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ABSTRACT

A radiological survey was performed at three SSFL areas used to
support nuclear-related facilities as storage areas for materials, com-
ponents, drums, and barrels; dump sites for dirt and rubbish; and as access
pathways from facility to facility. These primarily natural terrain areas
include: 1) T056 Landfill/Dump Site, 2) a field between 23rd Street and
Building T100, and 3) a field south of Building T0ll. These areas were
identified in the "Radiological Survey Plan for SSFL," (Reference 4) as
being potential candidate locations for residual radioactivity because of
operations performed there. Two of these subject areas were noted in
findings by a recent survey performed by a DOE team in May of 1988,
(Reference 24). These findings apply in these areas primarily to suspect
chemical contaminants; residual radioactivity is unlikely in these areas
because of radiological controls imposed for dispositioning of radioactive
materials and radioactively contaminated material. The areas are clear of
debris, except for a small storage yard east of Building T100. Buried
debris in the T056 Landfill, however, is Tikely. No known contamination
incidents occurred at nearby facilities or within these areas to such a
magnitude that would result in contaminating these inspected areas. The
radiological survey was performed to determine if any radioactive material
has been accidentally left behind to such an extent that further surveying
or decontamination is warranted.

A1l combined, a 4-acre area was inspected. Ambient gamma exposure
rate measurements were performed on a 6-m square plot plan. Soil sample
collection and analysis was not required and not performed. A water sample
collected from the T056 pit, in close proximity to the T056 Landfill, was
analyzed for radioactivity.

Results of this survey and analysis show that all three inspected
areas are not contaminated with residual radioactivity. Gamma exposure rate
measurements plotted against cumulative probability show Gaussian distribu-
tions with no outliers or anomalies. All sample lots, when corrected for

gen-0011.zr/bg
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ambient "background" radiation, pass acceptance criteria for unrestricted
use. Water sample analysis shows no detectable activity. No further
investigation is necessary in these locations; however, if extensive
subsurface sampling is performed at the T056 Landfill and debris is reco-
vered, surveys for radiocactivity should be performed concurrently.
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1.0 INTRODUCTION

The T056 Landfill/Dumpsite {cleaned-up and inactive since the late
1970s), a field between 23rd Street and Building T100, and a field across
from Building TOll were surveyed and analyzed for residual radioactive
material. These areas were used as landfills, storage yards, dirt dumps,
and pathways between nearby facilities. No known placement or dumping of
radioactive materials or radioactively contaminated items is known to have
occurred in these areas. However, because of the nuclear-related facilities
these areas served and the operations which were conducted, this radio-
logical survey was performed to ensure that no radiocactivity has been
accidentally left behind or previously undetected. The goal of this survey
was to determine whether insignificant quantities of contamination exist,
further investigation is required, or remedial action is necessary. This
radiological survey was conducted as prescribed in the "Radiological Survey
Plan for SSFL," (Reference 4, sections 5.4.17, 5.4.19, and 5.4.25).

These areas are located in Area IV of Rockwell International’s
Santa Susana Field Laboratories {SSFL) in Ventura County, California. SSFL
has been used to develop and test nuclear reactors; fabricate nuclear
reactor fuels; and disassembie irradiated fuel elements. These programs
were funded by the AEC, ERDA, and DOE. Many of these government-sponsored
nuclear-related programs have ended, and the facilities that supported these
programs have been reassigned and modified for other non-nuclear DOE
programs. The areas covered in this survey supported these programs. The
site used as a dumpsite and Tandfill during the 1960s and 1970s was cleaned
up and is no longer in use; it is commonly referred to today as the T056
Landfill because of its proximity to an excavated pit where Building T056
was to have been built. The pit elevation is about 40 ft below groundwater-
table elevation and is consequently full of water. An area bordered by 23rd
Street, Building T100, "F" Street, and "G" Street is partiaily in use as a
storage yard. Miscellaneous debris has been on site: wood scrap, concrete,
sodium cold traps, pipes, vessels, junked trucks, barrels, large system
components, and sheet metal. A location recently identified by a DOE
Environmental Survey Team {Reference 24) as suspect for chemical con-
‘taminants was a trench located just northeast of Building T100 in the 1960s.
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This trench was used by contractors for burning rubbish and miscellaneous fi;
debris; it is not suspected of residual radioactivity. An area south of

Building T011 was used very rarely for storing items and dumping dirt.

Currently all of these areas are natural terrain, except for a portion of

the field between 23rd Street and Buflding T100 used as a storage yard.

Radioactive contamination is not 1ikely in these areas, but because of the

activities performed here and the uncertainty that accidental disposition of
radioactive materials might have occurred, a radiological survey was

performed to document current radiological condition.

As part of the DOE SSFL Site Survey, a radiation survey was
performed in these areas to determine if any residual contamination exists.
Ambient gamma exposure rates were measured on a 6-m by 6-m grid. These
radiation measurements are sensitive to radiation emitted from radioactive
materials handled or produced at the nuclear facilities: mixed fission
products and activation products. If radioactive contamination was indi-
cated during performance of the gamma measurements, samples were to be
collected and analyzed for radioactivity. Further sampling inspection was e
not required for this particular survey. A water sample from the T056 pit
was required by the Plan and performed.

A1l ambient gamma exposure rate data were input into a Personal
Computer (PC) graphics program which plots the radiation measurement value
against {ts cumulative probability. The software 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 & consumer’s risk of acceptance of 10% probability with a Lot
Tolerance Percent Defective (LTPD) of 0.10. This method assumes the data
follow a Gaussian probability density function. Inspection by variables
techniques allows a thorough, understandable, and conclusive study for
assessing the contamination level in an area.

Radiation measurements are compared against DOE residual radio-
activity limits specified in "Guidetines for Residual Radioactivity at —
FUSRAP and Remote SFMP Sites,"™ (Reference 1). This guide generally agrees ~
with previously published guides and standards, including ANSI Standard
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N13.12 (Reference 7), Regulatory Guide 1.86, and USNRC License SNM-21
(Reference 2). Limits for acceptable ambient gamma exposure rates differ
between the DOE and NRC. DOE specifies 20 uR/h above background while NRC
specifies 5 pR/h above background as acceptable gamma exposure rate limits.
Natural "background" at SSFL is very difficult to determine because of a
Targe observed variability in the measurements. Because of this large
variation, total-gross gamma measurements made in a survey area are plotted
and compared against three independent "natural" background distributions.
Then the average "background" exposure rate of the three "natural back-
ground” distributions is subtracted from each data set to compare the
results against the 5 uR/h above background criteria.
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2.0 IDENTIFICATION OF FACILITY PREMISES
2.1 Location

The three areas covered in this report are identified in the
"Radiological Survey Plan for SSFL," (Reference 4) as follows:

1. 01d Dumpsite - Southwest of Building T059 and T056 Pit
(Section 5.4.17);

2. Field From 23rd Street West to Building T100 Fence, North to
Rock Outcropping (Section 5.4.19); and

3. Area Across "G" Street From Building TOll (Section 5.4.25).

Throughout this report abbreviated terms are used to refer to each
inspected area; the first area is called the T056 Landfill; the second area
is the T100 Storage Yard; and the third area is the J011 Field.

These areas are located in the same general vicinity of Rockwell
International’s Santa Susana Field Laboratory (SSFL) in the Simi Hills of
southeastern Ventura County, California. The site is adjacent to the Los
Angeles County line, and is approximately 29 miles northwest of downtown Los
Angeles. The SSFL location relative to the Los Angeles area and surrounding
vicinity is shown in Figure 2.1. Figure 2.2 is an enlarged map of neigh-
boring SSFL communities.

The three areas covered in this report are located in the western
portion of SSFL, which is referred to as Area IV. Figure 2.3 is a plot plan
of Area IV showing the Tocations of subject areas. A1l of the areas are
located within or adjacent to the 90.26 acre Government-Optioned Area.

2.2 Topography, Utilization, and Present Radiological Condition

These sites are located on an irregular plateau in a mountainous
area of recent geological age sprinkled with outcroppings above the more



'L.
ot G 7
o ¥ Ly n ]
ROy - t - 5 s,
P o o B igl Ifkw
1&35-"; rafpeay e s I
Ry ’ . I
2 liyw' b f — ol
= T o v o - [
- vy mJ % o vl
£ : s, " I :—- y = " ol Ak =]
s = ST e i L
2 ™ S - ! Py T =
=+ S < - a. Ol : - x
oy g - x VE-T) .&‘ ¥y I ; L
¥ o SR TFS =y - > 2 > BAN- Y
R T e &> = — e eyt A
L 15 q e i =
3 Yy o e - e £\ R o
B ey 7 3 2 oy G PRt R
. ::,- . ‘,:‘, -l}-‘; = ::- % O L3 Ty oo _é. 4. X -
o sy s = apd - i
emte A * g e .a.lg -y 0 . -
[,/ [
AN PP [ -
. % - - :
e M P Saino] o
. f T o e D m e .
= A -'bﬁfﬁ“— \/"'I ~ap— ahora
=X Lt ==y E WAGe 3TIrn
N i e e _5.7—"‘"—"'—-‘-—- e -m‘
2 n%ﬁi’“—.‘\‘\arﬁ" };‘ ;-::7’ s iy, . l

GEN-ZR-0011
Page 14
08/26/88

Figure 2.1 Map of Los
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Figure 2.2 Map of Neighboring SSFL Communities
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level patches. Outcroppings of Chico sandstone formation are numerous near

the T0O56 Landfill. The T100 Storage Yard and TOll Field are relatively flat
areas covered with natural vegetation or gravel. Large outcroppings border

the northern side of the T100 Storage Yard. Topographic maps of these areas
are presented in Figures 2.4, 2.5, and 2.6.

The general slope of Area IV is in a southerly direction. Water
runoff is directed to the retention reservoirs which are part of the SSFL
industrial effluent control system. Liquid effluent discharge from the
property into the Bell Canyon drainage occurs only after controlled effluent
hold-up and sampling. Because the T056 Landfill borders the northern
property line, however, some surface drainage is northerly to Simi Valley
via a large, deep ravine.

Most of the subject areas consist of natural terrain. Parts of
the T100 Storage Yard are covered with gravel. Figure 2.7 is an aerial
photograph of the areas surveyed. None of these inspected areas are highly
suspect of radiological contamination. The only possible contaminants are
mixed fission products and activation products. Activation products in
concrete, rebar, and metal components are probably the most 1ikely con-
taminants. These radionuclides are readily detectable at relatively large
distances and through soil. The following sections describe in more detail
each area’s terrain, use, and present radiological condition.

2.2.1 J056 Landfill

The T056 Landfill is located southwest of a large pit which was
excavated in the early 1960s as a foundation for Building T056 that was to
be used for Systems for Nuclear Auxiliary Power (SNAP) 8 flight reactor
tests. Shortly after the pit was excavated and before the facility founda-
tion was set, the program was canceled. T056 was never built. This large
pit, excavated in Chico sandstone, was then fenced-in and never backfilled.
It is in the same condition as in the 1960s. The T056 Landfill, which is
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Figure 2.5 Topographic Map of T100 Storage Yard
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Figure 2.6 Topographic Map of T0ll Field
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the subject of this report, was immediately adjacent to the southwest fence-
line of this pit within the DOE-optioned land and was designated on drawings
as "loose fill." Because of its proximity to what was to have been Building
7056, this landfill i{s commonly referred to as the J056 Landfill. It was
referred to by the DOE Environmental Appraisal team (Reference 24) as the

ﬂ_ﬁﬁﬁL;ngfill The T056 pit is the primary landmark.

Figure 2.8 is a 1975 photograph of the pit and the T056 landfill
showing dumped scrap at the end of the road. The 1andfill is accessible
from the intersections of 24th and "F" streets through a gated chain-link
fence. This dirt road runs slightly downgrade until it plateaus in the
landfi1]l area. The landfill forms a "Y* shape with large sandstone out-
croppings bordering the southern side and in between the arms of the "Y,"
(see Figure 2.8). To the northwest, at the landfill edge, is a significant
drop in elevation (about 60 ft) into a deep ravine. Rainwater runs from the
tandfill north, down this ravine past the property-line, into Simi Valley.
Figure 2.8 shows the landfill to be well groomed and in use, wiﬁh Toose dirt
piled up along the edges among junk and waste materials.

]

¥

The Tandfill was created in the early 1960s from the ﬁateriai
excavated from the T056 pit. Earth from a Sodium Component Test Installa-
tion (SCTI} excavation was also dumped here. At various periods from the
mid 1960s to mid 1970s this landfill became a dumping ground for garbage,
trash, scrap, drums, and barrels. No radiocactively contaminated items are
known-to have been deposited in this area. Radiation surveys were performed
periodically. No radioactivity problems are known. From personal communt-
cations, the landfill became a fairly abused dumping ground; items were
being pushed over the northern edge into the deep ravine. Finally, in the
late 1970s a decision was made to remove all items from the landfill (and
the ravine) and disposition them off-site. Currently the area 1s natural
terrain overgrown with natural vegetation. A few scrap objects are still
scattered about the surface. The landfill is no longer in use. Construc-
tion debris was encountered during the drilling of well RD-7, so some
subsurface debris is 1ikely to exist throughout the area (Reference 24).

M



ligure 2.8

1975 Photograph of T056 Pit and

A

nd

St

88/92/80
¢z abey
1100-4Z-N39



GEN-ZR-0011
Page 24
08/26/88

Preliminary findings of the DOE Environmental Survey performed at
SSFL on May 16-26, 1988 (Reference 24), assign the landfill as a Category
III. This category relates only to potential sources of soil and ground
water contamination. The suspect contamination here is chemical, pot
radiological. Based on operational history of this landfill and periodic
radiation surveys which were performed, radioactive contamination in this
area is not highly suspect. Because chemical contamination is suspect in
this area, further subsurface sampling and chemical analysis is scheduled to
be performed. As an additional assurance, radioactivity analysis will be
‘performed concurrent with chemical analysis of subsurface samples. This
report covers only surface radiological contamination.

2.2.2 1100 Storage Yard

The storage yard and open-field area is located between 23rd
Street and Building T100. The storage yard is specifically located between
23rd and 24th streets and is covered with loose gravel. From 24th Street to
Building T100 is an open, natural-terrain field. Bounding the?ﬁorthern side
of this area is large Chico sandstone outcropping. The slope of this entire
area is such that rain water runoff is into the SSFL controlled reservoir
system. Because of its proximity to Building T100, this storage yard and

open-field area is referred to as the J1Q0 Storage Yard; it is not neces-
sarily related to Building T100 activities.

The area between 23rd and 24th streets was covered with gravetl in
the early 1960s and used as a material storage and scrap yard for non-
nuclear components only. No known radioactive contamination incidents have
occurred. This yard is still in use.

The field between 24th Street and Building T100 was never used as
a storage yard. Resfdual radicactive material is not suspect. This area is
currently an open field. '

o
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1960 photos show the presence of debris and drums in a trench
located near what is now the intersection of "F" and 24th streets. This
trench, referred to by the DOE Environmental-Appraisal team (Reference 24)
as the Trench in the B-100 Area, was a Category III finding in that subject
report. This category relates only to potential sources of soil and ground

water contamination. This trench was used by contractors for burning and
disposal of construction debris and possibly hazardous substances. The
possibility of radioactive material existing in this old trench is extremely
unlikely. The trench was cleaned out and backfilled in the late 1960s to
early 1970s. This trench location is now covered by asphalt concrete of
24th Street. Subsurface sampling for radiocactivity is not required based on
the small possibility of residual contamination existing there.

2.2.3 Y011 Field

This area is a flat, natural terrain, open field covered with
natural vegetation. It has been observed to be used by operations personnel
for storing/staging materials and egquipment temporarily. This field was
used in a small capacity -- it was never an officially recognized and
operated equipment yard. The major use of this area was for dumping small
truck loads of dirt; so it was referred to as the dirt dump. This area is
not suspect of residual radiocactivity and is not currently in use for
anything.
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3.0 SURVEY SCOPE
The following areas were radiologically inspected by measuring
ambient gamma exposure rates 1 meter above the ground in locations specified

by the "Radiological Survey Plan for SSFL," (Reference 4):

1. T056 Landfill (Reference 4, Section 5.4.17)

*  Surface survey from entrance gate over bank and down drain
line from T056 pit fence to rock outcroppings.
*  Water sample from T056 pit.

2. T100 Storage yard {Reference 4, Section 5.4.19)

*  Survey surface.

3. T0l1] Field (Reference 4, Section 5.4.25)

*  Survey surface for mixed fission products. On indication
perform gamma spectrometry on soil samples.

These areas are shown in Figures 2.4., 2.5, and 2.6, topographic maps; and
Figure 2.7, an aerial photograph.

Gamma exposure rate measurements were made at 487 locations in the
combined areas: 140 (T056 Landfill); 308 (T100 Storage Yard); and 39 (7011
Field). Soil samples were not collected and analyzed because no indication
of radioactive contamination occurred. Ambient gamma exposure rates are
reported in micro-roentgens per hour (uR/h). Radioactivity in a water
sample collected from the T056 pit was analyzed for radiocactivity. The
results are reported in pli/ml for each radionuclide identified by gamma
spectrometry.
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3.1 n icted- c 1 minatjon Limi ;;/
A sampling inspection plan using variables, discussed in Section
4.2, was used to compare radiological contamination quantities against
unrestricted-use acceptable contamination Timits 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 have been adopted by Rocketdyne.
Limits for soil and water radicactivity concentrations are
applicable on an as-required basis. The limits used here for alpha con-
tamination in soil, are based on Ra-226 (Reference 1).

Three specific action levels were established for the survey.
These are proactive action levels initiated when the surveyor detects
radiation according to the following criteria:

1. Characterization Leve] - 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.

2. Reinspectjon Level - that level of radicactivity which is
above 50% of the maximum acceptable limit. A general resurvey
of the area and a few additional samples are required in this
case.

3. lnvestigation Level - that level of radioactivity which
exceeds 90% of the maximum acceptable limit. Specific
investigation of the occurrence is required in this case.
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Table 3.1 Maximum Acceptable Contamination Limits

Ambient Gamma Exposure Rate* 5 uR/h above background

Soil Activity Concentration** 21 pCi/g 100 pCi/g
31 pCi/g
Water Activity Concentration*** 1x10-4 puCi/ml ix10-5 uli/ml

Criteria Alpha Beta

*%

Jere ke

Although DOE Guide (Reference 1) recommends a value of 20 uR/h
above background for ambient gamma exposure rate, NRC has
required 5 gR/h. For conservatism, we use 5 uR/h above back-
ground to compare survey resuits.

The alpha activity concentration limit for Ra-226 is 5 pCi/g
(Reference 1) plus that contribution from naturally cccurring
radioactivity, (about 16 pCi/g from Reference 17, p. 93) averaged
over the first 15 cm of soil below the surface. At a depth
greater than 15 cm below the surface, 15 pCi/g averaged over
15-cm-thick layers of soil plus “"background" is the limit. The
total beta activity concentration limit is 100 pCi/g, including
background which is about 24 pCi/g.

The most restrictive alpha/beta water radioactivity concen-
trations for a restricted area taken from DOE Order 5480.1
Chapter XI, Table 1, Column 2. Alpha corresponds to Pu-239, beta
to Sr-90.

3.2

Sample |ots

For purposes of this radiological survey, each of the three areas

was treated as a single sample lot for characterization and interpretation.
Scme of the areas, as demonstrated by the topographic maps, are surrounded
by sandstone outcroppings. Figures 2.4, 2.5, and 2.6 show the survey
sampling lot plan.

6-m square grids were superimposed over the terrain. One ambient

gamma exposure rate measurement was made in each 36-m% cell. Location (1,1)
was the northwestern-most grid in each area. Each measurement Tocation was
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marked on a map with its corresponding two figure Cartesian coordinate
indicating the location from a local benchmark. The sampling inspection
plan used was based upon a uniform 6-meter square grid superimposed on a
uniform inspection area. Radiological conditions and physical surroundings
fell into two categories: 1) Gravel cluttered with metal parts (portion of
T100 Storage Yard); or 2) natural terrain {(remaining test-areas).

The T056 pit was treated separately from other sample lots. A
water sample was collected and analyzed for radioactivity.

3.3 Ambient Gamma Exposure Rate Measurements

In each 36-m2 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 a1l in. x 1 in. Nal
crystal coupled to a photomultiplier tube and fed to a LudTum 2220-ESG
scaler, at 1 m from the ground. In each cell, a 1-min. count was collected
and converted to uR/h. The measurement location and exposure rate were
recorded in tabular form. 487 l-min. measurements were acquired over the
total area.

3.4 r i 1

Soil sampling was required by the Site Survey Plan (Reference 4)
only if gamma exposure rate measurements indicated possible radioactivity.
Exposure rate measurements did not indicate possible contamination. Soil
samples were not collected.

3.5 Hater Sampling from T0S56 Pit

A water sample was collected and analyzed for radioactivity as
required by the Site Survey Plan. Analysis was by gamma spectrometry.
Positively identified isotopes (see 1ibrary in Appendix E) are reported in
activity concentrations of uCi/ml. No Detectable Activity (NDA) is used to
indicate that no isotopes, other than naturally-occurring ones, were
"identified by gamma spectrometry.
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3.6 Goals and Limitations of Survey Scope

These landfills, storage yards, pathways, and dirt dumps cover an
extensive territory; about 4 acres. Certain locations were used for many
years and were used quite actively in the 1960s and early 1970s for storing
scrap and dumping materials. Limited inventory controls were used during
these periods; however, radiological controls were well-known and were
complied with. Radioactive materials and radioactively contaminated
equipment were prohibited from these areas. Radiation surveys were per-
formed randomly throughout these SSFL sites on a regular basis to ensure
compliance with this policy. We believe that no contaminated items or debris
were ever discovered in these areas, and that includes access paths and
roadways to various facilities. Radioactivity is not suspect. The goal of
this survey is to determine if contamination exists to such an extent that
further surveying or remedial action is warranted.

Ambient gamma exposure rate measurements are sensitive enough to
detect contaminants left behind. Most probable contaminants are mixed-
fission products and activation products. Subsurface (greater than a foot)
debris is currently known to exist at the T056 Landfill. However, the
likelihood of that debris being contaminated with radioactive material is
thought to be small. If any contaminants do exist on-site, they are most
likely still on the surface, or buried slightly below the surface at the
To56 Landfill.

Because of the large area surveyed, exposure rates were measured
every 36 m2. This sampling plan is sufficient for two reasons:

1) gamma measurements made on a 6-m square would detect Cs-137, a
fission product, at 100 pCi/g (the beta activity 1limit) if the
surface layer was thicker than 1 cm. A 1 mCi Cs-137 source
would be detectable at the greatest separation distance of 6
meters. These sensitivities meet the requirements of this
survey; and



GEN-ZR-0011
Page 32
08/26/88

2) 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 radidactive contamination does not
exceed some predetermined acceptance 1imit. This determina-
tion 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 deposition, migration, or dispersion of radio-
active materials has occurred; and

2. Any relatively intense gamma-emitting debris is buried (see
Section 5.4.4).

We cannot conclude whether:
1. Any slight subsurface migration has occurred; or
2. Any buried debris with low intensity radiation is present.

The 1ikelihood 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 any contaminants with it. The settling out of these contaminants
into the subsurface also takes a long time. Second, no known burial or
debris dumping activities took place at the T100 Storage Yard or TOl1 Field.
At the T056 Landfill, however, buried debris is thought toc be present;
however, the 1ikelihood of radioactive contamination on subsurface debris is
small. The sensitivity of these measurements is discussed in detail in
Section 5.4.4.
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Radioactivity, other than ambient fallout, is not suspected in the
T056 pond. A surface sample collected is representative of the pit because
water mixes well due to daily ambient temperature changes. Gamma spectro-

metry gives us the desired sensitivity for detecting most probable radio-
active contaminants mentioned previously.



GEN-ZR-0011
Page 34
08/26/88

(This page left intentionally blank.)

&

"



GEN-ZR-0011
Page 35
08/26/88

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 probabiiistic 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 -Mm
Py = _m e (Eq. 4-1)
x!

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:

s=J/X , (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 = Eﬂ; B (Eq. 4-3)

where L = the number of counts recorded in time, ¥, of the
sample
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B = the number of counts recorded in time, T, of the fi:fx
background radiation environment
Equal values of the time, T, must be used for the sample and background
counts for equation 4-3 to apply. This Poisson distribution and standard
deviation applies for single radiation measurements, of the discrete random
variable, X, and is applicable only when the observation times are short
compared with the half-l1ife. 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. \ it
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 probability density function, g{x), is given by:

g{x)dx = 1 exp (-Ix-m)z)dx
(/In)o 2 o2 (Eq. 4-4)
where g{x)dx = probability that the value of x, 1lies between x and
x+dx
m = average, or mean of the population distribution
c= standard deviation of the population distribution.
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A graph of x vs. g{x} gives the following bell-shaped curve:

g{x)

0.6 f—==———x

Y
+ -k W

x
3

Figure 4.1 The Gaussian Probability Density Function

The cumulative distribution function (cdf), G(x), is equal to the integral
of the pdf, for a continuous random variable, hence:

G(x) = J* g(x)dx (Eq. 4-5)

= P(x < X)

This function is commonly referred to as the error function, (erf). The
graph of the Gaussfan cdf is:

G(x)w-

O5f-—=—====-

m X

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 Ipspection
4.2.1 By Variables

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 Attributes

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 tc 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 1ot is small enough for the 1ot 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 Variables
4.3.1 Calculated Statistics of the Gaussian Distribution

The test statistic for each sample area, X + ks, is compared to
the acceptance limit U, where:

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

s = observed sample distribution standard deviation

k = tolerance factor calculated from the number of samples to
achieve the desired sensitivity for the test

U = acceptance limit.

The sample mean is given by:

X=_1i-= i (Eq. 4-6)
n
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where: x§ = individual measurement values
n o= number of measurement values

The standard deviation, s is given by:

(Eq. 4-7)

The sample mean, standard deviation, and acceptance 1limit 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 (8), the risk or probability of accepting a lot with a
percentage of defective items equal to the LTPD. It has beeﬁ standard
practice to assign a value of 0.10 for consumer’s risk (8). Conventionally,
the value assigned to the LTPD has been 10%. These a priori determinations
are consistent with the 1iterature 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 B8 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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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 8):

k =Ky + zz-ab;a=1-(zxﬁzl}b=|<22-§32 (Eq. 4-8)
a

(n-1 n

where:

k = tolerance factor

Ky = the normal deviate exceeded with probability of 8, 0.10
(from tables, Ko = 1.282)

The normal deviate exceeded with probability equal to the
LTPD. 0.10 (from tables, Kg = 1.282)

n = number of samples

<
™
]

As mentioned previously, the State of California has stated that the
consumer’s risk of acceptance (B) at 10% defective {LTPD) must be 0.1. For
these choices of 8 and LTPD, Kg = K = 1.282.
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The coefficients K8 and K, are equal because of the choice for the
values of both 8 and LTPD as 0.10. Refer to statistics handbooks listed in
the reference section for additional description of this sampling principle.
The values chosen for the sampling coefficients are consistent with in-
dustrial sampling practice and regulatory guidance.

4.3.2 raphi ispl 1] i istribution

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) on a
probability grade scale and the measurement value, x, is plotted as the
ordinate (y-axis). G{x) values arranged in order of magnitude from left to
right form a straight line on probability-grade paper, when the sample 1ot
contamination is normally distributed. Figure 4.4 shows this output.

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
Tot which is contaminated at levels significantly greater than the fitted
Gaussian line are easily observable in the plot, but X + 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 a2 sample Tot. 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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Figure 4.4 . Gaussian cdf Plotted on Probabi]ity;Grade Paper

4.3.3 Acceptance Criteria for an Uncontaminated Area

Once the test statistic, X + ks, is calculated and the Gaussian
cdf probability plot is generated, a decision is made as to the extent of
contamination in the area. [s the area clean? [s 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.
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Second, the test statistic, X + Eg;iis calculated for the dis-
tribution. The criteria for acceptance are presented as a plan of action.
The action plan is: -

1) Acceptance: [f the test statistic (X + ks) is less than or

2)

3)

equal to the limit (U), accept the region as clean. {Any
single value, X, Yess than 50% of the 1imit is considered the
Characterization Level, which requires no further action. If
any single measured value, x, exceeds 50% of the limit, rein-
spect 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
Timit, investigate the source of occurrence. This is the

Investigation Level. These proactive action levels were
presented in section 3.1.)

Collect additional measurements: If the test statistic (X +
ks)} is greater than the limit (U), but X itself is less than
U, independently resample and combine all measured values to
determine if X + ks <= U for the combined set; if so, accept
the region as clean. If not reject the region.

Rejection: 1If the test statistic (X + ks) is greater than the
limit (U) and X >= U, reject the region. Investigate the
source of occurrence.

e
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5.0 ANALYTICAL TECHNIQUES

-~

The statistical methods presented in Section 4.0 were used to
judge whether an area is not contaminated, slightly contaminated, con-
taminated above acceptance Timits, or whether additional investigation is
required. For this particular survey, that judgement is based on one type
of radiological measurement: ambient gamma exposure rate. A water sample
collected from the T056 pit was analyzed "for indication" of contaminants;
this data was not treated statistically and no special analytical techniques

apply.

Analytical techniques used to acquire, evaluate, and interpret
these radiological measurements are presented in detail in this section.
These techniques include instrument calibration, determination of "back-
ground” radiation, and computerized data analysis through jinspection by
variables.

5.1 Data Acquisition

In each designated 6-m square grid, ambient gamma exposure rate
was measured. Each square grid was stepped-off from a local benchmark and
marked with its coordinates. The exact location within that square grid
where the measurement was made 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 discoloration, debris, crevices, or cracks in the soil; a low
settling spot for rain water; or loosely packed earth. 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 were to be reinspected. Reinspection was
not required for this particular survey.
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5.2 i r m -

Each gamma exposure rate measurement 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 the surface ambient gamma exposure rate and
its standard deviation in uR/h. Software was developed in a program
language called Quick Basic by Microsoft to read data from a SMART file into
a graphics program which plots the radiological measurements against the
Gaussian cdf. For convenience, the distribution function, G{x) is plotted
as the abscissa (probability grades), and x, the measurement value, is
plotted as the ordinate