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EXECUTIVE SUMMARY

On September 1998, a F i Status Survey was completed in Building 4019 confjrming that
the facility meets release limits approved by the Department of Energy, and the Department of
Health Services. Accordingly, the facility is suitable for release for unrestricted use.
During 1998, a comprehensive decontamination and decommissioning effort was conducted in the
former SNAP Testing Facility, Building 4019. Atter D&D efforts, a comprehensive Final Status
Survey of the facility concluded in September 1998. The Final Status Survey classiied the
building into two types of areas: "affected areas" which either had a potential for contamination or
may have required previous decontamination, and "unaffected areas" where no previous
decontamination effort was ever required. Sample Lot surveys were obtained *om these areas.
Sample Lot 1, affected areas, comprised of the High Bay Floor, 3 meters up the wds, and Vault
Room 109. Sample Lot 2, unaffected areas, comprised of the w d s of the High Bay *om 3 meters
off the floor to the ceiling, overhead crane, piping, and ventilation ducting. SampIe Lot 3, affected
area, comprised of the Reactor Test Chamber itseIf. Sample Lot 4, unaffected areas, comprised of
the office area and Room 110 that was already accepted as areas found below guideline limits in
1996 and remained so. AU measurements were tested statistidy for compliance within the
regulatory acceptable derived concentration guideline limits (DCGLs), and ambient exposure -,
rates.

In all Sample Lots for affected and unaffected areas, the highest quantitative total alpha
measurement found was 13 dpm/100cm2,and the highest quantitative total beta measurement
found was 961 dpm/100cm2 which were well below the 5,000 dpm/100cm2limit for fured
contamination. The highest removable alpha contamination found was 6 dpm/100cm2,and the
highest removable beta found was 12 dpm/100cm2, again significantly below the 1,000
dpm/100cm2removable contamination limit. The highest level for Cs-137 was 1.8 pCiigm, and no
Cod0 was detected in any of the areas. The Cs-137 activity was scabbled, and the concrete debris
was removed as contaminated waste. A l W ?direct qualitative frisk of'all floors, walls and
ceilings revealed all areas had no significant detectable activity.
Graphs of the surtirce contamination results were evenly distributed, and the results were less than
the release limits. All tests for surke contamination confirmed the entire Building 4019 is
suitable for release without radiological restrictions.
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1.0

INTRODUCTION

Rocketdyne Propulsion and Power conducts decontamination and decommissioning @&D)
operations at its former nuclear facilities and sites to demonstrate compliance with dose and risk
based regulations. During D&D of these facilities, continuous efforts are made to eliminate or
reduce residual radioactive contamination to levels that are as low as reasonably achievable
(ALARA). Upon completion of D&D, radiological surveys are performed under established
protocols to demonstrate that remaining radioactivity does not exceed the Department of Energy
(DOE), or the State of California regulatory limits.
The regulatory agency responsible for the fac'ity confirms whether the building is acceptable for
release for "unrestricted use". The Final Status Survey is designed to demonstrate compliance
with the regulatory release criteria. The scope of the Final Status Survey includes known and
suspected areas of radioactivity. The Final Status Survey is discussed as a single stage of the
investigation process using data from other surveys in the planning process. A systematic
sampling approach was used based on rules that achieve representative sampling consistency with
the application of statistical tests.
The Final Status Survey of Building 4019, demonstrates that all parameters of the established
regulatory guidelines and values are sati&ed.

i'
..
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2.0
2.1

BACKGROUND

Location and Structure

Buildii 4019 is located at the Rocketdyne-Santa Susana Field Laboratory, along the northwest
boundary line. The facility is constructed of steel framing with steel siding, and contains a 10,800
square feet High Bay, a 10-ton overhead bridge crane, and an adjoining office control center. A
12-foot diameter vacuum test chamber with a hydraulic Lift platform is located inside the
northwest area of the High Bay. A vault room (109) with cinder block walls is located in the
southeast comer. Building 4019 office areas include the equipment Room along the noahwest
quadrant of the building. A plan view of Building 4019 is shown in F i 1 below.

(IU1-RF)RS-00002
Page 7 of 81

The dimensions of the High Bay are 6 0 4 long by 4 5 4 wide by 3 6 4 high. The former (Fuel
Storage) Vault Room 109, is 12-ft by 1 0 4 by 10-fr and is located inside the ?&gh Bay. The
Reactor Test Chamber in the High Bay floor, is cylinder shape for a quarter of the area down;
square shape for the remaining three quarters to the bottom, and contains approximately 2448 fl?
of surface area. It is 1 2 4 diameter, and 4 0 4 deep. The office areas, located next to the High
Bay, are 60-fi long by 28-ft wide by 10-ft high. Former Equipment Room 110, which is also 1 2 4
b y 10-fi by 10-ft, is located on the northwest end of the oEce areas. Sheet-rock walls separate the
officesfrom the High Bay. There is one double and one single door access into the High Bay &om
the office area, and two roU-up doors and two single door access into the High Bay &om the
outside area.
2.2 Operating History

In support the Atomic International's Systemsfor Nuclear AiaciIiaiy Power or SNAP program,
Building 4019 was built for testing SNAP reactors at zero power. Several reactor designs were
developed and tested in the Reactor Test Chamber for the SNAP program. Encapsulated,
enriched uranium was used in the testing, with no resulting neutron activation or release of
nuclear material. All nuclear or radioactive material handled was W y encapsulated. No
contamination incidents or fission product releases occurred at Building 4019. Upon terminatio&
of the SNAP program in 1970, all SNAP components were removed. A radiation survey was later
performed in 1988 to ensure no radioactivity existed (See Reference 1). Building 4019 was later
designated as the ETEC Construction Staging and Computer Facility, and has been used for this
purpose since.

2.3

Radiologid Assessment

Building 4019 was not expected to contain residual activity for several reasons:
Nuclear materials, such as uranium d i d e , handled in the High Bay were m
y encapsulated
in ~asteuoy@
and no releases occurred.
0

0

Activation of building materials was negligible as the test reactors were operated for short
periods at low power.

When Building 4019 was reassigned, a thorough radiation survey was performed to ensure
no residual activity remained undetected.

In 1988, surveys conducted for Building 4019 were based on limits prescribed in the DOE
guidelines for enriched uranium used for the SNAP. The scope and detail of this radiological
survey was based on the likelihood residual activity occurred in those areas where nuclear
operations were performed despite the reasons listed above. Maximum total surface activity levels
in the High Bay were 55 dpm/100cm2for alpha, and 1400 dpm/100cm2for beta. RemovabIe
activity levels in the High Bay were less than 12 dpm/100cm2for gross alpha and less than 16
dpm/100cm2for gross beta (see Reference 1). Offices adjacent to the High Bay were surveyed for
radiological contamination and found clean, confirming that contaminated materials were not
worked on or transported outside of the High Bay.

L
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In January 1996, a survey conducted by ORISE in the southwest area of the High Bay detected a
floor spot reading total alpha measurement ranges of 34 to 55 dpm/100cm2, and less than 12
dpm/100cm2removable alpha. The highest total beta measurements ranged fiom 1400 to 11,000
dpm/100cm2, and the highest removable beta contamination was less than 16 dpm/lOOcma (See
Reference 4).
Since the total beta measurement for that location was above release limits, this spot was scabbled
during the 1998 Final Status Survey. A follow-up survey verified the highest total alpha
measurement was 8 dpm/lOOcmZ,and no removable alpha detected on that specific floor surface
and the highest removable beta
area. The highest total beta measurement was 364 dpm~100cm2,
contamination was 20 dpm/100cm2.

In September 1998, the Final Status Survey was conducted in the High Bay, Reactor Test
Chamber, Vault Room 109, Equipment Room 110, and office areas to co&m that no
contamination remained exceeding any radiological limits. The results of the F d Status SUN^^
are recorded in Section 5.0.
Access into the Reactor Test Chamber was initially not possible due t o the oil and glycol in the
bottom area fiom past operations of the platform. Since the radiological status required
verification, the oil and glycol were sampled, pumped out, and the entire test chamber was steam .
cleaned prior to the performance of the F d Status Survey.
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3.0

SURVEY PREPARATION

3.1 Identifying Survey Units

The Building 4019 High Bay area, test chamber, adjoining rooms and offices were divided
into two survey classes: "affected" and "unaffected" areas based on past surveys where
contamination was known or suspected.. The survey units were then evaluated to determine if
surface contamination was below the derived concentration guidelines (DCGLs). A reference
coordinate system was established and marked in the High Bay, test vault, and office areas.
Random sampling points were identified in the survey pattern. (Refer to Figure 2). Coordinates
that did not fall within the swey unit area or could not be surveyed because of site conditions
were replaced with other sample locations.
Scanning was performed to locate small areas of elevated concentrations of residual radioactivity
to determine if they met the release criteria. Diect, qualitative scans were conducted for alpha
and beta-gamma contamination followed by a cumulative counts and smear surveys of interior
surfaces. The percentage of survey conducted for each area is shown in Table 1.

LOT

1

CLASS
AFFECTED

1

LOCATION

Hlbay Floor,
LmerWPLlr
-

UNAFFECTED Hibay upper

QU~ATIVE
a
8

IW?

100%
SCAN

SCAN

TOTAL

TOTAL

-

3

-- I
AFFECTED

IW?

UNAFFECTED

lW?
SCAN

Room110,
officer

I

8

AMBIENT
Y

11%
SCAN

SCAN

6%

6%

SCAN

SCAN

6Yo

6%

NONE

NONE

TOTAL TOTAL
W
'
a
lW? 1

Rn 109

a

REMOVABLE
a
I 6

~p

w ~ e d l l n g SCAN

cram?

QUANTITATIVE^

SCAN

SCAN

TOTAL

TOTAL

21%

21%

SCAN

SCAN

21%

21%

11%

11%

11%

500
Smears

500
Smears

lW?

100%

SCAN

SCAN

TOTAL

TOTAL

SCAN

11%
SCAN

NONE

NONE

lW?

100%

SCAN

SCAN

TOTAL

TOTAL

% indicates measiiemcnts Mken in grid squares within the 9 square meter grid areas.

' Obtained with 5-minute counts.

TABLE 1: SURVEYS DETERMINED FOR BUILDING 4019.

NONE

NONE
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3.2 Sampling Locations

In the affected areas, direct, qualitative alpha and beta-gamma scans of the floors and walls,
(100% surface area) were conducted. After the scans, the entire area was divided into 9 s q w e
meter grids and portrayed on a scaled survey map (see Figure 3). Within each grid, a one square
meter area (lm x lm) was selected for a cumulative count survey. For surEices having less than a
square meter area (remnant areas), a minimum area of one square meter was surveyed by
combining other adjacent remnant areas. In affected areas, structuralsurfaces consisti of beams,
pipes, conduits, and other surfaces that were not easily assessable were surveyed over twenty
percent (20%) of the surface area.
For unaffected areas, a direct, qualitative scan (100 % of all su&ce area) on the floors, walls, and
ceilings was conducted Areas of concern included floor baseboards, windowsills, areas behind
file cabinets or fiuniture, door thresholds, and any other areas where contaminationpotentially
accumulated over time. Portions of the High Bay unaffected area, were selected for a cumulative
selected for surveying were based on those expected to have the highest
count survey. S&s
contamination levels (e.g. ledges, tops of conduit, etc.). After the survey of the acce~~lile
areas of
the ventilation ducting was conducted, w contamination was detected. Figure 2 shows the areas
in Building 4019 designatedas the affected aud mafected areas.
-

V

v

FIGURE 2: AFFECTED AND UNAFFECTED AREAS
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3.3

Sample C o b t i o n

Sample Lot 1 (Affected Areas)

floor (including the
8LBay
High Bay grid map used for

le Lot 1 was composed of measurements taken fiom the Hi
con uit trenches) and walls up to 3 meters high Figure 3 shows
the survey.

west
wall
bdtm

3 U r 3Y arid.

I
Fleer arid.

FIGURE 3: SAMPLE LOT 1 HTGH BAY
Measurements were taken for quantitativetotal alpha and beta, removable alpha and beta, and
ambient gamma levels. Qualitative measurements were taken for all one hundred percent (100%)
of the survey grid, and quantitative measurements for eleven percent (11%) of all the survey grids
(See Table 1). This method satisfies the State of California guidelines in DECON-I(see
Reference 5) that a minimum of 10% of an area shall be surveyed.
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Sample Lot 2 (Unaffected Area)

Sample Lot 2 was composed of measurements taken on the upper wall areas of the High Bay,
fiom the 3 meter high mark where the affected area ended, up to and including the ceiling. A
direct qualitative f i k (100%) was perfOnned using an alpha scintillation probe and a G-M
pancake probe. Six percent (6%) of all surfaces were surveyed for total alpha and beta activity,
and six percent (6%) for removable activity (see Table 1). The overfiead crane, ventilation
ducting,bearns and horizontal surfaces were scanned 100% for direct qualitative i%k. Figure 4
shows the High Bay unaffected area grid survey.
Toe
North W a l l

TOP

E&

TOP
Soatk W a l l

FIGURE 4: SAMPLE LOT 2 HIGH BAY

w a11

.
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Sample Lot 3 (Affected Area)

The Sample Lot 3 survey consisted of the Reactor Test Chamber, shown in F i e 5. The entire
chamber was grided and surveyed in the same manner as Sample Lot 1 except twenty one percent
(21%) of the area was surveyed for quantitative alpha and beta measurements, and twenty-one
percent (21%) for removable activity. Samples of glycol and oil h m the bottom of the pit were
obtained and sent to the laboratory for a gamma spectral analysis with the Canberra Series 100
MCA System with kgh-F'wity Germanium Detector and a "Chain of Custody" tracking f o m

The numbered squares depict the actual numbers surveyed. Refa to
Appendix A page 30 for the actual grid map used.

HGURE 5: SAMPLE LOT 3 REACTOR TEST CHAMBER
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Sample Lot 4 (Affected Area)
In addition to the High Bay area itself, Room 109, the former mew Fuel Storage] Vault, was
located within the High Bay. The same level of survey conducted for the affected area of the High
Bay described above for Sample Lot 1, was performed for Sample Lot 4, Room 109. Figure 6
shows the grid map for Room 109.

57 60 63
58

r.,*

lop

war wan

61

64

56 59 62

FIGURE 6: [NEW FUEL STORAGE] VAULT, ROOM 109 GRID MAP

Sample Lot 5 (Unaffected A m )
Sample Lot 5 comprised ofthe office areas and [Component Equipment] Room 110. A one
hundred percent (1000h)direct qualitative frisk of the walls,floors, and ceilings was performed
usiig an alpha scintiuation probe and a G-M pancake prcbe (see Table 1). Three hu~dred(300)
random smears were taken in the office areas, and two hundred (200) smears in Room 110 for
removable contamination.

t
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3.4

Survey Instrumentation and Techniques

A count rate meter with an audible indication was used for both qualitative and quantitative scans.
Audible indication during the scan required a detector to be more sensitive than the scalar readout. For scanning, the detector was moved slowly, at a scan rate of less than 5 d s e c , over the
surface being surveyed. The face of the detector was located near the s d c e and not more than
%-inch distance away.

Standard 1.75 inch disk smears (1 314 NPO,cloth) were used to obtain measurements of
removable surface alpha and beta activity by wiping approximately 100 cm2of the surface area.
The activity was measured on the disks usiig a low background, gas-flow, Temelec proportional
counter calibrated usiig Th-230 and To99 standard sources.
The ambient exposure rates were measured at 1-meter from all surfiices using a 1-inch by l", NaI
probe, NaI scintillation detector calibrated quarterly, and daily checks made using a Cs-137
source. A standard conversion &or of 215 cpm per irR/hr, based on comparisons with a
Reuter-Stokes High Pressure Ion Chamber (HPIC), was used for conversion of counts per minute
to @ihrmeasurements. All survey data was recorded on F i Status Survey Data Sheets
PSDS).
3.5

Calibrations and Checks

Measurements of total and maximum alpha surface activity were made using an alpha scintillation
detector, sensitive only to alpha particles with energies exceeding about 1.5 MeV. The detector
was calibrated with a Th-230 alpha source standard traceable to the National Institute of
Standards and Technology (NIST). Measurements of the average and maximum beta surface
activities were made with a thin-window pancake Geiger-Mueller (G-M) tube. The G-Mdetector
was calibrated with a Tc-99 beta source standard, traceable to NIST.

All portable survey instruments were serviced and calibrated with NIST traceable standards on a
quarterly basis. In addition, daily source, background, and performance checks were done on all
i&umentation, when in use, to determine acceptable performance and establish a background
value for the instrument on that day. Calibration records for the survey instruments used are
maintsined in the Radiation Safety Department files.
.

. -..
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The gas-flow proportional counters, used to measure removable contamination, were calibrated
using Th-230and To99 standard sources, traceable to NIST.

The ambient exposure rates at lm from surfaces were measured using a one-inch by one-inch (1in x 1-in) probe NaI scintillation detector. These instruments were calibrated against a ReuterStokes high-pressure ionization chamber, and daily checks were made using a Cs-137 source.
Daily checks and calibrations were performed on all instrumentationto determine acceptable
performance. Daily checks and calibration data were entered on the appropriate Instrument
Qualification Sheet (IQS).
3.6 Detection

The detection limits for the instruments and methods used are shown in Table 2.They are well
below the DOE limit criteria (Reference 7). Disintegration per minute (dpm) means the rate of
emission by radioactive material derived by correcting the counts per minute m w e d by an
appropriate detector for background, efficiency, and geometric factors associated with the
instrumentation. Where surface contamination by both alpha and beta-gamma emitting
radionuclides existed, the limits established for alpha and beta radionuclides applied
..
independently.

Alpha (dpm/lOOcmz)
Removable
Total

Beta (dpm/lOOcmz )
Removable
Totrl

Gamma

Limit Criteria
5,000

1,000

5,000

1,000

3%

background
Theoretical Detection
Limit (SAA)
Derived Detection Limit
Range
Detection Limit
(./a of limit criteria)

5.25

4.59

367

11.0

3.5-7.0

4.1-5.08

161-484

9.8-12.2

0.1%

0.45%

6.8%

1.1%

TABLE 2: DETECTION LXMlTS AND ESTABLISHED LIMIT CIUTEPUA
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3.7

Survey Evaluations

Acceptable contamination limits and gamma exposure rates for releasing a facility for unrestricted
use are described in Table 3 below. The lowest (most conservative) applicable limits were chosen
from these guidelines and incorporated into the Final Status Survey criteria for the Building 4019,
Radionuclides
Separated or enriched Sr-90, Th-natural, Th-232

Average

Removable

<1,000

<200

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

Beta-gamma emitters (radionuclides with decay
modes other than alpha emission or spontaneous
fission), including Sr-90 intrinsic to the mixture.
m s category of radionuclides includes mixed
fission products, includq Cs-137 and Sr-90. It
does not apply to Sr-90, which has been separated
h m the other fission products or mixtures where
the Sr-90 has been enriched.]
Gamma Exposure Rate
Note: Where surface contamination by both alpha- and beta-gamma-emittingrildonuclidesexists, the limits
estabtished for alpha- and beta-gammaemitcing radionuclides apply indepen-.
Measurements of average
contamination should not be averaged over an area of more than one square meter. For objects of less surface area
dose rate averages should be derived for each such object The maximum and removable Contaminationlevel applies
to an am of not more than 100 cm2.
From DOE Order 5400.5, Figme N-I (see Reference 7 )

TABLE 3: ALLOWABLE RESIDUAL SURFACE CONTAMINATION @PM/100CM2)
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Table 4 provides guidelines for alpha and beta-gamma emitters whose specific isotopic content
had not been determined.
-

Removable
Average
(dpm1100 cm2) (dpm1100 cm2)
Radionuclides
Unidentified Alpha
emitters

Maximum
(dpmJ1OO cm2)

Max Count Rate
Meter Response
No detectable activity
when measured on a
ZnS portable survey

meter. (< 2 cpm on
"slow" response)
Unidentified BetaGammaemitters

< 100 net counts per
minute above ambient
background on a
pancake friske~

TABLE 4: CONTAMINATION LIMITS FOR UNIDENTIFIED ISOTOPES

The average surface levels of contaminationwere taken over an area of one square meter. For
objects of less surface area, the average was derived for each mfke. The &urn
contamination level applied to an area of not more than 100 cm2. The amount of removable
area was determined by wiping an area with dry filter or soft
material per 100 em2of &ce
absorbent paper, applying moderate pressure, and measuring the amount of radioactive material
on the wiping with an appropriate instrument of known efficiency. When removable
contamination on objects of surface area less than 100 cm2was determined, the activity per unit
area was based on the actual area and the entire surface was wiped.

(R21-RF)RS-00002
Page 19 of 81

4.0 DATA ANALYSES

The Emal Status Survey had to confirm that Building 4019 High Bay, Reactor Test Chamber,
overhead crane, and rooms 109 and 110 and adjoining offices were acceptable for unrestricted
use. Therefore, the results of the survey must be validated using statistical analysis. A distribution
analysis was performed in which the activity was plotted against the cumulative probability using
Cumplot 2.20 (see Reference 3).
A statistical procedure was used to validate the applicability of the raw survey data for selected
sample lot areas. The statistical method known as "sampling inspection by variables" was used.
This method is widely applied in the industry and military.

In sampling inspection by variables, the data is assumed to be normally (i.e., Gaussian)
distributed. The mean of the distribution ,; and its standard deviations, are then related to a
"test statistic)))TS, as follows:
TS =

-

x +k a

where x = average (arithmetic mean of measured values)

s

=

observed sample standard deviation

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

TS and ;are then compared with an acceptance limit, U,to determine acceptance or other plans
of action, including rejection of the area as contaminated and requiring further remediation.
The sample mean and standard deviation are easily calculable quantities; the value of k, the
toleran& &or, is examined. Of the various criteria for selecting plans for acceptance sampling
by variables (see Reference S), the most appropriate is the method of Lei ToIemnce Percent
Defective (LTPD, also referred to as the Rejectable Qualiw Level (RQL). The LTPD is defined
as the poorest quality that should be accepted in an individual lot. Associated with the LTPD is a
parameter referred to as "consumer's risk" (p), the risk of accepting a lot of qudity qua1to or
poorer than the LTPD.

Assigning.valuesfor LTPD and $, and given the sample size n, a value fork can be calculated as
follows:

where k = tolerance factor.
K, = the normal deviate exceeded with probabity equal to the LTPD,
Ks = the normal deviate exceeded with probabiity of $,
n = number of samples.
Depending on the data collected, the statistical test may result in one of three conclusions
illustrated on the next two pages.
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1. Acceptance: Ifthe test statistic
+ k,s)is less than or equal to the limit (U); accept the
region as clean. If any single measured value exceeds 80% of the limit; decontaminate that
location to as near background as is possible, but do not change the value in the analysis.
Graph A is an example of the sample lot acceptance by the test.

(w

1.500.

1.001.

I

J
-

I

Acceptance Limit (UL = 1,WO)
Mean (;j = 51i

UL

GRAPH A. EXAMPLE OF SAMPLE LOT ACCEPTANCE,WHERE TS

(=r+ K-S)<

ULAND ~ S U L

(w

+ k.s) is greater that the limit (U),
but
itself is less than U,and if independently re-sampling and combiig d measured
values to determine if + k.s 5 U for the c o m b i i set occurs; then accept the region as
clean. If not, the region is contaminated and must be mediated. Graph B gives an example
of additional measurements that must be taken in the sample lot to accept or reject it.

2. Collect additional measurements: If the test statistic

r

x

I

I

-

I

+%

10

50
90
Cumulative Probability ( X )

99

99.9

GRAPH B. EXAMPLE OF SAMPLE LOT REQUIRING
ADDITIONAL
MEASUREMENTS,WHERE TS (= r + K6') > UL AND < UL

x
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3. Rejection: Ifthe test statistic
+ k.s) is greater than the limit (U) and r U; the region is
contaminated and must be remediated. Graph C gives an example of sample lot rejection by
the test.

(w

x

Test Stafistic (TS= 3,810)

Curnulafive Probability ( X )

x

GRAPH C. EXAMPLE OF SAMPLE LOT REJECTION,WHERE TS (= + K.3 > UL
A m > UL

r

The Final Status Survey was analyzed using a Lot Tolerance Percent Defect of p = LTPD = 5%,
for the choices Kp= K, = 1.645 for a region of rejection, tine-tailed test. The 5% value used was
more conservative than the 10% LTPD Consumer Risk Value used by the USNRC @egulatory
Guide 6.61, and State of California (see Reference 9). Ifthe statistical tests met the acceptance
criteria above, we were willing to accept the hypothesis that the probability of accepting a Sample
Lot as not being contaminated, (which is in fact 5% or more contaminated) is 5%. In other words,
if the test statistic is less than the release criteria, we are 95% confident that over 95% of the
Sample Lot has residual contamination below 100% of the release criteria of Section 3.6. This is
referred to as the (95/95/100) test.
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5.0 SAMPLE LOT ANALYSES AND RESULTS

Survey measurements were tested against the acceptance criteria for each particular type of
radiation. AU Sample Lots were tested for removable contamination, and Lots 1 through 3 for the
total contamination and ambient gamma measurements.
Measurements for the Final Status Survey were taken over the period &om 9/5/98 through
' 9130198. Raw data measurements were adjusted for daily instrument background and statistically
tested using the "Cumplot" method (see Reference 3). Data was plotted on cumulative probability
graphs shown in Appendix B. The more linear the data, the closer it approached a normal
distribution. When applicable, plots were shown in two scales; a condensed scale to show
detailed data distribution and an expanded view when there is a wide separation between the data
and the acceptance limit.

=x

+ k-s) for all sample lots combid were calculated and applicable
The test statistic (TS
contamination acceptance limits were compared. Individual calculated sample results data, used
to generate the graphs, are also provided in the following Appendices B through E.
5.1 Test Statistic Results

The test statistic results shown in Table 5, demonstrate for each applicable acceptance limit (UL);
the corresponding test statistic (TS) value is less than U,(TS c:U);Therefore, the Sample ~ o t s
pass the "sampling inspection by variables" test and are "Accepted" as radiologically clean. The
Building 4019 surveys correspond to assuring with a 95% confidence that 95% of the Sample
Lots have residual contamination below 10W (a 95/95/100 test) of the applicable DOE and State
of California limits (see Reference 6).

I

Total

I

Removabk

*Rex% to W o n 5.2, Lot 2 for details

TABLE 5: TEST STATISTIC RESULTS COMPARISON
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5.2

Sample Lot Survey Results

For the High Bay, the survey data results demonstrated the highest quantitative total alpha
measurement was 13 dpm/lOOcmzand highest removable alpha contamination was 5.5
dpm/lOOcmZThe highest quantitative total beta measurement was 797.5 dpm/lOOcmzand the
highest removable beta contamination was 23 dpm/lOOcmZ.
The highest [gross] gamma level was 10 pRh inside the building. Background outside of
Building 4019 was higher than inside Building 4019 itself. The acceptance limit of 18.3 pRh was
derived &om the reference background of 14,256 cpm outside of Building 4019, divided by the
215cpm/pMr conversion factor, plus 5 p R h correction factor over that background level. The
highest corrected [net] gamma level was < 5 p R h above background.
Qualitative measurements taken for all one hundred percent (loo??)of the survey grids in the
affected area indicated no detectable activity.
Refer to Appendix B for Lot 1 detailed results.

&?I2
The survey data results for the High Bay, unaffected area showed the highest total alpha
measurement was 3 dpm/lOOcmzand highest removable alpha contamination was 5 dpm/lOOcmz~
The High Bay area where the survey took place, three meters up from the floor to the ceiling, and
the fact that the background is lower the further the distance &om the ground; resulted in the
corrected beta activity to be lower than background levels. The highest total quantitative beta
measurement was below background levels. The highest total beta measurement with no
background levels subtracted out [gross] was 286 dpm/lOOcmz.The highest removable beta
contamination was 25 dpm/lOOcd. This data includes the overhead crane abd ventilation ducting
(see Appendix C).
Qualitative measurements were taken for all one hundred percent (100%) of the survey grid
indicated no detectable activity.

rn
The highest total alpha measurement was 5.5 dpm/lOOcmzand highest removable alpha
contamination was 3 dpd100cd. The highest total beta was 357 dpm/lOOcmz and the highest
removable beta contamination was 12.5 dpd100cm2 (see Appendix D). Qualitative
measurements were taken for all one hundred percent (100%) of the survey grid indicated no
detectable activity. The radionuclide concentrations analysis on the glycol and oil fiom the
Reactor Test Chamber found no contamination of Cs-137, Co-60, or any other man-made isotope
or fuel.
The survey data results for Room 109 demonstrated a highest total alpha measurement of 11.5
dpm/100cm2and highest removable alpha contamination was 5 dpm/lOOcd. The highest total
beta was 961 dpm/lOOcmzand the highest removable beta contamination was 10 dpm/lOOcmz
(see Appendix E). The highest gamma level was 2.5 pMr.
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w
The survey data results for the officeareas and Room 110 indicated that removable surface
contamination results were evenly distributed, and the results were less than the release limits.
Qualitative measurements taken for all one hundred percent (100%) of the survey grids in the
affected area indicated no detectable activity.
Table 6 summarizes the Sample Lot results for all areas of Building 4019.
Quantiitive Total

Location

I

Removable

1

GrossGamrna

I

Qualitative

Exposure Rate
Alpha

Beta

Lot t

11

797

Lot 2

3

-54e

Lot 3

5
11

Lot 5

I

NM~

Alpha

Beta

5

23

5

357
961

,

1

NM
I

Alpha

Beta

1oE

NDA~

NDA

25

NM

NDA

NDA

3

12.5

NM

NDA

NbA

5

10

15.7

NDA

NDA

I

NDA

NM

CMDA

<MDA~
I

(m)

I

t

NDA
I

(Apross counts, refer to Lot 2. Page 23 (B)NDA= no detectable activity (C) MDA: Mlnlmurn Detectable Activity
(D) NM = not measured (E) Refer to Lot 1, page 23

TABLE 6: MAXIMUM SURVEY aESUtTS
5.3

Scabbled Floor Section

When a small, 2-ft by 2-ft floor section near the southwest comer of the High Bay was identified
in the 1996 ORISE Survey Report, the highest total beta measurements ranged %om 1400to
11,000 dpm/100cm2. The floor section was scabbled and samples were taken during the
procedure. The sample results revealed 1.8 pCiigm of Cs-137 at approximately 20% of the cleanup standard of 9.2 p C i i (the location of the highest countdminute). No Co-60 was detected.
The scabbled residue was disposed of as radioactive waste.
Post remediation, the highest quantitative total alpha measurement to that floor section was 8
dpm/100cm2 and no removable alpha measurements were detected on that specific floor surface
area. The highest quantitative total beta measurement was 364 dpm/lOOcmZ and the highest
removable beta contamination was 20 dprn/100cm2. Again, these measurements were well below
the regulatory Limits.

I
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6.0 CONCLUSION

In all Sample Lots, the highest quantitative total alpha measurement was 13 dpm/100cm2, and
highest removable alpha found was 5 dpm/100cm2.The highest quantitative total beta
measurement was 961 dprn/100cm2, and highest removable beta found was 25 dpm/100cm2. The
highest test statistic for the distribution of contamination was well below DOE approved
acceptance limits for both alpha and beta contamination. The highest measured Cs-137 activity
found was 1.8 p C i p . This area was remediated. Based on the results of the investigations
reported here, the High Bay, Room 109, Reactor Test Chamber, facility High Bay crane, Room
110, and office areas of Building 4019 are free of contamination. They meet the Department of
Energy approved acceptance criteria and Building 4019 is therefore releasable for "unrestricted
use" with no radiological restrictions
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7.0
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APPENDIX A
MAPS
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LOT 3: REACTOR TEST
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LOT 4: FUEL STORAGE ROOM 109
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APPENDIX B
SAMPLE LOT 1
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