and take a few additional

samples in the immediate area for the analysis . This is the

Reinspection Level . If any single measured value, x,

exceeds 90% of the limit , investigate the source of occur-

rence . This is the Investigation Level .

2) Collect additional measurements : If the test statistic

(i+ks) is greater than the limit (U), but i itself is less

than U, independently resample and combine all measured
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values to determine if x+ks <= U for the combined set ; if

so, accept the region as clean . If not reject the region .

3) Rejection : If the test statistic (i+ks) is greater than the

limit (U) and x >= U , reject the region . Investigate the

source of occurrence .
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5 .0 ANALYTICAL TECHNIQUE S

The statistical methods presented in Section 4 .0 were used to

judge whether an area is slightly contaminated , contaminated above accep-

tance limits , or whether additional investigation is required . That

decision is based on several radiological measurements :

1) Ambient gamma exposure rate ;

2) Gross alpha/beta activity in soil samples ; and

3) The presence and quantity of gamma emitters in soil samples

(these include primordial , cosmogenic , fission, and activa-

tion products) .

The analytical techniques used to acquire , evaluate, and interpret

these radiological measurements are presented in detail in this section .

This includes calibration corrections, alpha absorption corrections in soil

samples , evaluation of computer-generated gamma spectrometry output, and

computerized data analysis through inspection by variables .

5 .1 Data Acquisition

In each designated square grid a measure of gamma exposure rate

was made and a 2-lb soil sample was collected . Each square grid was

outlined by wood stakes placed in the ground and marked with its coordi-

nates . The exact location within that square grid where the samples were

collected was left to the surveyor's judgement : it was to be the area that,

in his judgement, was most likely to have retained the greatest amount of

contamination in that square grid . This decision is based on soil discolor-

ation, debris, crevices or cracks in the soil . The use of a predetermined

grid with discretion for the exact location provides a uniform survey biased

towards the high end of the distribution . Locations of noticeably greater

exposure rates or radionuclide concentrations were always surveyed again .
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5 .2 Data Reduction Software Program

Each radiological measurement characteristic data value was input

into SMART SPREADSHEET . This is an off-the-shelf computer software package

which allows multiple computations to be performed on raw data values .

Columns were established to calculate exposure rates, and alpha/beta

activity per gram . Software was developed in a program language called

Quick Basic to read data from a SMART file into a graphics program which

plots the radiological measurements against the Gaussian cdf . For con-

venience, the distribution function, G(x) is plotted as the abscissa

(probability grades ), and x , the measurement value , is plotted as the

ordinate (linear grades) .

The input for this data reduction was :

1) Grid location, ex . W (10 ,6) (W = West, E = East, N = North,

S = South)

2) Ambient Gamma Exposure Rate (counts in 1 min . )

3) Alpha Counts in 2 g soil sample (counts in 30 min .)

4) Beta counts in 2 g soil sample (counts in 30 min .)

5) U-238 µCi per sampl e

6) Th-232 µCi per sample

7) K-40 pCi per sample

8) Cs-137 pCi per sampl e

Output for Gaussian plots :

1) Ambient gamma exposure rate and standard deviation (pR/h)

2) Alpha Activity in soil and standard deviation (pCi/g )

3) Beta Activity in soil and standard deviation (pCi/g)

4) U-238 Activity (pCi/g )

5) Th-232 Activity (pCi/g)

6) K-40 Activity (pCi/g)

7) Cs-137 Activity (pCi/g)
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5 .3 Data Analysi s

An arithmetic mean and standard deviation of the radiological

measurement values is calculated for each data set . The test statistic, x +

ks, based on a consumer's risk of acceptance of 0 .10 at 10% defective, is

also calculated for each distribution . The acceptance criteria presented in

Section 4 .3 .3 is applied to each sampling distribution .

From the plot of measurement values vs . cumulative probability,

the mean radiological value of the lot is the point on the ordinate axis

where the distribution intersects the 50% cumulative probability . In test

cases where an acceptance limit has been established for acceptably clean, a

vertical line is plotted corresponding to the test statistic x + ks . The

figures display the results on an expanded scale so that the variations in

the data can be seen in detail .

5 .4 Ambient Gamma Exposure Rate

Measurements of ambient gamma exposure rate were made by use of a

1" x 1" NaI scintillation crystal coupled to a Ludlum Model 2220 portable

scaler, ( Appendix A.3) . This device was mounted on a tripod so that the

sensitive crystal was 1 meter from the ground . The detector is nearly

equally sensitive in all directions , i .e . 4 r geometry , and can detect

variations in exposure rate down to one -one hundredth of a µR/h, using the

digital scaler for a 1- min count time .

5 .4 .1 Instrument Calibration

This detector is calibrated quarterly by the calibration labora-

tory using Cs-137 as the calibration source . A voltage plateau is plotted

and the voltage is set at a nominal 800 V . The detector is placed on a

calibration range and readings taken at 5, 2, 1, 0 . 9, 0 .5, 0 .4, 0 .3, and 0 .2

mR/hr . A detector efficiency plot as a function of exposure rate is

generated in this regard, (pR/h/cpm) .
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Because of a exposure rate - dependent effect and because our

calibration range does not read less than 200 pR /h, this instrument was

cross-calibrated against a Reuter Stokes High Pressure Ion Chamber (HPIC) .

Count rates were converted to exposure rates by the relationship that about

215 cpm = 1 uR/h , at background exposure rates . This calibration was

performed several times .

Instrument response was checked three times a day using a Ra-226

source . The source was placed 1 ft from the detector and counted for I min .

If the scaler reading fell within ± 5% of the nominal value , then the

instrument was qualified as operable for the day , under the calibration

conditions previously described . Recalibration was never necessary .

5 .4 .2 Data Acquisition and Reductio n

Each location where a gamma measurement was made was identified on

a map and in matrix notation . The gross number of counts recorded in I min .

along with the matrix notation location was input into SMART SPREADSHEET .

Columns were established to calculate the total exposure rate (µR/h) and its

standard deviation according to the equations 5-1 and 5 - 2 . Gamma scintilla-

tions produced by a Na! detector were converted from gross counts to

exposure rate (pR/h) by :

R = (C) * (EF) (Eq . 5-1)
1 mi n

where R = exposure rate (µR/h)

C = gross counts in 1 mi n

EF = efficiency factor (0 .0047 uR/h/cpm ) based on cross

calibration with HPIC .

Background was not subtracted in this case because the range of

measureable natural background exposure rates approaches the NRC acceptance

limit of 5 pR/h . Rather it was more meaningful to measure an area where no
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cradioactive materials were ever handled, and then compare that gross

distribution with the one under study .

The standard deviation of a single measurement then becomes by Eq .

4-3 :

s =,fC *(EF) ( Eq . 5-2)
1 mi n

5 .4 .3 Data Analysi s

Total exposure rates in µR/h were plotted , in order of magnitude

from left-to right, against the cumulative probability, as in Figure 4 .4 .

The test statistic, z + ks, was also calculated for the lot .

Both the NRC and DOE criteria for acceptance as unrestricted use

are given in µR/h above background , 5 and 20, respectively . During the

survey we observed significant deviations in natural background radiation as

a function of landscape geometry . For example , when the detector is placed

near a large sandstone outcropping , the exposure rate may increase by almost

4 MR/h . This increase is due to primordial radionuclides in the sandstone,

and because the source geometry has changed from 2 r to maybe , 3 x stera-

dians .

The best solution for evaluating the potential or existence of

residual contamination in an area where the radiation field varies naturally

by swings as large as the acceptance limit, is to compare total exposure

rates in different areas . The background , B, was not subtracted from any of

the ambient gamma exposure rates .

In Section 7 .3, where the ambient exposure rate results are

presented , the Burn Pit distribution of measurements is compared against

four independent sampling areas of similar geologic characteristics . In

these other areas , no radioactive materials were ever used, handled , stored,

or disposed . These distributions represent natural ambient gamma radiation



GEN-ZR-0004
Page 57
06/03/88

levels in this location . Measurements were taken on flat and rugged

terrain, with Chico Formation sandstone , similar to conditions at the Burn

Pit .

5 .4 .4 Sensitivity of Gamma Exposure Rate Measurement s

The purpose of performing these measurements is to detect any

significant quantity of gamma - emitting radionuclides . Operational history

and surveys performed years ago show that the most significant radiological

contaminant in the open-field pits is Cs - 137 . Therefore , this is the

primary contaminant we would be looking for outside of the open -field pits .

Since Cs- 137 is a gamma emitter , it is detectable with the Nal detector .

The sensitivity of these measurements , or rather , the amount of

contamination which could be there and which we wouldn ' t see , is based on

two possibilities :

1) A uniformly contaminated region of soil ; maybe a layer on

the surface, or a layer several feet below the surface ; or

2) A piece of contaminated debris located on the surface or

buried several feet below .

Our acceptance criteria specify that no soil activity exceeding

100 pCi /g-beta is acceptable for unrestricted use . In comparison , 10 pCi of

Cs-137 , total, is the limit for exempt quantity according to 10CFR20,

Appendix C .

The ambient gamma background radiation is about 10-15 uR/h at 1

meter from the ground, so the source material would have to produce an

exposure rate of at least 5 to 10 uR/h in order to detect it . Table 5 .1

shows theoretical exposure rates calculated for some uniformly contaminated

soil and miscellaneous contaminated debris . The contaminant is assumed to

be Cs-137 . Condition ( 1) assumes a uniformly distributed layer of soil with
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100 pCi/g Cs-137 . Condition ( 2) assumes a point source of Cs-137 with total

activity equal to 1 mCi .

Table 5 . 1 Exposure Rates of Cs - 137 Contaminated Soil and Debri s

(1) Contaminated Soil Exposure Rate (µR/h)
(100 DCi/a) 1 meter above surfac e

Infinite Slab on the Surface
0 .3 meters thic k

1 meter thic k

Infinite Slab, 20 cm thick/10 cm thick
at Surface
at 5 cm . depth
at 10 cm depth
at 15 cm depth
at 30 cm depth

7 2
7 4

68 5 5
32 25
17 1 3
9 7
2 1

Rectangular Volume , 20 cm thick/10 cm thic k
1 square meter, surface 6.5 4.2
36 square meters, surface 47 34

(2) Contaminated Debris,
(1 mCi total activity)

at Surface 155
at 15 cm depth 36
at 30 cm depth 8

For condition ( 1), 100 pCi/g Cs-137 layer of contaminated soil,

these Burn Pit measurements would detect a surface layer greater than one cm

thick , but would not detect a small thickness of soil ( 10 cm ) buried more

than a half of one foot from the surface . This is very good sensitivity,

particularly since the likelihood of a narrow strata of contaminated soil

located below the surface more than 6 in . is small . Contaminated debris,

whose activity exceeded 1 mCi Cs - 137 activity could be seen if it wasn't

buried any deeper than a foot . 10 mCi could probably be seen down to 2

feet .
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5 .5 Surface Soi l

A 2-lb surface soil sample was collected in each 36m2 area . The

sample was dried in an oven after large chunks and rocks were removed . The

sample was homogenized , then split into 450-ml and 2 -g samples . The 2-g

sample was crushed using a mortar and pestle , then placed in an aluminum

planchet for alpha/beta counting . The 450-m1 sample was placed in a Mari-

nelli beaker for gamma spectrometry .

5 .5 .1 Gross Alpha/Beta Analysi s

Once the 2-g sample was finely ground and placed on a 2 " aluminum

planchet, it was placed on the sample loading magazine of the Canberra

proportional alpha/beta counter, (Appendix A .2) . Each sample was spread

uniformly over the entire area of the planchet .

5 .5 .1 .1 Instrument Calibration

When counting soil samples for radioactivity, it is very important

that the geometry from sample to sample remain constant . Proper corrections

must be made for detector background, and efficiency . Before any of the

soil samples were analyzed , a precise determination was made of the back-

ground, the degree of alpha/beta absorption in soil, and the detector

efficiency .

Detector background for "false positive " alpha/beta counts was

determined by using processed sea sand . All primordial radioactive isotopes

have been removed from this silica material . A 2-g sample was placed on a

planchet and counted at least 10 times for 30 min each to determine the

alpha and beta background count rates . The average background determined

for this instrument was 4 . 5 ± 1 .8 alpha counts in 30 min and 53 . 4 ± 11 .1

beta counts in 30 min .


